<SPECI FI CATI ON> | NSULATOR | NTERPOSED TYPE PLASMA PROCESSI NG APPARATUS
<FI ELD OF THE | NVENTI ON> [ 0001] The present invention rel ates
to a plasma processing apparatus in which a plasma treatnent such as
a filmformation is done on an object to be treated in a plasm
processi ng portion, by generating plasma froma target surface by

doi ng a vacuum arc di scharge i n<SRECIEICAHCON: ge portion set under a
vacuum envj I r i 0, t i xed | id plasnma,
transporti Wﬁb& &ﬁ@éfﬂ g%tﬂ'gsmg’gmgﬁé%ﬁ&‘qgugh a

pl asma transport tube. <BACKGROUND ART> [ 0002] Normally, it is
known that by formng a thin filmor injecting ions in plasma onto

t he surf acEFEILINOFOVHE INVENTIQN> t he solid surface characteristics
are i nprovg)go ]A filmfornmed using plasma including nmetal ions and
nonnet al ions “strengthens the abrasion and corrosion resistances of a
sol i d surface, TEhegrésentiisventef nglateado aplpsnmt wotdssieg nphrajus dmwhigh a pksmahi n
film and a transparent.. el.ectr.oc uctive.fi]m.a others. In

par £ cul ar fear e SRS PR e S AP aiobiset (RS Bl 1 1y

val ue i s hpgtessifig portiom e sbadeting plaona fibinl aargéissorfead yaldidglaGabuntren:
conpri si ng anor phous m. xed crystals of di anond and graphite,

structur es‘.ilsc[%gﬁég] an arc dlsﬁ?rﬁpﬁﬁloﬁéﬁ“%‘?r ad’éﬁ%?‘?"l‘@mg- L <3hg “ﬁ"i’ﬂél udi ng
net al i onsreARding ARPRiAhixe® NSsaid JIRR, &@Sﬁbrﬂﬁg:samlm tBliRMRmAEt hod.
Vacuum arc plasma is fornmed by ‘an arc di scharge occurring between a
cat hode anpfogsssipgprition fipaigh apligae transpert fukP- evaporates from an

exi sting cathode spot of the cathode surface, and it is plasma forned
by this vaporized cathode material. Al so, when a reactive gas is

i nt r oduced<BACKIGR@UND ARFent al gas, the reactive gas is ionized

si mul tanewﬁgﬁﬁ. An inert gas (so-called noble gas) may be introduced
t oget her wi said reactive gas, and said inert gas can al so be

i ntroduced i nstNanhaldyf, itdakebwmahg by fengasa thByfilneariseahg sons bn plagsasnto a
e L TRl AR oL o hof e Skl LT 206, M

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 filim, an optical thin
film, and a fransparent 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,

f0003]

As amethod 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] Normal Iy, in a vacuum arc di scharge, at the sane tine as
vacuum arc plasma constituent particles such as cathode materi al
ions, electrons, and cathode material neutral atom groups (atons and
nol ecul es) are ejected by a cathode spot, cathode nmaterial particles
nanmed droplets of size ranging fromless than subm cron to several
hundred m[@P@&Hs (0.01-1000 m) are also ejected. However, it is
generati on of cﬁ ts t@a%t caus Eroblg { a surface treftt ment
such as a film cﬂglﬁg’f > ITohY AR AT e By A tgsa‘tf%e HORE @ {5 & S0Pt ace
of an obj ewhstitendparticletdueidas dathedelmafetilibrisyeledirods, ahd sathcde MRgErAMdnkel
surface of the object to be treated surface is_lost, and a defective
thin fil mqt%m(S%’Q%&tmTS(?@ dgyolecules) angeiggied hyea Gtede spob sriiads maerdl obl em

of dropl etigirtididiShaficl 8roplefRINSE fafigihly HbA1eNRA T minds s&XAMRHRrdl this
magnetic filter nethod, there is one in which vacuumarc plasma is
t ranspor t edictoms (h@l- pﬂOé)s panjprodssgeatey. Howtvenrit is gerweagion af dropletsdhatr opl et
capture duct ording to this nethod, fhe ner s are
Cahered iU RE OB SERTERk e SHICRTRARe, MHe PR e |
and a pl asidBergtd ﬂ’t@Bﬂrfé@ébfﬁ%jécﬁo%‘ﬁ%at@@tﬂt&ﬁﬂ%ﬁhﬁy S0 Ebinddonahd ai ned

at the duct outlet. Al so, a curved ?netlc field is formed bé
magnet s plsaEfaes ofthsrRpiecke batreated sitace is lass apdafelreive thin film scagssd pl asma
streamis by this curve magnetic field, and the plasnma is guided

efficientl’y to the plasnma processing portion. [0006] A plasm
arc machi ni ng mmpamﬂ@d kespl vedheprdblem| of iroplety, theteiing maguatic ditterd rpethod.

di scl osed Pa bul | et at ent
docunent 13 REnDERP i bR meBe, e 1 RS HRSH y Sl Pyl
conventio nmhsp@has teethpplaessoagsiappatial thoughh cpiveddmplgnaptuad duag
portion 10

neI ctri ark's S bet wee t hode, 104 a
trigger elped(??t?i I@ﬂ‘g ggg%{gt 5 ng aﬁ%ﬂ%@@dﬂ%ﬁ@&ﬁ?ﬁe@ﬁc a)%t
vacuum ar Ghdd@icneas: ;eap}tm vall Othd aihsaiA QG B8t neRQYEd es SURRIn4inldBpIE@ s

generating_an electric ark and a vacuum arc .di scharge is connect ed

to pl asma Ogensd thﬁSUﬁsaP 5t dHsor @ survgherapels faldds REPed by Magngisgiased
field gengi g@ﬁesdu%é-gﬁ’d it i]sje@&pfl&rd s§rt}?apﬂtle'p?ablﬁ9 stPlaBSiTBent Y #3E Qirve
positioned. Plasm i's guided %ﬁ;asma processing portion 112
from pl as mﬂggetmﬁeéd,uan@thpel@smw gpe"lzd edisientibjoche plesndprocassng patian, 4
pl aced in Oﬁma processing portion 112 is surface-treated by said
pl asma 10é a reactive gas is introduced as necessary by gas
i ntroduction sygilasma@rc mashindcg apgatatws hhdsgradpplecadiscting poriiohiiodiscldsad

and react an ases_.a re _exhaust ed exhaust
syst em Gh} ) 8‘695 ateﬁl‘i’,md-(&;%ﬁgag%%ﬁég%}"patw (P?tﬁ%%ﬁl:%%%gﬁgﬁgﬁ hg
portion 1@81etmlbec5ﬁﬁghﬁnm Eﬁaghmrwatcmm@bnal Slashegirbebsify @ipaatueMtpl asma
generating, portion 102 b 1& anrrg\l[%netl c field, ﬁgnd is flowed into

pl asma pr @é@éﬂﬁr&r@aesepmn cteﬁépaﬁ'belcwse Fayeshgithoda dhand

gener at i ng;j f&lb&fbdé@% aﬁH?E’Jn@il@%fﬂ%&&de@g B&HeldtiaB alaz&mhﬁar@eawlpned
wher e cat hode nmateri al icles oplets) 118 generated as a

bypr oduct C@Fb"‘iﬁa‘t‘l‘t@ﬂ@ altﬂde ) PPWﬁ’E\?UﬁPIYdé‘Pl &r genesingfan Slea@lﬁﬁp@b gndg e

coll ected,, t he
magnetic fi éeqa %g\%stﬁjce% k’gé&eqjt&ﬁ la F%Hé?a:ﬁﬁaﬁ %‘8?{? %fﬁq%gaéaﬁfﬁad are
col | ect ed stabiliemng ln}agpﬂrhe\ibk&gengamrs lllﬁa I’1III@.') fon steffilizing plagha 1 W1Be positened.

pl asma pr £ess| por n,112. As for a.s ific.,droplet collecting
reans. §of R A0Y s Bidtiad By B a2 asntp R ashainsEy

bul | eti n aoataﬁmbbjeawﬁeuféatea)114 pIacct@m@laSﬁb?ﬁﬁéksh@%bﬂﬁth Rlsérfidsat do
not arrive at_a ciisma processing portign,  are adhered and col |l ected

by baf f | e¥eated bY;57iq pasmng 09 g0, fugsctive gasps ipgpduced prssrary 8% §ent 1)
Japanese Bﬁfaﬁﬂétwh%&ﬁen%@ﬂoﬂ@cted’zﬁgyga %?bc@éé ﬂg%l‘ti%n[ll?ﬁ,taﬁmeag@ﬁtwt 2]
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and the plasma stleam are exhausted by gas exhanst system Gh




<DI SCLOSURE OF THE | NVENTI ON> <PROBLEMS TO BE SOLVED BY THE

| NVENTI ON> [ 0008] In the conventional plasma processing
apparatus shown in FIG 15, neutral droplets 118 not influenced by
said magnetic field is collected at droplet collecting portion 120,
but there were cases where electrically charged droplets on which an
el ectric dheoie has been given by interactions with plasnma 109 were

ui ded to pl as r sSSi.n ortion 112 by the tic fLeld.
e e o b 20 Bkl 108 8R4 BEBRlSOR ettt prooa T Brtite & 1SPEc) o
di amet er H@&varﬁ@'d’lr@&bﬂ%@& ﬁdﬁlq:%sﬁia g@ﬁﬁrﬁtﬁ@tpoﬂﬁmngz b 3 ladetivicRd, gbd ded
ocessing portion 112 while reflecting on the wall

to plasma pr

surf ace. Aﬁ)v‘teﬁl@go m@g@ap@éwsmaa@aa%él%%&e@@@m%mﬂa@aépkaan%a@np@é@g of t he
bj t t t f

obj ect to g&aﬁm&ﬁ%@ &1 ﬁe&lgg SRR i gg%fgoex{g&i\%lﬁ%ﬂ%gﬁﬂ@ﬁ%eﬁbl

processing portion 11 pro ms wer e e uni ormty
of the t hi(dropletsinl FSogemeraicd as abypertict Heatbodead e timefod igenenagiopfof plagma 109

char act er 5% cA% Tkt Aol T B YR 0 haca PO AL BB AGH 1)
Al so, as aﬂpdmemdrq@ﬂeewalmuﬁﬂg/pomml 198iadd aegbdcted, ﬂaefebppxevmmhgda
because the pl as streamis bent b t he bendjn c.field,

and the pl! Insaletorod drppipti 1P iAYRT PRpCEs EH%‘ﬁB?é’anégiﬁqr&% Gorlst ti on,
it cannot cﬂﬂ&ﬁﬁ,@}neﬁlﬁafog%nﬂﬂ@m RibsneddPhtét IO M. 2002105588 milRt® t he
pl asma stream from bei n%gs gui ded into the plasma processing porti on,

and col | i dpateptépcumenty) c}isqu%thémma@téﬂm dq 196 BB alca PleAREOsessLg ed.
[ 0010] pomom:é{aﬁm%&&?aﬁéon@&@ém ;fmés@htf@r H??la%a e ﬂﬁ@{)@&y Film
ki nds o

formati onusin vari ous I's done ut an
i nprovenent of [Rat@t dodumeﬂtdr] ﬁwan@n Ppteridiadd-Operi No. Q6P2ASbulleh as t he

smoot hness by &, fd} A0 SEWLBIEL. A, 5661 bEd BRRYE:, Decause

the dropl et adfesion s ron uences ormation
precision, an inprovement of the dropl et renoval efficiency in plasna

gener at i NQ FORE as‘diff&ﬁaﬁ?ﬂ%?ﬁ‘:&?q to be necessary
<PROBLEMS TO BE SOLVED BY THE INVENTION>
[0008]

In the conventional plasma processing apparatus shown in FIG. 15, neutral
droplets 118 not influenced by said magnetic field is collected at droplet collecting
portion 120, but there were cases where elecirically charged droplets on which an electric
charge has been given by interactions with plasma 109 were guided to plasma processing
portion 112 by the magnetic field. Furthermore, there were cases in which droplets of
small particle diameter not collected at droplet collecting portion 120 were guided to
plasma processing portion 112 while reflecting on the wall surface. As thus described,
because droplets adhere to surface of the object to be treated when the droplets are
reflected into plasma processing portion 112, problems were caused in which the
uniformity of the thin film formation on and the surface reforming of the surface of the
object to be treated was lost, and the surface characteristics of the object {o be treated
were decreased.

[0009]

Also, as explained previously, in said magnetic filter method, because the plasma



[ 0011] Therefore, the object of the present invention is to
provi de a plasma processing apparatus, in which it is possible to
renove neutral droplets and electrically charged droplets mxed in

pl asma even nore efficiently in a plasna processi ng apparatus, and
carry out an inprovenment of the surface treatnent precision of film
f or mat i on suyahiiggenply the Perpilirganagnetiield)Snd Be Slakik isthitvePRIBichfifste thO012]
Anong the droplets generated froma tarqget, there exi.st electrically
Char ged aripRREO B, i ouinpl yaveal Etees drepipesant pitn Rt eked
electrici tiﬁto(ﬂi@@hﬁﬂa\/ﬁeﬁiﬁ%hﬁ&eﬁlga%mheﬂQﬂ@ﬂiegﬁisﬁiﬁgﬂic@sﬁlg oRog Agut r al
droplets that are not electrical charged. As a result of having
studi ed i rﬂOHWQ%Ithqmg&'éEF“ffaﬁePéﬁ%\?‘@e‘% freledreated- ki nds of dropl ets,
the presenpojgpventor di scovered three kinds of effective methods to
remove said droplets. [0013] First, the renoval method of

el ectrical ly chathgeerentrdasmatfimifermagiph techmotheyd filmaforhdtion ueing ef vaniovhe
electric i LX. i J S t I rically
char ged dﬁ%ﬁ)ﬁ'g?éﬁg?gféTlszérozlf”bq[%/&dl?rip\?@r&ﬁéfo?%e e efg fqeenp %Pl‘(nge%’}ltl)sased on
sai d el ectdeinandedtsedit dsdhe gidofimesnye, filarformation equigihene.cts describsd itvee,

pl asma travel | i directian, they .are forcihly. mxed intp the plasnma.
Bher of or o berss 8 ARl 5L MioElARDHorS e e PERSRB I otm 1y, mde
const ant  iifpfoRemEntOF tHelitopidt Q&ﬁdviapefﬁ@i&[ﬁv?ﬁﬁ AlestRy gdnBatih@igpRgnseds
separating the plasma transport tube fromthe plasna generating
portion arf@nsidEcdipRemneceptaBessi ng portion, an electric force is not
caused toqu electrically charged droplets in a plasnma transport
tube, and it %econes possi ble to renove electrically charged droplets
by the method HThemyreldwmbjdseef theapresent inventipeisdame vite A plasma pronessing al

dropl et s. | 0 A nt, - La t of the
cl oot ri o Srsl S Mol AR sd ARRREhLuh BEER I3 Atuitdly LELIRY

fl oat ed stdaipdet{ mixed ireplasmaevich omtd efficiattiytie h plakink protesping uprehrang, ad
electric potential. fromoutside at all tqg the,pl trapspor.t. tube,
and cases RREPE o rapigves of e Bise Feampd ereN B Sl Ao OH R
const ant @Fg%rtﬂa;sﬁmpotenti al by neans of a bias power supply are both
i ncl uded.

<MEANS TO SOLVE THE PROBLEMS>
[0012]

Among the droplets generated from a target, there exist electrically charged
droplets taking on positive electricity and/or negative electricity (positive droplets and
negative droplets), and neutral droplets that are not electrically charged. As a result of
having studied intensively in order to remove these two kinds of droplets, the present
inventor discovered three kinds of effective methods to remove said droplets.

[0013]

First, the removal method of electrically charged droplets is explained. If a
difference in the electric potential exists in a plasma transport tube, electrically charged
droplets are forcibly driven by the electric force based on said electric potential
difference, and if its direction is the plasma travelling direction, they are forcibly mixed
into the plasma. Therefore, if the whole plasma transport tube is electrically made

constant in terms of the electric potential by insulating and separating the plasma



Second, if said plasnma transport tube is divided into small transport
tubes of nmultiple steps by nmeans of internediate insulators,

i ndi vidual small transport tubes can be electrically insulated from
outside by the insulation effect of the internediate insulators, and
as a result, the insulation property of the whole plasm transport

t ube can bieansppt e fomAlse flasmatgererativigiyoeiomtand thelpirsinh eroetssing pbdion, an
potential qf the individual, s | trapsport .tube constant, there.is a
P se whor eSIPEHS DrortiuotcHse: Lo LB e et SPA s AP PE GRE | o
floating sindtieDec¥inbditadible kréindVé@edtitcall eBArgddGiradten fhakndiiiods Bt si de
at all to the_individual small transport tubes, and there is also a

case wher edessier halov; iabag saggamapneras aeyyal droplets dior meking apiasmip jransport
mai nt ai ne GO EGLLEpRAtRN T ihfd%n 1R
power supp gé‘t:dglst e |%§|§3ﬁ uarf sng\(ﬁl' tr’an%%gg%eggﬁggﬁﬂllﬁ%hle *ggsg of
t hi s const@estedstate fanictecipo flostingatateg watheyt paovidibeat dl¢ctrid potapdialdfoms  not
act toward_el.ectr] d_dr opl i n .
Fubes. - andtdichal Qe HaGarifabertioph sl Ssbl ¥ rE pye EREPHEEHS »
dropl et s ifordeth @ BaifminBdvRgantakcinie pbieatial 8y aphetsf abias hbeermpplodre both
descri bed .bal EVXS [ 0015] When a bias power supply is attached to
t he indi vi'd@#8f*snal | transport tubes, the electric potential of the
i ndi vi dualfggpgl | transport tube can be set to an arbitrary positive
electric potential / a negative electric potential and GND (ground

el ectric pot entSegend, Hyaid algmairapspesbinbe issliyidadynto spall jansperd fibey of
o N e _ AN
potentia %nﬂglplggiegﬁ%e%gﬁf%m 8a D HstilatoD Bivadull Sl t{aﬁ%ﬂloxﬂgtﬁll%{ﬁ géﬁ’bet 0

a high potenti c w vol tage wthin a range 1 ncl udi
positive, dértricabyimsilated framdufsid® by glrednsnietiohefeqt ptihp otemediate)insuptms,t i ve

dr opl et i.cal f ft |

ranspor t hEEe Kbl Gt PREBEL L B e MRivee BHIRBERPC Lot °™

pot enti al itnprdveé Asdfer thetrethbisib maka theelecti@oteatial of the fradivisheal emalpl et s
dsorbed electrically when the electric force is f

Dotent | ot TR e e coseriaste o badeing o FeeRrt b MG ged

dropl et s Qaeclb@rietieginis@f) Withad prvitkek Mreldche poedntialFtont AREISR/AN to the

renoved. [.0016] Third, the rempval nethod of neutral droplets
i's propos éEf?i?‘é%éﬁ@E taRspeTt &beﬁﬁ’éﬁpqhéieés ¥ Eh‘i?ﬁ‘_" WE@%W@‘EY‘_@E%I gmah|  and
magnetic %ﬁﬁlb&?ﬁubésréf‘eyfoé%%aﬁﬁiﬁtaﬁ{e& at Qmﬁktﬁ?t}’@%chg ﬂé))lﬁ‘emiﬁ%&'cﬂﬁxe@ﬁhé 4%as

wal | surface of a plasma transport tube. asma"transport tube
i s made i moweasuppbife thedrdivdypd pnalkirangpert fubes. bethecase ofbisicpngtand elspiriet s

do not be .0 it i rii i .

St ai gt | oK s R ARG RO M o3 AR B Bt n e

Speci f i calsing]l tiahspartpites,mad 8 beaimgh pbssibdeivaenovegldeuival]ly chafded dtopjrtsais ma
advanci ng .t ube bent substanti degrees i.n T- shape conpared to
T bl acdbe BTy bR el by e S Brdutn havanc, gt ube
i ncl i nedl yoewsjanged at a predeterm ned bendi ng angle conpared to the
first plasma advancing tube, and a third pla dvanci ng tube
connected in a VHsR BiRsmReer S&P&V W@Fhﬁ%%ﬂﬁ@“iﬁ@”g?mégﬁr@sg‘é'%’ﬁ%?Fasma
advanci ng clddBR RERHAVU tHBndAd@l BhaP Fiishsrb RO SinlbelstiS an hibRradPpdsitAt
dropl ets advance straightly in the thrice bending portions,” collide

agai nst t tetectigipotestipli/ asesatiyp eledriepetentisl el GINR (o elepbicprptengiabiby hod
to renove t i g into a
geonet 1 ANt ik Bbutt ARG PR YRL LBt DU ASR ok APOSBI obliife 4o
bendi ng, iimbtVidwaddly the highpgientah dnd 2loer edtagaTeithine dange madlndipgithe pdsgive,

suggested.. [0017 he sent inventor..made the foll ow.ng study
o Set abl PR NRLB o Seno R RO e P S SHIET s
this st udydsoalsed e e valiedrfad2@f the saiall tatkipditGeds By Ms BRcttit #16PR6 thaibe

was set in_ an el,e%tric,flot%ti ng state. As a droplet renoving portion

was ar r angeideshighgoisntial frthe Joxratential, apgen coptiary,negative GrPolRts Feen t he




pl asma processing portion. [0018] A, A2 of FIG 14
respectively shows the case for the plasma transport tube bent in a
'f-shape shown in FIG 15, and the case in which the curved pl asna
transport tube explained with said magnetic filter method was used.
The respective plasnma transport distance is 1440nm and 1380nmm The
filmfornatdsabed decen'ciaﬂytsaﬂnen ﬁ&hﬁ@iedomg/iséropi ths iow potaniaportiie Higibe of Al

{7 anspor t RUBEALARAOR PasarotGEeLroPRD e bl e

above ver i {iltakfatduddRahotdde pl asm transport di stance i nfluences the
fl|meI’ITB.tI0n rate. Here, FIG 14 is understood by nmeans of
conversi onl%®Hnul a 1i nn/ sec=10A/ sec. [0019] Afilmformation

rate of great erTh‘irBaﬂ:le?klﬂ‘gH 1r9et§mﬁ£ rd] aro?E%Q§§1%P¥seE%ec%s@9€J@l film

formation condition used by sem con ucto ates so, as for
t he adher edfoplets do oét reredisictacicplend urignetigretions) theysadyirees s&@ghtbf while

f bl t h),
bt ahout 0GEREP Byl fiehfeloh a blabfa Rinsforpblle 1t S leotio fastpb bk {0 )
it i s consmsiieristd aﬂdm)bdbhxﬂ:tbehfmmpﬂmhmaﬂseaaﬂ;ad)ﬂﬁoprd:tssioamcbendﬁriihaences
the filmf Tl oLt ted tthf|f t te
e 0 L B e S b
transpoit walbsirfae. Sheificang ik aﬂl!&bﬁnalsfra] davaishgOnibe, b Hiadt leE&ﬁQad@ﬁcm%

y

transport pathway is perely shortene the quantjty of intrusion
t he dropl &bke b%&%ﬁ%@“&% H%ﬁr ghisima T‘tghaPF OO ed to this plagrp Fﬁ%‘ Yhe

verificat 'a‘&@aﬂcﬁﬁ%ﬂe, bEﬁc&%blé{ﬁﬁé’adv&{%ﬁlg%%ﬁﬁéﬂnea@\éﬁ%ééﬁ Gr@Rhal n

a know edge that” by formng an inclination ty | asma vanC| ng tube
in the m dehdingngle gompared te thefisgi plasma @sb@nmag@b@,mé aﬁbrdmlasglaaldmnamga
advanci ng | ' pl ets
s b event Do it £8eR bAAES of Ao RuRARL HPUIRlS el BN 1l AE

sui t abl e ftutbenaré st npias oplasnze teankoionies theosstrd deplatsvalnanck strdightlrit ilree

plasma tr e}ﬂg&%e}ldl}lg Il)ooerhclmss gori'loée agamg me,lwﬁlzsu]dace and are removed. In other words,
a method to remove neutral droplets by making the plasma transpost tube into a
geometrical configuration of bending in three steps of T-shaped bending, inclined
bending, and reverse-inclined bending is also suggested.
[0017]

The present inventor made the following study to establish the three above
removal methods of neutral droplets. In this study, as mentioned above, an undivided
plasma transport tube was set in an electric floating state. As a droplet removing portion
was arranged onto a plasma transport tube, the relation between the form of the plasma
transport tube and the plasma freatment condition (film formation rate) were verified. In
this verification experiment, film formation rates (nm/sec) were determined in film
formation freatments in which plasma irradiation was done for 4 seconds on one
substrate. A substrate with size of 2.5in (inch) width d1, 2.5in (inch) length D2, and an
arbitrary thickness t was used. FIG. 14 shows the relation of the plasma transport distance
with respect to the film formation rate. Throughout this specification, the plasma transport
distance is defined by the total distance in which a plasma ejected by the plasma
generating portion (target surface) arrives at the object to be treated (substrate) in the



The present invention was done to solve the above problem and the
first formof the present invention is, in a plasma processing
apparatus including a plasma generating portion that generates plasm
froma target surface by a vacuum arc di scharge under a vacuum
environnment, a plasma transport tube that transports said plasna
gener at ed pygsmambcksph@purtiorgener ati ng portion, and a plasma processing
portion th@hhﬁrocesses an object to be treated by said plasm
supplied f said plasma transport tube, an insulator interposed
type plasnma progEeSiofFIQNRasspediselg RRswathetdse & thoplishntiradspdttditeivegt end
side insulator is interposed between said plasma generating portion

and said plpé%ﬁlaw%wﬁa? FIG {ibend thercpssiin prhich ths et plasma §apsRors fube s
I nt er pos edeBRiNE SNSRI iEnaR Bitet FRMSOVaE uded bﬁlqusg)egtﬁ'b gla%§§r% rt

processing portion, and said plasma_generating rtio sai d asma
transport digtaree inHdOma @dpiB&@nm ‘PreoBwsfeimagiop sate indhe Eskapedibpab agma
separat ed gleehtheabdd, ﬁ%b%ﬁ'ﬁ%nﬁﬂece 'aﬁﬁhelﬁffm'fama%@&%,Lh%f@ua%gglag&&m
generating portion a sal asma "processing I'on on prasma
transport ttanigort tabddikis dbout Oﬁﬁxﬁ]sec Itis uﬂ'dmtmﬂc&mdth‘é abovectrifitadiopthes ent

invention S the | J.osu |nt osed pe pl.asnma

appar at us ‘8% PRI ?qSP%rF&lFtS’FCﬁ]m E?eéﬁ??@é'lf“’%tﬂghﬁe eé%?ﬁ@rl??% ube is
di vi ded i ninderdtopli By &lebdsiof@bnverBnl fointid R@Edc~10MRs. said smal |
transport tubes are electrically separated from one another by

i nt er posi r[B B internmediate insul ator between nei ghboring said small

transport tubes f@DfrAfidlSebE g&atbﬂfaéﬁ‘&ﬂﬁﬁ) /34 i 8 RELHT 1Y S¥rdas Rl |
transport tube fromother said transport tubes is”blocked.

[ 0023] filnriienation cendiganmsed by aem@smé@@msu swateatAlem as Hr ﬂmdhmim@asor
| Nt er posed,dypes %P&gaﬁéﬁ 9GE #h 38 i Qﬁéﬁkqﬁagﬁbsgﬁgﬁﬁ@' {zébf%ﬁl%

form wherein-sal SmeE transp ort € or sal
transport Xubésn (lﬁcm),rbuaﬂnoat B0 cipadté yadfadbered iﬁghesﬂmtzeveﬂﬁcuﬁmcmm:t is
electric potential is not applied forcibly. [0024] The fourth

form of t Hferyideaediat thﬂ\ﬂéerﬂl?sm«? tiﬂ§sn<>ﬁéhﬁtqaﬁ§mn£1p@?c8$ ﬁhﬁé’lﬁ%@@éﬂ@ryra@ isasma
processi NGxaRRartal it B ﬁﬁhﬂloﬁ ftStanWe ﬁs&qwlfwlmslngﬁﬁpgioﬂ distdAc @6y

power supply for transport tube iIs connected to sa sma transport
tube or edbplamatzngpahiabe isshaienes but ztwaﬁefguncb@tth@awhal thegerispertie of an

o et TR | Bheb ALY L RO R AF 1

pol arity ofillsii d el ectric potential can be varied. [0025]
[0020]

Examining the verification result intensively, the present inventor came to obtain a

knowledge that by forming an inclination type plasma advancing tube in the middle of a
plasma transport tube, and thus forming a plasma advancing path of three stages in a bent
manner, invasion of droplets is prevented more effectively, and a plasma treatment using a
suitable film formation rate becomes possible, even if the entire plasma transport tube is
shortened.
[0021]

The present invention was done to solve the above problem, and the first form of
the present invention is, in a plasma processing apparatus including a plasma generating
portion that generates plasma from a target surface by a vacuum arc discharge under a

vacuum environment, a plasma transport tube that transports said plasma generated by



The fifth formof the present invention is the insulator interposed
type plasma processi ng apparatus of any one of said first to fourth
forms, wherein a target interchange portion container that
accomobdates a reserve target is positioned underneath a plasm
generating portion contai ner accommodating a target that generates
pl asma whi dagl flasmaggendrattigpodan] andianpdashatpestedsingmpogmndhat progestes atabidct

pl asma genetat i ortjqn container an ai d target .exchange portion
Pont ar nor P8 v P B aitid By B e Bt an oettstor

i nt er - contigtefiRked lash@rpriRs paratusl cidk A sieCia miet aklafiig RAd §ilON
container and said target interchange portjon container, said plasma
gener at i ng PEHeT DteERsehbeiusen;said plase gengratiag gexion aad said MlaoanePost at e
in which afyehgniding oRPSiG hbddtord i§in'ﬂ=9}?os@:i)9ét¢v€éilx sgfa;p@asmmns%eﬂ tfhelthds
power supply for container is installed to sali arget interchange
portion coatdgilaven pxasessingtpodionpapdisaid glasod generasing portion, spidpagma &fnsport
(includin . ri i al i i d.

't er ohangiot ST i cRBle Y ale AR o el Bolhib B ot an

pot enti al etahidieflveacd o si@@lR&ha generating partion atdsafdgllasma fordchkingrpesint
invention is the insulator interposed type plasm processing

appar at us O&Saléﬁiasslﬁia%%mg&ibal%ﬁ?@ﬁato fifth forms, wherein a bias
power supgbezfior processing portion is attached to a plasm

processi ng portion container that acconunodates said object to be

treated, so thahesechrbionn ofithe resen’ nypriiands the insulator insgrrqsedbpaalanga
ground el %&Jsh%@%@?ﬁ%b &4 shicBiR! thgl l&h@reﬁ?ﬂaﬁi BB AGRRSS BYidea grgé on

cont ai ner "and a arity of said electric potential® can be vari

[ 0027] a plarpléty 98smealt tranfpnrhinbds, saivesomildmasportitehes pareietaetricallyt ygparated

i nsul at or 4 A : : L . f
sai d 117 st P ESEORE Y RERRE IR RLREAR2 L AP BN B BofRbellfd)
pl asma pr eeegsitrigpepand analettdc Biflhertico oaan edbeky saidbdnball tfangmtttulge fdmat e i n
whi ch an el.ectric tential.is .no pplied forcibly, or a bias power
suppl y fophgbfaéiﬁn{ig&a&épmgﬁséﬁﬁ@(egﬂached so that a magnitude of an
electric pogasntial (including ground electric potential) applied to
said object to Fe treated and a qp_ol arity of said electric potential
can be varied. T @tm?m of theypygseg’ ig¥ROHOR Biihs ipFulatprdnigmessd ypS RIRAB: i on

i's the i ngilcadstiy ab?&r@tﬁ@é&%ﬁﬂ firdt R sRbAS I PHREER §éi&‘91|a§’r9@§£r§ﬁdi§tu9& o@ny
0

one of said first seventh forns, wherein said plasm transport

tube is c&#pobeditnel snal|tesypartdebeaisgnen gleercaly dlopiing s@einvdneleat ed t o
sai d pl asR GLNElaid 4 a4 first plasma advanci ng tube

connect edrerlﬁﬁ arﬁggﬁ%dl%r?g%rp&ﬂ?gﬁg%?g’ pl asma straightly advanci ng tube,
a second pd®B4hm advanci ng tube di agonally arranged and connected at a
finishing end ald.fir | as advanci.ng tube.in a nt nner

w th pr odet or i TR KA R et PR RRGLS RS P e TR
first pl agproeesshgspperitagofisaideirstar tdabidifoph asineeindvian powg shpfdefogonnect ed
in a bent manner to a finishing end of said, second %ﬁtsma advanci ng

tube so t FATSPOTAtbep Cosperiqido st HgPR aFPYHIVRC Py 4 st fraBpgrit ot al
length L tubes,38tHt Phagifdé 6f Aldldcu: ﬁoﬁe@ﬂalqﬁqlcmdﬁl%@aﬁﬁad %!ééﬁiaﬁ&eﬁtihgs aid
object to be treated 1s set to sati'sfy 900mn S. L 6.1350mm [0029]
applied to said plasma transport tube or said small transport tubes and a polarity of said
electric potential can be varied.
[0025]
The fifth form of the present invention is the insulator interposed type plasma
processing apparatus of any one of said first to fourth forms, wherein a target interchange

portion container that accommodates a reserve target is positioned underneath a plasma



The ninth formof the present invention is the insulator interposed
type plasma processing apparatus of said eighth form wherein said
second pl asnma advancing tube is placed geonetrically at a position
off a straight line of sight froma plasma outlet of said third

pl asma advancing tube to a plasna outlet side of said first plasna
advanci ng genemfing ffi8od)¢ontainer adchamdodaing 4 tagzen thdt ghieeatey et whilkk\beiagi on

is the insul atot, i.nterpngsed type pla rocessi ng apparatus of said
ninth for nfSGREIE B Tem S ibier s 1 brl A9 SADg R ROTERon ey At i
from a tubgrdef @%Baree pbitiof cérRdin@ ek s@ﬁar&t@@el@&tﬁ@a’l@b?ﬁﬁt&?@ﬁﬁg ROhier-si de of

said third plasma advancing tube to a tube cross section bottom end
of the pl adwipinsginselatos petwedrsaidplasmpigengrating perian sontainey ang seid tsget s

defi ned as; of..: i - : tion
bot t o endreref boffbrtBitefiePtai EYENA! ceralibfiod dhEsSE RAS daRT D7
tube to a tledimcally destingsstatd iorwhidhmnetedirisfpotehtial pd red applied foreblysande bids

id d pl d i . .S _defined 0 0. .[0031]. h
2 seEong R DB PLEANS 05 S e b hard R b ™
type pl asnampgmimesst mglapegorhtid (tlugiap groahd Sethic poradtial) Dplidddytshid

form wherein a netic, field generatjn ans, faor plasnma i

t r anspor t afFEsHTE ﬁj’éﬁqgwgtc@%ta‘&grﬁ&a ﬁé’PiaEgﬁ‘qq:g?l elegffic ppisuiial can be varied
transportg{&)bgﬂ is set up in each of said plasma straightly advanci ng
tube, said first plasma advanci ng tube, said second plasma advanci ng
tube, and sai d Theisixgh liﬁ'rra@frﬁlea@m%m‘fﬁ@jlomw? ingulgier indasposed bira glesma c
field genelatd f £lL,e8kd i BBRANEHLGin sma
transportgéllg%érsl&?gs tgl'?i glgﬁg )fj(ﬁl ggl&%d ﬁllgtrts%;iil ff[i)ill as nﬁ%gé \Q/Igr?ch?&lnsgmgvg{)sgggﬁd/ or
sai d secorfdr pheassing pettiamisiatigcheditvey plesnth reoqebsigwortidratzines theef | ect ed
toward a tuhe c er _side flection magnetic field ngrated by
said derl roBROSNE ol g ot SRR ot B pORRR,

twel fth fqimdudingdieundrebsriztpotentia)dpphied toSait pksing prdcedsing poitioa cpnsiad
type pl asma progcessi apparatus.of said.eleventh form wherein said
def | ect i orf"“ﬁ'&é’ﬁéflfyc‘JfIf;%QIeggﬁléﬁg'ieﬁtﬂ?ﬁﬂ‘%%v&ﬁg&conpri ses a yoke placed
around an [gegg®r circunference of said first plasma advancing tube

and/ or said second plasna advanci ng tube and a nagnetic field coi
wound around sai d yoke, said yoke being adjusted by sliding along the

tube axis direqt) i e ' ' Lo,
and/ or sw ngi ng{h%: g%?%qéﬁbﬁ%b%%ggﬁ%ﬁﬁggsttlﬁ%%?ﬁit‘g{(}%ge?osgd t&ﬁ%}l‘éﬂa

t hi rt eent rprécspsnaAppata@s pf awene of saidlinst to sixihsforrhs whein satdubjdchtodeposed
type pl as i Sal erej id
magnet i o (el AEEREMARARDA M rfin S0 & SRy Bl GBI, 7,
magnet i c feeetrd potntiahionot dpaied dordibhnocities pomeb supplyr fotiotjent ertedreafed &ach

o 22 O P RTRR 3 SRR B e 8L b SRR
advanci ng applid.-to 4@ ¥jkct to be treated and a polarity of said electric potential can be varied.

[0028]

The eighth form of the present invention is the insulator interposed type plasma

processing apparatus of any one of said first to seventh forms, wherein said plasma

transport tube is composed of 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



The fourteenth formof the present invention is the insulator

i nterposed type plasma processing apparatus of said thirteenth form
wherein said magnetic field coil wound around a outer tube

ci rcunference of said second plasma advanci ng tube conprises a
magnetic field coil wound elliptically around said outer tube
circunfer eaﬂxemﬁxhgmge,amhi'rd‘;ﬂhsimmirmmgxﬁlﬁ cofut¥d@Blin a bent m'ﬁhl&r fa 4 ﬁxﬁﬁm@

formof the |(gvent|o is t ulaa[?lnte 8 % | asma
processi ng® 5?1 ts‘ffém plasig adypneingtn %ﬁo aéisi} P S’P’t’)lsfe et arlssme,
wherein a gitRRlgd tofa@lén?&'atﬂ ﬂagseﬁxi Fhsind t6 atrfvB R Rl thRbOufadenH 8lid bBIBE to
wal | surface of each of said plasm straightly advancing tub; said
first pl ash@r@Waﬁ@tmaﬁsfbeﬂoméi%&S@m pl asma advanci ng tube, and
said thi rdgﬁ&%sma advanci ng tube, an area of said inplanting being
greater th r equal to 70% of an inner tube wall surface area.

[ 0036] ThEheSinth LMt tHeCpi'éﬁblﬁfinﬁeﬁ@JIﬂE @& iNuldtdi\iepbRn typs pldsfa

i nsul ator interposed t a,sma processij ng. appar.atus of any one. of

yp
sai d ei ght PrO¢s§SiRg sRpawhis ?Ff’é‘? prghth g wherews7id sseand plesoe abRBCBEIVARSI ng
tube is s ej%laééﬁ ZBSm@ribAY af4 pokitRRloB (386 chiiihe 0T 3ight fhdrh 8 bla%@&ﬂﬁt of said
advancing tube is set Up as an introduction side radially reduced
t ube conn eﬂfltré glasioa edvgneisgitibe inta mestatontiel sile@é said first planacadyiansingdualied
radially ged tube, and said third plasnma advanci ng tube is set
up as a disc Jrge side radially reduced tube connected to a plasma
di schar ge si de Theméngthfong ofthd pca‘saxﬁ aiveinticads thie insulatr antgpaied tpe plasth®037]
The seventeenth form of sent i,nven gn is th ul at or
i nt er pos edP PSS IRRETRHS ﬁ%ﬁf&% a6 6 SR NELE ’éﬁ§FS§Fdew wangedf ght h
to sixteentlLgl fidm a%%r&ase se%u?ﬂa lchd Gfthé Phasif) maﬁﬁheecpoh'sﬁe%f GROGA! i ng
means for converging and recti g in trave ditTection a plasm
stream su pﬁwmd?mmgmedo g &by mps;)seafsord)mvmmd |0ﬁ§161plam;a petlet sidelofsaidr d

pl asma advanci.n be an t|o 0SC c field
Gener at | no maAgerf PaBBNERs ognE " 0 rt ot e AR BN ERLE riokfy
a Cross- segtidnltodieh@6t theplabfd et du![b'sdf%hxh@’l‘iird ﬁlas%nacaqﬂﬂﬁﬁﬁglnﬂﬁ t§ 8 &bk ON
bet ween sai d second pl asnma advanci ng tube and said third plasma

advanci ng ¢efsécctipptypend vhide glaghe ewlel #de ofrsaidgecand plasna admacingbeaisi on
i's the inslator ier&y er posed type

[0031]

The eleventh form of the present invention is the insulator interposed type plasma

processing apparatus of said eighth, ninth, or tenth form, 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.
[0032]

The twelfth form of the present invention is the insulator interposed type plasma
processing apparatus of said eleventh form, wherein said deflection magnetic field

generating means comprises a yoke placed around an outer circumference of said first

10



pl asma processing apparatus of said fifteenth form wherein said
droplet collecting plate inplanted into said second plasnma advanci ng
tube is electrically shielded froma tube wall of said second plasm
advanci ng tube, and a bias voltage application neans for applying a
bias voltage to said droplet collecting plate is installed. [0039]
The ni net egladna fdvamigy tubdedfor efdsdcondpl fsnda adnan%cmgtnlﬂﬁ ahasln#aghétrc Cfield e h
I nt er posed type pl as ocessi apparat.us o y one of said, eight
to ei ght ee?ﬁ‘lﬁve‘?'@ﬁﬁﬁo,“%‘a &% %‘Hﬂ’%&ﬁa 8%% @J&%@hﬂfﬁg@g\ﬁﬁe}g deityReaxis) ati on
posi tion Cgpechbn, Yotk cho@biRdui iR tiabdiRcitn’ fildrQRirdiR to%ia Madbe

I nsi de sai d _second plasma advanci ng tube, and said aperture has an
openi ng of 2% §irestiet er ni ned area. <EFFECTS OF THE | NVENTI ON> [ 0040]
Accordi ng ﬁ@3%he first formof the present invention, by interposing

a starting end side insulator between said plasna generating portion
and sai d pl asnelhertkirtequér forn obthe peeseht invemiopdstha nselafor mtsposeditypad si de

I nsul ator hetween said plasnma.transport. tube and said pl.a

processi ngﬁﬁsg}a\ﬁrg‘ffssuégacpg%ﬁlgf’gsabqaeg%‘{%flﬁﬁlg%n’i @Hb%&ﬁ'ﬂ?:@% 1(?gghi eved by
slai d plas n@n@@ﬁ@méérﬂgqusmisﬁﬁnspSﬂétﬁlnmbﬁpﬁﬁsFlhﬁ@ﬁefﬁ@_ : fﬁeldtfdléll&rouﬁﬂl];droﬁ@d d
pl asma processing portion. a,result, an electric influence from
sai d pl as i GEREPECTRYISEPE Grednd sadplpsmn sieaightly pdvaseiap e i firsh
toward t heylhssRarcheiRodHtd geb@g ﬁla%nﬁ%?%%ﬁlg Ih)bepinlﬁ%%i@ Ghird f18nRl asma

transport tube that is usually formed froma netal becones constant
in ternms ofveneing tube.

[0034]

The fourteenth form of the present invention is the insulator interposed type
plasma processing apparatus of said thirteenth form, wherein said magnetic field coil
wound around a outer tube circumference of said second plasma advancing tube
comprises a magnetic field coil wound elliptically around said outer tube circumference
along an inclination axis.

[0035]

The fifteenth form of the present invention is the insulator interposed type plasma
processing apparatus of any one of said eighth to fourteenth forms, wherein a droplet
collecting plate is implanted into a inner tube wall surface of each of said plasma
straightly advancing tube, said first plasma advancing tube, said second plasma advancing
tube, and said third plasma advancing tube, an area of said implanting being greater than
or equal to 70% of an inner tube wall surface area.

[0036]

The sixteenth form of the present invention is the insulator interposed type plasma
processing apparatus of any one of said eighth to fifteenth forms, wherein said second
plasma advancing tube is set up as a radially enlarged tube, said first plasma advancing
tube is set up as an introduction side radially reduced tube connected to a plasma
introduction side starting end of said radially enlarged tube, and said third plasma
advancing tube is set up as a discharge side radially reduced tube connected to a plasma

discharge side finishing end of said radially enlarged tube.

11



electric potential as a whole, and an electric potential difference
does not exist in the plasma transport tube. Because there is no
electric potential difference, an electrical force, based on electric
potential difference, toward charged particles is not generated.
Because el ectrically charged droplets are one type of charged
particl es, [(887Jel ectrical force does not act on electrically charged
droplets in a asna trag&&ort tube in a constant electric potenti al

state, and therEieSPEeniseRiaomofithe presaiigesation §ihepalatenintsporimed in
the same nﬁﬂﬁﬂp@&sﬁﬁ%&ﬂgﬁﬂaﬁﬂ LRy of SNEESAR ICsix B RANS vitlerdid e
geonetric renmpval method of neutral dropleéets described bel ow, It
becones pokssiifigation ypenstie Belf isengrdting sieansfericadverpingtand restifyingrin fravedling

t oget her wi:t h.. I - YRl i |
transpor t rOFEpadhe Sleat <ol SRS bt BB, BAE R
transport pledes deawmgsule dodfpha peffaction qscilistien hagmmiodield geneeatibg aleans for
droplets apnd electrically charged dropl.ets have.been renoved .b e
neutral ot aiErRd ity FChERen SRR i Serr erar ot o e o
hi gh puri tiy apbassting se€tidn Bfeeh SaidBelendElash DAdQ ad bl AK sOBjHERE plishabe
treated in the plasma processing portion. [0041] According to
t he second®®@FGHEI: he present invention, because said pl asma

transport foysg is divided into small transport tubes of nultiple
steps by means of an internediate insulator, the small transport

t ubes becone elTdeeighteanth jormrafdliramerenirinvantion i tee inpdatordnterpased tyre
el ectri cal ;iofl S b er
remai ni ng pslérrslﬁalplll(t?érgggﬁl pag)}éfﬁ%t fijgesI can e{l)ﬂeltf%@gg@g%h S%)tﬂ %%%t%@léc?ﬁ%% ol e

of the snuhiplantedmigpeaid sdcobbslains ddmancigttelsk ibyletttieallytshictded fromrutulsd wiall

i nsul at or the finishi en ide,insulator fromthe plasnma. .
gener at | nd130e R oRt R KRR R BEtYpEtweliftich wiale £ pine

el ectri calabimswliage t08ai8 Habpket cdlletiig Bat@islindtdleAsport tubes is inproved
even nore b&@g the first form As a result, the individual small
transport [ s are maintained to a constant electric potential, an
el ectrical forggehRu@sfih IR iHeGRéskit iFRARGET tlﬁriﬁd%la@érﬁntbn%p%ttyﬁxer ted
at all in each small transport tube, and it becones possibl e for

el ect ri calRlapmapscgBinedPprat of any opeofeidsiahth Greghtasythdommrsowbereinene or
removal stpdigh rﬁreshﬂxggﬁﬁstﬁ?ﬁ?n R caft Be 1l aibhng iRkl Biredt B0 46
According to the third formo e present nventi on, a bras power
suppl y i s avengedarsidschiddgecond plasma advenging whe sndisdid apestpertas tribgenong ofai d
mul tiple rt tubes, and it becones an electric floating
state in Wgha%%%‘eﬁg%tri c potential is not provided forcibly. The
pl asma transport tube and the divided small transport tubes are netal

metal t b DORTHEIGRENIONA oot c potential. Anelectric

B

| e
met al tubéq}"g(kf |
charge is[p@fo]injected fromthe outside because of the insulator, and

an electric charge does not exist in the plasma transport tube and
the small trandsenrding tnhe firspien of theprese iy entions byrinterposingpestaringanda s
the pl asmaideiARBRPbLweHPSiCS AR i JTRBLAL ned
to a const_iamtI electric po%&eﬁgf\?i_aﬁe %%rg?@iﬁggéggﬁgﬁéﬁsgﬂ ang’ il
el ectric dttenpgeng sfinisljiegenddideriomlatirbetwisen sdibplesmatrdngpot tube¢ amizkidcase

in which sl J romaj.r i.nto the.netal f.ubes is..assunmed.
Then: ol obta PRRePREEEIERh con Bl lyberiel ebutfndRl el gty shdiaind

el ectri c ghmrging portioy, sailqlasmadiagipotthubiepshdtshidalegmaytocesitnarPottin. Asbe
surface b¥ tpe repul siyve foj;r‘ﬁce bﬁtween the .electric charges, and

t her ef or e &8GR BitdRFeRFLIFAT saif) Blasad ganetatipgporian apdsadlgsmaey e

Wi thout  bisidegdsing puRiosdaiedd helpllRRh YrafpoR W iy QIRIAAY bRRked thelphis@BVi OUS
that the electric potential of the netal tube surface becones

const ant . rERRRE e dhat jsjispglly formed tfromoz metat brsompiotoastart in terms of the ma

12



[ 0044] In addition, when a positive electric potential is
provided to the transport tube by a bias power supply, the plasma of
positive electricity is repelled and the plasma transport efficiency
increases, and the filmformation rate in the plasma processing
portion increases. However, the renoval efficiency of electrically

char ged drelpdtd potériallss ot wholle aric@sectad \sbtdnkie! BRI d6fs bt ORI Gei N the
formed fil rp tends to i]?crease. On contrary when a negative electric

potenti al P& ARRAEG S Betruse thers dpnr dlectrirotanyialdifrancepmplactisabiprog,
the pl asmepféd RNGéduidSor@higdifrbEideYiolvardhai nﬁat?ﬁcéésgfn&'#gﬁ&ae&. BRORROT

efficiency falls, and the deposition rate’in t as processi ng
portion dedecteally chargriedyeniets arhene yneoidhaged pasticles; yn dectetad Gired doms hot

char ged dr : i e he unt of droplets in the
ormad 1195 pAgiERy Skl AGNERRS: D Ll RIBNL S0 B
rel ati on hetantielstatd end therfdrecloatically chateal droglets ban betabdled Bfthéldaapl et s

deposited in a fornmed film SO, gases exist where, eve e

dropl ets ﬁ@ﬁ'é??r‘@é?g@pk%Tgﬁﬁﬁfﬁ g%’fﬂeﬂ}sﬁ thétggoqlﬁ?,‘? Eqya gﬂ?‘{}?ﬂ ly
when the depedidipies datbed BEORASBEomdSFoskiBR: thi deBE @MY Bl drdplds 0"
obtaining a predeterm ned filmthickness increases. Therefore, to

sati sfy bdtHepaeddegsier with Reutssl droplsl vivle advageing thronghises plerardiansporti ¢

i S necess ] ' ' j j ' by
the b as. poe: pecifs IR hal ik Shollat ol BEbienfie RAHGE! o8 LRoBIY i

t ransport Muibeplasmadiamivbich neutehdiopletsrand sloetricallyiwharged dmpleadipvesicemg t he

bi as el ect[l i - a ort.tube nutuall i
becones pgéllg%#%&?%} Il'éegl fds %P%Iq)g{lﬁﬁ{gﬁiedu f %ufemgl?dgbryn%{sitmogr% Prugflyellj1 %ﬁ%ﬁy? Pilgﬁ
dropl et numligrplaberagicayneniic enade pessibledowandiaa bbjeét tpbe trédiedin she pkarRases,
the easier_said adjustnment becones. [0045] According to the fifth
form of tﬁéocﬁséw vention, an arbitrary bias electric potential
can be prqgotadgd by electrically insulating the plasma generating
portion container d the target exchange portion container by the
i nt er - cont ai neA°FHSTE Ht BF secerd forR gt DsPEEsEnt smRiiTe PrcaBseisAlg PREPE| on
cont ai Ner yafisydR tfYeddivided fq't@ﬁﬁdlﬂﬂm%d?ﬁ@bes%@ﬂmﬁfpl@&%b BY nleds daflS POVET
n

supply for container to said target” exchange portion tontainer. \Wen
sai d pl ashcediatedpsulaiorpde snahtransparbvhesbeceme electriepllyindspendentifiom one
floating stah&, L4 ' j kper. not
exert an o ons: A R TR RRL A e R e P RbERDR SRR,
advancenemmating fmalptraspat tubestdar bpblasked. Of amsppthe wholeef tesmble carri ed

out snoot . a_vati.abl ositive.el.ectric tentjal, )

vari abl e ﬁjglésgf) L;%\It/lgo%‘éé}%?:sturglieg % ﬁee%rﬁ%g ?“dSFd%di\*iBEa@éﬂ“‘gﬁ‘e?ﬁlf@“aéa‘? fide sai d
t iar get exalbalage fiporthe plasmmgmghﬁ@ pommﬂm%?ﬂiir{ﬂmcﬁeﬁﬁg' PgticH Tuichﬂe

pl asma progessi.n aratu ecomes possible, In the current

oper ati ng eéﬁtﬁgﬁl i“%@ﬁgg%%t? Qﬁﬁheflﬁ@?gﬁﬁg%“’é@ IEfEPIP e ey GR RH téanrt%%ﬁast he
poi nt of YdreWA®A résalk, 8he/individhal Al WaSspott neRP R %iREinsd S 16 REH BRGH:&!
devi ce and the_ experinental environnent, other bias electric

pot ent i al Pefetiay 8 cleplaicalfarse fonward elpadrically glmged droplets jsowbexdrtedatall in he
sixth for f, j i . j y
For proceosi a8t eRe LiYGRRLARroRFRgE kbRl BRneBf WEhIBUPR:
cont ai ner ranpaed ey bedemesdc waiosalehjetute, indhdmamemembechs nettral droplessi bl e
to vary fgo%%]y t he magni tude of the electric potential (including a
ground el ectric potential) and the polarity of the electric potenti al
provi ded to sahctoplimgsrahethivg &ssi ofghaiResehtdniventog, aibie howér sagplly akloe
positive electrjc ﬂOt en({i al, a vari'ﬁg‘i e negative electric ‘got entj.al,
or GN\D caﬁf’“BECfiﬁr%\? &L e RJaston trpnsporidinbe ofsgidaaudiinle smal wamsport Ghesarndds |

and it bepQbmes 2086t BodtiBe SBle iPRhicHBh biécthib Botehips [FhoPh8¢RSS foRgbly.
apparatus. In the currently operatlensg experinment system the choice

of GN\D i s Fherbsamitanspogivhepad gsi dividest smalldwnerortdulfes pxe mesaltiutisacad e i t
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potential, or GND can be chosen, and it becones possible to set
optimally the plasma processing. In the currently operating
experinent system it is favorable to set it in an electrically
floating state, but because it depends on the experinental device and
t he experinental environnment, other bias electric potential designs
are al so puisspdwee sufpBoid 8bt connected Ahe ehole bfthe metdd erbeigghide té ecensait t he

present invention, .t pl asma. gener at. n aratus i s, of fer in

i oh sai cepES Rt h AsRP e EhEE: Peotansd BB e Wiuethelnufnbie n
three st agmsulfbr, anddneeddBRicidhbit Bbdsinkt Gk ANGE PRishaResFANRBE Lkhé SngRi d
pl asma generating portion, a first plasnma advanci ng tube connected in

a bent nanE@EPIHIIGEE Eeﬁpmﬁgﬁmﬁﬁtmﬁs seplns heidpsmg ranspgrt &be o the
| ma ad i i , t )
plasia adv, '%@s%oﬁﬁﬁmﬁa@@ﬂ%t{ﬂdd f'd %H%ﬁ,e&@ﬁ‘m%g{éﬂ@a@. ﬁ%BeELE nd BRe in

finishing en asma advanci ng tube 1 n a bent nmanner
with a predbiceamélacc hargtiinipjesied fmmpdit, hutrhespe bypothetitdh east dlbwhighas  of

said first_plasm adwanci.ng, t athird as advianci ng tube

connect ed (fhﬁr HH%Cf%’ton H%aélr]gpotH%jﬁgm@ﬁ?Séﬁsﬁgn%dngh?ﬂ‘ g@‘é‘P‘ac%aé?c“’S pl asma

advanci ng ihjtbied fmo theatetdl hdeHud thiawlccsicekdrgesindthdesaaiatriphiasd thiouphbhtet |,

and total | engt fromjhe target surface to the ohject to be

treated isthlgg‘gtar ’61'5251{1'?3&@3!&6 1ve farge pvren the plegids ge?s’iaﬁggﬁf‘g?rles,

sai d | engtdy fot teindielitniathedfethiNgod A% AkeshiRUSHw itk bﬁ:ﬁﬁg@ G Oheory
Y

i length LOfromthe target surface to the outlet of | asma

' strai ght | yofglpeteraagngtisng s obdoustthat the edsetricipstenfiplof theimetalinbg qutdarei ng
tube, len YiRNGH f the

third pl ag%gorgévég%ﬁlﬁgnt%&ggg’q?ogg? erlﬂgvi th I?)]a%ftﬁa%g)??}gg;&? %/%ogﬁ'lsb%ance

L4 that i shecpreesconstan aetefn pf thi elegitia potantial ane icthe fecomd Hire, the whela of

outl et of i hir ncing t to, th i . e
treated. %@trg?léﬁ (S)l%%lg){}rgl%g&f%ggsibé%%f?#&%t l%tr?gn ? E@Q%%F %)&ler?laé‘hovm
in FI G 1.Boksustbfithis]aseledthetbredienatesatadionicecsibilyschatgadtiropletscdtvaichlg
length L satisfjes 9 " L.5.,1350mMm hown in FIG 14, t film
oot on g {nEse el s A0 YO GRSy Py RS Sl pHected desmier
di stance ofy 4 deembirRSiactaed Ve pREmP ahddpbrt fulb8 OF kM2l RaRpérb@ibes, in the
conventional T-type plasma advanci ng paths and curved pl asna

advanci ng SPEEFePIEF BeE@l droplgts: nerely the strai ghtly advanci ng

pat hway i Og.nqrtened, but neutral droplets are renoved highly
efficiently by said geonetric structure of three stages of bent

pat hway. Furt héscrording tethedeurihdaim of thprespatiingensiohciesauge e bias Bowverenoved
hi ghly effj.ci I j [.G.: j jion
of tho 11 oo icofibechat . SERORL b Bl Lol Haflol obbGr SREDH A BhalP
real i ze anransportdvienesatd pdsnsuirahspos titreea taid mhalptraspat mhesobill flialen

formati on anpng others .ca e. gener at ed . i.d second pl as
vanc no iR e Hefrin Bolerti S5 PRkRER foreitiy g bif PR en ool 828
i ncli nat i aigs,podBthugplgRhehidvidan vireabld asiiod cloeio pbiattiah ALl negative
inclination is large, but _the filmformation rate to.the surface of
the obj ectelqcﬁlcﬁ’etqlg@a?ré@‘“a@P@&E%%C*‘Hd@éf@é‘énﬁﬁef%qh%%b}féﬂﬁeﬁ the

decr eases.pobfvE Qi @potentit) 850N isaREl B81e08nd 2A%br thedrABle kahgs BPIHE .
droplets intrude the treatnent chanber, but the

! | : nmoer filmformation rate
to the surpgaiiwe glectrippotsnfabd tor(Bristdednbled Thrpdwica of anyane ehgposieause

the decreagg cholRfalPA LD L tdnBaIS SREND ﬁ@&eﬁf; %ﬁe %e?lméibg?ﬁﬂgl e of

i nclination can be chosen appropriately from [ ween the
fil m fornatppird phtrea tritle plagnd pbesssing porfion, add telrebeval ¢H649)y of the Sai d

bent path of . three.stages,|n the,present. . inventipon saj.d pl asma
ot rai gnt | b RGR BB Alsh. b FuRRE e R R B sfdlive b &
second pl apoBicpdeansiandthenb@nindRGT 8RindgdtiRt Elctpk poERiAd\ianEiod BylssBe i s
conprised by caonnecting,each tube on a _sane plane, or_conprised by

posi t i oni MSTAARRSItH apdwaidsremonal wijcisacy pthe gleptjicallysharggd droplets.dheor di ng

14



[ 0051] According to the tenth formof the present invention, 6461 o
is satisfied when the angle of elevation fromthe tube cross section
top end of the plasma entrance port side of said third plasna
advancing tube to the tube cross section bottomend of the plasm
outlet side of said first plasma advancing tube is defined as 9 , and
the angl e prtseft igveitdr@unt el in A\ @sé whee edidplasnitiednk it fabé fsan divided)f t he
pl asma outl et side of said third plasma adﬁan,ci ng tube to.the t,uFe
cross sectSelREsEp Plnga Brusporbiuge Htreelesticpll flagtige sige (uias gledtdepientisl asna
advanci ng ﬁo‘t‘Eﬁ;vkﬁd}q@Eﬁﬂ%ﬁﬁeﬁﬁﬁfa@or%@.aﬂéﬁr@émﬁrhflel%or fahdiResRadaal asm
advanci ng tube can be placed at the position off the straight |ine of
si ght fr orblasma tpgnaportduinis fizided in i spttingithepupil dpeportdvbaivhiplyis neaséhe o

t he pl as [ | ' ig fi j g

Ther of or o P EheibihoRlop L AoL1 (R, o BRTRFEKAREH APoHRS s ponr e

st ages i s plasmarprseskinppocienrie SNIhgiverr good asselt,phd terefare ivufaeorps with éhe
configuration.can.be realized.in which droplets. led.out fromsaid

F st bl acRROR AT FsET R beiA oG BT PSR L PRI D a5
outlet of depbidl dpbh i cRpeimiBhtaddNEGRGND theleipRimentatlerdviphmsitpthble@a ARy He
using high purity plasma fromwhich droplets have been renoved highly
ef fi ci ent |95 &8 Kiselrip gtentig] designs. As expl ai ned above, needl ess to

say, the qupdgt of said third plasma advanci ng tube may be connected

directly to the outer wall surface of the plasma processing portion
descri bed bel own adtitidn; whena mlt\y@s}le?m@n@dﬂtmglsimedqditﬁéﬂed@émogl tube bylae

i nsi de of i . . .
recti Ty ng RUReR P RE st (ARG UBRiGHIPRLARS chd b Boenfl canspor
[ Inst al | e(cji dﬁﬁdimgﬂnctdgeaessmgaoiggﬁlpi ﬁasmaiozdataindpmgafmdq?owsi?g batioti ][d f
pl asma advanci ng,t ube. . ceqrding to the eleven ormo
Phe’ pr ecer BB RENGES hrgmkt it PEREruaie P Rrs gt BRsde ' ol asm
:rans por : &?{ebx@ﬁbe} abﬂtth@ﬂit Uﬁhﬁéf&ﬁopﬂﬁﬁﬁ?ﬁ@ﬁhﬁe& ililﬁ'l tdnds(l? irm_l'éa%g}ﬂn corétrary, _
ransportation is set. up in each of said plasma strai y advanci ng
tube, sai dvbrepragxega&vagwaﬁaa%w@ ﬁ@r%%@,to g‘ﬁi“d“?@’é&fh?%%&’é%ﬁ’%’%ﬂ@iﬁng
tube, and tﬁéj%lgsxﬁéuffp@sim@éé&i V@l gnd B BlashdRarfdgdrt 8GikicAsy MRIRGL | C
field generating neans for deflecting said magnetic field for plasnma
t r anspor t 4bg daposioryiatedn Hedlasma racgssingpertiop daueasess Howsrerthe remssaland/ or
said seco L i ted
Lovard t he’%‘f‘&;‘:&%@ g};ﬁiﬂiﬂﬁ gzﬂ%éﬁﬁ%ﬁgféﬁih%@ ﬁ%éﬁ@é@%%% eioiicer Sgifeijz
gener at ed ogmedifilgetehdsde demeana Jihetefore, tliced id aganessatdlatign reuesn thB8bause
of this, t r?nart]ig}n earto%L%QEé IELXI‘lb%f oPti%]getg? %gittfaldqnglft)e | %1;1&'1?1{1 lels ,%5%3 exist
transportation at THe CoMhes rng sectron of gar g first plrasma
advanci ng vhebs eecndiien dempldt #e danchs@l, demmoachod dopleg iherbase evdnatallys to
say, the trouble in. which the addifjonal .magnetic fie]d, becones
ot Y o at T e PN B A TP 5 B RO T OF ARSEGR gur at i on

of said npghRtehfinkd SlntithiRhéss iRfcabRINREI6re] tb SARAGRINS thaldefRitiod FatPhridS M8
transportation, is deflected and adjusted by said deflection magnetic

field, thdhgiraplgeruamberdansiigitiinegessay & dolisatelypdiugdhededricenential  he

pl asma de %?&ti&'edi hakigk ﬂgg@ngs%gggB@caﬁée%? Hﬁ%lbgé Gﬁt%f PRbRS wrhisBhkt tube

density, gh purity pl mes possi
into multiple small transport tubes, and adjusting the bias electric potential of each small

transport tube mutually, it becomes possible to satisfy both the film formation rate and the
droplet number density. The more the number of partitions increases, the easier said
adjustment becomes.

[0045]

According to the fifth form of the present invention, an arbitrary bias electric
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According to the twelfth formof the present invention, said

defl ection magnetic field generating neans conprises a yoke pl aced
around the outer circunference of said first plasnma advanci ng tube
and/ or said second plasna advanci ng tube and a nagnetic field coi
wound around sai d yoke, said yoke being adjusted by sliding along the

t ube axi s pitenesltoar Be piodidad byngledticlly irstiatitg the plking géetatihg phrti@ct i on,
and/or swinging toward the tube axis directiqgn. Because of this, a

cancel | at i GAEBET THAOHBELS! FGaAEP PIFUioH CQUAIRFT Rk HifdpiPEConfadRa P YA | asma

t ransport akigp seﬁ@ﬁlagﬁ‘a SRR ﬁ‘&u&-)’coﬁfﬁﬂlguﬁanfélé%&@fﬂiaﬁﬁ §iRe tan@)(tta%ﬁing
deflection magnetic field through the novenent of a said yoke an

opt i mum pltheias pawe seriphiopeantainey Hpseidspuge exphangepertien songfnes éb’l@neelﬁt
pat hway of h) & gtothe
Phi rt oont PR et ARERR dalinkitfic £ cecirbaing sote AR

generat i n@en@angp‘odronpdoamlmr daeamtpmrtatelmnmabmﬂuermem the gmgramdl c field

coi |l wound,around .t he outer t irc e of e of .sai d. pl asma
St ai ght | yPIRERedRE e Bifement st e pfesiot NS DRA ARG T PR cediel
second pl asfEncaMandid)g vhridde, posifide Sadttc ?chéx{tiﬂl ,Rlvasibie edyreldagict ube.
Because of this, the plasma transp ort ficiency |s inproved by

gener at i n@oatia, Wtcﬁlbb‘f?rét’lﬁe‘iftalsm Fasgsh EXqhAngegi9eon £oRtgiRes %Pdt*ﬁ‘e whol e
of said b%ﬁﬁmﬁﬁf‘s@tﬂﬁg o%e?%rﬁ@pé&éﬂﬁéapﬁﬁ%s%e&lﬁé%s&ﬁl@%‘i tﬁ%%rr h the
use of high density and urit I"asma _becomes possi bl e. [0055]
When sai d Op@rgm¢xeemmettdy&t@nl Qbmcna Eﬂléfarvp@blffgm@pa@mmfww of

pl asma tr i dvanci ng

t ube by W%Q%ﬁ;ﬁﬁ&?%&ag&&t ?%’3 %’rOHg?té &g&ﬂﬁeﬁﬁd 12@%1)%{ :1@6 %%p%tiﬂnatl on,

gap is pr @dmmuhent;othhrlmhs tﬂhﬂl‘l(qmtdntlalsiestgms anosisalpossihle. t he connecti ng
portion Wl&i}i not her tube, an uneven magnetic field is produced, and
t he pl asm£ |’6 nsport efficiency drops. Therefore, according to the
fourteenth forpcedrdine Be eistiTomt ﬂMﬁ@prieﬁﬂt inv&eionpgagist tehbiae bdweoi I
wound ar ound the outer tube circ er nce of said, second (?I as
advanci ngS mp&véoeamtﬁsegeomal%ﬂeﬁ' ? PLaFT2 BEOCFSSIRG BRRYOR FOTPRT

around t hecQuifddated DR 6hEQGWHELLQRASt %'p@%lé BB AR AE HRABnitdk %fthe
Because of this, the plasma transport efficiency is inproved w thout

produci ng eleatrigpetpatinl rfrlﬁglﬁé*!lg & sfouad elegitic prtertiahgnd Fre pelaghveatitee dlgcticd coi |
toth
0 ein l)fﬁ:ﬂ@ztl 'pﬁﬂm%ﬂ 'tJ %g%%s%%nq%oﬂt%ﬂﬁn %%5\:% xttv\él%ﬁctnﬁ

densel y out “producl ng asnma treatne
use of hi ghteo@alsi \taylaundegahghclpanm po}erphlasnﬁN@e@uﬂvesrombb@ tobstaei pldsb@56]

?gf?;glt P% Sto%Fsts? g éyottfo%ecgt%th f or l?ec? est%o@mﬁ%? rlget Pﬂvn?ﬁ%t% plasrn e dropl et

a e 1 nner surface of
each of S@td&eﬂ&ir@&pﬁarﬁhﬁ am gxlatchzyemlglwmmmxpuﬁﬁent sm@h fthercmbxcebﬁem is

advancing tub second . nC|n tube sai d thi

e D FiviEbls i fhe Poe 6 vPu AT et B Pant dbreias So0e etsrmante] 1 han
or equal Td@vu?@a%ti@]ﬁe éx'ib@mhaﬂﬁren%%ﬁleﬂﬁbﬂheﬁﬁésf ﬁé‘c@nﬁﬁc@@mal%ﬁgh%e Qo t hi s,
scattering droplets can be adhered and col | ect in a large quantl ty

and reli alBP%ﬁlbéﬁl i ncreasi ng the dropl et adhesion surface area in the
tube for ﬁg s advancing path, and a high purity of the plasma
stream can be realized. [0057]

According to the seventh form of the present invention, said object to be treated in

said plasma processing portion may be set to an electric floating state, or by attaching the
bias power supply for object to be treated, the magnitude of the electric potential
(including ground electric potential) and the polarity of the electric potential provided to
said object to be treated can be varied freely. When a bias electric potential is provided to

said object to be treated, a variable positive electric potential, a variable negative electric
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According to the sixteenth formof the present invention, said second
pl asma advancing tube is set up as a radially enlarged tube, said
first plasma advancing tube is set up as an introduction side
radially reduced tube connected to the plasma introduction side
starting end of said radially enlarged tube, and said third plasma
advanci ng jdidiial, 5r SRD dd beshoderf] biSCid BEBMeS patSibledd betbbiymAIBAHE Fidsrhal be
connected to the plasma discharge side finishing end of said radially
enl arged tRIBeEssipR dmths suggntly ypyatingfXpesimaaystan:, danfavorebls drutetl in #t o
sai d radi : bef aj g, . at ' j r.adi y
Faduced 1 be e Py LS o R ALk o e B o
pl asma advexpeiimentg@nvirdnnestaptiien taah eddciric potdntial glesignsiapealsBmssiblse t he
dropl ets ﬁgéﬁﬂ with the plasnma diffuse into said radially enlarged
tube by t I"f fusion of this plasma stream they collide with the
inner wal | of <Sedcdrdirgds thelejgh@nionn getie biebey invadion Be pdied gaheatinlg

collected. Also,. n the as streamin said radially, enlarged
tube is emaﬁlﬂ“éé?\,/gh%ﬁé‘ nawbﬁ éﬁlg?’]éé‘ai’ PRt P@wrcampﬂ%ﬁé% Bent TapEF i,
enl arged tiHRe siaBRQIT a\pRkha &%éfﬁ?@dﬁn@iﬂﬁﬁ% lchiéiR il tdbaldRastlaGRnd il ON

and are adhered and is collected by the dianeter decrease effect from
sai d radi doryoren figst plagma adyancing by epnageicdin g jent sageeriqeridiplayma educed

t ube, and ] - : 1 t them
oy ol i ng iR bife Qb Gl PR Bnvelh MEb TGRSttt 1S
to the i nmenmeidat thelfinishihg sud of spiddirstiplagme nfangrgitube bea entimesner yéh a
collected s i Cl and the droplets.can he. r ved efficiently
T the ¢ atise i binting E1e MIR HBR SR SR B G PRV SR Bl el SRR
pl asma advels eda thirh @lasransivaadial tabe cohnpdtabina baghnaannentg tHelfigshindend, | f
the central,. axes of the radially enl arged.tube and the. i ntroduction
si'de radi QISP FeanLBATR Adansing Bhe et dealar GsoCried ioR AP educed

tube are rgueler, @E6HAL lehgh WioROHE taddel 8080l e B edi REbedfafel & Bt fdREMITFE
easier to separate fromthe plasna stream and the capture effect of

t he dropl &08mimEF&aldadmeyBnthemmae invisialgseid lengtiok isgleGnedasiintpiablength
portion c be.constitute asi and cheaply | ust form ng said
o a1y e BESS bR Lo BRR i uBRnEHEER e dytRlarite R B e
the sur 1;] amdyirﬁﬁgttmmenglli £t iostherirs _i)lafstgh gﬁxﬁa@dﬁﬂ@@b@ Nerigeh 1L2vpft tbé;lﬁdmm/
using the hi urif S tarn t he .i nprovenent of the

ir oplet o R aRvase alber e DR oF b B AetR A oS HoRdob

ref or mi ng plisniale@fedtie ERENEd 1.4 1s tHRRissAbs B8 BePlastnl® RBUERSm R piBma
treated can be inproved markedly. [0058] According to the

sevent eentorileief saig thirdplasisp edweneing Aibe i the Abjey debrsertadnBhad isdp 2% ases
where a p 'L@WL?&%@%@H{# ﬁfe%g{%ﬂ‘i’s dbfh 'ii?f;l@}.s Rlad 88 DR PPlst | On

at the end of the said inclinedly arrange econd pl asna ‘advancli ng

t ube Wit h setaiodhat kdid thtad leagtirdl sitlsfees ODOymtiLE 1350nph s seoweintHIGylidndet ube
may be arranged at the outlet of, said secopd plasma advgnci ng_tube,
and a recth PITERAOR AR IRGE FEPPYRA AY Yering ﬁ@la%aaﬁaw%%st@aﬁg&hges
and recti frpla@ﬁlatabeaneibgﬁ_ﬁm fifr AR Hah Sietodvetionad E-tystpRdsm@ lat et g haRe €
of this plasma rectifying tube may be set up. Wien a convergence
magnet i ¢ fpépavedplagi sduancing pethe. Norseyes, nof mos!y thegfraightly advapaing ¢ he

pl asnma st I I J ; qadvanced
i Te t or BREYyY Mol MR HBARGTNL B0 rBfolth A AN BRaR 2

def | ect i ogtasdiit Hatcdweaofthise stagestolli bent pathway. Ghirtlseaindreptlectnenlly ebdrgddyi ng
tube, and b rranging a deflectdon/oscil.lation. neti.c field

goner at o PAGE B 8% Bhele MG ST BT aif Bar i RAPS Blis er ence of
sai d def | eocifigundtidn of the @ikt @ set eiefonas, dad high bl hbsia iladtinaBalivagnet i C
field that oscillat§§¥%he pl asma stream]eft-right (or up-dO%Q)

toward t h&MEIOYSRe SETIGHAFCANTE BREFISIN OF Hiinh PrnAfiqndInags offses can
defl ectioptQegid | ation tube can be formed. Also, if it is deflected
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[ 0060] According to the nineteenth formof the present

I nvention, one or nore apertures whose installation position can be
varied along the tube axis direction are arranged inside said second
pl asma advanci ng tube, and said aperture has an opening of a
predeterm ned area. Because of this, said second plasnma advanci ng

tube can be de@aﬁ?s%@c%d'p'fhs&'a@&ﬁh@ih hﬂ&e&qh@ime@ﬁfstawr&ndlag\%gl@@ngegpl ets
can be coll ected, and noreover, guantlt of collection can

adj ust ed otp@lmaﬁqm)yan@ﬁnzﬂlﬁﬁ@anbg biqclfsedi kg angleo Inssation dnlargenyy the
contri buti filh dfoﬂn%n'rﬁfpfootﬁgmtce bflqhé %ﬁec@ foo&l tf‘etaﬁd 'Ei \5@4 be@%cnfsb fﬂfe a By
et up 1n sal

the way, sald opening can not e center
aperture, deusity decuessepdkscwbtrmmanthn/argk: o iﬂdin&iionmmaﬂ Whoplets infhele the
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concerning the second enbodi nent (first mddle insulator) of the
present i l¢e4tli on. FIG 3is a summary structural diagram of a

o ST ProceS S AEPRIGS BROGEEM AR g phosk gl 111
i nvent i on.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.
[0050]

According to the ninth 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 described below, 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, like in the 17th form described below.

[0051]

According to the tenth form of the present invention, 6 = 8 ¢ is satisfied when
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FIG 4 is the structural diagram of a bias power supply for use in

t he present invention. FIG 5 is a sunmary structural diagram of
a plasma processing apparatus concerning the fourth enbodi nent
(second enbodi nent with further details) of the present invention.
FIG6 is a |ayout drawi ng showi ng the placenent state of novabl e yoke
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erbodi e ntcbmprised 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 exhansted 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
described below, 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.

[0052]

According to the eleventh 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 ficld 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
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FIG 14 is a relational figure showng the relation of the plasm
transport distance as opposed to the filmformation. FIG 15 is
a schematic configuration diagramof a conventional plasnma processing
apparatus. <DENOTATI ON OF REFERENCE NUMERALS> [0062] 1Pl asma
processi ng portion 2Pl asma generating portion 3Plasnma straightly
advanci ng strdheatdir inside of A6 Bend@ \perivh dge tddae cinBgaatich ¢l said Miapacticafittd ng

tube 6Thi rd_pl asma advanci ng tube o .
coil for magnetic field generation for plasma transportation, is deflected and adjusted by
said deflection 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.
[0053]

According to the twelfth form of the present invention, said deflection magnetic
field generating means comprises a yoke placed around the outer circumference of said
first plasma advancing tube and/or said second plasma advancing tube and a magnetic
field coil wound around said yoke, said yoke being adjusted by sliding along the tube axis
direction, rotating along the circumferential direction, and/or swinging toward the tube
axis direction. Because of this, a cancellation of the heterogeneity of said magnetic field
for plasma transportation can be attempted by doing a fine adjustment by said deflection
magnetic field through the movement of a said yoke, and an optimum plasma advancing
path comprising the geomeiry of said bent pathway of three stages can be realized.
[0054]

According to the thirteenth form of the present invention, said magnetic field
generating means for plasma transportation comprises a magnetic field coil wound around
the outer tube circumference of each of said plasma straightly advancing tube, said first
plasma advancing tube, said second plasma advancing tube, and said third plasma
advancing tube. Because of this, the plasma transport efficiency is improved by
generating said magnetic field for plasma transportation in the whole of said bent pathway
of three stages, and a plasma treatment with the use of high density and high purity
plasma becomes possible.

[0055]

When said magnetic field coil for magnetic field generation for plasma
transportation is set up in the said second plasma advancing tube by winding in a circular
shape along the axis of inclination, a gap is produced in which the coil is not wound near
the connecting portion with another tube, an uneven magnetic field is produced, and the
plasma transport efficiency drops. Therefore, according to the fourteenth form of the
present invention, the magnetic field coil wound around the outer tube circumference of

said second plasma advancing tube comprises the magnetic field coil wound elliptically
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around the outer tube circumference along the inclination axis. Because of this, the
plasma transport efficiency is improved without producing an uneven magnetic field by
winding the magnetic field coil to the inclination surface of said second plasma advancing
tube densely without producing said gap, and a plasma treatment with the use of high
density and high purity plasma becomes possible.

[0056]

According fo the fifteenth form of the present invention, the droplet collecting
plates are implanted into the inner tube wall surface of each of said plasma straightly
advancing tube, said first plasma advancing tube, said second plasma advancing fube, and
said third plasma advancing tube, the area of said implanting being greater than or equal
to 70% of the inner tube wall surface area. Because of this, scattering droplets can be
adhered and collected in a large quantity and reliably by increasing the droplet adhesion
surface area in the tube for plasma advancing path, and a high purity of the plasma stream
can be realized.

[0057]

According to the sixteenth form of the present invention, said second plasma
advancing tube is set up as a radially enlarged tube, said first plasma advancing tube is set
up as an introduction side radially reduced tube connected to the plasma introduction side
starting end of said radially enlarged tube, and said third plasma advancing tube is set up
as a discharge side radially reduced tube connected to the plasma discharge side finishing
end of said radially enlarged tube. Because of this, the plasma stream introduced into said
radially enlarged tube from said introduction side radially reduced tube is diffused by the
effect of diameter increase of said plasma advancing path by said radially enlarged tube.
Because the droplets mixed with the plasma diffuse into said radially enlarged tube by the
diffusion of this plasma stream, they collide with the inner wall of said radially enlarged
tube, and are adhered and collected. Also, when the plasma stream in said radially
enlarged tube is exhausted, the droplets scattered toward the said radially enlarged tube
inner wall surface side collide with the step portion and are adhered and is collected by
the diameter decrease effect from said radially enlarged tube to said discharge side
radially reduced tube, and a re-mixture of the droplets can be prevented without them re-
joining the plasma stream. Therefore, the droplets can be adhered to the inner side wall of

said radially enlarged tube and can be collected sufficiently, and the droplets can be
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removed efficiently in the tube pathway of said first plasma advancing tube, said second

plasma advancing tube, and said third plasma advancing tube. Also, if the central axes of
the radially enlarged tube and the introduction side radially reduced tube and/or the
discharge side radially reduced tube are made eccentric without aligning them, the
droplets become easier to separate from the plasma stream, and the capture effect of the
droplets increases even more. Moreover, a droplet removing portion can be constituted
easily and cheaply just by forming said radially enlarged tube in said plasma advancing
path. Furthermore, the surface treatment precision of film formation is improved by using
the high purity plasma obtained by the improvement of the droplets removal efficiency,
and the uniformity of the surface reforming or the formed film on the surface of the object
to be treated can be improved markedly.

[0058]

According to the seventeenth form of the present invention, because there are
cases where a plasma stream meanders and diffuses at the connecting portion at the end of
the said inclinedly arranged second plasma advancing tube with said third plasma
advancing tube, a plasma rectifying tube may be arranged at the outlet of said second
plasma advancing tube, and a rectification magnetic field generating means that
converges and rectifies the plasma stream forcibly at the outer circumference of this
plasma rectifying tube may be set up. When a convergence magnetic field is applied to
the plasma travelling direction, the plasma stream that had been meandering or diffusing
may be advanced while forcibly converging. Also, by arranging a bell mouth-like
deflection/oscillation tube at the outlet of said plasma rectifying tube, and by arranging a
deflection/oscillation magnetic field generator (that is to say, a yoke coil) at the outer
circumference of said deflection/oscillation tube, a deflection/oscillation magnetic field
that oscillates the plasma stream left-right (or up-down) toward the cross sectional
direction of the inside of the deflection/oscillation tube can be formed. Also, ifit is
deflected and oscillated in both the lefi-right directions {the cross section X-axis
direction) and the up-down directions {the cross section Y-axis direction), it becomes
possible to scan the plasma stream widely. As thus described, when the irradiation area to
the object to be processed is larger than the plasma stream cross section area, it becomes
possible to increase or decrease the plasma exposure area freely by deflecting and

scanning the plasma stream. Needless to say, said plasma rectifying tube and said
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deflection/oscillation tube may be positioned together as a set, or each may be positioned
individually.
[0059]

According to the eighteenth form of the present invention, said droplet collecting
plate implanted into said second plasma advancing tube is electrically shielded from the
tube wall of said second plasma advancing tube, and the bias voltage application means
for applying a bias voltage to said droplet collecting plate is installed. Therefore, because
said bias voltage is applied to said droplet collecting plate, decrement of the plasma can
be restrained by adjusting its bias electric potential, and it becomes possible to increase
the plasma transportation efficiency. As for the applied voltage, there are cases where it is
positive, and there are cases where it is negative. The application configuration is chosen
optimally. When the voltage is positive, positive ions are repelled and pushed toward the
transportation direction, and when the voltage is negative, negative ions are repelled and
pushed toward the transportation direction. Whether to apply either a positive or a
negative voltage is chosen to increase the plasma transportation efficiency. Also, the
magnitude of the voltage is controlled variously, and a voltage strength that increases the
plasma transportation efficiency is chosen.

[0060]

According to the nineteenth form of the present invention, one or more apertures
whose installation position can be varied along the tube axis direction are arranged inside
said second plasma advancing tube, and said aperture has an opening of a predetermined
area. Because of this, said second plasma advancing tube can be decreased in diameter by
said aperture, and the droplets can be collected, and moreover, the quantity of collection
can be adjusted optimally by changing its installation position, thus contributing to an
improvement in the droplets removal efficiency. By the way, said opening can not only be
set up in the center of said aperture, but it is possible fo provide a function in which the

plasma stream in the tube is made eccentric so that it meanders.

<BRIEF DESCRIPTION OF THE DRAWINGS>

(0061]
FIG. 1 is a summary structural diagram of the plasma processing apparatus

concerning the first embodiment of the present invention (starting end side insulator and
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finishing end side insulator).

FIG. 2 is a summary structural diagram of a plasma processing apparatus
concerning the second embodiment (first middle insulator) of the present invention.

FIG, 3 is a summary structural diagram of a plasma processing apparatus
conceming the third embodiment (first middle insulator and second middle insulator) of
the present invention.

FIG. 4 is the structural diagram of a bias power supply for use in the present
invention.

FIG. 5 is a summary structural diagram of a plasma processing apparatus
conceming the fourth embodiment (second embodiment with further details) of the
present invention.

FIG. 6 is a layout drawing showing the placement state of movable yoke 29
conceming the fourth embodiment.

FIG. 7 is a structural diagram showing a rotating adjustment mechanism of
movable yoke 29.

FIG. 8 is a structural diagram showing a slide adjustment mechanism and a swing
adjustment mechanism of movable yoke 29.

FIG. 9 is a schematic structural diagram of a magnetic field coil for magnetic field
generation for plasma transportation concerning the fourth embodiment.

FIG. 10 is a partiaily enlarged cross-sectional view of inner circumferential tube
61 concerning the fourth embodiment.

FIG. 11 is a plane view of a movable aperture 70 concerning the fourth
embodiment, and an installation state diagram of aperture 70.

FIG. 12 is a summary structural diagram of a plasma processing apparatus of the
fifth embodiment.

FIG. 13 is an explanatory drawing of a magnetic field for scanning formed inside
frustoconical tube (deflection/oscillation tube) 1108 concerning the fifth embodiment.

FIG. 14 is a relational figure showing the relation of the plasma transport distance
as opposed to the film formation.

FIG. 15 is a schematic configuration diagram of a conventional plasma processing

apparatus.
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<DENOTATION OF REFERENCE NUMERALS>

[0062]
1 Plasma processing portion
2 Plasma generating portion
3 Plasma straightly advancing tube
4 First plasma advancing tube
5 Second plasma advancing tube
6 Third plasma advancing tube
7 Plasma outlet
8 Arrow
9 Amow
10 Cathode
11 Trigger electrode
12 Anode
13 Arc power supply
14 Cathode protector
15 Plasma stabilizing magnetic field generator
16 Insulation plate
17 Magnetic field coil
18 Magnetic field coil
19 Magnetic field coil
20 Magnetic field coil
21 Magnetic field coil
22 Deflection magnetic field generating means
23 Deflection magnetic field generating means
24 Deflection magnetic field generating means
24a Gas inflow port
25 Exhaust port
27 Magnetic pole
28 Magnetic pole
29 Movable yoke

25



77Arrow 108ax-direction oscillating magnetic field generator
108bY-direction oscillating magnetic field generator 1109Qutl et tube
102Pl asma generating portion 104Cathode 106Tri gger el ectrode
108Anode 109PI asma

30 Deflection magnetic ficld generating coil
31 Guiding body

32 Guiding groove

33 Pin

34 Fastening nut

35 Slide member

36 Spacer

37 Adjusting portion main body

38 Slide groove

39 Pin

40 Fastening nut

41 Droplet collecting plate (bafile)

42 Droplet collecting plate (baffle)

43 Droplet collecting plate (baffle)

44 Droplet collecting plate (baffle)

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

62 Opening

63 Bias power supply

70 Aperture

71 Opening

72 Stopper

73 Screw

74 Protrusion

75 Tube

76 Engagement recess

77 Arrow

108a X-direction oscillating magnetic field generator
108b Y-direction oscillating magnetic field generator
1109 Outlet tube

102 Plasma generating portion
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1110Power supply 112Pl asna processing portion 114Cbject to be treated
116aPl asma stabilizing magnetic field generator 116bPl asma
stabilizing magnetic field generator 1100Pl asma straightly advanci ng
tube 1101First plasna advanci ng tube 1102Second pl asna advanci ng t ube
1103Third pl asma advanci ng tube 1104Connecting port

104
106
108
109
1110
112
114
116a
116b
1100
1101
1102
1103
1104
1105
1106
1107
1108
1110
1111
1112
1113
1114
A
Al
A2
B
BOI1T
B2
B23
B3
C

Cathode

Trigger electrode

Anode

Plasma

Power supply

Plasma processing portion
Object to be treated

Plasma stabilizing magnetic field generator
Plasma stabilizing magnetic field generator
Plasma straightly advancing tube
First plasma advancing tube
Second plasma advancing tube
Third plasma advancing tube
Connecting port

Plasma outlet

Plasma outlet

Rectifying tube

Frustoconical tube

Plasma outlet

Amrow

Arrow

Magnetic field coil for scanning
Rectifying magnetic field coil
Plasma generating portion
Plasma generating portion container
Target exchange portion

Plasma transport fube

Transport tube

Second transport tube

Bending transport tube

Third transport tube

Plasma processing portion
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1105PI asma outl et 1106Pl asma outl et 1107Rectifying tube

1108Frust oconi cal tube 1110PI asma outlet 1111Arrow 1112Arrow
1113Magnetic field coil for scanning 1114Rectifying magnetic field
coil APl asma generating portion

Cl1 Installation position

C2 Target position

C3 Processing component container

CT Connection terminal

E Bias power supply

EAl 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 component

EwW Bias power supply for object to be treated

FT Floating terminal

GND Ground
GNDT Grounding terminal

IF Finishing end side insulator

1 First middle insulator

IS Starting end side insulator

1A Inter-container insulator

12 Second middle insulator

NVT Variable negative voltage 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 voltage terminal
Sl Plasma outlet

S2 Plasma entrance port

S3 Plasma outlet
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Al Pl asma generating portion container A2Target exchange portion
Pl asma transport tube BO TTransport tube 82Second transport tube
B23Bendi ng transport tube B3Third transport tube Plasnma processing
portion dClnstallation position

VT Variable terminal

W Work

<BEST MODE FOR CARRYING OUT THE INVENTION>
[0063]

Below, embodiments of the plasma processing apparatus concerning the present
invention are explained in detail, based on the attached figures.
[0064]

FIG. 1 is a summary structural diagram of the plasma processing apparatus
concerning the first embodiment of the present invention (starting end side insulator and
finishing end side insulator). The plasma processing apparatus shown in said figure
comprises plasma generating portion A generating plasma to be supplied to plasma
processing portion (chamber) C, together with plasma fransport tube B. In plasma
processing portion C, work (object to be treated by plasma) W is set up, a reactive gas is
infroduced as necessary by a gas introduction system connected into the chamber from
gas inflow port 24a, and reactant gas and plasma stream are exhausted from exhaust port
25 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 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 comnprises plasma straightly
advancing tube PO connected to plasma generating portion A, first plasma advancing fube
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.

Outlet 83 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. 5
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.
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C2Target position C3Processi ng conponent contai ner CTConnection

term nal Bias power supply RAIBias power supply for container EA2BI as
power supply for exchange portion container LBBias power supply for
transport tube EBO | TBias power supply for transport tube LB 2Bias
power supply for second transport tube EB23Bi as power supply for
bendi ng trpfeport tube

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 cutlet 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 P0. The plasma advancing 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 Cl1 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.

[0066]

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 P 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.

[0067]

In the plasma advancing path conceming the above configuration, total length

(plasma transport distance) L(=L0+L1+L2+L3+LA4), which is the sum of plasma
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EB3Bi as power supply for third transport tube ECBi as power supply for
processi ng conponent EWBi as power supply for object to be treated
FTFl oating term nal GNDG ound GNDTG ounding term nal | FFi nishing end
side insulator IIlIFirst mddle insulator ISStarting end side

i nsul at or

| Al nt er-cont ai ner insulator
advancing lengths L0-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. In the present embodiment, L is set to
be 1190mm, as shown in A3 of FIG. 14. 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 thickness of 3nm
was carried out, a film formation rate of about 1.5nm/sec was obtained.

[0068]

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 and a curved plasma advancing path, 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 ina 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.

[0069]

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 1,
an exfremely 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
2.51n (inch) width d1, 2.5in {inch) length D2, and an arbitrary thickness t, the deposited
number of droplets became less than 10-100.

[0070]

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 81 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
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112Second m ddl e i nsul ator NVTVari abl e negative voltage term nal
POPl asma straightly advanci ng tube P1First plasma advanci ng tube
P2Second pl asma advanci ng tube P3Third plasma advanci ng tube
P4Radi al |y enl arged tube PVTVari abl e positive voltage term na

SI Pl asma outl et S2Pl asma entrance port

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 0 , 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 defined as 8o, 0 = 0 ¢ is satisfied.

[0071]

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.

[0072]

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.

[0073]

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 issetup asa
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 radiaily
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
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S3Pl asna outlet VTVariable term nal Wrk <BEST MODE FOR CARRYI NG OQUT

THE | NVENTI ON> [ 0063] Bel ow, enbodi nents of the plasm
processi ng apparatus concerning the present invention are expl ai ned
in detail, based on the attached figures. [0064] FIG | is a

sumary structural diagramof the plasnma processing apparatus
concer ni Ngyihenefpldssh dﬁﬁ?@%i@ﬁﬂ{er ial%fkﬁla?e@mtw, mend éc@l'iHeﬁ%lﬁi%[t' ng
end si

end side insulator and finishing e insulator). The plasma

pr ocessi ngadsisa faeuscallseipmhati the ionergideivgloé radintiy enlgesd pibaSfeflgmideat i ng
ti A ' Ty I | '
or t1on ( c ARk bflnflh B2y laEs SRR LE b el ASERPRIEERN N g

pr ocessi ngragiatly edargéd tubmoinker(vodd| secfhcetstlelaee dollgiat edthbydhpdeds rmd colecisd
setup, a rgactive S IS.introduced as necessary.,. a. ga

ot bduct | BRs s nition ke Plare Rt vy Rke ERGR Ban Nl SR 1154 Bor
24a, and r gisthagokidg iR dedababiibe, Sid @ a@bypihe depldiiet g6t réjbned fxhalest

port 25 by a gas exhayst system_ Pl asna generati ng portion A has a
cat hode (tRlpg&sfreamaand gagraivaieof groplstrcan e pigkenten dherelgres big drapietislier

a vacuum epvidhaRiRthe inthf? HRe Wall BERGHAIY Elﬁ&@eﬁuﬁé’@,rahé ﬁﬁf] BarltéBllected
passage that nobilizes plasma, and plasma transport path B has a

st ruct ur e sfficiendy.diberefore.dhapdrioplgts gesr ba removdlaatficientipvesidedhoiybe pah of first
pr oduced f4,0 ' ' .
Ct et ur e. Do 0ol Ao b P ARRIEY bihn agvapcine

di stri but i mbe PAiddsopharitie cerdmbhxenofindisicenidrgesinabesi4 and gl ihtyo ddtiemsidang
tube PO connected t | as enerating portjion A .first plas.

hivanci ng PaL tued oibedrdhr £ A0 Bira s R uichd hbfosbh A GRead ot
advanci ng teitpdineDup,IREADel et baci casvaREiange i ehdRasAGbae Y the

arranged and conpected at the finishing end of first plasm advancing
tube P1 i rCaRMET ek dFPHEHNTEREE R At MUAFQUsT. just Peorming radidly; ype

axis, and dyrged nﬁﬂeérﬁtr}fﬁt}ﬁ%q:\fa%ﬁﬁiaﬂﬁn%!?%atﬁ?a &i@ﬁ!_@@:@ﬁx@ﬁnkﬂoﬁoﬂ@dﬂbe‘mnner
at the finishing end of second plasfma advanci ng tubé P2 so that

pl asma i s wnstiuisd eagily arskaheady. pl asma out | et . Qutl et 53 of said
third pl asm tﬁdvanci ng tube P3 is inserted deeply and extended inside
t he outer T surface of said plasma processing portion C, but as
shown in FI G 5 Sdedent dractuledh titee Sapeslarduinbletrel83onrdy= g, dé memty for
connected to said outer wall surface through a flange (not shown).
The conned¥Pygding %geggﬁng étrl.&a.}ra ek Ig@prrﬁrt@gmp_rt path B installed in order to remove

droplets advancing straightly, such as neutral droplets. Because electrically charged
droplets are influenced by the electric effect and magnetic action from the environment,
they may deviate from straight advancernent in an electromagnetic field because of the
electric field and/or the magnetic field. Therefore, in order to remove the electrically
charged droplets, it is necessary to equip with a mechanism to intentionally remove in
particular the electric potential difference from the plasma fransport path. Because a
magnetic field for plasma transport is necessary by all means, it is difficult to remove a
magnetic field in a plasma device. Because the electric force towards the electrically
charged droplets can be erased when the electric potential difference is removed, in this
case the electrically charged droplets have a property of advancing siraightly in the same
manner as neutral droplets, and it becomes possible to remove the electrically charged
droplets too by the previously described geometrical structure.

[0075]
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[ 0065] Pl asma straightly advanci ng tube PO adheres and renoves
dropl ets advancing straightly from plasm generating portion A by
colliding them agai nst finishing end section E opposite plasm
generating portion A or against the tube inner wall. The plasna
advancing length fromsaid target position C2 of plasna generating
portion A to t fs@ldqﬂgﬂe%o%em@%%ﬁéﬂr@&-&%&ap&v@&ﬁa&@I: Rpldidat
is to say, the connection point between plasna stral 'y advanC|ng
t ube PO arﬁlamwmerpmwmmmlasglaﬁmomubeﬁsmdgmtuaam mglaiscb Fi r st

| asma adv i n onne

Ber pendi cu ar“°8ﬁ¥fé‘25. one a ems'sul?gl‘5 %aa?‘?gm?ewﬁ Sl%;ssnriﬁus) E%ng%le of
pl asma st rlﬂasgiatplrQCeMgmmng’J ire lpmtfAly inkhiatep bhstﬁaﬂhdageﬂaﬁshirg enésige h of
first plasma, advanci ngﬂi e Pl is defj gas Ll . Sec d.dgll s
advanc! ng PR ' PiASER RnSporHbd denabiReiys FLgeqgidiafipnce
advanci ng ﬁdﬂbﬁlaﬁha Qéh@raﬁﬂg ﬁ&u&lﬁ&ﬁ@plwhfaqﬂ&e%gp%n%at :ﬁr\ﬁhd glssnfl asma

advancing length is defined . Third plasma advanci ng tube P3 is
P

pl aced t oviEanEPoH tylae B is|sel sodpat E@teie@hlcmeﬁtwle%@é@@ntﬁlamﬁglwgt mgatipged
advanci ng s L3.
The pl as rraabg%? f:%m%ﬁﬁﬂﬂ 1?bpiaas mgn%gé%%?%%%hgggh%ghﬁg%ltp gﬁ%S@

i nside t h@lqsmgdmnpmg@ésé’ilr@cmmlasm a@yanging tqbbﬁmdélmtdepiammdmmmgnce

i n which the Jl as . from. | i.rd plasma
advanci ng t?%ebﬁe%’ Eﬁ%rc %ggg%gﬁ%gﬁcﬁgggl%lg?‘f@ﬁ%@%ﬁﬁﬁéﬁ%@q r%? e obj ect
t o be tr eateskentenphasleetrip paesind diffgrepod dxistut €l irﬁxddpfabmedmoimbe B,

Pormed by oo tieiHecRRaly ditaey Smalpationat aertaban Prerae ForS bRl & e ng
tube P1, ?gfeﬁm:i dﬁ@éﬁau@m@m@ma&adsy&euﬁas Pigetbrel aelctﬂéaﬂwﬁarﬁedwanci ng

t ube P3. 066 Around the outer circunference of each plasnma
advanci ng dfqpé%s tog apprgmaYsddnsidenlgmadianspop debedydhsreviopslydaseibeti ng a
magneti c r Ng i=S to
¥ anspor t “5aiel Al 80 ohd BRSARLIdioRTo 5 o SIHER kBl BORSL | 2
gener ati n@ropbags for plasma transportation conprising of magneti c
field coil magnetic field for plasma transportation is generated
in the V\h(gq’(g%lhree stages of said bent pathway, and the plasma

transport effi g ©OCY, vids poWRy éﬁ‘ﬁﬁl@} EA fspeonamﬁafsﬁhsean(eﬂ @i pmémfg@hermfg
dr opl et rermvallssetu in the tube inner wal a In the

pl asma adPaRien sentpiaenls Bweé?wrﬁgpnlhEBafmstﬂbegapaxvrd@ near glagma
| engt h th
ength ( pl{ﬁgﬁmﬁﬁ BRS 8 ?gﬁ%@ﬂ?ﬁbl&é roiAdbd &t ggc%clzgvgg%yoﬁ on Wafrlr &5 the

sum of pl / S LO-L3 resp the 1 nterval
fromthe tlhat geathogsmg ek@asme prérsssng postiond? fop presessingporioghanidypiasgowerci ng

tube PO, f : e gl. ﬁﬂ% advanci ng tube
P2, and tﬁ{llgrpd} Eﬁ) E vﬁ’%gﬁﬁgg %@ ’1s P@E@?@%ﬁpi’ﬂmﬁ pl asma

effect| ve @73t ance L4, is set to satisfy 900nm 5126. 1350mm In the
present enbodi t,. s set be 1190 shown in A3 of FIG 14.
Under setting EE?&%?OH%%WBIY@%?B&%{% %\gﬁ%sea SaW‘féh“%f"’:&aé'grqﬁ
eXposur e Wasetle ReexpRineA By PHACEICH. HEDSis tad sBrubtiral Mag e T 2R ReKedS t he
above verification experinents for Al and A2, and a fi]lmformation of

t hi ckness SePIYRe! inthe prepqnt yension, Copneqtiomierainehtil oha fepimalgonagsisd to
1. 5nnT sec Y@ ofbRind 8friat OB final VT attached to said 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 said variable terminal VT is connected to
said floating terminal FT, floating terminal FT is in an electrically floating state, and it is

not connected to any part. When said variable terminal VT is connected to said variable
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According to the present enbodi nent, the plasnma transport distance in
t he above plasma advancing path is shortened further than a
conventional T-shaped plasna advanci ng path and a curved plasma
advancing path, and thus the filmformation rate can be i nproved.

Mor eover, not only the straight advancing path is shortened, but also
dropl et s a;%o@iti‘ir@m\’a%gt el BN B PhsifYd diSdaRso¥erddl witd l@sa&attemb rodi ng
in three stages, and thus high'purity plasma that can reali ze an

i mpr ovenengrowfd sidepisspplicdde sai¢ emponent ppitsio iagiannerdhat fiti cearb¢ varieddn on and
such can b 2ner at.e h I S.. he a [ Qf LSt ance
is shorte n%%’?rﬁg%@rtr%g? QJoﬁ}h[e%%ligm%g%gesrﬁ?%l &h&ilia&g&ﬁﬁ%gg ?raéd ga valgfleci ng
pat h be n:j NeRative FoR&gpainil Nr\]/&hﬂn}tgaﬁrm‘ﬁll fecp{ce;mmtiald)vidnei;p&@t tp GND (1he)
were used, an eover, .a hi ilmfqrmation rate out i n
Sec) oan BEGSNE Rdsid iSe futhrr et Rrratron e i Y0
sem conducdafirvafibtis tehain@sv T R8Rected to s_aid’%‘bﬂﬁlixﬂ;r el GNIPR diidesthporiehe

pl asma advanci ng path consists of said bent pathway of three stages,
and furt heteidy @ousleds he t ube passage pl acement shown in FIG 1, an
extrenely droplets renoval effect is obtained. By this droplet

removal eftect, when plasma was irradiated for 4 seconds agai nst a
substrate (wor FIQl showha suiableelectfic potSntral plaperhgnt, \plasmh gelleratidg ortiopi nch)

| ength D2, and_ a rhitr i ckness t ited. r_of
dropl ets bcé%{aglr?gr‘ggsssgﬁ“f?aagb@%ﬁ? Iﬁsd]f’fﬁer E@%ly efg%ﬁéongﬂngelséﬁﬁgﬁganci ng
t ube P2 i Srqpbpeteohed® (srvet inian alettyic Abatig pra Byl beas poivier supply I8 for ghspbit ne

of sight from plasma outl et S3 of jrd pla advancing tu to
Che" pl'as o BPREESGE cSTpReBcoRA s Chisae R DTN HE RABEs P AL |
to say, Whescehdivd: @dfpoferdangveMadiiOgt i Mraldche fldibsy &4t06HbIRSEIW@N t Op

end of the plasma entrance port 52 side of third plasm advanci ng
tube P3 t cupHEfarppeiop fRyobiese br patebE WoRew@res Rbasmaganssatiag partiont | et S1

ide of firct, : . . _ .
side of fidibindl &P ﬁ?ns%ﬁa‘(é%l%a{‘ﬁhefafé Wl subﬁlg??{)ﬂ%&%%ﬁ%%er%ﬁg#gé‘%féﬁ?ﬁéeklérhe

angle of elevation fromthe tube cross se
pl asma outi$ éaneS3 plisuie gerferating portioh asnfainadvagreindgd byG¥DpBr isefetylewen ube

Cross sect] 1 Q i d

aavanct ng Poha b@Bacr Y Bl B Bodihe Fmathed Pl CHBRRT fu AR
By t he abdy&NBanBisfeevaLibe wodkssages il anewewith itsBacaisg plakiya adnspoti Ng
droplets | ed out. framf.ifst. pl asma .advanci.ng .tube P1 are prevented
rom i r ectis e ph ARE BB SR A bt io aoneBh a3 IR ¢ ey
cannot be teerbRuSteRdiriciponiidl dffehenotivithih pRdma trahispbr: Cube [Bos Mescrtv@ibved
t ube P3. Thgrefqre it becones possible to adhere_and renove the

dropl ets #d glsstripallysharged draplets faofn he ek remener inile samp magngr ssgisural

pat hway progRssuPhe LRREiSH &8RRme fobP BropRREShOM TRER WEet td i JEAR) €t s on
the object to be treated can be reduced greatly as described above,

and a pl adieating baie Alembasmcongtagh elgefric pgtesiabarawhele thappipethariopietffchave
been re m\ﬁﬁqhé%lés?naqg g(pc uﬁfaglé.rﬁlatf Aftd th& 31%582 HONGecdiid %%nly throughout the
entire surface,
[0079]
FIG. 2 is a summary structural diagram of a plasma processing apparatus

concerning the second embodiment (first middle insulator) of the present invention. The
first difference with FIG. 1 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 attached at target

exchange portion container A2. In target interchange portion container A2, a reserve
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In the present enbodi nent, said bent pathway of three stages is
connected and conposed on a sane plane, but even when the tube
pathway is conposed in a spatially bent manner in three stages, by
t he sane geonetric arrangenent as above, a tube pat hway arrangenent
can be realized in which the straightly advancing plasma i s not

exhaust ed (i : I 4 by
advanci ng ttgll & Etgﬁ&][%%‘%@?%ﬁlﬁﬁl é%,&sqélssrgc gﬁv# Hb‘?;etnglfée %‘%gtkﬁle ﬁlal&lﬂ% gé‘?&&{s@go nd
pl asma advsmtiinnghasoiren PR, andyat the siué time,as exchdigd thechanibi (e dhawihés P4

whose i nner ..di ter i.s.4dreater,than first S advanci.-ng tube P1
i Ui Sbord S SR HndbBlheh kb bot? 138 s TN RS rfecetiO°
aflvanci ng tramyeritdbd BOls%tl bgﬂﬂix@trﬁﬁﬁﬂrﬁbb@Bﬁﬁ]bﬁﬁ@gﬂidﬂ!ﬁbﬁuﬁﬂ(g If1i, bigt Y
prasnma advanci n e S set U asS .ahn I ntroducti on side radl a Yy
reduced t m&e&%%ﬁ@ﬁ@ éa'b?aﬁ‘@gmaagq?& tpbes @Hﬁﬁ%di a&ﬁe%d?”&émélﬁ%ﬂﬂtffﬂ?@%d
of radial lnd8pk bWadubptP BB forachabdl s IrAaHEs BRAARCItNGhbpHARraRS oktS

set up as a discharge side radially reduced tube connected to the
pl asma di SEbRRQe Ohegeise it ki compleiplespness FIGd: and the watkinegdigetafitee P4, | f
radi ally eg 1S bd # m dway, the plasma stream
i ntroduced %%%%ﬁ&ee%ﬁtegglodu%@%% SFsilrog&(;‘ggladi ally reduced tube into the
radially dA08xqged tube is diffused by the di ameter-increasing effect

of the plasma advancin a radi ally .enl arged.tube . th

01 usi onof 1 A T RLRRPE AR SRt PR RS it 0 at MBS Bfas

dij];] fus 3 I ik d&ségda& lfcrraﬁiﬂe@rldelvm iﬁmlhoafegﬁ"doﬁtaﬂm ;eér Eﬁorﬁ@iw@uﬁpbﬁp@m 1i/\fot h, .

adhered to and, Cco cte at the 1 nner, side .0 radl a ni arge

Clbe Pa. b A B e Ae AP EOR R A S  SPITyS BT R 5t SOIB8 ) s

exhaust ed,eidch egfé&l%\%ré thl%lqﬁatéﬁﬁ&se&agem, ahge staBie ;pﬁlSIll‘lH gﬁ{&@i:blﬂ @FbrbMbRd. nner
o,

wal | surface side are collided with, adhere and col l ected by the

step por t B3 poyver sprky fanbthapedisansentt Woe sfcpraneeted fooraripkle negatiye ¥oltage ged
tube P4 tq.diis§ } ] gﬂgﬁ :
dropl ets g? e no?ﬁ?gﬁ)f? %g‘gm{vﬁ %1}%% %yetr{orﬁg Sm%%%%@ﬁ%&%ﬁe&%e%? Strn 8 of
dropl et s gatentiad. ey fomndekpeimentathythat the temovsl sfficisnsy ofglediricalipblearzed t o
the internal ;sid Ll ,of .radially, enl arged. .tube.,.P4, . and thus ¢ be
col | ect ed IR EEALT yhee pis Heedhve blepllie PR aptesgted 2ton  Jihkg F 5

ef fi ci ent ly-lOWsBidepdwe stppiyeEP23 for béndingtehsypltasheds ashnasted togGNDbR thk
second pl asma advancin ube P2 nd third p]asma, advanci ng .t ube_P3.
Al so, whehq3Fernddpim. 48 esafio ot gy W@émpaiyg%med%@ﬂpﬁ%ﬁ’@%lﬁéﬁﬁ

i ntroducti_ggps) I i 1 de
adiai 'y rodBeddt HRahEhotulaf PR sinERElel bobi Gl TicsRh B35S
dropl ets heoows—eaey, @ it3etaicalqr FoRthd QereR! APERn&Hd @RMplaHatlthie
capture effect of droplets increases even nore. Moreover, just by

f or mi ng r shidrgk finythe pleetrigad gotenting isrffectvetimaepbra nbeleaiveaty ichaysphdroplets

droplet r Vi DLt} b nsid.i ut asily. a | 2
ooa) ' TERYRh BB QL phselBe b bl e BB BRI P,
Ua 0 O ar @e GNIMyiefalive gecnt pitergial-hSNIE po®ive dRopiéts tetaldosbedficlqetralip
transport path B installed in order to renove dropl ets advanci ng

st rai ght | py thatanspost thkein thel firgtr@pDetnegatBe clrcisie peterttdl chapge.lapd otgativeed

dr opl et i nf by .t lectri f t d net | ti
from tho SHPISCHREROTOR ABUFL tHa0t Cansser B BLPEROHE R AsIEE ont 1 n
an el ect r?aﬁgmn@qﬁicﬁinge_%g%ﬁ&mptcﬁﬁggl ectric field and/or the

magnetic field. Therefore, in order to renove the electrically
charged df@Silpts, it is necessary to equip with a nechanismto

intentionally ve in particular,.the elegtric potential difference
from t he pl asnEld ParanBPRey it arente St P Al oF ne
transport fci):icleﬁﬁigetﬁd Sﬁﬁr}i ebﬂdotﬁfnlentr(ﬁfwmiddiéinhﬂatﬁiihdcnfiislé:d@hﬁ nﬁdﬂl? Fleuluter) af g
magnetic fie inapla device. B se. the ectric r owar ds
The'el ot Megarey etraboe bt dnBr iahihd rohabentnn emspisubt 621 hix

been split into second transport tube B2 and third transport tube B3 by second
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droplets. [0076] In FIG 1, bias power supply EAl1 for container
is installed at plasnma generating portion container A, bias power
supply EB for transport tube is provided near plasma transport tube
B, bias power supply EC is provided at processing portion container
C3 that is a housing of plasma processing portion C for processing
portion, QVEE I

treat ed i gH%Fgé(ﬁag % nea{ ﬁgo%kayr\#w%wy Edp‘ﬁl}%éiﬁ?géc%ﬁ& whl 3rH?télB‘E)pl y
EAl, EB, Eﬁs beanchitEdhe &sseaorsidrmpsmtirtuit BE, end Giadipavier supply EBS furehmds

expl ai ned u3| 4. El t he di agr.am of,

power supp l??sgﬁeél ﬂﬁﬁa@‘segﬁ%“’fﬁ F’%h‘l ééhﬁ&'fwlﬁe £ FHR) %E%YCT is
a term nalsag@ rampm 2 thritl ¢hedGrRing @IfPA BEME diffépantc@ldesdribedinpattichlar @&t t ached
to said copnpection termnal CT can be varied in four stages. The
recei ving HeFes-t er mi nal of four st ages conprises floating termnal

FT, variabbggnositive voltage termnal PVT, variable negative voltage

term nal , and grounding term nal GNDT. When said variable
termnal VT islkh écbl@&pomrm@ﬁ%@rmqgnctwmmbm,g@m@@thw@m

term nal a;ﬁ diofis ?Qw%uﬁ'ﬂlg\ﬁhg'fgﬁ trzms‘?cﬁﬁuﬂglts%Bﬁ{e%tefl %aﬁleh@ 4808

connected to0 an en sald var erm na ghinected to
said vari ablt&gqctammaIWT/oﬂ RlGgksa thati madt tPAMggatvepaderitrid pneenﬁhletttwasc

tential t t th id
Cormonent Sihg FRRE R o ntes 4348 P Phas ARG AREERLTR, o
+50V) . WeiswepdugiplyaiB 3afot tmrtl%mpeakubws ad@st‘eanﬁ&@ﬁ aeﬂmg@oﬂﬂb disxard @l e

negative voltage term nal NVT, a negative electric %otentlal wth
respect t gf( qdivaenyras tiedoatign vt the Diappaves qunnly waries HREEATREAI P can

connect od TR SRR ¢ PR AbTe Pl S CReR bR el S S B Rai

gr ounded. {8028} 1o -10v) BB healiO¥Bleioblibii, & vRbRAL 1Lk SR @itEhie]

pl acenent, pl asma generatl ng portion container Al Is set up at D by
sai d bias q&pmenghpmﬂngplﬁ/%hatﬂos eleant mtmalsvanphmffeQOmO\&ahﬁe Bis

transport S ataed only®. Sheishantc ws Akal AR ool P Bty Yoo ko by
bi as pOV\Brelc%ttQﬁ:'oténEﬁ» chﬁfge@fr@fﬁm%egdﬂwae&ﬂ&Potaﬁtmlwrb%ﬁe@ns@t in
an electric floating state by bias (gower supply for portion for

Obj ect t o destricpetend mmvaém@@@rm @nbadglmwmbmghqdmsnwlwmﬂm ner

I's insyl ated from.th ¥ f.or
saf ety deg-lusgn I'S &O%aéwgﬁlec %ﬁl\{%eﬁerg{) twedrt%Pla%aE %ﬁ |nerlec peatt
grounded Wt%sgﬂmﬁéﬁﬁﬁymav aRAUecRicHd f&laat_)@mmh% Because
processi ng conponent cont ai ner too is grounded is safe

even if a fmﬂtehnmeahqmmaumngmttme tropletsrare $dsofbed alaeiacqjlyéysmha tmapm‘qoor t

tubeB|S|na c floati Sstate, d the electric potenti al
i s const aft? d% toclt']gb_f“r‘?g?“é’ee tﬁ'BPBIie t&ﬁlaﬁ@gﬁot ential difference

w thin pl gggmitransport tube B as described above, and electrically
charged droplets too can be surely renpbved in the sane nmanner as
neutral dropl e exlaingrbabgue ke varig BP@&W@!Q@?@ potsntiglrof packibias pewew al .

Wrk Wse Qat S lhectric
pot enti al tsaﬁsp? B %Feﬁé%’her éFo?éMtg% hﬁ r@%n?% apfﬂit ?“gﬁﬂlt%%g%el Ogsoﬁr(gl i's
not unbal a30€dnd &rdratititde pdgatveel ednic ;twennelce adjededewidinh ¢ range of @loctOV.t he
entire sur he el%ctn[: potentlal 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.

[0084]

Next, an installation example of magnetic field coils that are suitable for a plasma
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FIG 2 is a summary structural diagram of a plasna processing
apparatus concerning the second enbodi nent (first mddle insulator)
of the present invention. The first difference with FIG 1 is that
target exchange portion contai ner A2 has been set up at the bottom of
pl asma generating portion container A through inter-container

i nsul at or [ L 2XC L.an:

cont ai ner e e b AR RPUE D SR Bl elt SRR RIS RRLEL o o
I n target emnplecibhaies {soldciiogpletes)tian drapletdA®mowlr eserve target (not

shown) is built.jn as a replacenent. when.the target in plasm
generating por{Fiﬂcﬁhq5 RAA rsﬁ'u%ﬁ'ia{,]&lﬁﬁamé’lf a ﬁ’@mgg esf’flﬁ'ﬁgpaéarsﬁusexchange
mechani sm doRedmiap s fhuritSenibaidinient @ecohb embedipvat viilf fughederild)sf theat

pl asma transport tube B is spl i‘it into T-shaped transgort,tube BA and
bendi ng trPo{?FS?b‘iiPYe“iﬂ%_éh’E?BafB%‘S ¢ tP@tFI‘ﬁfisdaP? appAafEsidiiCy 4 with B’Ffégatt?&ﬁér
supply LB @&oktef ubertuR@rédcaBEPRhEnetit REldIcSil E&ﬁe@a‘ﬁﬁgg @ HdidYer
transport tube B23, and bias power supply LB 01 for T-'shaped

t ransport nlape tragsporteteh Aot shipws pafrsna progasingrpparaibwingduch lefftes fod se

it is co l; K

differ enggci r:éﬁslgdé%lcrl Sggﬁ“ﬁ"%ﬁ’ hbg%rr Wég I}qﬁl}f%lﬂv\goﬁ%g’%? nggéﬁ%%i as
power supphydeb@dopid e whith dgeuficrdf therthicbpibanawlvancinggnionin dieebtlzgt  GND,
and it is desi d.for safety.even.in a case of contact by a worker.
B as poverCOBTIyO BRPUEh pal HEFES A PrOr RO e Hos SPGB fon
A is set tRIGA) itbe@ntaier mbWlabi G s@ftilp@nd §ife ind@btof 19¢ figt Seddld iesidftérect
toward the_plaspm |i.s erased, &?d a stable plasnma generation is

pronot ed. 1By 484 Beysine endsleynsutsiorH areplaced. ARG RS ERRPHSH s §l¢Monnect ed
to vari abligsiRiga b e ay Rk R0R atvilold. Phdre Miﬁérexlﬁe@sé in ARGhd mehsRed

transport tube BOl is dropped to a negative electric potential. It
was found refgreaes merarals irg shava astalphabelicplchbraglps i Fleh gybubthegpegiber i cal | y
char ged dr i i i i ent | was
st ed i Rre iR ERE AR R bkl PR R AL WM IOMRI AR
bendi ng t rsebsgniive diffelece. 4isoparadpiabeticaloreféidnce rumdrilisbowhesaseeanemsbef or m

as the |l o ion .0 e_hi.as poyer l.y 1s,varied fr - >EAl- >EB
T8 5, e SRR plERePae b B tn s hahioe ARFLA i

GN\D- >f | oatdesgibsd Bt RIG, 1 dxplandtio)of thelspivalad phits 10 emétred i FER 6, dndom t he
current ex er'rre&lteal ex | es tgﬁf this c@aﬁmg{,in t@e. el ectrical

pot ent i al thegefgre Westrycurpl geometnyot droplet remayal sitpaigly cxplpine Ydr opl et s.
The reasompggz not clear, but it can be thought that when the electric
potential is varied to be GND-'negative electric potential - >G\D,
positive droplets are adsorbed electrically by the transport tube in
the first G\ND-'negative electric potential change, and negative

droplets are adsorbed electrically by the transport tube in the next
negative el ect PlasmpptogessinglappaGiiB afifaGdeconmpoiseplpsnad pro@sing patige .

0081 Fl G:3 | t l. .di f
E)r oc e]ssi n Chziuﬁlp?gl(l);alt %éﬁ%r@an@rgégn ] %a%m%ﬁglﬁlgmelﬁ%@g%@a%@er@ ﬁ?ﬁéc?r&%dl e
id_nfs ]chI at or ganiml_ at'ﬁgg:ldnémartd» ﬁdé@ﬁii&d&gbhgmﬁ)xooéssitnb@oﬁbﬂsb,etggeﬂiédgmﬁltpﬂamga The
I erence wt I1s that bendi ng fransport._.t , as been
Spli e Gl ey A At tor s Bt RSt R e AR ion RS Raves iy

second which a droplet removing portion for removing droplets is positioned, just as in FIG. 2. In

the following, because the structure of plasma transport tube B in itself constitutes a
droplet removing portion, "droplet removing portion" signifies plasma transport tube B
that has a droplet removal structure. The droplet removing portion of this fourth
embodiment comprises plasma straightly advancing tube 3 connected to plasma

generating portion 2, first plasma advancing tube 4 connected in a bent manner to plasma
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intermediate insulator 112. As a result, bias power supply EB2 for
second transport tube has been attached to second transport tube B2,
and bias power supply EB3 for third transport tube has been attached
to third transport tube B3. Qtherwise, it is conpletely sanme as FIG
2, and the working effect of the difference is described in

parti cul ar st@shtiPhdvaheing {u@9§2slscond plasxlnﬂ ac'fda%&%tub@ﬁ@% BRAYS arrrttRR laya EB2
for second transport tube is grounded |as ower supply
E133 for tcrwm@tqdraéﬂwad of firgtpdasmg aémﬁ@gmh@ 4ip 2 peadptamninedheydine augle
vol t age te Iﬁ%l f_Hl
electric p'{ entra av\d/aéstﬁg a| nea(tﬁigg{cbd ?)%?&éa lﬁa%gﬁ%an\égagr?hees
favorabl e ﬁmsmﬂmend@@eacomcbplaﬁrmdwarmlrggdulmrﬁ soahatmtfexhamts ppewve frosudpdma EB3
for third transport tube is adjusted within a range of 0 to -15V. In
this third% odi ment, as the location of the bias power supply
varies frqoods2- >EAL-> EBO1- >EB2- >EB3, the electric potential of its
tubing work varies from GND->f| oating state->(-

QV) - >G\D- negat i WA PlFag fransport Bibg feTEsing Rlasﬁ@égﬁ‘éh@[ @é(?ﬂ%&)tﬁl?ec%rﬁfﬁnt
experi nenta} sn%amcg% et sdcBhPplSInRCddbAinRQhR Y, b thﬁ-@isla%é 2V ahding

effective for renov of &l ectrically charged droplets. The reason S
not cl ear ,tulpas isiformed in Hbert Mo in hivgstagseivst like e Pesmaitwngortdnid ofl

changes fr s l ectric
Sorent al PR ETRBESHY rorRTEE AARhANL e T RAAD LSS
transport ihtndsinciion poneofiplasmb pfasBsihgegaibn e el ectric potenti al change

'he next negat U SRd PR oy BT e CRB g early L geeniph o D

the remai ninegfﬁgﬁtlﬂdéwﬂaﬁﬁmé%gﬁmd plesad &dl&dn@igetaw@ wahd Ma&fi’i{a ?\dﬂ%t
transport I‘,UEInt en *negatlveeectrlc ntl1 al change.
[ 0083] sidegd ﬁéﬂmaa?%%@%%@bei‘H’éﬂ\‘r‘é?‘?i%ma%neﬁa%ﬁf %éilééft §aycwhen,

potential QkhRALH BiAss Fﬁ?é’ﬁrgle%? Eﬂé{léﬁoﬁ\ﬂlonﬁﬁe tﬁ@%nosﬁﬁgtwrﬁﬁ%tom'%ﬁa of and

EBO1 can be adjusted w'thin ran to +50V, and the variable
negati ve ml?éaarop&etﬁcﬂc@mff thand pil@ma w@@@a nweﬁﬁp ﬁleéuw@éswfwmomnd shv.

The el ectry, ]Elg tec?uhletas dde of s %ﬁ@gl% T@%ﬂ%ﬁggﬂs%e?%dhagr eddngfé%f

adj ust ed so atus as
whol e is réPé(rht'iBnZ(EBd),HNhBWH bylaﬁ&@ Q?fr@lﬁttﬁﬁeccr&%&ﬂ&ﬁ b eﬁ@@ﬁﬁ§p1a£r9984]

entrance port side of third plasma advancing tube 6 to the tube cross section bottom end

of the plasma outlet side of first plasma advancing tube 4, satisfies 8 = 6 ¢. By the same
geometric tube passage placement as FIG. 2, a direct intrusion of straightly advancing
droplets led out from first plasma advancing tube 4 into third plasma advancing tube 6 is
prevented, so that they do not get exhausted from plasma outlet 7 of third plasma
advancing tube 6.

[0087]

Plasma generating portion 2 comprises cathode {cathode) 10, trigger electrode 11,
anode (anode) 12, arc power supply 13, cathode protector 14, and plasma stabilizing
magnetic field generator (an electromagnetic coil or a magnet) 15, Cathode 10 is the
supply source of the plasma constituent, and its formation material is not limited
particularly as long as it is a solid having electroconductivity. A simple metal, an alloy, a
simple inorganic substance, an inorganic compound (metallic oxide / nitride) and such

can be used individually or as a mixture of two or more substances. Cathode protector 14
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Next, an installation exanple of nmagnetic field coils that are
suitable for a plasma processing apparatus in the present invention
is explained, as well as an installation exanple of baffles
(collecting plates) for droplet renoval. FIG 5 is a sumary
structural diagramof a plasma processing apparatus concerning the

fourth enmbQgliti®ny idssieeopatsemed ottibdcAnodt B@tace@hadiptevdntdd the
present invention. An agplar atus of this FIG 5 is the agfar at us of
D .

FIG 2 w theckward giffusion gpplagma geaergied detwegmbeatiade 49 apdansde £2. dhe fprmation
magnetic fi i raf 4 i i

transportal?iﬁé%l%mog,g?ﬁ% ng %‘{}g‘ed}aﬁ%@g’ a%rl%{ggggid%gg%og%a g{% Besat fhr? whi ch
baf f | es f grlasdragphpdratneeneval is anenrsagnetipmataridl et isalselid havirg wal | . I n
this enbodjinent . .the.connection node is _adopi.ed .i.n wWhich the outl et
of ' the b diBbondhdlii KIS L HBAS b BRORH S Sors it el bty AR o,
wal | sur f a6t doks nﬂtasmcpma:ae?ﬁing@fmrpudsma ada whaleiﬂgmhs?me,@mml gr as
FIG 2, inter-container_ipsulator |A, starti end sjde insulator IS,
first m ddtaz’ﬂ}%}?%ﬂnsﬁm ﬁql$$enﬁﬁ@fﬂ?i’-ﬁlé?ﬁeaéméwggéﬁa@“?flﬁ%%&r}@ BSPE ar e
pl aced, a;%nérgﬁi)/g SR, 86 1t REbIBLeR Blel l&sma MW bRirk 9bifikatio MaBRARIRIMS as
a whol e. ere is a difference also in that the nmenber reference

nuner al s gcacratepivhis placed soithas éha appliedmagnglic &9ld on theplagima js inpuyually e
menber ref : i {
5 Fowever Vi rePHHTER) Tor) e NG RSPPREARR AIDAACK Bt Stbflaltl?
al phabet i cpdgnetid Belé gereratnnie isplacsh sowhatths appdiedmapretic finldein@heplasmai inin
FIG 5, and bﬁ ausedth% c?m‘i rati ndandt.thet rKi na efJe [ are
al ready d 8% @esamf"n” & ,m?ﬁoém xpff fﬁgﬁlll%lnragwtﬂﬁeep e(rqxhai varent parts
ijs Olm tt edmbfbledl.tBu&hermafb, plbsmalegsnelagn% ist.miat 2 ol dacloplageoiss path ak

ropl et repoval is i expl ai ne el ow. .[ 0085]. as
b obessi ngSBAELRe] DYPEE SonsLe LR ga S BEIDS on
(chamber) chnstaicfidrAis B%h@l'ia@,%@éﬁfﬁ%i?\%ﬁég’&iy@pﬁ@d%rﬂlﬁhﬁ%eﬂérﬁﬁi@ortion 2,
generating portion 2 generating plasma to be supplied to plasna.
pr ocessi nghqartionsit forward geplawra shatghtly pédisneing rhnd ponen elgpEsallydlogting ma
transport e, B RUbRBethd { 2ETR afl LS B TARR ESRAALd oY o
a droplet renoving portion for renoving droplets I's positioned, Just
as i n FI Gpath. Alsoi dodestinpeompgnert sida irsulatidreplate (findshingend sidg linsylater IF)
transport . in_ihsal i L I NQ. i on,
"dropl et r]ée Qgﬁdﬁgeh%g}rl Pﬁlgﬁiasrgl?g%‘?#l&géﬁ%??&ﬂ%%#@%%ﬁsg%%%E%ggrgiﬁht has
a dropl et wishoofahe difct pratien for plidne: ttarspdration fom \piasga pieai phttyradedncinigitgbe

fourth enhodi.nent conprises, pl asna straightl dvancj ng tube 3
connect ed 118 UBEsREGRHSR 8 R Core Rurh etk Ao PRSRlE me RS L ube
4 connect g thaPth@ tlasspbrteBylaaTa it RotPhfeAted tylah@kighthl povad viespti (Aghivokae3,
second pl asma advancing tube 5 diagonally arranged and connected at
the end offoyirs §1/¢5GN¥M advancing tube 4 in a predeternined bending
angl e agairfigdg)its tube axis, and third plasma advancing tube 6
connected’in a bent matter at the finishing end of second pl asna
advanci ng t ube lieplewna geaerating roxticnd g cloptis aparlt is digasied debregy c4tleade 20

[ 0086] ) t r IS i@ht 1y
dvanci ng R RO8FIT.E SRR e S URRe ROTR Sl W I ERIRAhER 9 ke
advanci ng plasine issgeneamttd t Cunstitug@it psminlendfthis plasga inehdeSvapsrifed mpatatial from
bent manner, i hree.stages,. .just .li.ke_.th | asna .t ransport.. tub f
S St ek S e e S A R S SRR

t o pl asma gas (jon, 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 x m) are

gjected. These droplets form a mixed state with plasma stream 26, and move inside the
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i ntroduction port of plasm processing portion 1. Al so, second
pl asma advancing tube 5 is placed geonetrically at a position off the
line of sight fromplasma outlet 7 of third plasnma advanci ng tube 6
to the plasma outlet side of first plasna advancing tube 4, in the
same manner as FIG 2. That is to say, when, as shown by arrow 8, the
angl e of qﬂ@)tﬁtatjm(;ﬁlg@amtahlﬂrognldzbﬁu@ﬁr@gﬁsrﬁ@ct| on bottom end of plasnma
outlet 7 side of third plasm advancing tube 6 to the tube cross
section tdBOFE?ﬂld of the plasma outlet side of second plasma advanci ng
tube 5 is defi I vgg‘gm, ow
9, fromtube cr&ggjﬁaé%a?lg?\%?gtﬁ)e%mghﬁlyiﬂh%a%ﬁ}a telntﬁdr ance pgérl% q{srf’tde
of third plaswadedviagtibed, ;ea@mi asra aﬂmcmgweés grykthdéplasreradyendingm end

SR L T R IR B T e R O

di rect i ntffelisdoiln I'QfISSIQ‘ a0 giouhd/areuhdaendii tabe droopif@tiwcelisidstalle. T}recpiasfﬂar st

pl asma advanC|n ube 4 int.o thi Ias advanci tub i's
prevent ed,” ﬂ’oft%g‘lf‘“'?“ﬁ%%‘%fw@% y%ﬁ?ﬁ‘ﬁ 48 2 4 asEi’t?‘tlet 7 of
third pl a%ﬁﬁs@ﬁ&tﬁiﬁ%ﬁgﬁoﬂb@e@nﬁrﬁQ@&Hages of saidBeASgaBv@gNer at i ng portion
2 conprises cathode (cathode) 10, trigger electrode 11, anode (anode)
12, arc pd¥¥9 supply 13, cathode protector 14, and plasma stabilizing
magnetic fiel dpgeperat fas&@&ﬁh&?%ﬁ%%ﬁkﬂ?n&ﬁéﬂtn%n&d@ﬂ@% estO-
Cat hode 10 is the supp y source lasma constituent, and its
f or mat i on magnetici fzeld ¢adl 2 gen¢rating adutnging magrmtlarﬁlegd aad dﬁﬂﬁtrgomametw geld
sol i d havi . tL UL V. | . . |
i norganic gsgg%%{ng%%%?é:%g?ﬁng{ra}g%&n%g‘ é(?%‘%)%ﬁlﬁ tl%@&f’?l C o>}Jl g}ﬁ’a/a 8‘#?1'[ de)
and such care 4xadysedd plhashy adiaadihgtube 5,aad ﬂley'imtdmﬂ goide thegplama e
subst ances. th de prote r trically insul.ates ts ot her
t han evapi’?’ﬁ%‘?ﬂ 8‘&%“’3{?& gﬁ‘@useﬁcﬁlgr&?@%{lgﬁﬁg@ {‘\%[Qrc EI‘u5| on
of pl asmavgrhe é@hgﬂbt BRtcoRRtiSEdebRhe f Hkt gRsmasddacid@bd end Resmt | on
mat erial of anode 12 is not Ilmtedfpartlcul arlg as, long as it does
F

not evapoPiwaafvaprias Bibg srheitresrpeibAtremasaAle fiel Sévr%lwﬂfﬁéré%@t%

mat eri al %&?&mg xﬁaﬁwﬁ@ﬁélé b@é%y\‘de@@trtﬁig%ﬁ&zir@%@ﬂg%ﬁ& ﬁo&‘t-mn'“dl‘&élmhﬁ?ce this

configuration of anode 12 is not lNmted particula , ng as it
does not obevten gagneis fighly defldctien wagngtiefigd genemting me b 4 arﬁaromd@ﬂ hBr e,
pl asma st f aced around the
ci rcunf erZigéégiaﬁgg?&g&ngg{gug%gfa}éﬁeg% orhatgg{raf%agr@ |@t stabilizes the
pl asma. Wi@®1hrc stabilization nagnetic field generator 15 is placed

so that the ap |eId on the m LS i tually .
Feverse direct PSTRREHBUE i Ehd R AcEs 14 31 M ol gt Brrghesc

Al so, whefficlrgenérhtty doil 28tah® MonEginRike 29 fHi6 @Is}ge@arsatecinwh&hlmvatlaced o)
t hat theaplledna i ield on th Ias is ip . mutu sane
direction Y&Fﬁ% r%?ﬂ?‘%ﬁiﬁ’mmﬂ {be quigusehm “FSP Hy*CH ‘gplﬁq%%é{ %

i mproved. sFARGUREmMEPALEe ydkb as r@ﬂ@@d&ﬁ h?atgh&ﬂ ﬂéﬁf genatids &NB0eRHEurl ﬁfdn@
tube path are electrical insul ated by plasha generatin portion

si de i nsub&ta pAf qugéet@epo e5Ad: 4804 dedestion wmegneyp figld I%gr&lﬁratea hetwegen | f
a high vo k’r ic \Bale‘?@p fQS %1 RIASHEd gi’f'er]:ﬁé{sﬁ% iR SecBAd ﬁl%éﬁgaea%garfcﬁfg tube 5.

portions at strai ghtl'y advanci ng IsTin an
el ectri ca[0q92} | oating st ate, so that pl asma does not receive an

el ectrical inf e _insi t ma_adv. th. ..A.so

ot ocessi ng. conBaieon ERaE e Mesbr BT ERARE, o1 ARLRR b et

i nsul at or neBhanist, i wBiek moeiblegikeDhiiy alljiRted DyRIiditYy alosg Mg nibslgis6 and

pl asma praocessi ng ﬁli(l)rtl on 1, the Wnolg of, the duct porti %F];ilﬁ}re pl asma

t r anspor t 4EeHRAN PRGN e SroumTERta) dissriamant sV gl toyer gxis
pl asma adyagihR FIGUPHo% s hSotallg dd s&ﬁbn?ﬁn@&faﬁl%&%f 'rﬁbvﬁﬂl@?élée@g pokigbied and
constructed so that the transpor |l asma is not influenced by an

external pwowed the gpist ¢irqunifeypnogeif ﬁesgelamﬁdﬁ@rmaww @wDyotat{ne@eB}stnent
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pl asma advanci ng path as droplet m xture plasm. [0089] At the
pl asma transport tube conprising plasma straightly advancing tube 3,
first plasma advanci ng tube 4, second plasma advancing tube 5, and

third plasnma advanci ng tube 6, a magnetic field generating neans for
pl asma transportation conprising magnetic field coils 17, 18, 19, 20

wound ar ouRgeharisi dothpEses ighidbBdd R K Which atd Bkl ddeh ordbiRs BL BB
transport efficiency can be inproved by generating a nagnetic field

for pl asnerotatigralysdiugt meyablerypls kfhis Gircurpfsreanalidirection prednsiglied da oy saj d
bent path 354 . L i

f or ned inngggg? naﬁﬁ%?’TH“E??ggﬁggggﬁ??&ﬁggﬁg??%a??g@%“%%%?m%??
gener at i ngslidingepingi 33gn thadebstcircunifershiial alivdctivaf mevsblegnkaerathiegothiiciatly

generating s.23 are installed at .t t ube connect | portion of
Prrot -l acibeid puften fgfasolietale e Chah b PP FLn PR A B
they bend giRgisdn:dee ddp@untaBe Gihbe HBMYndd s RERHINBYiNBY @@é&i&in% b&dyd.-
Because a coil for bending nagnetic field cannot be wound éevenly at

t he connediling section of first plasma advancing tube 4 and second

pl asma adv[gwmng tube 5, heterogeneity of the magnetic field is
produced i ich the bending magnetic field beconmes strong i nward of
t he bendi ng pomiGdhshoW¥e alehdjistmett enctlmnsnuinexhéch meghletybke 29 pdsdioned

defl ection,magnetic.fiel enerating.nmeans. 22 .24 are, provided.b
rrst pl aHOBRRa e, youiLae A5G e BaRRAC B Sy phobh RePhgRe e 53

[ 0091] fad{jus??ﬂ)b/@ﬁdih@tbwaﬁgﬂembfégﬁ% gikeiﬁg.emﬂgtml 'r?;lﬁaggrd%dmﬂélaxisb |
consi st of deflectjon netic fie enerating_ coj .and novabl e
yoke 29. piiectios. %@Eéafww«w}e%m%?w@ $ye fswhich Byl
around t he,Qub@fs il BFAEKEBRUSH sPabs IBESIGn RhiRS FRhAMUBBRI Side FBG: S-
Around novabl e yoke 29, deflection magnetic field generating coil 30

i s wound, 38ridprigtthe@be axipdirectios ofiserynd plasmp advescingtubeo§ anditdefastergditon
magnetic fj j I.gﬁ,{]‘ﬁ- } , :

appl i ed t(?\lf\llgdrs %ﬂ%ﬁ)e p aélﬁrﬁég@nﬁggcon%cj%g’g ?r%ﬁg%%ﬁlﬁg%tﬂ&%@@ﬂ%ogz]
Def | ect i orventagliretdfeedoned pldsmyeaivamingtgbai dis slixle, gridte seiap wd dirg plasma
adj ust nent_.nechani.sm. i.n rch moyabl e yvoke 29. is.adjysted by sliding
2 bng. 1 ho ETBCHERE s FBmT bl BHE Aol 8 K Yk e AN iR incing

di rect i on,tutand PRvE gt wgort %ﬁﬁi_igibddyfelﬁsﬁh&g&&iirﬁo gﬁidigggmmg 38 lafad gislﬁﬂmgmz
a rotating.a st nt .nechanli sm o vabl €. yOKe, S I onea_.aroun
Ehe out er D1 T ML EHEE 557 ST oh TAVARHSoR AL SR B oge > comrstide-
rotating adjused MROIgholREhGR LS Bhiee ibeii&iRth AuhdiRcdRPasd alivhnditk Gibe.

arc-like guiding grooves 32 that rotationally adjust npvabl e yoke 29
in ci r cunfdfiesheadiusenent ite pdjpstedRositian £an hegmrin@inedby tghteningnin BP fssligs
set up at ,nr;@mph;wytﬁlf&e%&g%@z;d. m&srmn,% B 394l g@p&tearo%ﬁ&e@&nb&%geby

sliding pins 33 in the tube circunterential direction, novable yo
29 can be sp thahitisoles th yotatd prgundeifie akis pf pin 3%gh e statsjin whigh lifastensged Bolds of

2 st non A ¥Bke A ARNAEREDR caf bl Skl U TRy o,

body 31. thetube axis direction by rotating around the axis of pin 39. After the adjustment, the

adjustment tilt angle can be maintained by tightening pin 39 to slide member 35 with
fastening nut 40. The adjustable tilt angle is 5° toward the first plasma advancing tube 4
side, and 30° toward the opposite side.
[0094]

Because deflection magnetic field generating means 22, 24 make possible to
adjust movable yoke 29 in a sliding manner in the tube axis direction, a rotating manner

in the circomferential direction, and a swinging manner in the tube axis direction, a
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[ 00931 FIG 8 shows an adjustnent nechani smin which novabl e
yoke 29 positioned circunferentially around the outer circunference
of second plasnma advancing tube 5 is adjusted by sliding toward the
tube axis direction and by swinging toward the tube axis direction.
Qui di ng body 31 is supported by slide nenber 35 in the state in which
novabl e yo f @%%; RS nber
35 has str%ﬁbﬁ%cgﬁFggﬁg% oov %g%e§%§ﬁﬁ& ee tu g aX|sS%??§%%loﬁg§f
second pl amedamvbmcﬁm@adummelsby mﬂjd&ﬂecmcm thagneegield tlmowhjadmstmgghe
portion main.hod 7. SI e [

Phet i nat | ot R OEPE kst boaBleRE R dnd o SRGIRE PRGBS g
groove Setcdﬂiprﬂiﬁgfalg&@ﬂetﬁmaﬂmgaﬂmmSaitgbéﬂﬂbﬂh‘#ay1&tﬁr@éﬂ@ShﬂThezont ally
along the center line of first plasma advancing tube 4. Pin 39 set up
on gui di ng°B¥§§ 31 is inserted into guiding groove 38, and by sliding
pi n 39 al opgg4jhe tube axis direction, nmovable yoke 29 of guiding body
31 can be slide-adjusted throughout aInDst the entire tube | ength of

the second pl adfd) edferftschematicaidy shaps siptetlfA ig which emagneticifield epifi o5t ed
position qggber 35
W th fastgﬁl gﬁ%ﬁghg%ﬁhﬂ§9ﬁ9¥g%#'lng E%gmﬂ 1 9§ﬁéﬁ%§%§€ed on slide
menber 35 eafiglrationaround ah frebnddly MQMeMlﬁMmh@vmmg bk 5p!ilcmg3@ i n

a state i tens an Nbvabl

50”can be eHrgoh s, LBl <P A el b T dRBRt el ¥ e SAHET Rt
direction dayr ﬂhetﬁﬁlbdﬂ@g@bﬂmnﬂwitlﬂsthmuses(ﬂ opb)rin 3Bich A @il id 1@ wound,

adj ust ment adjustnent ,tilt an e ai ned b ht eni ng
pin 39 to @'PSS r?giﬁ%}ge%% m%%&%&ﬁ &Ew&dws%@w%%ﬁa%?e tilt
angle is 5Qﬁ&gm@rd the first plasma advancing tube 4 side, and 30
toward the opposite side. [0094] Because defl ection magnetic

field generati Agthessnsgnt smbodimepfamagtsts Selgicail & wampd asounduhe @:rfgﬁ&e 29
in asli dlagum&%f of&ﬂ% ?lésiﬁg%d@aﬁbzﬁg Hibk 8 chinPAses & nfaghdic!Aafh R

the circunferential direction a_sw nging nanner in the tu aX|s
di rect i on,elépaticaiiyloag tl@fmqlinetldmxwmgmetswteofub@ kiscumdepaedtei (OB) péFIéﬁ Por
pl asma tran by said
def |l ecti on ﬁ%gn%@wﬁ&gﬁ% qﬁrﬁnﬁgﬁ(’ﬁ% Létrnlctr%ldt Iélgg%?‘g%{%}"ﬁeﬁ] he angl e
of novabl %eylerkmn%r plasnth teenspmphtioniswipliadimen adsldviz-ikeg cqdigtrationproursi ang a

geonetrlca ngenent of ald bent t.h i n three. stages can
ool veu. reBedy AT Secdig Bminatic R onei PUREH S E Be i o
in which %aﬁ@@ih%bﬂféhﬁtcﬁé&hr@d@hﬁ (A0 tis preeseiding séiifg b aepriatitlaRodl 09
pl asma transportation is wound in a circle M-I1ke conflguratlon

around an YeHad i“h@b‘?“ﬁ"l Mrlikg Q%‘&ﬁ%‘@é‘% an mcamawﬁw tokfb® 2plagmg ng

I ts inclinakinit Ak hlgﬁ‘dén&'tﬁaxﬁ @pu%%y SRS a0 e hABe PRLIBIREH dehé&%s ' n
the figure, gaps are fornmed near the connecting portions with ot

t ubes (4 ovingingp magptieficldreil doibe inckingdourfaganfgecopd pldsras atyarcing tube 5

het er ogen peTel

transport%&?¥P%?g% 9? g%%%ﬁL#ﬁggg?gggn@ﬁgH%%%ﬁhéQ?U&$£Eﬁ§ f@cfleld
coil 19 wdiehtd around the outer tube circunference of second pl asma
advanci ng b 5 conpiises a magnetic field coil wound ellipatically
al ong the[ ination axis outside its outer tube circunference. (9B)

of FIG 9 schemsitiepMsing 1ahepor nseab@pifi plastdsieiphipedehtifg fube B dfeoi |
19 for nagnetlc fleIngFneratlon for plasna trawﬁﬁprtatlon i s wound

in an ovalPlagmajafyasciag Péuﬁea?nddﬂasma@dwcwﬂ tihgcy PRI PlasRaRyaRcia% cond
pl asma advygng, Hﬂwﬁicyaﬁleg’clr@lﬂ’ﬁ& (bifBled) 3¢ 42084, I4qrare%p§me§%ﬁ%a&%@e&ﬁe
such as the hatched areas’in (9A) is prevented by setting up nmagnetic
field coi ltubkegnyeswal smrfacarﬁtm@zre aza¢h dedeativa platris axgtlaineddn dsled onie pl asma
advanci ng 4uba. % a plasma treatnment using a high density and high
purity plasna cdan be made possible by densely wi nding a magnetic
field coil[08d]the inclined surface of second plasma advancing tube 5
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To the plasma transport tube conprising plasma straightly advanci ng
tube 3, first plasnma advanci ng tube 4, second pl asma advanci ng tube
5, and third plasma advancing tube 6, droplet collecting plates
(baffles) 41, 42, 43, 44 are inplanted on each respective tube inner
wal | surface. Structure of each collecting plate is explained in
detail in the fRIGI vk ﬂgartlfﬂﬁﬂéh}’drged cross-sedtibfial Ldwi of umer)atduhﬁbrbghaembar ged

cross-sectjonal vie i nner unf erent] al 1nh Vln | et
SOl aet mob i ating dislee Pachnip1o S s St hbg 67 & Bl ot Pl
each pl asnBasdmssblty(3(6); &l.a BRdroplet @(YMeQﬁ@HJlﬁés @@0dré ﬁ&ﬁléﬂ'ﬂéﬁ iRodts @ep O

are inplanted into its inner wall., Plasma stream circul ation oPenlng

62 is for nell Plesmpatreaangitehlagen efteaisg 62 iformaeddn Fh?gepipmféir@@ethﬂ@ P asma

fl f pﬁ]f)dﬁ
opgﬁ?nbnGQﬁQgﬁépgeéﬁglnc ?%g}?%ﬁh%%gﬁaggggf%?% ol1ec |ng g@ 60 is
set withi mpbinﬁg 6amggieo:ff iddin§tihn obmﬁdrcﬁﬂet@@llecsngplaﬁeébIu&seawahmdherrgnge@)f
experience, setg@& in this enbodj nent. ﬁ$angle
of incli naltSr%ln uﬁﬁ% 6§rlaﬁw ag@% P& ICTHPPIIRE ARG 1 STl éP are
reflected Jn?ogeﬁseﬁfi@y ¥ aﬁ’%@fé}hﬁ&nﬁ%ﬁ %%Metﬂe?&ﬁ&d 6Qm AbHlaghEsrRdher ed

and col | ect reliably. et adhesion surface
area of i mn@reﬂertt%u@m@dbhb}{ dxpplﬁmae@m plates ﬁ@,ra@égmdbvemdtqoticcéed

dr opl et quﬁﬁ%gl ng plates 60, and the scattered droplets can be
adhered an [lected in |arge quantities reliably. Because, in a

pl asma trdARg8ert tube, the installation nunber of droplet collecting
plates 60 is r trlc the.limt of the t L nne

Bl Fcunt or ent i aithe fsBlegaehetion diret ppoftin SelttpRatd P A PRtoapy
area, it imsulipleti@prbtaletingifatds 600 g the suafiae@ didpeeeas bogiherd bhe
surface of droplet collectin | ates 60, and thus formrough surfaces

havi ng i nrigiestesip lergr-aupatifies sdiablypBgoayss, in g plaspa tayspek (sethe Htaflafion
surface ofygfheireto éﬁ cbﬁ&hhgﬂaﬂeé@éﬁses%edtﬁ}eh&ﬁaaufﬁeafb%%@h shiaRt et

col l ecting plates is increased, and the collection efficiency can
be i npr ovedrcumpferegtialitvke ¢y ipirdardo imetensedeaiirppletrmoYab axss gbis peafuabieifocdoe d

reliably TiloliSyfSRSRR AL DR 0Pl Gl GRILARE bAR, B 16 bEI B

i ncreases nmar I near- pattern processin pear ski n processi ng
can be us ed.lghcsurfadree hawng avenerahlg hmbmgsq;) ﬂ‘baiesimsm;g by Foghening thesinface

pattern pr neth heat pent with an
Do aci ve. sngp ShsE e s o e SR ofes o BBl b AR R ettt
a bldaSt t raﬁﬁ%kﬂw llectiyn aﬁﬁuﬁgfyacanﬁb ﬁﬁpmveglr Alls, thgﬂlagnljga&emdsd ﬁnrtFIe ﬁU@fﬁsi S
use Especi i Gr ast 0 rticles of a
few ni cr of& %‘)/‘38%@%{ §ECEHE> A 6@@?3 %F &%)gﬁtm SIS nut e
uneveni ng nﬁHﬂ&‘HgS BinGgt ﬁﬂeﬁltﬂ:@oc‘éﬂﬁigl and Pedr e ﬁroégsmgé O RituséPfok B lshBide-

pl ates 60 i npl anti ng area of | et collecting

pl ates 60 r%hml@s Erpa%myg&%aﬂmarpﬁéﬁm @pC@aeameth@d mn/e)@mpi%pqlwb@g
i nner wal egdh’ B@Gﬁa & Biasive'pa %é}‘?s 28 FoP bxAnR, r\% lrﬂ.;gn! Ledtiid ﬁ%ﬁ@&,ﬁa

is made to out 90% of "t he tube i nner ma ar ea.
scatteri n@lm?tmatmbxcammlrl?eslm@l;lgm@dglassdbeaxblahémcb(ﬁ wseﬂlFasb¢<yallyna a large

T T T T T S
pl asma f| Gpagaln cebﬁzppﬁ'ai thihe&.unevening processing on the small surfaces of droplet
collecting plates 60.
[0099]
The implanting area of droplet collecting plates 60 is preferably greater than or
equal to 70% of the tube inner wall surface area. In the case of FIG. 2, the implanting area

is made to be about 90% of the tube inner wall surface area. The scattering droplets can
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[ 0100] Droplet collecting plates 60 are shielded electrically
fromthe tube wall of each plasma advanci ng tube. To inner
circunferential tube 61, inner circunferential tube bias power supply
63 i s connected as bias voltage application neans, and inner
circunferential tube 61 can be set to positive electric potential,
\?\/nEt to Reg;;etddﬁﬁecithﬁbdollmemriﬁrgt inla:l IarfgéJQu@ti@thdﬁﬂinﬁ#@aﬁ@ﬂleldrop&tC ase

ere the bias electric patenti of inner circunferent| tube 61 is
a positi verdBrien suf C%?ae‘ﬁili&ea‘g? topp e lﬁﬁn@rﬂﬁéﬂmn@fm@um tﬁl& 3!
positive iQmsy &fthd N8 RSP Bani bR rédli@ed. r ansportation direction, and in a
case of a negative electric potential, it has an effect of pushing
the el ect r(@h&ﬂof the plasnma in the transportation direction. The,
ol e o & T BSrobBEoROSh bl fes 80 o0 B Earl Tl B Bih IR tack

way in which the asnma nsportation effrcrency 1s not decreased,
and it is plsciacdddadcngriutich® shetcecwhietehBalplldripinnditvercehiecdntialdube bias

potential strength i.s variable.too,..and it j.s usually.chosen to se
Poner i r GUFERERD: o3 s FpR SRR iR ol piie SR et PRt St
transport atibeodl cahibe edtengositivelcaiip pyteiiihl defib asgatioe tlagec patetial; br dr opl et
col l ecting pl at(ﬁ? its biras electric, potential | lg,dj ust ed, . and

at t enuat i cRowdeq RSP Mrasehasthe Rigs Clstipp Peisai ot inpd cEpRmiFtRka fdeng
the pl asmes;tit ApsRrelehlctRpohfidiCit RRGY effbQ 58 Mlshing the pdsfive RAEHELP! asma
advancing tube” 5, one or ‘nore apertures 70 novabl € al ong the tube
axi s di r ediason inthg tiaespartationglirgctiogaind iap erseof e nggtiveeleariepatentiak tbas n
whi ch the j I } Lk V:a Ll : i

i r oot | on Prered of ROk RESLAL A AR RGAE A8l Al ditcholh Prficte,
nmoved bot hfkiiendrechositide ratb&uepative is clasersiowatsl the waynth wehistt theplzsma t hat

can be noved i nl v.=ane direction is also _acceptable. Because it is
rovabl e gncRadh R AT Firgtied nd BB ERT R s cE B e o
and it al flmeceaaatrigq;ofeaﬁaw&gmgmévmtwﬁo, andhitds mﬂl}tdclilb&ﬁﬁ@éé%&ﬁljeﬁn
openi ng of .a predetermnm ne at_the center, and the dr ets_are
col I'i ded éﬁ#&“‘g&b“tﬂ&?léﬂ’? Wﬁiggg‘ﬂ”&h‘_‘e?t%ﬂdl’ﬁﬁf of the Fnspqrtagen ?ﬁ%_?@wp%ﬁg ng,
whi | e t he pLRfiFR BWASDIALE b Bica el ablfbcRReN kB disdihsaneeR pofeadidl iopeni ng
may be set up at the center, or it may be set up _at an eccentric

posi ti on. aﬂws@é;mnéeﬂw@%ﬁnkasvar%ﬁ%thﬁfaﬂwwednfh@rﬂ@flasaréesmgfthe

mul tiple 1ol W ﬁ%oﬁ%ﬁcﬁ%@ﬁéi §,_a| | ed novably in second pl asna

advanci ng “t ube § the renoval " efficiency of the droplets increases,
and the pl[@i purity can be inproved. In the follow ng, an aperture

novabl e in one.djr [Wely| i f rin i

(11A) of FIG ES%°§féaP1%ﬁm§ﬁa§9aﬂ%%#‘%%e Sla%r%?slrg% T8 eﬁe‘é?etsipgwﬁb,lé %%‘ggz%“ils)
of said firgheragisstewionanay tesikrahgded! $ahapettatec7Odias aperchue & widch thoer t ur e
70 has a ring f.orm havi ng, openi 7 f a pr.edeterm ne rea at the
center. HETE aFW@H@B&%C@&e%&g%ﬁ‘F%&E ﬁdﬁg‘gﬁ@éﬁ%@%’ﬁﬁ% circul ar
or an ovaladehheRe neEeNA sRhdiere that SHRRRMIIVEILOR fEiR@rddndGREBRL is
configuration. At 3 locations of the surface of E(%Eerture 70, stoppers

72 conpr i $rergtable: rarippigteipicabenaadite oy epedireerion isglia Apneptabley at
springs) %e@TJs@ﬁfiseﬂ bRy the &5 Fa‘iﬁticﬁ%osﬂ%ﬁ of A€ ap SBEERLBE aﬂfﬁ%’cé@%@i@ﬂs@e
adopted freely, such as welding. Protrusions 74 of the el astic pieces
are bent dewbswemyvediandsashad. This aperBye Brhar pcopehing of aprrsletemined7ged ainer

wal I of second, pla i . n nt .rece 7
2o g TR 8 AL D40 B DO QAR LR G50 G300
Engagenentoperdng sdtis théhlama pasinguirough said dpepilng adnantsr Saidbgnmg tning be

| ongi tudi nal direction of tupe 75. Wien aperture 70 i inser&ed into

tube 75 i fCURGE Ehe SRS T BRY BF $e60P A GRS PBICOTEPR & 5 B 95 EgRd e

el astic phagas n?dhﬁex@.emeréﬁ%ﬂm_ﬁlﬁpleﬁgémﬂ@sr ) afindRN&l RbABY ih Beobdiber
i nner circunference surface while they push and bend. The direction

of the pl saasdyapging fubehile msyal aticiency o thie dronbgts ereasgs, and the plasma
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function to nmake the plasma flow inside the tube nmeander. [0104]

A ring shaped aperture nmay be arranged in a connecting section in the
pl asma advanci ng path conprising plasma straightly advanci ng tube 3,
first plasma advanci ng tube 4, second plasma advanci ng tube 5, and
third plasma advancing tube 6. In the same manner as aperture 70, by
arrangi ng dulityScag Be hpto Ped B thé RMBR el AlapSReinRablt HfordidaBitRhend Behgided
in the plasma stream can be col lected in greater quantity, and the
dropl et r dibsraingeispshe¥ency can be i nproved, by reduci ng, making
eccentric, bot h reduci ng and naki ng eccentric the tube di aneter of
t he plasné a&@ancing path. [0105] In the plasma generating
appar at uses of {HiA®fFIG.dhd aaqlarlervia“dofpalramahleammme?@;gnd (le) of wid | ast

stage is nst ruct ed. ant t but

o1 of or abl BT PHEs EhinulahoR sERT AR RoRhET T st mint s 1
of the pl apsEnsyT eﬁa’@rédwdmimdepehauﬁé esiltérrfe)ema sﬂ&c@apb @saswpelﬁﬁg/@ncbeng
tube 5 through the bent pat h In the (&%%I | ow H}g H_‘ nbodi ment in
whi ch a delgpsddag FEFmlseRas p Shageww £ OP (AP asma

advanci ng cbhlﬂ?glrﬁlohsA@BE\ﬂhﬂn£ SRSdurface of apbrhdze 76, %to?f)é?y\ﬁz EdfprisiHETRr Y

configuration of a plasma processing apparatus the fifth
enbodi mentoutvwEséprsitrading eloptisanesss ter exppplealal spigfzsikrefasteged hyrsckeris 73ane

Tanner 2 il a8 ok BB, ARARE LS. APARL AR HESHRIChS gt

pl asma genera ing portion S eneratrng plasma to be
suppl i ed tetrstit piseen aprbestebsinmgrdods shomm 1ﬂ(11£)df51qgﬂhmetubaﬁ§mtwalmbe

The dropl e Vi n rtio [ in_the Lansport e in
t he sane r?%ﬁ??gga)%gsn% %Q@“m%r}ﬁ%rgl Saesgngt e azé%ﬁfe a%gv%%%eﬁ@ Ube
1100 conneﬁm@hdtu&fdréten@ irofor oﬂaaﬂﬁﬂdiEhg@em@ﬁﬂrbﬁﬁses é mtsetmba:smlume

advanci ng tube 1101 c nnec 0 htI anci be
1100 i n & ABRES ARARER %@%@lﬁ%@gﬁf g Eg’?ﬁ%f@h %Hﬁﬂ

advanci ng gyt 1431{3%11{3&%@39&\3/ 7hAS SR EuABSE 'ﬁ%ﬂﬁ(éle@ﬁ'c ﬁ&ce% al% bent
finishing end of first _&I asma_advancl ng tube 1101 in a predeterm ned

bendi ng angWawaidastemnersi 124navgiglong degubes gruper %rqu@fﬁsw&g ferfagevane they resibe
1103 conngg Eéhd' é;ch&%m Ssnflstrb i isf h@{)}?ﬁbl fl b Q){faﬁ@&@/ﬂd pl asma

advancing tu so t asma IS ex asnma outl et
1106. | n dudherinore, when mctgm TRas push@dgwaldﬂb@dlreahmf@rrow&m petvgiens 74

plates an et I ans tic
field for g%gg % a'}ngSpgérarggnenégéem%n{ %Ees??@%ﬂ@eﬁaansﬁ%ﬁo@% {%%8@

The pl as n&ngergamsm@edessﬂﬁbmmmbkm Slgp]pﬂraz mmtlﬁeangmilnywaetwmd]mg t ube
1100, first asma _agdvanci tybe 11 0 ma advanc:n t ube
1702, and 9P etpread mitite ke g Se b istoRSTRES G SRMR o HBEP itfiner
in three b ABMTed, lﬂﬂ:lbﬂﬁnﬁs?d@eﬁmaE@c&m@&&db@n?ﬁﬂﬁ@p&@#ﬂ@ﬁﬂmeﬂmﬂhs of
Figs. 1 and 5. Third pl asma advanci ng tube 1103 co rlses rectlfylng

tube 1107 t‘?ﬂ’éﬁiﬁ ﬁwtdéfac‘fé‘fl of BEOW 7158 F‘i‘?aﬁamé'ﬁﬁ%gfﬁs‘éﬂéﬁép ng
t ube

on the next engagement recess 76.
[0103]

Because aperture 70 has a structure in which it is movable to an arbitrary set
position inside second plasma advancing tube 5, droplets can be collected by the decrease
in the diameter of second plasma advancing tube 5 by aperture 70, and moreover, the set
location can be changed appropriately so that the quantity of collection can be adjusted
optimally, which contributes to an improvement in the droplet removal efficiency. The set
number of apertures 70 is 1, 2 or more. In addition, opening 71 can be set up not only in

the center of aperture 70, but it is possible to place it eccentrically in order to add a
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1102, frustoconical tube 1108 that becones a deflection/oscillation
tube connected to rectifying tube 1107, and outlet tube 1109.
Frustoconi cal tube (deflection/oscillation tube) 1108 has its

di ameter increased toward the outlet tube 1109 side. Plasma outl et
1110 of outlet tube 1109 is connected to the plasma introduction port
of plasna ﬂ%ﬁ&%&§hﬁ@eﬂﬁ@bh§1ﬁ£‘ﬂ€wnﬁ&e'tﬁétubé%@an&éog has a constant
dianeter. In the plasma transport tube concerning the present

embodi ment[01¢4e respective pl asma advanC|ng | engths L1-L3 of first

I d d
Phird ol asmn. adonk iepds bt £5908 RhAST AYARG B LR e fdgm T
advanci ng advheing pafl @mplisindbkema sttaightly apmpmgbﬁveaf first plesma ademﬁg& ght
f | tI t 10 t | 0 | et 1105
Ci o of 1 Pu yrerer e Snepvies Bhes S sHT KebGat prRe ROtk g

tube 1102 manﬁf A0REhGE ONBY Mireadidg/thistepbifige foR BBnnERHESECtRS, the %pleﬂs and
5. That is to_say, when the angle of elevation fromt Cross

section bdb¢ Bﬁlﬁdéﬂéw@ﬂasmﬁétr%we&a%cad lwfefe%qva%tl%range}ﬁ ?P??tube 1109
to the tulgmplASHiRAES éa%ehﬁﬂoeaﬁ b9iedhaﬁg,%a%§@%c%mcebr HolPRdsdislear@f
second pl asma advancing tube Is defined as 0 0 as shown by arrow
1112, the mﬂgnmecs«mtm&vatbpdwm(ete@oithppbﬁm@wb/atlmmpaﬁh 0SS section top
end of th %sma entrance port side of rectifying tube 1107 to the
tube cros se tion bottomend of the plasma outlet 1105 side of first
pl asma advanci rigtlielpﬁnsmag%l'a]QgsnmmdnyoﬁFngWaﬁdi,ﬁhs@pﬁasﬁd syafrig tbd n

h 1. h
Dl aconont T 1 oS oo Vil BEyCAU B ROEER RGP BNy CHHTENE  ng
dropl et s ligéhieuilashiacidvdncing tutiRl6ahér@ensity afthé plgsnidsn@arh il&hscathtteﬂ yrom

b ng. ex AR EBARGSK o aAHE NG BB PR I BF SUB G Panci ng

tube 1103.en[H34R%Nt in whicH NddniBcARATEELAS pPRGdcd Pkt i thirlplasin®| asma
advanci ng tube 1103 of the finishing end of second plasnma advancing

t ube 1102 agmancinerube GegkpWmcl i nedly arranged, to prevent a decrease
in the pl 38 LWG progress efficiency to the third plasna advanci ng tube
1103 side 't r(lugh nmeandering and di ffusion of the plasma fl ow,

rectifying magié@ilé shcb\eel tHe swpthary torfigusation of aplesoh pmcessing afpaiatug of thee

1107 conn in i §

rectifi cafff&}) "”?Pé’gﬁ% ﬁ%?g%%{%nggﬁp%?l €s \A%(?Itig ??ecs} %knaélg%r\?tsargl ng
t he pl asn&I6) Q\Na&lﬂadmaegtnémmg sparatd cahpdsing alssataciengratingdyrtidhi(@ott 0
rectifyin 1er edl t he tupe this . rectificat

mgnet | ¢ AHOVE of g T4 b e PG s PEA i TR e R D
1102 can hgn d Th@dx@ﬁl@ﬁ/r@ﬂh%ﬁg maﬁﬁetap il he Ia’élh&ﬂar@b@ﬁfﬁﬁe,&ﬂﬂﬁnm ng
tube 1103 si a generation_of plasm WItE

gé%b density and high
purity beé@ﬁﬁ@%@ﬁ Bl 2. qompoisgs plasma straigldly afyancing{hbe-LIAD sopgieesed,to

drawi ng ofy, ggﬁlgeg] 1%g)lﬂqio d i ni cal
tube (def I | on/ OSEI?I II{g I on tﬁtsﬁgﬁﬁgﬁ%dgg?d;n%ﬂﬁ}lr?@%b%c{feaﬁg%ﬁ%er ni ng

the fi | fth S@ﬁ"i&bﬁﬁ' atyancingube HOGWN & herit m@sner mzcoan@tlmspom &l Ode spsondidasplaas ma

N A

rectifi catp]asmama@mhgmﬁellwm anﬁgmmmmedi beddmgcmg]b agdids3 itk aube sns,mnd ng

IS provi dg@f ar fr stoco i C t ube t%geflec i on/ 0SC at.i.on t.u

1108 conn aﬁ%%wn*ﬁﬁgﬂ% R m%ﬁaﬁ@ﬁw?.t? BT e PES. £ or
scanni ng %@é&ﬁalp&@&aad@ﬁ&mg)fubéﬁpbzrsaqﬁatgasmﬁlekh@tsﬂemoﬂﬁﬂm{alo@ﬂ&lleb@l
generators 108a, 108a and a set of Y-direction oscillati ng magneti c

field gendr additian, aitfm gh nesdipstraigd, dypplet collecting plates pr magnstiefield colls for
X-directi sﬁﬁcf:fahétp%}tht;& er.lq%q&fctﬁe@d For@hthnBxd ar}angéd lh'tﬁ@p bsnMratfs i tRi5d | ON

oscillati magnet| generators 108a, 108a, Y- Irection
oscillati rﬁ@liﬂﬂignetlc field By(t) at tine t by Y-direction oscillating
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and By(tl) at time t=t1, and while magnetic field BRftl) for scanning
oscillates left-right, magnetic field BR(t2) for scanning is forned
at tine t=t2 by oscillating nmagnetic fields Bx(t2) and By(t2), so
that the plasma stream can be deflected and oscillated on al nost the
entire surface of the tube. The present invention is not
limted to the Briptinatnbspod adercompdsiagydasena sttaightbyisdvandid ubat 100 frst

design alterations 0 rs t I nvol a arture from
fhe Do Bt iRaisn® e HRE Seord Blee it pbBhein e Do Ap iR b g
t he t echni gRhndgaige D03 H@l@rr@écﬂﬁﬁ'ﬂbnﬂn%ﬁﬂ‘tlh fitee sTAREXIShEbe manner as the
APPLI| CABI LITY> [0112] In the plasm processing ap Earat us

concer ni ngPlesHa 4dvenseigipaiia pERes. dn’md By Thrd pigsiafg vanging gt 1 P eammises em
for renmovi fagmfin Gtk 1§6 &afmséa&fa@ﬁfé AR ?%B& of s%e&dtyasﬁﬁfawﬁgmg RtR

dropl et renov portion wth a geonetric structure for renoving
neut ral dr bjRdiustoconjeal hibe 109§ ﬂ;atéiemasmlaﬂtoyloc/hml@éldnmpowsted 2

hi ghl y pur ¢ | f

ol asma. pr deliitg s 10977 BRRyEE {9 R aRNonEal e PRNERGYbliBubi o,
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used, it beco sible fgrmin the plasma a_hi ghl ur.e thj.n
T m whoscutieraes L5 PpRsintite Medasma trhoabiiin dos ohplafrsrabitice borion
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corrosi on-resi stant reln orce rotectlve fil an optlcal
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appar at us i nc ener at ng por ene

pl asma f r ooatlat k185 gde oﬁﬁmh‘;ﬂmaknxivzmcmgmhermm ceang p]aangmivanmilmvgtuhe Vi@2uum
environ neng blaced geometrically in the same manner as FIGS. 1 and 5. That is to say, when the
angle of elevation from the tube cross section bottom end of the plasma outlet 1110 side
of outlet tube 1109 to the tube cross section top end of the plasma outlet 1106 side of

second plasma advancing tube 1102 is defined as 0 ; as shown by arrow 1112, the angle
of elevation ( 8 ) from the tube cross section top end of the plasma entrance port side of
rectifying tube 1107 to the tube cross section bottom end of the plasma outlet 1105 side of
first plasma advancing tube 1101 as shown by arrow 1111 satisfies 8 = 0 ¢ in the same
manner as FIG 1. By the same tube passage geometric placement as FIGS. 1 and 5,
through avoiding the straightly advancing droplets led out from first plasma advancing
tube 1101 directly intruding third plasma advancing tube 1103, they are prevented from
being exhausted from plasma outlet 1110 of third plasma advancing tube 1103.

[0108]

In the connecting section with third plasma advancing tube 1103 of the finishing
end of second plasma advancing tube 1102 which has been inclinedly arranged, to prevent
a decrease in the plasma progress efficiency to the third plasma advancing tube 1103 side
through meandering and diffusion of the plasma flow, rectifying magnetic field coil 1114

is installed in rectifying fube 1107 connecting with second plasma advancing tube, so that
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a plasma transport tube that transports said plasma generated by said
pl asma generating portion, and a plasma processing portion that
processes an object to be treated by said plasnma supplied fromsaid
pl asma transport tube, an insulator interposed type plasm processing
apparatus characterized in that a starting end side insulator is

I Nt er posed: feetfivatoh magdtiptield dat gemifys athila gorpiblytdoaverging ths aladmp flagma
transport tube, a finjshing.end side insulatar. is, interposed
betwean s UPIHRsEPE BB e it 1407 1 Fit e B BusebRagm the
portion, wB&iRY itk ARABcHBABhaAD GclA0hE bREna AdkElg R RESR fldsAASRMing

tube, and said plasma_ processing portion are nutually separated
el ect ri calthie H@2camle drawe inccqonyEgsdipannen v sherthishplasmagpdypricinggube 1103

D anspor  iabed RaR R el R e A Bl eI o

a plasma dPt@]ghtly advanci ng tube connected to said plasma

gener a1 19 PO &y i bl b R PEYRARL PR Se IR TEA e
frustoconical fube (deflection/oscillation tube) 1108 (shown in FIG. 12) concerning the
fifth embodiment. As shown in FIGS. 12 and 13, 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 field coil 1113 for scanning is
provided near frustoconical tube (deflection/oscillation tube) 1108 connected to rectifying
tube 1107. Magnetic field coil 1113 for scanning comprises a set of X-~direction
oscillating magnetic field generators 108a, 108a and a set of Y-direction oscillating
magnetic field generators 108b, 108b.
[0110]

The relations of X-direction oscillating magnetic field Bx(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 Br(t) at time t are shown. Scanning magnetic field
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 lefi-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
bearn of a CRT display oscillates lefi-right while moving up-down, and by repeating this
movement, the entire surface of the display screen is made to emit light. In FIG. 10,

magnetic field Br(t1) for scanning is synthesized from oscillating magnetic fields Bx(t1)
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a second pl asma advanci ng tube diagonally arranged and connected at a
finishing end of said first plasma advancing tube in a bent manner
with predeterm ned bending angle with respect to a tube axis of said
first plasma advanci ng tube, a third plasma advanci ng tube
connected in a bent manner to a finishing end of said second plasm

advanci ng dndl®, (g patthed =0 ahd wHiRDEEnEk ftdhBR(SH €6t stamimgassillasynefeight, et
a magnetic field qenerating nmeans for plasma transpottation,tgﬁt
gener at es BegnsHH EElF SrEPEPTCrYRNGE Sumed et tHRG o Paescriatingmagpetic, elds,

each of Saﬁ,gbaglaa&m@} sroetﬁegméﬁifasﬁﬂ‘éﬁf%ﬁ B te\eRect&Pnd obdillatéd dH ARBH the

advancing t sai d "second pl asma advanci ng tube, and said third

pl asma adventics wgfacaafdhe tubey def | ection magnetic field generating means
for deflecting said magnetic field for plasna transportation is
attached in said first plasma advanci ng tube and/ or said second

pl asma advanrilng tube, and a plasma streamis deflected toward a

tube center si by a defl ect.ion.m tic fjel.d generated, b al d
Her 1 oct ! on magaheRlesty IR g P TRE? Ftif emb Sl S et abeye. Fhlichs
i nt er posednbdifcatibhs 6sgnlORa6S] AE ARPAhaldeS00invelvah BephrtuitiRneths sai d
pl asma transport tube Is divided into a plurality of small transport

t ubes, saitgciifal sonesph pakthe present ipantion aredlsodnglpded it the dechnipd secwe f s one

anot her by, [RLEHRGSHNG an internmedi ate insul ator between neighboring
said smal|” transport tubes, and

<INDUSTRIAL APPLICABILITY>
[0112]

In the plasma processing apparatus concerning the present invention, by arranging
an electrical system for removing electrically charged droplets, and by setting up a droplet
removing portion with a geometric structure for removing neutral droplets together with
electrically charged droplets, a highly pure and uniform plasma stream can be introduced
into the plasma processing portion. Also, if high purity plasma generated by the plasma
processing apparafus concerning the present invention is used, 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 iiradiating 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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an electric influence on an arbitrary said small transport tube from
other said small transport tubes is blocked. 3. The insulator

i nterposed type plasma processing apparatus of claim1 or 2, wherein
said plasma transport tube or said plurality of small transport tubes
isin an electrically floating state in which an electric potenti al
is not apbl®dM$orcibly. 4. The insulator interposed type plasma

processip_qng%gdgl Stpﬁ‘écegécin%c:i I igéllé&%%Merei n a bias power supply for

transport tu connec to sal asma transport tube or each of
sai d snal | tpdsspEeherhiinigesrticothhthgheatespipamt dicden ofargen swfaee byiacacuum

potential (includin round electric potential) applied to said
pl asma traqgi%g’é?llarﬁet}g@gbﬁv%c&]i@ egﬁlé‘i’mn?rﬁiansport tubes and a polarity of

said el ectri ' r irRGaid pPasmb enbraH bls@it plihfr posed
type pl asma%}%gfgg??%%hatgg@a?gﬁu%@%q‘r%gl aip?}ss 25@3, or 3 V\hﬁér ein said
smal | trargspemating pdytiomear sai d pl asma generating portion is set to a
negative electric potential, and an electric potential higher than
said negati ¥ electric potential is set in said small transport tube

near said phaiaRieesHss fatiROhai BBecss®-an DBRct tobelt@hed biyRhie pRRsAd
type plasma processing apparatus of any one of clainms 1-5, wherein
a target iswpelredaogeaidplesing frapwartdiiter that accormpdates a reserve

target is |t i k ont ai ner
sccommdart s A E S D Bt R AR HERELE AR BRRILERAE P 2T
i nsul at ed f aenmxtig ahdtskieddulator is AitalpdEea HoEvege Bad plakig gaterdtingportion
contai ner and said target exchange portion container are separated

el ectri calag Sﬁ?ﬂ%@éﬂ?ﬁ&"ﬁ@”‘%ﬁa i nter-container insulator between said
pl asma gener g AR KR Ikt Hekpal bedetn §AT FBlmh FhRH6A RN

portion contai ner,
said plasma processing portion,

said plasma generating portion, said plasma transport fube, 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,

said plasma transport tube is composed of

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,

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,

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,
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said plasma generating portion container is set to an electrically
floating state in which an electric potential is not applied
forcibly, and a bias power supply for container is installed to
said target interchange portion container so that a magnitude of an
el ectric potential (including ground electric potential) applied by
sai d t ar geindisaitdénohplagea pbatdioptubent ai ner and a polarity of said

el ectric potential can be ried. ..7. The._i | at or .i.nt erpos pe
ol asmm. pr bodBNrgengiEmge AN eSSyin et St ding salt Ngwa Pl Rl o
power  suppl¥sniPanRpGeRiSa i \itaBRidtih QA1d ifist pldsia R@PhricR gdubY &Y/ said second
processi ng portion container that accomodates said object to be

treated, sPasmeadvangiegibe.ude of an electric potential (including

gr ound electréc potential) applied to said plasna processing portion
cont ai ner afd’a polarity of said electric potential can be varied.

8. The i nsulagt®maishbah podERkcied pav4pd asubR dpfitec48sbyg defpaoinagndic Ry
one of clains 1-7, wherein  said object to be treated in said plasm
processi ngeperiated by spidl deflectiop maagnatieheld icergritingmeaiti ng state in which
an electric potential is not applied forcibly, or a bias power
supply for object to be treated is attached so that a nagnitude of an

el ect ri c2.pidieemnizadr ifferposediypg plgsna prbcedsmgtapparape vbelbinal ) wisgpghi ed to
said object tQ be treated d a.polarity of said electric potenti al
can be var i &tid PlagmatasRORLHPeIs GiVifce B0 Br&hwéém&llé@ﬁam&r R8s si ng

appar at us 0f,;aR¥af Renortthits Te deGricalf&ESirfted from one another by interposing
an intermediate insulator between neighboring said small transport tubes,
and
an clectric influence on an arbitrary said small transport tube from other said small

transport tubes is blocked.

3. The insulator interposed type plasma processing apparatus of claim 1 or 2, wherein said
plasma transport tube or said plurality of small transport tubes is in an electrically floating

state in which an electric potential is not applied forcibly.

4. The insulator interposed type plasma processing apparatus of claim 1 or 2, wherein a
bias power supply for transport tube is connected to said plasma transport tube or each of
said small transport tubes, so that a magnitude of an electric potential (including ground
electric potential) applied to said plasma transport tube or said small transport tubes and a

polarity of said electric potential can be varied.

5. The insulator interposed type plasma processing apparatus of claims 2, 3, or 4, wherein
said small transport tube near said plasma generating portion is set to a negative electric
potential, and an electric potential higher than said negative electric potential is set in said

small transport tube near said plasma processing portion.

6. The insulator interposed type plasma processing apparatus of any one of claims 1-5,
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total length L for said plasma to arrive fromsaid target surface to
said object to be treated is set to satisfy 900mm.S.L.- 1350mm 10.
The insul ator interposed type plasma processi ng apparatus of any one
of clainms 1-9, wherein said second plasm advancing tube is placed
geonetrically at a position off a straight line of sight froma

pl asma owhtrein of said third plasnma advanci ng tube to a plasnma outl et

d f d f t d Th t
hier nosed. PEEE RS oA Rk AP Secqutita € s
1-10, whergishioh&l thdefnetfild dlﬂﬁdn%d%éﬂeﬁﬂ g p@foA BEHtSin&f acBdBBHARIY o th28 a

tube cross section top | aSma. entrance port side of said
third pl ashat muvam;p}agn@m@éeb@naekegmalbrms@atséﬁpnmldi@taebm end of the
pl asma outle , 1% 01:3 sal #ﬁl 1 A CI n %‘ubee |Os defol ﬂaﬁde

0, and %ﬁaaé 818%‘?%\%90 r%"“f 5 % FOBA TR
of the pl Eh@@&ep@tﬂéd&ﬂec&hdiﬂy@ﬁz nﬁé\tﬁdah@mﬁ ﬁlt@loaﬁﬁﬁleﬂﬂmﬂﬁ@t Bgwesb&id 0 a
tube cross section top end of t | asma out | et side of said second
pl asma adVA#EIEFEgHRS p@fla@ﬁm@aera?@d@@d target intRehpnge OB CONRENHpos ed
type plasma g i ﬁﬂﬁﬂ£?§“§ f ein
sai d deflecf |oﬁ&%&aﬁE§Fc d%ﬁ%? %H%PﬁggﬁggégﬁgﬁPég%ﬁ%H%€E£

pl aced arQﬂﬁdaandauhepommmﬂmmkemﬂm&ﬁfbhﬂﬂﬁld first plasma advanci ng
t ube and/ or id second plasma advanci ng tube and a nagnetic field
coil wound éwgund sai d yoke, said yoke being adjusted by sliding
along the t t al

i roati on, Sy op S kRt B gif e Rl diol SR
i nsul at or dontaéwpsxsmdtampgumdasﬁm plecite pstentipl dippladiaggsowfl elasyricone of

clainms 1-11 rei.n a|d netic.field gener tln or. pl.asma
Cr anepor t dbihef s EE sy R bttt e PR Rl or
tube circudcaieptatiaf cRaevaibd.sai d pl asma straightly advancing tube,
said first plasma advanci ng tube, said second plasma advanci ng tube,

and said third plasm advancing tube. 14. The insulator interposed

type pl P e %s%?a?o%’%t@%o%%@ﬁlﬂ&ng }ft)rogésgf-ng]agigarat)ﬁ@ &F ﬁfyrbnﬁ%&" glaims 1-6,

wherein a bias power supply for processing portion is attached to a plasma processing

portion container that accommodates said object to be treated, so that a magnitude of an
electric potential (including ground electric potential) applied to said plasma processing

portion container and a polarity of said electric potential can be varied.

8. The insulator inferposed type plasma processing apparatus of any one of claims 1-7,
wherein
said object to be treated in said plasma processing portion is set to an electrically
floating state in which an electric potential is not applied forcibly,
or
a bias power supply for object to be treated is attached so that a magnitude of an
electric potential (including ground electric potential) applied to said object to be

treated and a polarity of said electric potential can be varied.

9. The insulator interposed type plasma processing apparatus of any one of claims 1-8,

wherein
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magnetic field coil wound around a outer tube circunference of said
second pl asma advanci ng tube conprises a magnetic field coil wound
elliptically around said outer tube circunference along an
inclination axis. 15. The insulator interposed type plasna

processing a r at f any one of clains 1-14, erein g dropl et

ol ecti ng oieength L ap i blains indrise FomSrOtRY WhRte ©are 2Lk Peach
of said pl : ' AGiA St()ggﬁ said first plasma advanci ng
t ube, sai dt?es%gggldﬁgétﬁ%sﬁs %@gﬁfﬁ“@%u e, and said third plasm
advanci ng tube, an area of said inplanting being greater than or
equal to 70% of an inner tube wall surface area. 16. The .insul ator

i nt er pos 8y Thy prsuftersptemesestire plaanapresessing eppAratan of yongof gk,
1- 15, whey.ei ' - . ,
o a1y i AR oSO AR AAKE 0 Bl BB BB B

an i ntr ostrsight tine st slghtrfechh alplagme edtic @d sdid terdodmsnecidednding mbptosspiasma

I ntroduction side starting end of said radially enlarged tube, and
sai d thi?‘HlebFlggﬁgsaé‘ijgﬁﬁB]@ﬁ@aﬁ cipgtubgt up as a discharge side

radi ally reduced tube connected to a plasma di scharge side finishing
end of said radially enlarged tube. 17. The insulator interposed
type pl athd@hpicokssiintgrpapguidyedt plssned pracsssiopeppdratos aff any obe d6¢laineek-&0,n
arectificatjo neti¢ field generating nmeans for converging and
rectifyi WgerP‘ﬁ' E’r%%? 1Sisﬁ'§fh{§fjr“@’8{1i on a plasma stream supplied from said

second pl astR A0 3RGINich YRS b s kels LB 10} AR ARG Afah iR

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 the plasma outlet

side of said second plasma advancing tube is defined as 6,.

12. The insulator interposed type plasma processing apparatus of any one of claims 1-11,
wherein said deflection magnetic field generating means comprises a yoke placed around
an outer circumference of said first plasma advancing tube and/or said second plasma
advancing tube and a magnetic field coil wound around said yoke, said yoke being
adjusted by sliding along the tube axis direction, rotating along the circumferential

direction, and/or swinging toward the tube axis direction.

13. The insulator interposed type plasma processing apparatus of any one of claims 1-11,
wherein said magnetic field generating means for plasma transportation comprises a
magnetic field coil wound around an outer tube circumference of each of said plasma
straightly advancing tube, said first plasma advancing tube, said second plasma advancing

tube, and said third plasma advancing tube.

14. The insulator interposed type plasma processing apparatus of claim 13, wherein said
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and/ or a deflection oscillation magnetic field generating neans for
defl ecting and oscillating said plasma streamin a cross-sectional
direction Is/are installed in a connecting section between said
second pl asma advanci ng tube and said third plasma advanci ng tube.
18. The insulator interposed type plasm processing _apparatus of

cl ai m 15magpesiedickl eodli wourd sppvad acyter s cirguipfeagnse phind prcend plasma saj d
second p ' i S, i chi r

el | of ST ERE RGP A3 Bc MB TLA Whd Maikay Rk ST et HRE
appl i cat ¢icmferans: dlaig @adptlitation axiki as vol tage to said dropl et
collecting plate is installed. 19. The insul ator interposed type

pl asma processi ng apparatus of any one of clains 1-18, wherein one or

MOre APefd Hhe SR Sk Bt R biatnP ARk B oty ofLiafe A14,ube
axi s direc?%onsare arrgﬁgeé&@%%?%% aFSlsgg apf%sng adsanc?%b t ube,
and sai dwhgreintauireplbtamllactinggaate mgnplantedintedetear tibeedalbsuetice of each of

said plasma straightly advancing tube, said first plasma advancing tube, said second

plasma advancing tube, and said third plasma advancing tube, an area of said implanting

being greater than or equal to 70% of an inner tube wall surface area.

16. The insulator interposed type plasma processing apparatus of any one of claims 1-15,
wherein
said second plasma advancing tube is set up as a radially enlarged tube,
said first plasma advancing tube is set up as an introduction side radially reduced
tube connected to a plasma introduction side starting end of said radially enlarged tube,
and
said third plasma advancing tube is set up as a discharge side radially reduced tube

connected to a plasma discharge side finishing end of said radially enlarged tube.

17. The insulator interposed type plasma processing apparatus of any one of claims 1-16,
wherein
a rectification magnetic field generating means for converging and rectifying in
travelling direction a plasma stream supplied from said second plasma ad{fancing tube
to said third plasma advancing tube
and/or
a deflection oscillation magnetic field generating means for deflecting and
oscillating said plasma stream in a cross-sectional direction
is/are installed in a connecting section between said second plasma advancing tube

and said third plasma advancing tube.

18. The insulator interposed type plasma processing apparatus of claim 15, wherein

said droplet collecting plate implanted info said second plasma advancing tube is
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clectrically shielded from a tube wall of said second plasma advancing tube,

and
a bias voltage application means for applying a bias voltage to said droplet

collecting plate is installed.

19. The insulator interposed type plasma processing apparatus of any one of claims 1-18,
wherein one or more apertures whose installation position can be varied along a tube axis

direction are arranged inside said second plasma advancing tube, and said aperture has an

opening of a predetermined area.
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