<SPECI FI CATI ON> | NSULATOR | NTERPCSED 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
processing portion, by generati rGBHGIFIGAMION>a target surface by
doi ng a vacuum arc _di schar n_an_arc dischar ortion set under a
Vacutm end RO ORI RS ED EVEE Fhe SMAHROL ESOLG AFPARATUR asma,
transporting said plasma to the plasma processing portion through a
pl asma transport tube. <BACKGROUND ART> [ 0002] Normally, it is
known t hat<HBELDODRTHHE ANVRINTHON>M or injecting ions in plasma onto

t he surfa$§ qi a solid material, the solid surface characteristics
are inpro WA filmforned usi ng plasma including netal ions and
nonmetal ions gh 6%&&1%%11&5&%6?&?&%5 h%ﬁsﬁﬂﬂ%r@&ﬁﬁﬁ?bﬁﬁra’f&%ﬁ Cae]?laé?lfla a
solid surface, and it is useful as a protective an optical thin
film and tlaatmeahsphla@ afile If@mnatlon odbne phwe Objemrmdnmwgtedumeplssma n
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structures As a nethod for generating plasma including
netal i on$erawang16wﬁbtsamx|eé issaid plastes, tgnspoting Agid Rlpengliodhsmlasmes hod.
Vacuum ar arge occurring between a
cat hode a%JRg% oé@liﬁﬁe cat télgl?erlaﬁ;é]evaporates from an

exi sting cathode spot of the cat hode surface, and it is plasnma forned
by this vapori zed cat hode material. Also, when a reactive gas is

i ntroduce HOYD-ARERNt al gas, the reactive gas is ionized
sinultane&?ﬁb . An inert gas (so-called noble gas) may be introduced
together wth said reactive gas, and said inert gas can al so be

i nt roduced i nst\badalbj itsjahawaemattbwlbngmgataylﬁmarfsinjoétirgljorhn iplpbasnn onto
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formed using plasma including metal ions and nonmetal ions strengthens the abrasion and

corrosion resistances of a solid surface, and it is useful as a protective film, an optical thin
film, and a transparent electroconductive film among others. In particular, as for carbon
films using carbon plasma, the utility value is high as diamond like carbon films (so-
called DLC films) comprising amorphous mixed crystals of diamond and graphite
structures.

[0003]

As a method for generating plasma including metal ions and nonmetal ions, there
is a vacuum arc plasma method. Vacuum arc plasma is formed by an arc discharge
occurring between a cathode and an anode. The cathode material evaporates from an
existing cathode spot of the cathode surface, and it is plasma formed by this vaporized
cathode material. Also, when a reactive gas is introduced as the environmental gas, the
reactive gas 1s ionized simultaneously. An inert gas (so-called noble gas) may be
introduced together with said reactive gas, and said inert gas can also be infroduced
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
named dr ofld®4$ of size rangi ng fromless than subm cron to several
hundr ed mcrongI %B &L 1000 are also ejected, However, it is
generation of DPYpLL E‘%W ‘Bé‘f& ischarss) ahike samedingg ps VacRun AEeR 1A
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transported to the plasma processing portion through a curved dropl et
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<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[0d7Te cases where electrically charged droplets on which an
el ectric charge has_been given by interactions with plasm 109 were
gui ded to pl ash@Sp# 6@%§1§‘ﬁ%¥f EaRS %f@?awgm’g%é%@@ﬁet tpiag-thape
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of the thin fil'mformation onand the surface reformng of

surface ofretcchideadisi. €berefore, ldeoptlfrteht%@tméerlmsmﬂueamo’&th@n@gmft@d'@ld

A'so ae R R ofRERE pofia? a0 BEELS RultRles, RERLY BRSRiste
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[ 0010] pOl‘thﬂl B]retahﬁezé@ﬁlﬁh&oilﬁbiﬁﬁ bR bhfflesrsdt ap nmb plrasma eﬁcttrimi@gmli film
formati on usi ng of various kinds of materials i s done

L ovemant  of et daehTaer o apness Tt Lo e agas Blsinas  he
snoot hness by ﬁaafeh BhRehes 'J@ﬁbn@%’f‘a‘?&ﬂl%rd—?g n?ﬁ_%opﬁ)qgsmmgecause

the droplet adhesion stron ences t ormation
precision, an inprovenment of the droplet removal efficiency in plasm

gener at i ”gnfso(?fb%'ﬁeﬁﬂ fﬂﬁ‘iﬁi}ﬂ&ff&t 0 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 electrically charged droplets on which an electric
charge has been given by inferactions 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 to 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 stagani ispentvenbabermiing megretic fieldgardrteaplaent iapneecid ifiviernly tb tem

formation hi gh purity.plasma. <MEANS TO VE THE PROBLEMS> [ Q012]
Anong t heplg%/‘Bi‘)P’gFEJgﬁ’@d’@ e i WP’&V?‘&FB%VS?GS S‘ﬁ’@ %‘Ei“%lfmf@ |déﬁgll?ﬁ"t§ marady
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dropl et s edlhdingoeadhsting keibt sirdak|of thelvhiege. beAatedr esul t  of havi ng
st udi ed iﬁ#ﬁﬁﬁively in order to renove these two kinds of droplets,
t he prese vent or di scovered three kinds of effective nethods to

remove said drpphetdeentPMdm]film fonnﬁiﬁ%ohnbf&@r,rfﬁﬁﬂ’éﬁhatf&tlﬁf?@ oPVarious
electrically charged droplets is explained. 1f a difference in the

el ectri c lodesf maeridgissogeut an phpreviement ahthgdiim fomasionpresision isal | y
charged d e f i iven, by the el ectri or ce..hased on
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pl asma t r pacahde thgdidlee edliesion strtvgy Rifledd@s tielfiiyn Bini@ibnipiédsiéd)anpl asma.
Therefore, if the whole plasma transport tube is electrically nade
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separatingﬁﬁ¥§ﬁﬁhﬁggﬁamg&§psport tube fromthe plasma generating

portion an e plasma processing portion, an electric force is not
caused toM@it) el ectrically charged droplets in a plasm transport

tube, and it becones possible.to remove el ectrical|ly charged droplets
by the nethod f%ef%red@?@ii%af b pisarI e 8 o AFASHE DiAFETAG
dropl et s. yfpfantel WicRith ﬁr%@i%lettl%é‘é}ﬁ&%rﬁeuﬁé&mﬁo@%%lefecﬁi@alfﬁhlg%gf the

electric potential, cases where it Is made into an electrica
fl oat ed strapkts(mapedinsgasnaeviehowire aficknty &) a plastha ptocgssngiagpargtugrand

| ectri tential f tsi.d |1 . to. the. pl t port . tube,
Che RN P b IS BTe S AR RR  ie
ponstant;g%g% %%g&potential by nmeans 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 resultmnspohteubaiborh dlid asnpr gepevatiyg portivh endithe lpkasiphk dsovessingps o, tan

tube can be jnproved. As f t he neth ke the electric

pot ent i al GGFIIC RICE BRQ) CaHs toé‘f?é‘ie?le?t?aﬁg'd%?@’fge IRl iama ranspat fube,g
case wher i liectric
ot ing ond k belorfRUBblc Shodt eRbtrionfy Mirged ARl b HetpdBil &1RC! e
at all todesvebehklowdndic mmelnhannezasspoiral droes, Foanukingerpains wdrspora

case where.the in dual | trapnspart tubes are forc

i nt i e st ons it fHE o R Beprc RBR R fasts Wi e Brimedy ity a1 etgcally
power suppl¥ted Stated18n LIREHY Ndbd] s s'myl WithduePeRRHitg dd&Sric lbc&eﬁtnﬁ fiegse of
this constant electric potential state, an electric force does not

act t owar dutgideet all tethe plashatrepstiod tus) adscabes wheee baplasma transgoottube s

tubes, an econes possi bl el ectri.c

cropt et o 110t B TGRSR Lokl R G Rl 5D b NREREH ave bon
descri bedidetidew. [0015] When a bias power supply is attached to
the individual small transport tubes, the electric potential of the
i ndi vi dualO%dh | transport tube can be set to an arbitrary positive
el ectric potengp /@, nd
el ectric poten§|a ,%gmggﬁgk%ﬁggﬁbg&%%hgSﬂﬂ#ﬁqhkﬁkaﬁ e%ﬁﬁﬁﬁﬁ%QH

pot ent i al mudtiplastpacennesnal intmdﬁmmulﬁtmﬁemdﬁf[cﬁlaB@ﬁali tRechispord tibked yanthe

a high potenti and a_ low voltage w.th ange i ncl udi ng t he

posi ti ve, eiﬁﬁ%w%g@ﬁlﬁ%d HRRP S o6 a@P%E‘%f‘?‘it Bt t&sﬂ@ﬁweaipii?e MSBIFS ve
dropl ets gffad] G, 'tl’ftﬁhéﬂat%ﬂ??@%ﬁ? of the ol Iaémﬂi‘éﬁs 6% e, cta.ﬁ%es mal |
transport tubes by 't he el ect force fron1 he adja ent

pot ent i al ithprovérk Alsdor tbcm‘eﬁmdato mekredhe alectan poaniyal oﬁﬁrgandlvxeluellrmrmllet s
are adsorbed ctrically when the electric force js fr t he. |l ow
Dot ent 1 al TR &R GRS b HRETSR St RPE b anderioa elsricnty Ty e
droplets %lé&q@ﬂ@eﬁﬁqglsﬁ&b ktheRSRE A8/ g QR etebelc%tdnt@%&r%ﬁtsm% all to the
renoved. [0016] hird, the renoval nethod of neutral droplets
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magneti c t on th
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is made Immiaubﬂgp@dwbﬁﬁkxdbﬁ@Inaﬂ&fausﬁouﬂtebesbma@%e BEthiY @Jnstdﬁpélécﬁﬂits
do not bend in_the bending portion but instead they advanc

st rai ght | jotentipdytateppn F%@“éﬁﬁ“‘a‘i’%es nahasy ey g clestecally ghaxged fiwéets in the
Speci fica t

advanci ng T bl RREERA SR F s RTINS chodhipa okt b BR TR

t hi s pl astie sste aiaghti ag nevad doiphags Hythe meth®adrsaibedbalewa advanci ng t ube
inclinedléwﬁgganged at a predeterm ned bendi ng angl e conpared to the
first pla dvancing tube, and a third plasm advancing tube
connected in awhRAh HERMOSEr ﬁipprm aftadhed B RO iRINAAR sal HaSpeRMbR) e M
advanci ng tube are set up as a plasma transport tube, the neutral
dropl et s eldsteinpeteatial @i gmm@zvndnaltsmllttnnspﬂet mbfnchnr’ﬂg Spttptan@rtstl anyqokitite

agai nst the wall, surface, .and t her rds hod
ot enove e Paii ¢ Breru B Rk rh BRI Y i EsDi 8B5S po GadiI B
geomet ri cglid Bﬁ@ﬁb@éﬁs@%@l? 1If e el&ftﬂd pferitidlstoTa@@cdht SRS @fms‘ﬁoﬁ haRedre set
bendi ng, inclined i n and reverse-inclined bending is also
suggest edin {\’@fb@ﬂy toa lnghpﬁt@nmleagé atdow Noléaﬁed’rfltmgl Eangh @wﬂttﬂlmg)thﬁmgs@vmy
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was arranged onto a plasma transport tube, the relation between the
adjacent high potential to the low potential, and on contrary, negative droplets are



pl asma processing portion. [0018] A, A2 of FIG 14
respectively shows the case for the plasma transport tube bent in a
T-shape shown in FIG 15, and the case in which the curved plasm
transport tube explained with said magnetic filter method was used.
The r espeatisovieedpasimlly mhos gerdecthicsoerdefron thd kOnpotanttl 38Ohgh The

filmformation . rate jn the T-shaped type plasnmg transport tube of Al
s about  BOBRIEIS L eTaid RIS RTY FBFIRIT G SFeDS HeRHEn by Y
transport wukerte 204 rdgorgout 0. 6nnfsec. It is understood fromthe

above verification that the plasnma transport distance influences the
filmformi@liéh rate. Here, FIG 14 is understood by nmeans of

conversi on for gul nm sec=10 ec. [0019 . A filmformation
rate of great eﬁrH]tr‘%éiﬁe BwYE! %?@é%?grg@[rﬁlsd%ﬁﬂégééss%‘)yosﬁgré?ﬁﬁ%ﬁ%ﬁfra#i | m
format i ondepnek dd A retefe SRcuSRMMEaRset OctoHE ThéP iR anceAh i RhtAhilIer

t he adhered mass of droplets per unit area, less than 50 is

pr ef er abl &efleqting euths Mfﬁbltséff@ﬁ@tﬁssiil%éladtaﬂﬂﬂﬁ tnlgfe.ilﬁ@npla&f@.t@ns;mrt(mﬁh) ,
b | in t i fication.
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it is considered ansp 'S ces

the film beddi®d portiod Bitnstdad they R¥peLRisatiphitdthdyelifdelait beyeRblQIby @ke
can be inproved if _the plasma transport distance by the plasm

t ransport “@alsertacs. SprsHicathsdl a plgemg strajgdlyraguanging fube, ldirstitasmatadeancing
transport ' : : iy of | Ushon by

t he dropl git% g%?@%%%égﬁg?gﬁe V\A&{Ih%iﬁte&af%w&{% th])éfgarsnmﬁ P{ﬁ%lgﬁt}lr"g

veri fi cat adwanciag tilbe, a secembplashy advaheng tubs éndinediy antogedcaapredeteahinad n
a know edgg}dlérpat formn

o kol ede Lt oL e LGl Mok 0 YRE. PLASTR, pdkancl o Lube
advanci nguaieBnRbtel i £6eit hARRE: dt el JRMTShid seEMRTI RhaQavaicR et s
Is prevented nore effectively, and a plasnma treatnent using a
sui t abl e fubknre sst wnas aoplagnze watlspod mbs, thessitial dioperenivaficetsireightly i the
plasma tr R %Igdixggulpoerti(imss, goqﬁéé aGg%?n%t th[e ({J)v%ﬁlsllrface, and are removed. In other words,
a method to remove neutral droplets by making the plasma transport 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 treatment condition (film formation rate) were verified. In
this verification experiment, film formation rates (nm/sec) were determined in film
formation treatments in which plasma irradiation was done for 4 seconds on one
substrate. A substrate with size of 2.51in (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

envi r onmepiasma pplcassing parimisport tube that transports said plasma
gener at ed (i@/ said plasma generating portion, and a plasma processing
portion t 8ii)rocesses an object to be treated by said plasm
supplied from ggi ﬂzrabf@m4&és§eamr shbHQ e Q%E'eg;?&w M bk rp%sgent
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processi ngiskRAks 1sqa4olaﬁﬁarﬁav3@oﬂramaﬁgﬁ sthkbA St BY the mhap%altfba%m
transport tube, and said plasma processi ng1 portion are nutuall'y
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0 anspor t tpiiget 00, B7bot: SRt R ERRIRBRE 2 Rat SR BT

present i meqmsmartms drh@istafceihBldiced ht G FSBehtibd PRe. s MAGPIOEESSI NY
apparatus of said flrst form wherein said plasna transport tube is

di vi ded |HF@?Y%0?51W@PFRSWf@Pm§3ﬁ%W formyladipaysectibivsec. sai d smal |
transport 4 ﬁs are electrically separated from one anot her by

i nt er posi Lg an internedi ate insul ator between nei ghboring said small
transport tubea,ﬁlﬁn[(‘drraancmlmetdf ipreaten tHau @bt 008Nn@Becds hedesaaryfos aindrmsaral |
transport iu e from ot sai gysmal | transport tubes is bl ocked.

[ 0023] OrHEOR ReTKtqrSRg SERIEORFUSIE OSAIFE A I5Q 95 oy theyechered mass
i nsul at or 0;%%&%%& A 19&@%950% BRESHBIBh Q%L%‘dﬁth%flz gﬁ*p[ dﬂ; gflla@y

or second form wherein sard plasma transport tube or sai

of smal |l ©f @nSp(inich), bnesbaus 1000 droplels ded ndieadd iy the stale nerifidadibe When it is
which an electric potential is not applied forcibly. [0024]

The f our t Rorsileraddhatithas ty Rlassen ransnerheiseaca influpnses s dilatformdtionsatpdtisd

type pl as Eggnlee{eﬁ GEY ﬁle’]ﬂnﬁ%ﬁﬁﬁtﬁ%&ﬁtte%gn ﬁginq 10 tftl'% gs%‘?a%ﬂl[s%%{ @r‘stance bCY

wherei n a Bl as power ranspor P EOInee 0 sal
plasma tr mespnmma ttauh]ﬂmmubeﬂmhomfneé,amﬂ ;tsmlfbuﬂdcamsm@mheﬁ theegins@@t t hat
a magni tude, of an el ectric enti al ncl udi ng _ground el ectric
pot egt i al b2 B\Bi‘)‘f [saperely s %ﬁtfalegalt %ﬂ%@%lﬂéﬁéﬁ%&lﬂﬂoa Pibthe grondels incesaggsialong
transport tiybes and a polarity of said electric potential can be
vari ed. [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

gener at i nepigplasine gereoatingi poeionaachnpiadat progesaing pogh thd ptocgeeenabdlgsct

pl asma whjl e bei electrically. insulated fromsaid target, said
pl asma gelndtedsaird byoptl %H@oﬁl}?éﬁﬁi oy elya rapepet W5 B HGIERGr ti on
cont ai ner & BoRBRAeH BhahS&bding Apavanidehh b RAPQSh Mht ARtarting end side
i nter-container insulator between said plasm generating portion

cont ai ner ingwidtos & idtetposerbhetetnevathages groetatiog peing andisaid plsmal trphsperta
eneratin orti.on container ,i,s set. to lectrically floatjng state

oo i ch B e St Frutaeds 8 ngmOsithePucrhstindasys randipr iy fad

power supgHiy plastha RRERINEPortich, hiiBdaad dlblggnat Senetidg F%ﬁﬁ}saiwlﬁmﬁon

portion container so that a magnitude of an electric potentia
(i ncl udi nitbgravdnaid@lasmanrecepvrepnrtion yreampnslyceparated elgcirigalipeso that an

pot ont 1 al g B Rh SR Glacl el B B sl SEhE e nation

i nvent i onon said PRstha §thspbo tubend Bloplagied type pl asma processi ng
apparatus_of any one of said first to fifth forns, wherein a bias
power sup or processing portion is attached to a plasm

Proared oo 1 hh bRt BEhe P RERAANE RS aRI 1 RBBEH i fifma
ground el gotessingpppaats af Jaidfst foed, whersiaisdidpllaanErqprmatisBse glidacd inomn
cont ai ner d a larjty of said electric potential can.be vari ed,
[0027] & plurafye bCsall ranspast Pes saifh el Baashprtivhss Ats eritically separated

i nsul at or fhRtRke Bﬁétﬁé}fﬂyxﬁt%rﬂ%ﬁé%_hﬂé&%ﬁé ﬁgulﬁiﬂpﬁét@&&?n&%hb%ﬁ)ig ong sﬁ’lfag

said first to sixth fonns, wherein said object to be treated”in sail

pl asma prisyspei pepend aoelettsic sftuenee emansdrbidtary saad $nyalf ravapémhtpbs fimte i n
whi ch an ectric tential.is not. applied forcibly, or a bias power
supply fo(?e(h%)lbs]abdcﬁ’m@)@mﬁ‘gpqrﬁgg?selaBﬁ)gk%ft ached so that a nmagnitude of an
el ectric otgntial (including ground electric potential) applied to

said object to be treated and a polarity of said electric potenti al
can be vari ed. Theybpgform of the qugeend inyRetiprfis thea infulateranisiresehitype plaemei on
is the i Or, 1. Of I I f. any
one of sani ey e phPhRLEORER Sl B AN RIS P AORE LB R
tube i s caifplsmtityodf seafllteasporistubesiighi dnyel estiveatio iflogtiigdigte Gowhrataad to
said plas enerating portjqn, first plasma advanci ng tube

connect eoqu‘?ﬂg%lp‘ﬁéﬁfa}ﬁdwgéﬁ’plkegq%r&%&’-pI asma straightly advancing tube,
a second [gbgﬁma advanci ng tube diagonally arranged and connected at a

finishing end of said first plasna advancing tube in a bent manner
wi t h predet er nflreefduitie froinng tangresenthinventioaspthetindutatar ittely@sakivpe plasmaai d

first plasma .advancin ube, a thir | as advanci ng tube connected
15 bntDIHERHEE TP oG Brocpr SRepog DIk e AES BPYETEPBHBhe ng
tube so timbpsitiuBe B @8ABtddto 80 PEHRAGrah M BbPbARER oPld §hanl Aatphet al
length L for said plasnma to arrive fromsaid target surface to said

obj ect t dubss, $q Bat amagitude vl woeleednic potpntid Oinpluding ground Sinetric fotaRiol)
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 adgamaating foutieh dodtainep hadman@latihgh tajdehadbetnates Hladisd whil@bdivg
advanci ng f?gb,e. ['00304‘3 .The tenth form of the present .invention
i s the insleelically insplated fogysaid igezch said plpspiageaaingp aperasentainergnd sad d
ninth for 1 Be 2nF o Ondt S L STl . : i on
roma fubEaange foriaf Lol gt SphEfea IRRially B Enlnguf it 00 oy
sai d t hi r dogghiasnmasidatonbetiveen daidydadnoe genkualieg poties ce@aineoamdratd targeend
of the plasma outlet. side of said first plasma advancing.tube is

defi ned ad™§fehanghRodionsRpipmen faid PLATER BERFTAHISROLIN FRITARE LSS et on
bot t om end]cefrichifes PdtAg Wt intEth & H6etQE pSiahihl tshtiot doplcashRivAd YADS bi2g
tube to a tube cross Section top end of the plasma outlet side of
sai d secondwpl supphy fadiscateinands mnsthiked to seidftirgetdntasch@uge fodd81¢ontainer so Tae

el eventh form of t present invention is the.insulator interppsed
Cype bl as i dinB G Rl G Elind Sl RS pefar rfigh B St
form whetfgd ieldBeip@hofiohl BhidindLART Ahd1NGty FE IS clebificPoRRITA can be varied.
transportation that generates a nagnetic field for plasma

transport 8326h is set up in each of said plasm straightly advancing

tube, said fir i.ng - i.d. n |.as dyanci ng
tube and sai o 1P BERRELER ihvaRon AN R ORRY PRI R ARG

field generoatising appaassbOanydafel il fastsafitth fagrewherefn Lhids powerphpsya
transportation is attached in said first plasnma advanci ng tube and/ or

sai d secoffd FEPAETRE BRTUEMEiatached fea Phivma araseaiieepostionesnmainer det | ect ed
toward a bybe ¢eftEkaiflo fe]g%)télbg &kl SO AR n@ﬁﬁ&é (ffoa%lge%c%(gﬁd?&{t%]:d by

sai d defl ection nagnetic generati ng ans

twel ft h f Gnelndihg ighming ckesertpotantial) bpiedits sdidhplakms proatsing purgspasedher
type pl asma, pracessi.ng ,apparatus _.of said eleventh form wherein said
def | ect i oﬁnch’gﬁﬁ@?tiyd’ffsf%«gIegcﬁjérP«?Flel?lrf&nﬁﬁé{ﬁ‘gedﬁorrpri ses a yoke placed

ar ound an[gpyer circunference of said first plasma advanci ng tube
and/ or sald second plasna advanci ng tube and a nagnetic field coil
wound around sai d yoke, said yoke being adjusted by sliding along the

tube axis diregciion t at | along.the.circunferential direction

and o swi ngi nart tsrh Btk of s Brelf ehvefy G S G55 e Soel Spipliima
t hi rt eent Brobessigbpirifis Bf @5a0He of BME Hirdt @hsikh thhss, WhetHiRdéad objeties pesed
type plasma processi ng apparatus of said eleventh form wherein said

nmagnet i ¢ fPEedingaidar2imaigosrssng peibien i sebiverntaleetiiqelly flaniingstee ipwhisben a

magneti c fiL.el: Wh . [ r h

RNt PSS PRSI Y RE B PG ETES bR

t ube, sai atkabsedthpt anagitady afwi dlectticibetentinh (insladidlg tehound epdcairmtential)

advanci ng t&l.bg. o . . . . :
applied to said object 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



[ 0034] The fourteenth formof the present invention is the

i nsul ator interposed type plasma processing apparatus of said
thirteenth form wherein said magnetic field coil wound around a
outer tube circunference of said second plasma advanci ng tube

conpri ses advamemgdtbes a fliisd Idasrmai ddvanuimgitubé torpictiedlid y bat esnderaai GnGhiings
tube circu a ncl.ination axis

fifteent hefq@r’fﬁﬂ&f ﬁrédo Q? Vapﬂ%ﬁ'ﬁjré%ﬂragﬁtl%@faﬁlﬁgmEéberstqdrfr%r pokg@a
type pl aS%ﬁtl&Hﬁf&%ﬁl R mrm laftha RO G o t
fourteenth forns, wher%ﬂrﬁn a droEaetacoI ectrongsagllatlgtg %ugi}arg&osgldOb o
into a i nlbemreataﬂ)e;saaiblsamfypa@mm(&LéaGﬁOmﬁl said plasma straightly
advanci ng tube, said first plasma advanci ng tube, said second plasm
advanci ng[@@@é, and said third plasm advanci ng tube, an area of sai d
i npl anti ng bei tﬁ?ﬂ . 9 Al

surface area. ?ggg[ng?@'f‘o% otf rerenﬁﬁg%lrt] oh?e %1? r@sﬁ{at??nte ged t&# peias\;ﬁ@

i nvent i on praessigg dppatahatofisaid bighthposedrliey¢in spidascond @le@ﬁﬁ%&*&&ﬁh@mg tube is
apparatus of any one of said eighth to fifteenth forns, wherein sald

second pl & Waﬁg at yBesitioy ofbe stipiehiding of sightelreny aslasme gudetaf seid
said firsp Uﬁ%ﬁ%t vy %ﬁgetidjepﬁaélﬁa §Lﬁfet HBe B sd it @a&ﬂé‘&&‘)ag&né ke,

radi ally red nected to a asmarntro tiron's
starting €HB0df said radially enl arged tube, and said third plasm

dvanci ng tube. ] t a di schar e al. | re ced tube
go\rlrﬁeclt eg t ch) a bs @ﬁ’af %ﬁ??ﬁl&rpg%g'%ﬁ i) IPH?I ﬂ agIFPéi “3 Emeaarsgrq y
enl ar ged E)fbt&@sshng[a?g 1!.13 of said m-m?foﬁﬁvﬁﬂéigﬁmﬂmf ®f H‘sﬁﬁsﬁ%@ hBl &% &ile of

inventionis t ator I nter posed type p [ asima processi ng

appar at us elelatiomyfraan e nitfe cB@sis dectiog Irdﬁwexido)fswplm éhtfa@EdFort mmm tl':hrd
rectifi catr on magnetic field generating neans for converging
rectifyi n§lasWaedvaReingithy te lart@@tqf‘b?ﬁ Sﬁcnﬁpé?gﬁ‘é}ns@élﬁéémeﬂﬁéﬁlaroéﬂetfsﬂﬁﬁf%ﬁd

second pl g?ﬁ gﬂxgﬁ%&lgﬁ 9s hmdad %fc(]? 4 RIR AQNAN Chnrg 1l e(frges

and/or a on OScrlTatt on magne genera i ng réh

def | ect i ngeclibA boEdih bhd@bf the pRsing o@meﬁm@ ofkdi@ alid fladnLARERISEGbE Wﬂube
direction is/are installed in a connecting section between said

second pl s®auscsdemiericnd of Uiselaama oyletdidenifisaid peepsdwlastmadcaneipettutireis
[0038] defined as @
0-

[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



The eighteenth formof the present invention is the insulator
i nterposed type plasma processing apparatus of said fifteenth form
wherein said droplet collecting plate inplanted into said second
pl asma advancing tube is electrically shielded froma tube wall of
said seco Iplhspﬂaaﬂmchli\talfmdmg)rfsmb 8ecod pladmRiad Sanieigttalgeandpihagrtic @8ld

i voltage tq said droplet collecting plate is

f
i n?'? ZI I Ce)(rtl 033?86% gm%‘l‘?lsa?‘?ﬂ"ﬂ@ FRich ekedising spwstaddyy sidmgpiangdhe tubﬁ\?’é‘ﬁtl on
i's the i ngybatdr it gag?%‘%ﬁle v f@%@ﬁa;mre tﬁﬁeﬁﬁ/&ggﬂ%?l%r 4 aper L

one of said eighth t ht eent erein on

whose i nstsisldacetam. positi on can be varied along a tube axis direction
are arranE@g,jiénsi de sai d second plasnma advanci ng tube, and said
aperture n opening of a predeterm ned area. <EFFECTS OF THE

| NVENTI ON> [ 0049k thirteenth 86 OF HePPedett 15@&1&{)}1 'issﬁw SRR intkpEsddt
invention, by interposing a starting end de 1 nsul ator betwee sal d
pl asma ge plsae| iprepeprang dpparabin @f sad dleperdk ﬁmrt, wansposaid magretic ek

|nterp03|n aflnlshl e insul ator . between )
transpor t Ppustaing oSt R pfie et Gher BER FiEPrisgs  Fianeek Ul FriE T 8ond around
el ectri cabn biideRBB eRAGE ctehc@s HatlY sﬂsaliu/plﬁﬁhﬁist%g%ﬁmdgﬁﬁﬁf@ﬁb@ Qaid first
port| on, said plasna transport tube, and said plasma processing

portion. Rlsmaadencing tehe, saidascond piasma adroeing hbm andisdidghisd plasma
generatingy mE{n?%%b and said plasma processing portion toward the

pl asma transpor fbe is conpl etely bl ocked, the plasma transport

t ube that [0084psual |y forned from a netal becorres constant in terns of

the electric [s%gt ntial as a whole, and an el ectric potenti al

di fference doedDfuriesnta formpfithepisent iyertions fisrinswaiprantemosedivee t her e
is no ele | n
oo, oL AR RELSI Pt (PCRSE A BLECUALER o 95 O
gener at edwoBet arosad e betet tube alrduynfelracgeiaill epéret fasarsedoascing/obe of

charged particles, an el ri.cal forgce.dges no on electri aII
char ged dFYPPEEs 3pegel ’fif‘g‘ﬁrﬁmfwamdgﬂﬁ?ﬂ BaqHR0 S OHET e Caruierened
potenti al a}@hﬁhﬁmcﬁﬁﬁlcﬁq@{sef ore electrically charged droplets can be
handl ed in the same nanner as neutral droplets. Therefore, by neans
of the ged®8lic renmoval method of neutral droplets descri bed beI ow
it becones pos ele ricall ed dr.o ts to b

together with ?gghﬁe({nﬁ{f % %efl%ngﬂ's RS 1 H%Sﬁta U CPREF YR Sma
t ranspor t plodeeingBepaume oﬂinytdﬂes)f sdil @i ghttad Mourtde bl fb ek, wherdirt Q@ro@ie@s ma

transport tube becones @gh purity plasma from whi ch neutral
dropl et s %H@CW%EIE‘W%@PHIW aieiangr upe wel swidire obeach of smdwlmBy t he

neutral dgop I I
hi gh puri %ty %ﬁgﬁggﬁﬁ'@g{gﬁ% n{ﬂatﬂﬁt gﬁ%gg%}cg[g tﬁ]f%\%\/%& C%Ihh ggasrglgt% a%,cgl
treated itbe mﬂdphlds}md plagsesbiangng arbe] anared 4| 1mplantm§\baﬁg digager tian
t he second for he present invention, because said plasnma
transport® 11?51{-}@“}’27 cf?fa&éﬁflqrﬂiq@%aﬁ]a? Fftaf"?ﬁﬁ%port tubes of multiple
steps by [m® of an intermediate insulator, the small transport

tubes becone el ectrically independent from one another, and an
el ectrical i nfToesigeentlfmmdbichepresat Inventaomsip Gretintuldder ihteqpostedigpe phasina

remai ni ng_snall trans t ubes .ca O co rse, the ol e
o e, o spufReingrbRRRES bl ank PhE D Al cibfindh Bl Sith Srea PR seldreced

i nsul at orplagfla &d\@n&h@hﬁa@h%tﬁ’@ﬁ’s StadflllyRAMMRH ibe §@@E£§ﬂ§1a%§§@%ncmg
generatl ng portion and the pllasma processing portion,

el ect ri caltb¢ st it isomm istredustion sideeadiatiy|rpduce h:bp@mnemﬁé@apbsmﬁpr oved

even nore f i nd
transport trgé&élggrgléjersfgaﬁn el%ﬁ%%?d raéﬁ@n ﬁ%gﬁdr@? ég? B’é‘t éﬁ?spbal an
el ect ri caddvhadingnibewesechiehecdisihaslel syleahdine ebddedantied cbnhéctéw&) aqai@srrﬁaed

at all |n each spml | transport tube, and it becones possible for
discharge side finishing end of said radially enlarged tube.
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According to the third formof the present invention, a bias power
supply is not connected at all to said plasma transport tube or said
multiple small transport tubes, and it becones an electric floating
state in which an electric potential is not provided forcibly The
plasma traocyprt tube and the divided snmall transport tubes are netal
tubes, and if a_ bias power supply is not connected, the whole of the
netal tube is rB@ecvEBtegnth &gt gt?fge Breget frventiyy is the insulatppintereased tpe
charge is he 1nsu ator and
PRk gmc%&t@d@ B o P iR R i gom Wakte |2

an el ectr asna

the smal | rédtlﬁnapmrmagnaﬁxeﬁeld Becaaas Iﬁéants mr&onté?gtngﬁh@i'ectlQ.b@@m&tkﬁ?@lhﬂg
rt tube or the small transport tubes are naintained

the pl as transp

to a conrsrggﬁ‘tﬁoé‘l sactsyh shrRlis O?h@‘%schn%ﬂa%%éd"iaﬁmﬁﬂﬁﬂﬁt%tﬁ'dld third
el ectric fnfh@ﬁt@%dt/a%dn@t@feta?ﬂloﬁﬁ(aeh@dtﬂbn oQflarfd rn‘?a @tl?ﬁ@@%@ﬁ&b m&i?‘l%?o
in which a charge injection fromair into t ubes 1's mssuned
Then, el edtfl¢ating hat wﬂlaang sdidplreme diréant m 4 d:ressrsetta:lnat dibtioh iart hetalled
electric char es _onl di stributed thr out t he tal  tub
surface by ?ﬁ(g“ﬁe%t %‘Ftt%‘cqf’g? spdistnnd plasma %ﬂgd“‘e%rrg%sd thgﬂélasma
t her ef oreag@nmgtﬁ&rral n wthin the netal tube As a result, even

w t hout bringing up Gauss's theory of el ectronagnetism it is obvious
that the el®éiric potentlal of the netal tube surface becones

constant. Thergfor.e St for t he . saj d

transport tube%ge%lgwg%nrh&i ﬁ,{@e Pfﬁst‘% PIOR IR eét‘%‘iatt?’il teﬁ%ﬁ%&ﬂ’ﬂ’ﬁl
and in t helas@e pridedsDiphppiras vhedi@fiftendafodmwhéreRl selcﬁﬁﬁbtlet ddlREERY1Ate
t ubes becones constant In termof the electric potential . Because of

this, an Enplanted oite sideecprd platmesdueneing sibeds deatrivailyishieldstraged tube wall
dropl ets i.t. becone e
ol et BENANELR IR AL LSS RISkl iR LRSS E R SRR
t he pl asmabias aokgpend sdidbeptet colketisgplate it fefaflpdrt tubes, in the sane
manner asgﬂgﬁiral droplets. [0043] According to the fourth form
of the pr invention, because a bias power supply for transport
path is Connec'tl"ﬁudmh&eéﬁiit ﬂ)rHllcﬁft S APEREHontiV AR idul &%Hti Fﬂosécﬂ smal |
transport tubes, said asrrat ansport tube or sal tra port
tubes wil pfahaweroaeqsmgdppzeam nEzhyainectf said epphthetnteighteehthaforms v\t}reﬁam deglor
forcibly by the bias ower Sai d bi as, power supply rovi de
a vari abl E%ﬁo%ﬂettrt‘?éw& %ec‘f‘?tfdia%ggtpéﬂtlf’%?anl%?‘@é‘re alorg aﬁ@%aq"i‘ re@F e ¢
pot ent i al arripe@Naide 9510 UBENE pB&inal@vARIR A bAd sd?@ aﬂé?&réﬁh% aﬂ%@}aﬂ% Bfa
range of the positive electric potential, 0-50 Is desira

as for theredgipiniptdareange of the negative el ectrl c potential, 0 to
-50(V) is desirable. The choice of any one of a positive el ectri C
potential, a negative electric potential, or GND is chosen by the
density O&EFFE(msapFimmmmmm:t he plasma processing portion, and
t he rermvéal efficiency of the electrically charged droplets. Also,

t he adj ustP8tk of the magni t ude of the positive electric potenti al
and the nagnity AV, n

said plasm deng(‘?)r&B%{Ogﬁsal rerr%\}g% % |fchlvgr(r31[§:0§f\l %#’ﬂ-[t?tllggsqql%g? Fulttg‘ eBX

char ged dsidgpinetlstor H'étweerma&b‘pia:{mi parerdtiap pbriondnd k&t plasma u@ﬁgﬁrﬂfph@d @nd
said pl as transp t]-%t}EUbe i.s not divided, setting said F@asm&

transport' eﬁlff@rtgr‘?‘ Eeidsideinpuatpy Retypenpsait plasng Banseots fubeppg said
otenti al

anent Ior flgﬁltrll t@éaéﬁiq\r\gaelhﬂogaé?d g‘lgtg%rrgc ?ircg%g% r?&?@%)gs E}Cgfég?(ﬂ;d Z&l{)lasma

two, set tgangratihe pertiah,|saidraspdransparbmbeing Raild plasmapradessipg portion. As a
eneratin rtion.to smal |, tr rt tube

SRR L5 b0k Sufinte o S s e R s L Bty

resul t, asdcdshag pheibs tdveard SaealAratkbdh ﬁlB@lS%H’ﬁﬂéta? Biked ¥ 1Rma

current ly in operation. Because these favorable con |gurat| ons depend
transport tube that is usually formed from a metal becomes constant in terms of the
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According to the fifth' formof the present invention, an arbitrary
bias electric potential can be provided by electrically insulating
the plasna generating portion container and the target exchange
portion container by the inter-container insulator, setting said
pl asma geskt@icipdgEnHal dsiaGfhold) Bhdhmelectiid paRned @efdrbite ldb8aldt RGsEh S
and attachjng the bias power supply for container to said target
exchange PBFIRFANPOHEES Becaugqibaredane elsrizis patgtislaliBerems, poelestnenl force,
cont ai ner ] : 2CH. ki ' te .sai. | asma

bhsed Pfileldcfic t&!tlglcélﬁ%;'%ngé, %@%a'rcﬁ] ghaﬁead gL éﬁ%@éﬂ Clg pﬁt Cgffleﬁani1 %@ﬁg@

generating portion contal ner does’not exer

to the gerkecwicaly ¢Haggedulropatslariclhac agheand cleirged peficléd en pleatsiod fhke U not
pl asma transgoeﬁt tuﬁe can%jlb(ia carried out snoothly. Also, a variable
é) t ,1'0

posi tive BFEREIGEIBOY Eheed droplelsin p alspaa epwertvibednacrpstantslckist i al
or GND capoipkem, %ﬂﬂm&&f&@bﬂcth%gﬁéha 6 RANEGs D 1%& rﬂaﬂgﬁ% fle5he and
an optimum setting of the plasm processing "apparatus becones

possi bl e. manngrfae newiral drpleys. Fpechitre, by necepe of the meoragtat edmovahdethadiofe of

G\D is favorabl,e fromthe.pojnt.of view of safety, but because jt
depends of*Y# d‘@?%&?(ﬁs@'ﬂ}egfgef&%ltg COIpRE m%blszﬁéﬁg%ﬁiwcﬁ%rﬂﬂ droplssiie |
ot her bi ape fhnftd tdpett Rk h&ltga@@ﬁjp%‘sswﬁﬂ@a@!aﬁcgn@ﬂﬁ&i |tRe ](J:ll-agﬁélé sport

According to the sixth formof the present invention, because t
bi as powetibgUpgsayserd thip tepsgnnsyppbed from theplatmathedott tbebecqphasrtagh

processin rtion nt ai ner .t hat co dates said | e to be

[ eat od, Porty plasfR GBI Rt ShoelET PRl Porre Blobaiode Bl 1
pot ent i al refrioved byliegheatrgrdvsiilel reheedl kirGetp@! sattyahs 1A e pROLATA Hidh Of
the electric potential provided to said iasqa processi ng portion
cont ai ner Py phsma ieatmsptistage pessile foveardan epiestdd be treated ingbe plasma
negative glgg&gigl%g,om&?nti al, or G\ND can be provided to said plasm
processi ng portron container, and it becones possible to set
opti mal | y[OOKE] pl asma processing apparatus. In the currently operating

experiment system .the choice, qof D is favorable fromthe point of
vi ew of safet yg‘cmlnﬁ&éﬁéﬁc‘l@ ?‘ﬁ@%ﬁ%l’ﬁﬁﬁq Hecrligie beqeusn wid Rlevmace and

the experfRpetube Wi RBIRRS ' ] ' i gns
are al so _posg? bl e. [01047] sméll %%B%ﬁsg%gﬁ%ﬁg%sﬁ%%?ﬁ%é? ?nFo t he
present iinteemediste insubditel, thbpmell traspod ttbres hteming electdcallyphdeperdent from one

Bt achs ngefhisnd &n SRR 8 iang i dperta gyttt 8 cagt e puer 7
magni t uderefhinitpesnedl E@drshéit RBELEHITRIbIEIKBE BitionEse 9O Whd1ca) 1okt %—hagl t
e (0]

potential) and the polarity of the electric potential provi
sai d obj dEanspast Wbey is énpulatpddwithe etariagicnd sifle instilatorahe theafirtishing eldeoder i ¢

tential; | i ' ject. t treated, a.variabl
oot ve it S s BhleRRE B kioh ang i iRBl Boecdhiv horfBhvammiehen
or GND cadediécat eslation sintd of theReriNRasRRSEbE S irkiros&l cveR i dFattaM tid st

plasma processing. In the currently operating experjinment system it

i s favor dBIMR AoA eyt ithe individyakynaglt transport (abes gamangaised foe cigtantbestlis e
it depen i i L .

envi ook nak pERERER BREN R SLERARPChh il FURES LR Rsd sty
[0048]  each srAdltwarspong titbe, drfdet iedcghiel pdsaibie fot elebieicpitesantedidivat tohe
the plasma _generatjng apparatus is offered in which said plasm

t ranspor trelflglﬁegleqr@y h% 258‘5"5‘3“? ﬁer%o‘lﬁ‘gﬁfucﬁﬁﬁd’é fhe; spmeppapgeisisqgaisal groplets.

pl asma stpgdght |y advanci ng tube connected to said plasna generating
portion, a first plasma advanci ng tube connected in a bent manner to
sai d pl asma stAcgprging tp thaithird domyof the present Srecotich, plbaspawad wupphi isgot ube

di | d t ed t he f.i,ni shi d of i.d first
ol o avaRel AP ER SRUEE RS hadloe st e Suel e encrie
angl e W cdapaedic iokink slae iaXHctdn dadtde potedial B 3 PR vAM FRCIHRY

tube, and_a third plasma advanci ng tube connected in a bent manner to
The plasma transport tube and the divided small transport tubes are metal tubes, and if a
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filmformation rate can be inproved by shortening the plasna
transport distance of the plasma advancing path furthernore than the
conventional T-type plasma advanci ng paths and curved pl asma

advanci ng paths. Mreover, not merely the straightly advancing

pat hway i $iasipoweesvpgly ibuot coeuectei thdn@mﬂeechfsthamtaﬂ ere vexdadi tglal cy)nstant

ot hy. ElFTRAPIRBRE KBREEFE chaier i kAo BPORet Lidy Beoareg oy ed

hi ghl'y ef fisaia@itdnd ahxae%ﬁidi:hg@era%&sm& eﬁl‘%ﬁmﬁ&%ﬁs&yu&{aso&%% G4 Rt P
of the first to seventh fornms, and hi purity plasnma that can

real i ze afranspprtdvkeseprcande of i, eth@mﬁab@tbwh ps theipddson tmlspfoﬂl tnbe or the

formati on a s can be | as.nma
advanc ng Tap g ik AnmR-GERE Bty clssige ol BRETE Roeltn
inclinati Mﬂch Akt OfHatleSs Tgdetdactdh aie KRE hwleeNhideneaba lcBsedh which a
inclinati on is large, but the filmformation rate to the surface of
the obj ec€harse icctipr Fpmpiviakr bhagwil pbeaisassunes. Fhens plgctaie sBarges are

decr eases t

ir opt ot o e hEmbral HBE bk O RO Crfleds By MBMRE sl buionghouy
to the sutfeangalatibd fuefacbbetie rémldie: for@dicatecfiaRs clbatic deeslparl theeitse
the decrease in the plasm densjty is small. Therefore, said angle of

i ncl i nat i 8feHRTEE "&‘ﬁBgél’r? THEAY RS- lAétaéFF;Pltf P Withou; iingingwp Garsiedheorne
filmfor [

Sai d bent oo T enp A LE oy B AGe Lk atie JoRRI AT ehifithog surtace
pl fag ma st b(e;aog‘lrm Icgms&drg et adgre; ?b?a ﬁzsafoadnf hhe §:§oiﬂ caf$ala1| pdaatmrtmg:gart tbe,

said seco asnma, advanci n u and sai a a c qg
ube 1< CBifoTIeS SO HEARTR BL g celierPoreana B 1 B arcon e r
conpri sedsRy nRB§i1d iRAli Rshshhe mueglbé&xhﬁg cEHisPRA 1 R SPAbIRLI potdABal]
According to the ninth formof the present invention, said second

pl asma adBasrisaef thishan ¢lectnt freaiis gebenstted clablleytrsaall)t chh@rg@d drapleshadmeaying
bl ane. ac e st obeerio® H occh@ R betFiR GRo Bt beThosty e s, pefole
advanci ngby dlgeom&EAE stuscture bE tHdpdihRlttnkRek tabé of the mnamﬁnsfpbﬁ%beel B SRR
advanci ng tube are not exhausted directly fromthe plasma outlet of
sai d thi r 8 R3RAET aHveTe] frgrielthe, but instead they collide with the
pat hway i wal | and are adhered and renpved in said bent pathway
process o t?]]ree stages, the droplets adhering to the object to be
treated can beAtardiekyo thedowtdformndtte ppésasninvintieal feemise AdiR RS/ er

R gnl y. of FirelSeE iisport balh i EGmsgied i saoh Pa FEIPYAOF 45 HE DU PHACTH
hi ghly ef

e R S S S R S L S
i nser t i ngpdepinynételediae potsited thart 1ssmo\dd<zmﬁoemblwédylthshia§ jprveer supply. Said
Furt her e, while i nt ai ni 0Si. rel ationship between
The out 1 ebiespoMetrefp iR idE iy BaR R AGH Y e B el Ry ch e
surface, @edtfepbteitidlGoriGlB @:@dﬁ@éle@nd%ﬂeﬁﬁau) Y B k/hﬁéwlé)ﬁn%@@ﬁhéom d

be install ed between the second plasnma advanci ng tube and t hird
pl asma adrestbiereiectrismtentiak 8-501(V) hedepirale.fapd s dershe V&r@bleb@llmfﬂp@%l]

Accor di G, 4,9t G A SOPReARITD Bsh(RS iPHERRAL. HRNEBICE SFany reor fositive

satisfie
electric potential, a negative electric potential, or GND is chosen by the density of the

supplied plasma to the plasma processing portion, and the removal efficiency of the
electrically charged droplets. Also, the adjustment of the magnitude of the positive
electric potential and the magnitude of the negative electric potential is done too by said

plasma density and said removal efficiency of the electrically charged droplets. The
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the angle of elevation fromthe tube cross section top end of the

pl asma entrance port side of said third plasma advancing tube to the
tube cross section bottomend of the plasnma outlet side of said first
pl asma advancing tube is defined as ?, and the angle of elevation
fromthe prdentemeamr &ant iden ihotdse whefkbaldlplishe: tRindSdTRLBE Y & dBjidid, Of
said third plasma advancing tube to the tube cross section top end of
the plas rrﬁetgfﬂﬂ $ad plasrpatryispath fubed e Algctpranfpating slatei (Rigs eleplaicipgtential

defined as..29,..: i } i can
be. pl acea StPROES T EBelneh U5 fyvEfbfs, TRERRCPLARD: ARKARG: Mk HiE

pl asma ouplaema abnspaitduliclis didided as tveo, aetviag thersgatl waesgont tibewhichsngear the
outlet side of said first plasma_advancj tube. Therefore, for

exanpl e, PRSRAERRETHMEIOTIOR tg -H BT Opah mst{gg gipall Fpasgod fugexhiplyls near the
conpri sed j Cﬁ@@?' j at nan
can be regg¥?g ﬂ?ﬁg&ilcﬁﬂgfgplet “&Egggﬂ%ﬁ?@%%ﬁ%ggﬁﬁ?gﬁgﬁﬂg%%gﬁ&@{&@
advanci ngexpeigneatad systam dirready iy opecktans Bechubsthededapirals rmonfiguraions f

said thir | asma advanci n be, and. a plasma treatnent using hi
oty ol Qe EPOH e ) dante AR{bE SRt IRginb B o Jhere con el be
ef fici ent hihePsiaOABSiPPSSAtH Besigns. AS expl ai ned above, needless to
say, the outlet of said third plasma advanci ng tube may be connected
directly {®4the outer wall surface of the plasma processing portion
descri bed bel o r.it be.positioned by inserti deeply in.the
‘e de of sai aftailiors R iy SR cROR oL i PRGEACH £ Bl ok 5«
rectifyingiab pb@eﬁﬁﬁ%l@,rthapﬁﬁﬁh BEpdsiVeseiiditglid @pelladd@deiipldsiketransport

i nstal |l ed between the second Plasna_advan0|ng tube and the third

pl asma adeRisinayincipsees, grdhefilm formajien wiindRe plasnprogessipgPOHIoNor m of
the prese i i i j | | asma
{1 anbpor t LGRS Hap i tbf EplRALekbEnd) & S ARRE) Bl IEARA itk of

t ranspor t d¢dremse, ahid sted anunt of drapletsai theafongel filsnendst to dngéesk yOmchoamany, ng
tube, said first plasma advancing tupe, said second plaspa advanci
tube, and"&&} anﬁgﬁtlwaelg?%g&ate dlanrienied Hb@? fr@wmév%eém S%\ﬁ%éﬂ?}ﬂﬁ
field gen | ectd i i I f | asma
LT ansport B B B e e e o
sai d secotig depesiten rathin fei phagntayivesessing portien peaeases. $loveann, ite rawbvadct ed

toward the.t ub ter. side by, the, deflecti ic field .
Comar o eqsistegty G Al Rt daBierTendap irihare RS s mianh & dropletsin o
of this, {ReohadeRiIB0eAR tbe@tassalltbréeBRNbIGs b BlvelsE 8dlatIndsoiPeen the film
transportation at the connectlgg section of said first plasma

advanci ngfanmeboraraty and theumbs 06 At pptadapasited va A dormpdifilme Alsoheasey exist o
say, the b i i | L I = e

trong at "PR T uiThet Qe AE SRRt AR m BRNGR i ReRalr Rl o
of sai d nagaetheclepdsitich raRideceaes,mag nigd filtn fonhitbnpénefatobainih®s pl asma
transportation, is deflected and adjusted by said deflectiaon nagnetic
field, theregptgapnedilgtysknessdngrersgs. tdetefae.tpptispaeth fhe deppsiion rafermd

pl asma depsi i Lgh ; j i
Genal Ty, R chdpitehuABLL Al SRR AU T ERIY URLER BB o
to the twplofided bythn nés gdver pumgse Because efithisohy divading thefplasotal teansport tube

magnetic field nerating neans conpr.i ses . a yok l.aced around.the
outer ci rioimRUHHCEn A raSpat ROPS AN PSR SR Bk Tirgrs BREnaAaf srehsiiel
second pl aBoRAMRMGIRAIY #BEcRAND (BsTHE REdakiSHy Holl Ble G0 foMRARY rAE QD Ehe
sai d yoke, said yoke bei'ng adjusted by sliding along the tube axis
di r ect i ongroplet anmbgey dahsitygThdrmorsi th@umméer@fﬂpal*&tiom inencadesythe eastit ozid

SW ngi ng t rd the tube axis direction. Because of this, a
cancellat?@@? 4HYEOREY er ogenei ty of said magnetic field for plasmm

transportmioygn can be attenpted by doing a fine adjustment by said

defl ection magnetic field through the novenent of a said yoke, and an
According to the fifth form of the present invention, an arbitrary bias electric
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[ 0054] According to the thirteenth formof the present
invention, said magnetic field generating neans for plasm
transportation conprises a magnetic field coil wound around the outer
tube circunference of each of said plasnma straightly advanci ng tube,
sai d firspotphtts oah davidedby tlelidcal3dhell sgahelplpbas peneptivaneitivog t ube,
and said third plasm advanci ng tube. Because of this, the plasm

t r anspor t CYinesapd &Re target srehaEE #OKIPn ganfaingt by edalerconinainslatere d

St ages. - and AR Ll e b RO el iR clecttoa MYl S
pur : t %/ pl ﬁ]srbiaas?_em?mllagom i:cbitm'x;gr[t@ﬁt?&}argelt exchAhgﬂp&ﬁbﬂcc:m?pﬁ‘t Wef: 'sa‘ttid
Coi or netic fie eneration faor SMa fransportatjaon is se

up int he&g%%g?é’%ﬁ% pﬁﬂgjé’r?ﬁf“ﬁ@\?’_élﬁé?ﬁﬁ aﬁﬁ%&?’@)ﬁwlﬂ%&ﬁ'& ﬁaﬁ{ %Ia%’ilar cul ar
shape al opgetdifig f¥iRDnbndaliet 408 hbO0Kkertan SRR A1 MRAEHE e e BeMbhipl the
coil is not wound near the connecting portion wth another tube, an

u P ]tcayen rraglngm,@mﬁ ﬂ@lhadvmfs:ememdlfcﬂmj?lzm th@lglﬁd;m? trmls:m}anfaﬁ@?m be car;'iectl )

ef ficienc ro erefor. according.to the fourteenth.forma e
o esent | TUGHOPIAY: e YRS Pt sleatieienigb A E DL e e
tube cir C%mﬁxﬁ{aﬁr@)@ &NID caPbelp5eiaedeh daldaaRmt @&Mﬁ«ggélﬁaﬁidntﬂaﬁtaﬁﬁﬂﬁha 8gs the
magnetic field coil wound elliptically  around the outer tube

ci r cunf er @nteura sene ohide plasmp pecesingapparatusbeenines nofsiblpily the tiwreptins ma
transport_effjci IS LB Wi { [ ' n.uneven.nagnetic
1613 by %eﬁ%{: R f%t;;ﬁﬁ“ﬁf*qﬁ%ﬁ%i' LR ﬁlre%ao%

of sal seg¢anbupbaans iadepands dig i e dyvivd expe faNg Sal
gap, and a plasma treatnent with the use of high density and high
purity pl @¥HRNBERABE Hasdrpriepotprighdysians are Asepesiiblty to the
f|fteenthgb96n1of the present invention, the droplet collecting
plates are inmplanted into the inner tube wall surface of each of said
pl asma st rai ghAtoprdidg anibe nixth fobe of dwipdeskntristerploastveasd dartdangweanbe,

sai d second pl.asma advanci.ng .t ube nd said third pl asna advanci
Cube, t heBPRAOBPTOSSHEPARICH it FRGReSED e lRag BroceeEs PERIoB GORIMED Hh 06
of the i np@smhléBSe¥alid oBUEtG 68 HBdtER it (}?ﬁ@s@ﬂﬁ@toqfar} Begy tf&ciﬁégtnﬁgﬁé"&f the

droplets can be adhered "and collected In a |arge quantity an _
reliably dsctiiqpoterisl Aigclhuiingdrevpindtelestiivamitontiab and degotarignof the eleetricube

for plasnma. advanci ath, and a high purity of.th | asma _st.ream can
be. r balt AN bE e R el prBdhn Bhofl Fe BrfichcoRlinier o PsffiEap Sk atuae
present igieital, Qvari@tle deGeioo Bléctil p61EAL AJHAGINDNGN b PRovided 96 5aill PlagiHia
radially enlarged tube, said first plasma_advancing tube is set up as
an i nt r odietISHAL HPHEN CARREET, Pn¢ ik Beeosips asreble nseb epladalbothe RlasPRasm

i ntroductj, ' i e j Jbe .
sai d thi G Sop a1 hetitely GRLAEREh A S ARl 08
radi al | y faesusledrohuthe poonoéeieedfsafetyhisut peamsait dieseliang thesxférimental
finishing,end of said radially enlarged tube. Because of this, the

pl asma st $¥EmING thesarneagentak Gvsanpen Liheyias eleptug priential drsians avp sy d

i ntroductipypgi de radially reduced tube is diffused by the effect of
di anet er i ncrease of said plasma advancing path by said radially

enl arged [004H. Because the droplets mxed with the plasma diffuse

i nt idradiglly.. dt by.t he diffusi f. this, pl _
Stream. ¢ hey. coiopHdiEE o bRST Rt IRREYE haprcSte inon Gaiciebicy: Bikaitgied in
t ube, andsaﬁﬁﬁas?ﬂﬂ}%bé‘é@siﬁ? dofih nestRdet tedaﬁfelecma&ihg stBlcASIBY AfatBATHeN

said radiall'y enl'arged tube is éxhausted, the droplets scattered

t owar d t Huassower sepfilafdrpbient tabg datedshe imagrifudgalf theslectigpoteritiab
collide with the ste rtion and are adhered.and iis cqll.ected. t he
o et o ieheiCaLRPBRhe pARER R e PR SE R el BB RS RRY o

di schar gesahi dlgect aheatkdayed @ be @ ariddupely. Iitknah igs #leottit p&eial isiRovided to

droplets can be prevented w thout themrejoining the plasma stream
said object to be treated, a variable positive electric potential, a variable negative electric
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removed efficiently in the tube pathway of said first plasm
advanci ng tube, said second plasma advancing tube, and said third

pl asma advanci ng tube. Also, if the central axes of the radially

enl arged tube and the introduction side radially reduced tube and/ or
the di schpogstial] sleGNBaRbb Yhdsesluae o BeubifeicsibRAS s@GpamallY theWldshaut
aligning them the droplets becone easier to separate fromthe plasm
stream aRiPcesing Hptha cararlyoperagpg exretigieapystesn, itie faaambls tevelit irdine.
Mor eover, I ' ' I [ nd
cheaply | CRFisaR SbubBIRN BE: ROG KL AC5AM: 08 R B SR B
advanci ng epadrimenkdl ehvigmmene ptlichBias dleti@ic potchi4l idespis 46 eeo posiblaf film
formation és bnproved by using the high purity plasm obtained by the
inprovenehcmé the droplets renoval efficiency, and the uniformty of

t he surface ref i t dﬂ?} i : . f .0bj ect
to be treated ? gﬁépgg%it%eoe\r/%éﬂ ?r{ar e(ﬁl éyl.grg%egg%]gf%ﬁ%gigag%@&eégﬁt} t he
sevent eenappdranmsofifetdden phedeatd flasweritinepurt tobe BUsmpbbeeia adest masesin
where a pl,as stream neanders. and di.ffuses at the copnectin ortion
At Uhe. endiEt pgrs oL APTR ST HEb! Yvase S Cullgit G LR B g
tube withpsadod, 4 st flafthARVAn@HY ABE cBhdctélsh a BeR hdSAB: he&HIfAY t ube
may be arranged at the outlet of said second plasma advanci ng tube,

and a r ecstrfigltht adyancvegjmbe.iacseting| dasgarpdy andingiubediagortalizarrengedendes

and rectifies the plasnp streamfofrcCi at . the outer. circunferen

of “this pradnster g e AHRRyE DS B G FEL lotpf B G S i SR e R o
nmagneti ¢ hiedb@rmimed pedirgChnpl Wilterebhets thth tub¥ @kision 6hid ifiF® §lakMA ad¥dhGin

pl asma streamthat had been neandering or diffusing may be advance

whi | e f or 81bs1 dndeothiyd plspng advansiag tEie coppeciRgi in g bantgaanepdouthe finiskiag end
deflectio ' | ' ctilfving
tube, - andUby Lo bRind dn dhe hBE <Fulat iRt SuRLABM Roma il
gener at or ogtidiadnditstal lenghY, fraan yhekergeioiuktheeth thdebjedttebe geatalivkerne pariof
said deflection/oscillation tube, a deflection/oscillation magnetic

field t haPOYawsl&1880mpme Fyrthasmareip detaitsisaittengtiyhis defined ps the iyl length

toward th [ QSS_secti o iregtion of the insi of .th .
def | ect i ofFL5aNs Tt Ppis # 50 T s e e S0 S epl Pl prighty
and osci | hata@eingfuteolehgthe dféid first gmOidvasdih®fibe, (1EMEh TL QS theSBESION
X-axis direction) and the up-down directions (the cross section

Y-axi s di Pleemp adyancing hecisneth [gadshethird plasme advaneimgsnles igether withn
\1’3\‘ dely. la%ﬁlgg e rdlspa?lge L Pis gdi'straﬁ@edf‘o?me%ﬁsﬁ{aqg réaglil h}aﬁl tﬁQ gﬁgﬁlat 0
e processed I s [arger an the plasma streamcross section area, It
becones posthdtbf eaid thiddptaseasdvalcirdaobemshe difjectpb BS freatek (Thstis @ @yea
freely by _deflecting.a scanni ng. t he pl as stream Needl ess to say,
sai d pl ashﬁf&&ﬁwgﬁéﬂgmé tabis ghowp Fre% i-o%ﬁtgg%‘ilqsmaquohe‘:@w& iay
be positi b na oSl k]
i ndi Vi duaﬁ?ﬁ‘? tffag%‘g‘gfb% IehBtL gagfrsgfsﬁégo@%ﬁ ST K ROBHOPRSEFIG 1, the
present i fikeMrhAton fdd hnbeRbRIved BY kRsiHaniig tht flasnd FMsPO Aftdnbt 6f hal d
second plasma advancing tube is electrically shielded fromthe tube
wal | of shpEMSadsAengpalk ferthepparechanthe gpeventipral Hrpanlasma alvengjes paths

applicati ﬁgﬁgﬁz I i i :
coIIectingﬂk ate ﬂéﬁ%ﬁgggk¥g§%m$h§?§%3%g%bgggghggég%%%ﬂ:i%%gé%?%age

i s appl i epathwa aistotknes, teit netal éwiplatgarp Faieved tighieefivientdy by kedd pl asma
can be restrained b ad%gg%ing its bias electric potential, and it
becomes p@YHELsHE IR éta@ﬁ%ofﬁqeagﬂaéh‘f%ﬁgﬁ%@mm sleciscaieehersd. A

for the i [ i kyve, and
t here arg&gggggnag%égg??e§g&%§a§??$g@§§igmg %ﬁ?%%ﬁ?%ﬁﬂggh%Pghration
i s chosencanfiguraibh pf theliest to beeenthlfomye andhigb putify\pdgsnpdbatican ecalivnan ar e
repel l ed and pushed.toward the transporfation direction, and when the
Vol tage. | CHIEHERT) 8f S EGa U PBOR O SPRO T ABL A A HUHRES FEER d  he

generated.
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According to the nineteenth formof the present invention, one or
nore apertures whose installation position can be varied along the
tube axis direction are arranged inside said second pl asna advanci ng
tube, and said aperture has an opening of a predeterm ned area.

Because of thi Said%éddﬂd@ﬁ@mﬁddvﬁnaﬁl@&ulﬁdyﬁﬁﬁhétﬂintsﬂﬂ%eﬁ@iﬂgl@.ﬂ%l@@ﬁ{wd
In diameter by said aperture, and the droplets can be collected, and

nor eover , incHaatipni e diopits eas) hedrdqakedh wham theenglgjof srckinatim ip Hags, pulie

changi ng’ | . . . b : .
or gvonrol TRIPHE it iy ARBict bOMp oblo BBl Cocle e gasma
openi ng cdensitptie@adsys. 0 Satratypwhen thbengle of eklinftionas dnapdrdpleteintindé thiet
I's possible to provide a function in which the_ plasm streamin the
tube is mHEUTER Preb%[‘? i formainiierodhe LERPER BESRIRFPY PeNeard THE
DRAW NGS> 56 Q0B fledridaGe becalist tRe SAHTTRE h (RE EH%H Hélgitgé@ﬁﬁeﬁm%ref&& sRiqasma
processi ng apparatus concerning the first enbodi rent of the present
i nvent i ona{g@¢ af mclngtien darsbalehosersappatpoiatentiomfthenesttion ewreen ghedfdm
i nsul at or).. . FI 2 is a sunmary structural diagramof a plasma
processi nﬁmﬁlﬁi&%ﬂ@EW%&B%@@?HCHEO&%%%ond enbodi ment (first mddle
insulatorpxmg]the present invention. FIG 3 is a sumuary
structural diagram of a plasnma processing apparatus concerning the
third embodi nebaid peitpsthway ddithoes siages an e pagsdntdecantion hy dalf lasmaul at or)
of the pre& aravent.i on

y

bi as powef §a§%r}%l|3’: Vg fube, spid first E’é)a%%lgéﬁ%gr}chl\%eetﬂ e’|t’ (%% SR pl R g™
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 outiet 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 = 0 q is satisfied when
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FIG 5 is a summary structural diagram of a plasna processing
apparatus concerning the fourth enbodi mrent (second enbodi nent with
further details) of the present invention. FIG6 is a |layout
drawi ng showi ng the placenent state of novabl e yoke 29 concerning the

fourth endedhgedt elevation froftl e tubeicsosa sédtion édpikindl o fdiheAglhskig Gi@MédYbreside
rotating adj ustnment nechani smof nopvabl e yoke 29. Fl G s a

struct ur &t saidatblﬁ%ma@ﬁ@@d\ﬁtgmag mhed@ﬂwdyhmlwﬁﬁctm&wﬁmswﬂ@ﬁ theplasiiang

dj h
St et ur T SgFOL R P RRF e R B s sepnecn gt Sy SaRVRGE
gener at i Qi BbAGHR debARARMOhAIIYE 1RAIERIAAG: §ileof Qi ik gbad! ment

FIG 10 is a partially enlarged cross-sectional view of inn
ci r cunf erasiviicig tuhbte B tuberomss péctign tdpeenf] of thelpl emizoditlebside of said secdadG,

11 is a plane vjew,of aperture 70 once ni n thefo rth

erbodi me e AfvERFiRHLPa T dﬁ%ﬂ%ﬂﬁasst 5 e%ﬁ“éfg?%‘ ofdl iﬁ&P'?%P gsmpadvancing
FIG 12

conar 3 s TR BT b aal oAU AT Al A TR CRARL e

dr awi ng ofaidathird ghiemb ad¥aneingd thiwrto sleeplasmagitiot sidelof sagd fiet pladnsd avendical

t ube (deflec |on/050|llat| n . tube) 1108 oncer ng the fifth
embodi merft tT herefqre.dor epamip, &‘93@?%&’ Sk P?@@@@“@mﬁfﬁae Y385 i%l ati on

of the plasifistd BRERRELIMEIAARRR fifheOPRBE BibshE: dMBilialit) EATEREILR in
which droplets led out from said first plasma advancing tube are not directly exhausted by
the plasma outlet of said third plasma advancing tube, and a plasma treatment using high
purity plasma from which droplets have been removed highly efficiently becomes
possible.

As explained above, needless to say, the outlet of said third plasma advancing tube
may be connected directly to the outer wall surface of the plasma processing portion
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 field generating
means. Because of this, the heterogeneity of said magnetic field for plasma transportation
at the connecting section of said first plasma advancing tube and/or said second plasma

advancing tube, that is to say, the trouble in which the additional magnetic field becomes
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FIG 15 is a schematic configuration diagramof a conventional plasna
processi ng apparatus. <DENOTATI ON OF REFERENCE NUMERALS> [ 0062]

1Pl asma processing portion 2Pl asma generating portion 3Pl asma
straightly advancing tube 4First plasm advanci ng tube 5Second pl asna

advanci ngstratipeat Gblthside pit ths Bendathvsrgom@ud to ke oonkigsaRoObit dakt magnetic field
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 geometry 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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8Arrow 9Arrow 10Cat hode 11Trigger el ectrode 12Anode 13Arc power
supply 14Cat hode protector 15Pl asma stabilizing magnetic field
generator 16l nsulation plate 17Magnetic field coil

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 to 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 tube, 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 1s 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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pol e 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, if it 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 to 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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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
concerning 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
concemning 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
concemning 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 partially 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]

[a—

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 Arrow

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



108aX-direction oscillating magnetic field generator 108bY-direction
oscillating magnetic field generator 1109CQutlet tube 102Pl asnma
generating portion 104Cathode 106Tri gger el ectrode 108Anode

109PI asma 1110Power supply

30 Deflection magnetic field 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 (baffie)

42 Droplet collecting plate (baffle)

43 Droplet collecting plate (baftle)

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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112Pl asma processing portion 114Chject to be treated 116aPl asna
stabilizing magnetic field generator 116bPl asnma stabilizing nagnetic
field generator 1100Pl asma straightly advanci ng tube 1101First plasma
advanci ng tube 1102Second pl asma advanci ng tube 1103Third pl asna
advanci ng tube1d404Congggodrg port 1105PI asma outl et

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
BO1T
B2
B23
B3

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

Arrow

Arrow

Magnetic field coil for scanning
Rectifying magnetic field coil
Plasma generating portion

Plasma generating portion container
Target exchange portion

Plasma transport tube

Transport tube

Second transport tube

Bending transport tube

Third transport tube

Plasma processing portion
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1106PI asma outl et 1107Rectifying tube 1108Frustoconical tube
1110PI asma outl et 1111An-ow 1112Arrow 1113Magnetic field coil for
scanning 1114Rectifying magnetic field coil APl asma generating
portion Al Plasnma generating portion container

Cl
C2
C3
CT

E
EA1l
EA2
EB
EBOIT
EB 2
EB23
EB3
EC
EW
FT
GND
GNDT
IF

111

IS

1A
112
NVT
PO
P1
P2
P3
P4
PVT
S1

S2
S3

Installation position

Target position

Processing component container
Connection terminal

Bias power supply

Bias power supply for container

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

Bias power supply for transport tube

Bias power supply for second transport tube
Bias power supply for bending transport tube
Bias power supply for third transport tube
Bias power supply for processing component
Bias power supply for object to be treated
Floating terminal

Ground

Grounding terminal

Finishing end side insulator

First middle insulator

Starting end side insulator

Inter-container insulator

Second middle insulator

Variable negative voltage terminal

Plasma straightly advancing tube

First plasma advancing tube

Second plasma advancing tube

Third plasma advancing tube

Radially enlarged tube

Variable positive voltage terminal

Plasma outlet

Plasma entrance port

Plasma outlet
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A2Tar get exchange portion Plasnma transport tube BO TTransport tube
B2Second transport tube B23Bendi ng transport tube B3Third transport
tube Plasma processing portion Clnstallation position C2Target

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 transport tube B. In plasma
processing portion C, work (object to be treated by plasma) W is set up, a reactive gas is
introduced as necessary by a gas introduction system connected into the chamber from
gas inflow port 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 comprises plasma straightly
advancing tube PO connected to plasma generating portion A, first plasma advancing tube
P1 connected in a bent manner to plasma straightly advancing tube PO, second plasma
advancing tube P2 inclinedly arranged and connected at the finishing end of first plasma
advancing tube P1 in a predetermined bending angle with respect to the tube axis, and
third plasma advancing tube P3 connected in a bent manner at the finishing end of second
plasma advancing tube P2 so that plasma is exhausted from the plasma outlet.

Outlet S3 of said third plasma advancing tube P3 is inserted deeply and extended
inside the outer wall surface of said plasma processing portion C, but as shown in FIG. 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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C3Processi ng conmponent contai ner CTConnection term nal Bias power
supply EAI Bi as power supply for container EA2Bi as power supply for
exchange portion contai ner EBBi as power supply for transport tube
EBA TBi as power supply for transport tube EB 2Bi as power supply for
second tr pprt tube EB23Bi as power supply for bending transport

t ube EB3BI as power supply for third transport 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 outlet of plasma straightly advancing tube PO, that is to say, the connection point
between plasma straightly advancing tube PO and first plasma advancing tube P1, is
defined as LO. First plasma advancing tube P1 communicates and connects toward the
perpendicular direction at the side wall of the finishing end side of plasma straightly
advancing tube PO. The plasma advancing 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 L.2. Third plasma advancing tube P3 is placed toward a parallel
direction with respect to first plasma advancing tube P1, and its plasma advancing length
is defined as L3. The plasma outlet of third plasma advancing tube P3 is extended inside
the plasma processing portion C. The plasma effective distance in which the plasma
exhausted from the plasma outlet of third plasma advancing tube P3 arrives at installation
position C1 of the object to be treated in plasma processing portion C is defined as L4. A
plasma advancing path formed in a bent manner in three stages is formed by plasma
straightly advancing tube PO, first plasma advancing tube P1, second plasma advancing
tube P2, and third plasma advancing tube P3.
[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 concerning the above configuration, total length

(plasma transport distance) L{(=L0+L1+L2+L3+L4), which is the sum of plasma
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ECBi as power supply for processing conponent EWBi as power supply for
object to be treated FTFl oating term nal GNDG ound GNDTG oundi ng
termnal | FFinishing end side insulator IIl1First mddle insulator
| SStarting end side insulator |Alnter-container insulator 112Second

m ddl e i ngalaatiak lengths LO-L3 respectively of the interval from the target surface to the outlet
of plasma straightly advancing tube PO, first plasma advancing tube P1, second plasma
advancing tube P2, and third plasma advancing tube P3, together with plasma effective
distance L4, is set to satisfy 900mm =L = 1350mm. 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 Al 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 in a T-
shape (Al) 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 extremely good droplets removal effect is obtained. By this droplet removal effect,
when plasma was irradiated for 4 seconds against a substrate (work W) with a size of
2.5in (inch) width d1, 2.5in (inch) length D2, and an arbitrary thickness t, the deposited
number of droplets became less than 10-100.

[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 S1 side of first plasma advancing tube P1. That is to say, when the angle of

elevation from the tube cross section top end of the plasma entrance port S2 side of third
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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 pl asna advanci ng tube P4Radi ally enl arged tube PVTVari abl e
positive voltage termnal S |IPlasnma outlet S2Plasna entrance port

S3Pl asma glikin@tadvancing tube P3 to the tube cross section bottom end of the plasma outlet S1
side of first plasma advancing tube P1 is defined as 8 , and when the angle of elevation
from the tube cross section bottom end of the plasma outlet 83 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 64, 0 = 8 ;s 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 issetupasa
discharge side radially reduced tube connected to the plasma discharge side finishing end
of radially enlarged tube P4. If radially enlarged tube P4 is positioned midway, the plasma
stream introduced from the introduction side radially reduced tube into the radially
enlarged tube is diffused by the diameter-increasing effect of the plasma advancing path

by radially enlarged tube P4. By the diffusion of this plasma stream, the droplets mixed
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VTVariabl e term nal Wrk <BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON>

[ 0063] Bel ow, enbodi nents of the plasma processi ng appar at us
concerning the present invention are explained in detail, based on
the attached figures. [0064] FIG 1 is a summary structural

di agr am ofwithe Elaaﬁﬁaifﬁl&@ﬁ@ﬂé ithECradiaRR E@bigSd GRRPA! MdWe ENBIE] With,
enbodi ment of the present invention (starting end side insulator and
fi ni shi ng 2ékrrediogand ¢pdlactad afrthe immpesi¢y walhal disdy sslaragd afsdidatilse. whewn
in said fi o]pg o] dl S ' 1,0 er at.ing.

ol aemn t o B Gup Bl TR RS- ARIEACH) ReARble R A

t oget her \adifllypdnksgml tibamapowill fuifaee Bde hie cplirisdwifhl aitefSbghdrellkdten
C, work (object to be treated by plasma) Wis set u& a reactive gas

i s i nt rodkY e B PrEdEs Ay dpmecrgrEoming Sirgtomiadiplit eaeehivae Pédp
into the %ﬁ@ﬁ&g& sifid o019 %ed ;A Rl‘ﬁ’e,%ﬁtthe%éﬁr m@ﬂf!)gge?%@& g@%rggﬁ&d%& e

pl asma stream @re ex rom-exhaust “port exhaus
system Plpisma sgeaneraat ingnpromtd afirdpléta sarbepthadtel. Thaefpes, xhe draplets can

AT Y RO S
pl asma, a@ﬁ’fﬁ@ieﬁﬁﬁﬁ“ﬁlkfe?&éﬂﬁé HroB%&sfbalﬁ bl @én@veatelﬂti&d&gfgqgﬁ%e fhe %H%@:]aﬁ{ of first

renovi ng portion that renopves opl ets produce yproduct from

t he cat hogésig advanciggdwhet 1, sedond plhaswt adencingiteh et 2a smdithind ptesparad vt tg
Bis also a stream di stribut.i an_tub ssa c rises.

ol o ot PReRC RO b ER R ol e st e el el e Rig BeR s Hgide
portion AradidllyStdutedaibR aadhpieidiehirdd §dEladtAR18GIeE nibR afe REBH iMFRANRT
to plasma straightly advanci ng tube PO, second plasma advanci ng tube

P2 i ncl i nbaing liagd vin desriraplgtshsenree east tasepetate fomitksplagnassiceant afd thet
Pl asme. aduaRGlcNrelPa el hcRaRLe0G1 SH RRSRENd DGy AAOLE WLl

respect to axr's, an asna a crn

connect ed enlargad hteP4ria tivgilasata ddvendingpasianfosibdepbvingeonibnan 58
advanci ng tube P2 so that plasma is exhausted fromthe plasm outlet.
out | et S3costigiedeasity and ea@lika advancing tube P3 is inserted deeply

and exten 41 nsi de the outer wall surface of said plasma processing
portion C;/ but as shown in FIG 5 described below, said outlet S3 may

be directly cofagtemdtructusaindhrestiegeswal bngoidlats tthEodighreandihigige

(not shown). The connection type can be adjusted freely. [0065]
providing the geometric structure of plasma transport 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 advancement 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 transport 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 straightly in the same
manner as neutral droplets, and it becomes possible to remove the electrically charged
droplets too by the previously described geometrical structure.

[0075]
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Pl asma straightly advanci ng tube PO adheres and renoves droplets
advancing straightly from plasma generating portion A by colliding
t hem agai nst finishing end section E opposite plasna generating
portion A or against the tube inner wall. The plasna advanci ng

I engt h from sagsldtmstesibolBfht han Eac@fe Bl ASTHVaDSNEERAidaNY cRREEd ABpletst O
the outlet of plasma straightly advancing tube PO that is to say,

t he connebBlapva gpraratingiortionehansl plasma sansperghbe P admhallygnsuldes PO and

£ | ' . o ) ; |
advanci ntPaB S SV A FREy S sl B aBE PP sbib sk B n B B I A tnc
di rect i onplasmé p@cedsthg poaidn ©bretriguillyinshatedclecd calyds, Hiishih@sdbside

straightly advancing tube PO The plasma advancing length of first
pl asna adisHaion - Agdacmit, plasmatranipart fbel does gatispelvp pmelseitia nfligeteng

tube P2 ig,1 [ L. . I e P1
and-t hi r doy A ntalhk BAGEA G MRER, bhdcBlil AR, SO AT BB s

i s defi nedampoit Ribe Bhisrselt ol tha ite debtanpotagial ishendantiteropilane dstrsmicded
parallel direction with respect to, first plas advanci ng, tube PI,
and its p&?&’ﬁ’d’léﬁﬂ%‘ﬁ%ﬁsﬂij}* P@E&%m@%ﬁlﬁ%ﬁs%ﬁsﬂgﬁwn@ G et

of third Bllaﬁﬁﬁﬁdﬁqc‘!i%@ﬂlb%g’ﬂ WREndPadiSa S1VaRAFEHLEDS! AR tmg,ﬁ%%%% tﬁﬁvgncing

processi ng portion pl asma effective distance In
pl asma exhiba®B sthdfheomse e adchsrpotaoinl bicomes ¢dvistadt hirasheutdkvabei ng

tube P3 arrives at installatio sition O .the object to bhe
treated | HresDea ph SeBepRisn e PG SRisSaest i LRl Hatiprcline,
advanci ngarah8 cleOioRe dHargdd AesHictiBO AR reddivd 41 B @n SledGR ot ol MEdediic
pl asma strai ghtly advancing tube PO, first plasma advanci ng tube Pl ,

second pl eRSeriiahdiEericn iisidgiptaspR tragsndritthbe B. Pheaefee, elactandlyndhatzgde P3.
[ 0066] r.oun h uter cir eren f .each nl advanci ng
{ube, o niigrist B8 PabOuel s BpSEk TR e R be B 0GR B3 T
field forstﬁicﬁﬁéﬁnﬁ'}h@@ﬁ@%dstaﬁa Hhnkfe raRUed OVt B an WY R8fAndiRict 43RERAN
pl asma stream P al ong the tube passage. By magnetic field generating
means fordmppktima transportation conprising of magnetic field coil, a
magneti c izéd for plasma transportation is generated in the whole

t hree sta@@ Jof said bent pat hway, and the plasma transport
efficiency is inmmGOVaths pohePsupplyPRAL 8 oRRInct RAMMAIMH pRERRb&terating
renoval is set up in the tubeinner wall. [0067] Fn thé pl asma
advanci ngP@HehcvrBaAL hips PRwehRoDky [ Airitgosnett tabe istovvaded neagplasma

(plasma ty. i = 1+L2+%L3:+1.4) . which j.s the.sum.of
o aorm oG ana e Bl RlB G b e SRy Hhreet el Porkidn (IR e
target suhhtae @ hbosihder glakinhEproedssipg asMian £ fod p@abdsingg @yt wndbikdhiaydrO,
first plasma advancing tube Pl, second plasma advanci hg tube P2, and
third pl SSWRIYRNLAEPeHon fisebiegt tobsdisated is RiPYIHehIGE HRle. ect i ve

di st ance [{6677]i s set to satisfy 900mm L 1350mm In the present
enbodiment, L is set to be 1190mm as shown in A3 of FIG 14. Under
setting of thiBachlbasmawer supppoEA ]l EBIEC\@aed BEWibas asapleasnmtue pobthises was
done on one piece of.substrate in sa manner .as the, ahove

Der it catToRRES xR B hone TG d B A1 Ik TR R Beries R lopver

thi cknes sy @h1y3REA Warte fREEH G cRin. CRnhddibh (PRI £ & &Rt cARQEd to
1.5nm sec was obtai ned. [0068] According to the present

enbodi mentach térepgrieat ivariabla tesporat Vdiatthcheddo sind tommeaibantenpinalsiican be
advanci ngvgl.%@h LS shortened f.urther .than.a onvtenti onal . T-ihgged

pl asma ad P UpSERSa R FeRYIRG SHe S TR OLHRVAFERTEOPAITSSS 1HE ¢ hus
the filmEeRRRTDRafdlepsaieisithgieavias PWHRaANRE neghfive 08lkabe tdiiinal
strai ght advancing path is shortened, but also droplets are renpved

wi t h hi g8V Teqrd gepandane teymisali GNPAt Whay sté naiighde tfermingl ¥¢ iseageeied ond

thus hig Lt - i i i . of .,
0 S iyt PSR 0 7, S o
not connected to any part. When said variable terminal VT is connected to said variable
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[ 0069] In the present enbodi ment, the plasnma advanci ng path
consists of said bent pathway of three stages, and furthernore, by

t he tube passage placenent shown in FIG 1, an extrenely good
droplets renoval effect is obtained. By this droplet renoval effect,
when pl aspgsiti@svoltab@fiatn@iP Vol fhsHies eReSicoannSltwith &uet foafgD((WRr K W
with a size of 2.5rn (inch) wdth dl, 2.5in (inch) length D2, and an
ar bi t r ar y gtoiné kidekis appliedfie saié s@mpqr@at padtibe p mennertaalitaas b é@aqrﬁeml ess

i, 5 BTl AR A ot B

pl asma OUhJ:@hvéﬁoltﬁge tdinischl PIVIES Adegtiva BIeLifig potadalRBith &sﬁd&ﬁtoﬂﬁ!&@f’(ﬁle
outlet SI side of first plasnma advanci ng tube P1. That is to sa
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t he pl as t f !

o the tupsd SriBLEERRAy B Ol ity b el R E A (RS d 5’@059*
first pl apmbisggmarded.ng tube P1 is defined as ? , and when the angle
of el evat'@ﬁ Lromthe tube cross section bottomend of the plasna
outlet S3 8k of third pl asma advanci ng tube P3 to the tube cross
section top endidf shHgs PLABER %Hc%oté%aﬁé}g@en‘ignt Fosfd eﬂélﬁt'ﬁ%%)omon
advanci ng tube P2 is defined as 70, ol s satisfti

By the abowdaigadhieissetoptal biNIphy sadbiap paeenwpply BAY ﬁxrghathmexadplamd ng

droplets |ed o fr i.rst S dvancing.tube P1 r.event ed
't om ai r eBEIpON RHRIEIRAG! i o R AR e bify FOUSE Ry T8 R ity
cannot beydsha E BSiB PSR s

t ube P3. t'll'lﬁere?(og}sgﬂg 6Iﬁgaer%2nes gﬁ%gggg% Seegflogg(gﬁheurlseﬁg% rermsigb1 %ﬁg

dropl et s Pipcessingicompanet. and evoplathisggt in an eleciugl floating $tntg by diiag powiet
pat hvva_y p @%gﬁ%e {)rtitohtl%oer??b etc%%e treta{(%ﬁ E%I’t?ecaﬁ) ep'faﬁls Oner trllne dé’gg |ets on

t he objec rea an be reduced grea Iy as BeLET e ove,

and a pl asiaihérolt embulaed ffing thepii pdw’er[shﬁﬂyﬁorfm&i’ﬂavﬁhaﬁtldi @.F%hﬁt)sdd@ﬁ;‘ﬁe
been rem)ved wi th high effjciency can be done. [0072 In the
present elf98F AR AlesMa SeReryWSPORIARINSF Al reinded By 6D, foraffieevesd

and conpo , o
composed (o QnfcFOEuBHRE Becltk p BRIy BB T IRV pounded
geonet ri cbnGNEN geirsalt eam iflb owoeker aomedia cpatabivaigh iirBa:amrmmnacteamSpm

I d h i ghtl d | ng. pl . h
i rect 1y PR et hufestate Ay 8 Qaiidpoliera Saa & APt e,

there is no electric potential difference within plasma transport tube B as described above,

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

[0079]

FIG. 2 is a summary structural diagram of a plasma processing apparatus
concemning 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 A1l 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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[ 0073] As shown by the broken lines, second plasnma advanci ng
tube P2 may be built as radially enlarged tube P4 whose inner
dianeter is greater than first plasma advancing tube P1 and third

pl asma advanci ng tube P3. That is to say, second plasna advanci ng
tube P2 i gurS@{(ndiRhé\en)iaBhiflih ¥s SRpRCEREhtHRE tiRAardkt i asﬁiaa%%ﬂﬁ'atm
advanci ng t%ﬁg Pl is )set up as g&r? i ntroduction s%fede%iladl ally reduced
t ube conngettied A kpstwven pitagdeat ithe samig dions, em elscihdegesmmhanmgl (epishefn) is

radially h tub P3 is set
up as a dlgglc g?ﬁ% %] gdr:‘ée e%réll@{h {e@ucegdta%"gﬁ%ﬁguéﬁ%g 6“ t8 ‘fa

di schar ge trsm@ertftmw B0 and b%ﬁkﬁng)fraﬂs@dﬂ@hﬂe%ﬂﬁ)ﬂﬁ@ﬁﬂlddwlﬂsﬂétm 11f, bias
radially enlarged tube P4 is positioned m dwa the | asma stream
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droplets can be prevented. Therefore, the droplets can be adhered to
t he i nt er plagtrigictectvygward de plasthaak Bspsehta@d getdblmtﬁewzgenmt@bmhmom@cd be
col | ected ffi r eLs anb rerme

ef ficient P% rctns’vl(éttlsgI ij‘ﬁyfot -Erhg@%% rﬁn%)f) rt 8@ % %jéi éaffvtfbvéﬁtﬁ‘ge
second pl ﬁa&ﬁﬁlaawmmg 4, uh@TRRaped fmdniﬂbtﬂtdbd)B@Bﬁ&ir@}ﬁéalf@a nepativbeletldc
Al so, when the central axes of radially enlarged tube P4 and the

i nt r oduct PYANtEALJEWaRuad pxperiaentally thal Bie ramayd etfigiency of elsairigellsshaeged
radi ally
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formng radially enI arged tube P4 in the plasma advancing path, a
dropl et r @FE¢5RE foyanap e%@ﬁmbef@emslppw@ﬂlpab{slﬁWe&ﬁpr@%é’e?pﬂAHEB
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straightly, h as neut ecause rrca charg

droplets gfafgé fifthe elﬁﬁtﬁdalt?%tehﬂﬂ 1@&1@@&1% €oreéih6edl o BIdctieal afgeaetd
fromthe environment, they may deviate from strai ght advan cerrent

an el ect r%{fﬁm ig nt dgag biybit strslee Gpughidhat mbien thecelﬁfcil’e? Rptential @r\’at‘lﬁeto
remove, t e electri

char ged: dreGIB 2R Befitc nlefig B RN mAIEs Rt i pitircany
i ntent on%“ht YRR HEEUNE b L BRLELEORAKANI e S {EsETCE

fromthe asnma transport for

transpor tdrogleResesdsdibed btec@ichn)ne;amﬁ trahipo!rt&ulﬁ& infth€ hdxtt nbgutive BR¥Rica
magnetic field in a plasna device. Because the electric force towards
the el ectpatential y @HAckpage drotgatiek SGBEMclivager ased when the electric

pot enti al g Iference is renoved, in this case the electrically

char ged do %]ets have a property of advancing straightly in the sanme

manner as neutyry 3 W PRINGh&y s@BGulal dREGAIES: pﬂ@s%%d ﬁ}bé‘es&ﬁ bEIERMEs ¢ he
electrically charged dropléts too by the previously descrlbed

geomet ri cefincemingdbeithird efnbodisjent (first middBdnshl4torand seernddniddietingvdatory of
structur eth];-z 81[85511 1nveth10n tl“he dr etlerr{cg %&lrléhyFI&hf 1sqﬁ£(1{ bent? Bg ?ranspogltl?bser@ZS has

been split into second transport tube B2 and third transport tube B3 by second

Q)
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[ 0076] In FIG 1, bias power supply EMfor 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 i sntérmitatsed insisbr Hﬁ@@*@re@ﬁlp%?a%spb{%gr APbly OB forf s@éonﬁrtl‘ﬂﬁﬁa%ﬁ'
portion, and bias power supply EWfor portion for object to
treated i baphaspiatieched tngec ﬂKﬁYWOI‘E 007 BE, and biaFewterisipy EB\IS/EEOI ti;u@pl y

oxpl ai nea BPHHOTHE Tl coerp R S E R B EbCDRFikg HiPapRirtyi as

power suppdrfe ssEIG. 2 nt g WHRSREFchoRRd didRrenSCORMRETHRMA i St lalasCT i s
a termnal connected to each conponent. Variable term nal VT attached

to said céie®tion terninal CT can be varied in four stages. The
recei ving @89 term nal of four stages conprises floating term nal
FT, vari alg e Eosi tive voltage termnal PVT, variable negative voltage
term nal NVT, anEIGYBosindioveersapply BBL féiNadondihespsaiulie iodrbwidlee by GND,
term nal VT{)S connected to said floating termnal FT, tloating
term nal fd bigs PW%H@H [% EB3 ferthirg transpert @pam@cteéﬁ@vmabﬂesn%&we
connect ed m dto
said vari a%ﬁ?agg posi t| ve Vo g@g@'%h‘eé?f%hsﬁ%k ﬁﬁgmlw%g%@? &elgt%ggtteg}%sﬁ
pot ent i al ohiainkd exspiecntdly tEND Het:dime@ﬁammkﬂesf tﬂehegaﬁvapkabhe ghoteatis aif thias
conponent parts i.n er. that it can be arledlnrra itu 0.to
+50V) . VeV KSEaEk ) lﬁdéFaH?HPéﬁ i R ag St Reterha® 020 b \ 3V B
negati ve médt&%dhﬁéﬂma@% UhiondrARAAL p;:?{)%ve?ls b&qeg%%{'ﬁh%%fﬂ

e rl) is a

respect to G\D groun a manner t I't can
be vari ed EBmmm’zJeBB@ 168 ek@um@@bé}mal\wﬁa nf S Vadied BofeERDR3floMAg! S
connected to said gr oundi ng termnal GN\DT, said conponent part is

grounded. sta@67@8] to -10V)~END-heghdezla@triijiotaiik ttHceahe tleamfbdre oturalt

pl acenent, plasma generatl ng portion container Al is set up at G\D by
sai d bi asexwliEenalgsmplesAhatitis clegtiicaiolratial vapptemg effeeivedor emovdledB i s
set 1n anel%ktggﬁlf)) &a@eg %I‘dﬁ'lqé?s ﬁ{h@trgas&%/ lsmoﬁ?leﬂogﬁr %lt%l%% lfhgtr whe

transport tu onent cont al her 1S Se

bi as povveelesn:iapbgemﬁ@chafge@ﬁ@ﬁle@ﬂm@né‘g@ﬁwaemc p@t@ﬁhW(B@NW* §1e¢e in
an electric floatlgg state by bias power supply for portion fg
Obj ect t oelgetric peign Mlvsémgempladmf’aedg@m@ﬁlhyﬁog thetransport admtnat}wer

Satety dedrbhNR agHuvE ﬁleaﬁ%%svﬁ%wﬁ@ﬁ%eﬁa% Hegafls BroB v oRpRoHEe SReircally
ground ed yth%%ﬁ ?t{tu be i qﬂgn&\f %@#198 Qlegm%gag{eﬁﬁ%l ();‘IE% W gec ause

processi ng” conporie At ar ner roun is safe
even i f aﬁiﬁ@l’éﬁﬁwaHmmﬁln%ﬁ@iiﬁ@éd lﬂgtal'ét@ atéads&%@@el%emlamWh%@ﬂ@ia&rt
tube Bis in an electric f oating state, and the electric potenti al

i s const afbe éstha npkdFED—tiegntve aeatic pdteuitai tlmnget enti al di fference

wi thin pl EOZ) transport tube B as described above, and electrically
charged d g?bts too can be surely renpved in the sane nanner as
neutral dropl eA§eﬁ¥a1E§!ﬁa%%@Wﬁé hble ftwefe%ﬁml;ga&en%ap@eﬁwblw gl .
Wrk Wset to an electric floating state al so has a constant ectric
pot ent i al suplyaE WhBCelB3 He32% oy le FtReam] BBO Y ¢ can tefddgostedonititie rpigasiia to s
not. unbal AR dha ARdabNT RLATTE E8Re Boich 8% KEThEY Sk o AR HHI sdhe

entire sur
The electric potential of each bias power supply is varied and adjusted so that the droplet

by

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 geBﬁfceés;ﬂggap%_@fawsmﬂﬁwsamwmﬁbn {hux@hsted] ARSI £ORtiAdRBkion
insulator | A and bias power supply EA2 for exchange portion

cont ai ner examplpeébaties ohesting plates) pedrapkatmemgalporti on cont ai ner A2.

In target inte ortion container reserve. target (not
shown) Ot bui | F 98 s e SR Adhrkm Of ook BB ina Pk

gener at i ngomefdih®the Aol dSeribdiment (secamberabo difentSAtEfukthe®detAR) eiEHange
mechani sm (not shown) is built in. The second difference is that

pl asma t r 8FFSEEiRvention Ap appargptsiof Tinkle. Fisthageprratpanbiés £ wilhijestgbtionat

bendi ng t .ty L i ) A tor - b} ower
suppl y_ 0 B3R s etimfirchdlr s Bhedt €6 Coil PRICAE' hégpeichad

t ransport plasine tiB2sportatish. Bilsasit plowves a glagnd yroe&sihy abparaths shahiel baffles for
transport tube is attached at T-shaped transport tube BQl. O herw se
it is conploR{drgmagharesst ypigtherubgipges wall- lp s srgbedimsent thgconnsgtion

di fferenceg,is; | i i : ‘o di Bi as
power supgllogc/Ié IIE,%E)? %Pl?]gg/(}:ﬂr](:gr?g%é %%?ﬁ%ﬁtl@%ﬁl%ﬁ%ﬂ&%@%l edér egttly GN\D,
and it i scoescigdédthtontes s syrfaeeil plasma poasssiigf pociomt Adh theysamewnmker as

Bi | EA1 . f th t al. f. .pl t.i ] ti
A s set FIS Anhidreoniaines sl o Lartne end3iod SathE dra ctipRE replatas,
toward t he pArsfsHise @fdas‘f&Qn?tﬂﬂQr & ¢ pRL&I, BhASRR cS8p8Eaht SRctie

pronoted. Bias power supply for T-shaped transport tube is connected
t o vari abinsulgbemmef the apparatages a whote.néleraeNyw differgncg,alsg,in ghad tHE-nedvatype d

wae 1 ouna* Siatserhbid iy PRES o AefrRRRg bhitdiep O El g, B G okfbtrcal 1

charged drdgtricsuinteslsazetowh einmitiéricanagiadckerSineh1ECH MH Gy @Rt @il isalot Was
adjusted within a range of -5 to -10V. Bias power supply EB23 for

1 a rang ) .
bendi ng t FENEpBYY diffgrsacs. &lwoe amalphahstied) refRIoncs PImeipkshoe asame MenTbsr i
as the lo I : e, i i i . - - >EB
2Sep 23, TR G EFIC Eut BRaREIR contBRlod Sl e Wbk ORI ek
G\D- >f It oatiesegbet iat]?ﬁf}:(,{lﬁe @?lmitgl?]@ ?ﬁf}\&mwﬁdﬁ iphrt@ie@t&ﬁmd:iﬁdﬁ? 5, ram:ln t he
current experinmental exanpples is change in the e rica
pot ent i al TEETREs Ef"fir\%fé“rfiggewwvgﬁr%?et SRB! Raatiny Xiainge diopl et s.
The reasofyks) not clear, but |£ can be thought that when the electric
potential is varied to be G\D-*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
Fgggtl i ve el eg Igaﬁgﬁ)@icﬂgisir@apﬁ@@s t@hamtgs-co}a@g@@ﬁlhﬁha ﬁlf%@ésﬁ LN

I's a sunmary structural diagramof a plrasna

pr ocessi nghappen at ailagronplecessing appasatuh cordpsplisren gererating pordodd e

ai 11 er encadyRERRRhaDD BE  FRlPe lieilprplochif pPleR inlose4 R B "
split OIi Nt Raispe0 Atbeb. rAapiasnd trafspbe B2 camgribddl o flasnizadistHdition tdbepdsdagddin
secon

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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internediate 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 FI G

2, and t hetrxelitk ma@‘iﬁge@be 9fse&ck1ﬂ lﬂésh{aeardea&%gs@b@lsafargbmg drfinged and
partlcular as follows. [0082] bi as power supply EB2

for seconéonieated pbth@ emdm%ﬁrstsﬂ@qmﬂdd@m:m&tum&) in apeedpiensinpbhending geloy

EB3 for th ort. t co varia

Vol tage t R ARSI rank o RgRERRERNRE ofod A Qph R AnTER plfer at e

el ectric pefskingicad of decombslagint &ivasdnenpe 5istei &l dkfadshiafashia fREE PHEGA
favorable if the negative electric potential of bias power supply EB3
for thlrd°?¢%ﬁsport tube is adjusted within a range of 0 to -15V. In
this thlrg) Eﬁgdlnent as the location of the bias power supply
varies from ->EA1- > EBO1- >EB2- >EB3, the electric potential of its

t ubi ng work Vaﬂ“hcep‘lairna)muﬁfxﬂi ’hfble@&fnbﬂgng 'pm‘sma Br&ghtty advancing tube 3, first
otenti | ear fron1current

-10V) - - Kl g tive electric ) Pgﬁfane
exper i menP&fma fi‘m}w@g g g S§CANS PlasER ‘1380165 gﬁiméﬁsmr@ yancing
ef fecti veufQig i§ RIR¥@n Qﬁen@hﬁﬁﬁérhﬁﬁ{réé’st%%@ gﬁqmg”dfbgd tra]:l@}?ol{ fREQP 1S

not clear, but 1t can be thought that the electric potenti al
‘changes fFKBnZG%mmmeghiﬂ\ﬂéﬂetde[damatﬁdpmuémgﬁuhb 63 CGbnediebatplasenael ectri c

pot enti al si.tive droplets are.adsorbed electrically by the
transporthpﬁaﬁﬁpﬁpPﬁngE§@?pﬁ¥f§ﬁqﬁﬁﬂﬂqﬂ/ electric potential change,

negative dropl gl @e@@ﬁﬁﬁﬁmaﬂlﬁgﬁbb% I\Emcéwgebﬁﬁtﬂcar?lm&sufoﬂt&ﬂhe

t he next negatlve el ectric potential -> change furthernore

t he remai Wigef sigy ifiomplasmapitist Oﬁﬂl@d@é@mwédar&r@ﬁuw ¢ td thy playme lewtlet
L por BRI hS: AP 1AM USRS hOrRPS Sl B SR N,

[ 0083] varia

pot ent i al agdhoadly ahbafSS BRIl esdfepdviitidnfrot@he faB8 crobBctidaBottonf\end @md
EBO1 can be adjusted within a range of 0 to +5QV, and the variabl e

negati ve %‘Iﬂﬁ!&% P‘Ftl?t pideef thard ng\snﬁoﬁde@ww Wbt Aitathg w%@swt@nﬁ@p emghef
The el ect f
T uet ot iR Dk 3B B e RS K e BL 0 PO o

whol e i's H@%‘dtﬁh%%q,ﬂsﬁlghﬂbw&ﬁ%% Sl fub€ cfe0d &fibMop Al B the plAREA]

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 # = 0 . 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

st r uct ur akletlriR ik Qhte SpHs IR HIRNQVBSHITE AP Airbte CAAGRERIhAG t he
fourth enbodi nent (second enbodi nent with further details) of the

present i hydknarbaiffugian applasmen eenertied atyeqn qathode g al@%@loalsdaﬂéhq@nmtwn
FIG 2

et + FRHFLRIBEL L2081 iR ST aby 00 G T St
transport ﬁlalsmm tenfjesaure] dndihiewsoamphesivandderint emsisngodppaviag us i n which

baf fl es for dropl et renpval are set up in the tube inner wall In this
enbodi mentlecerondustiviy vt ¥nthgserfigueation s eaefle 17 inartdimitedragipulasty, #rlonge
third pl asopagguaRGbdticl #Pfvhiifl SERL bYFRRIPEhEE FtlehfoRtbigmaal |
surface of plasma processing portion 1. In e sane manner as FI G 2,
i nt er - constabiigmgimeguétat deld péneraorakd s p@c&ha&omnd%e icirsurhfztance bﬁplaima st
mddle insulator 111, and finjshing end si i nsu | F are ed,
Tt hey EGHHIPeSOKife ZRubE FRRTAHLDR BRFER et HE Suppgrian it neld
whol e. Thgérferdt&‘ B ¢ bfat:&f ﬁlﬁ@t tRé fhlied ntdpabtid Md Hﬁmé%ashﬁf@hﬁﬁﬁﬁally
nunmeral s are shown as al phabetical characters in FIG 2,

menber r efeverse diediionéeusp §ora’r)eths ﬂvamaassstah]hmm forherchlae, M@r@c $tab1]¥za@0n

5. However ffe an ..
o phabet 1 sl EpR et 13 o Rl e AT n ieffag &'hs piggmp o in
FIG 5, aﬂﬁhﬁﬁg@&iﬁ@di&é&loﬁ@fﬁfﬁcﬁ%@i)l e d@ﬁ&lt’idﬂﬂawyithé\ﬂaﬁﬁi efibear €

al ready described in FIG 2, the explanation of the equivalent parts
i s omittedprAve. Eurtiiermareg Plaprap eensramameation 4 yuk agelaplagas fbeppthore

droplet r a@&%@&lwagsd'fﬁ&?t%?%%ﬁﬂéQéﬂ%?&m%?oﬁyaﬁn g o%qgsﬁlllanon late P 350 %he

processi ng appa asnma roce si ng port|on

(chamber ) cdnstractinds sechphiacess iﬂagug]pp@lt@é uSappnad)rol Hashgh genamitinAg portion 2,
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processi ng‘%’Bthqnéﬁt 1291 g@épﬁgﬁamlah’fbl YYARCIRS BRS Aot i 40 icajly Bp%tma
transport gtidbe tﬁ%mgshfa%eén | asiR aﬁ’ﬂe?éc‘h‘i% QB deUREI P RS SBERIa aBvalRingD

a droplet reirovi ng portion for renoving rop ets I's posrtione ] ust
as i n Fl QatR.Alsm atptecebohg mptga,enﬂjaadfauaéaﬁqunlab (firdshingeraf sigd msufuor IF)

transport t 1N S constitutes adr renovi n ort. n,

Caront ot isaie RetvBen EigwasgRgRtlE B Ee A B S PO B b has
a dropl et wheRRY le Gkt pirtio Rr plkERa HafPotthti SrefiOM ipMEmAQrhighily Qalvahahg tube
fourth enbodi ment conprises plasm stral?htly advanci ng tube 3

connect ed3 tcothpﬂ@magéwmuth@ @msﬁ tgranzlecirjcaly ﬂpatmmta@vénmsﬁgct@dn be
4 connect ner. 1o tral ht | advanC|n tub
second pi Sola B aRehrETR A & haPuliiRen BV 4P e Al R N BR G Sge
t he end(ﬁoﬁddéﬁMﬁtﬂﬁﬂﬁ advanci ng tube 4 |n a predeterm ned bendlng
angl e agalnst its tube axis, and third plasnma advanci ng tube 6
connect edl@88ka bent matter at the finishing end of second plasma
advanci ng tub t | &

fooas] g b flrokhe ENGH: 5 BLARETL AT B Ter U ol 10
advanci ngartduhigge, elefctrb&et 1lphazacmmmhca$1genegit¢dﬁwvéhn cathodado phdaamd_e 12, and

advancing tube 5, and.third plasm_ advanci tube 6 is forped i.n o
bent man n%lﬁswstaq?@éteét@g@gmeﬁ@mql?wg i, eﬁlgrp des &w?f pel fim
FIG 2. Rlasi®R lguéﬂd%alée@faaﬂtihfeg gnﬁh@ﬁ@ﬁ&ﬂ%ﬂﬂz&%ﬁeﬁal'aﬁd ReRS R
to plasma introduction port of pldsma processing portion 1.

gas (lon, 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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Al so, second plasma advanci ng tubes is placed geonetrically at a
position off the line of sight fromplasma outlet 7 of third plasm
advancing tube 6 to the plasma outlet side of first plasnma advanci ng
tube 4, in the sane manner as FIG 2. That is to say, when, as shown
by arrow Slashfgdvanghg p&h a8 dpdd: naufd faenidle tube cross section bottom
end of plasma outl et 9 side of third plasma advancing tube 6 to the
tube crosE988ktion top end of the plasma outlet side of second plasma
advanci ng tube i fi e i -

by arrow 9, f r‘%?nthf3 E’B&gﬁg r’c I[dlg s ecl?el %“r?‘ﬁ{égig?%%hoaf&%@%?g‘éagﬁﬁ‘}‘é rtlL?D %asﬁ ?i gs\tm
port si deplafmi hdvadcipf asdeel, sduadplasiga ddibgcifg tubetShend thire plkma ad&meinigon
bottom end_ of the plasna outlet side of first plasma advanci ng tube
4, satisfiies 66%’6‘@@“8@%4@“@% 5@6‘1‘1@9’? P@SW%B@’Sﬁag%t&’@éoﬁlP&@é&ﬁ?ﬁnﬁsc
FIG 2, agdyf66d 17,1k 14528 0%hd glto'bﬁd gtk e ‘f%r@ﬁke% PRALS I‘h@ﬂla?%&
fromfirst plasma’advancing tube 4 into third plasnma advanci ng tube 6
i s preventradpors effickeaty tdaveye idprovat] bgetnaxieg sineghdtiicdieidafoagltanout | et 7
of third Plasna advancin ube.G.Q%OOSZ% ) Pla%@? enerating
portion 2T@SRYTtoRdhEY ceatiebige page ofspid PRI PAMEt r ode 11, anode
(anode) 1gyoo@rc power supply 13, cathode protector 14, and plasm

stabilizing nagnetic field generator (an el ectromagnetic coil or a
magnet) 15. CaBératse thoplasma hévagoippipgthaoiormed of a bénd npinagria three stages,

consti tuent nd. jfs.fqrmation terial is.nat. limted. particul arl

2eTong  aBrineRgield il Riro e M Brie nadshif Bt fefie B ebhrcia
an al | oy, peheftiiRhiahd DY £8Mstalied B6tha AbR coitclin@p&idibh 6f fRPAsASladvancing
(metallic oxide / nitride) and such can be used individually or as a

m xture ofube hgndpecand plaginh sdpneiag tubeay Agbibep bedeadsuideshe plhens sireeal | y

: | .
- backuar i B pRbE g el BRALAL L 06 AT dRlRe B A B AR 2 e
12. The fwoumtévenlymatierdoahectihg s¢vnde ofifirst plagind advaftihg chibeardnt cedoad! v,

as long as it dpes not evaporate at the plasma_tenperature, and it is
a_nonmagn@fes sERFNG UbE Rabetpresenely Pf thempsnrys Brldet predusid i vhich e

A S0 L e Gl Ak OReilbeafiidirbes invatPht thi Bl ibi. & offinate B
long as it do€s not obstruct an advancing of arc plasnma as a whole.
Fur t her noureyepmagmaicStedd) deflenting nrmggeietfiedd génelafing emenal)24 bie previdedbed
around thg circunference, of plasnma generatin ortion 2, and it

Stabi | | 2ol e ABRROORIHER “nd SSPaR Pl PA L GRCREHRE T c 1 ol d
generatorm@§ﬂis pl aced so that the applied nagnetic field on the

plasma is innutually reverse direction (cusp form, the plasma is
stabilized fiilPefastion magectiofiekhsencratisg aisang 22a 21 eansisi gh deflostion miagnetic

o aemn + <09 el oD el Abable SoR RS S PRNG s Sl Robatl

rate by tyikepbasmPangadaldand fHerodwe dircinifetdnes HDhE seddhad pIBmE edeihaink Bibe
portion 2 and each plasma tube path are electrically insulated by
pl asma geheramdigoybie yake 28 éflectirumagnedn figldageaeraing geit@ i§avound, dnd it
constructy j i of i . y : i

ol s gear S ST B b lolos7 28 A a i Bl in el 8814 S eBRRUHAYtth Ben
strai ght | yagatiapclen®7,t28band3appled tovand tkptdsmiadabdcpnd blasha adyaatiaf @ybeso
t hat pl ai{&ﬁ%ﬁoes not receive an electrical influence inside the

pl asma a ing path. Al so, a processing conponent side insulation
plate (fini shimpgLAch xSt @fatihg)nehﬁs_ B 28 §eLIRRIMeBsinflnt d

pl asma advanci ng tube 6 and plaSma processing portion 1,” the whol e of
t he duct mpeshiaiiem, fnowhiph asrvable yekes3fors adiusted by slamy kmsgthestbeaixght | y

d i 1 3to third,pl dy. i tube 6.1 t t .
ol ect i oaieyten Supgalabrl SErEHEl vkt 8 v ingne R ad B e
pl asme i sgipefiod. MbEURHERM aR¥taig Q%S%%Fﬁ’tl mEPWSEmIHRRIVbIERL B2 Y BsiRERd

source and/or GND). [0088 pl asma generating portion 2, an
around the outer circumference of first plasma advancing tube 4. The rotating adjustment
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[ 0089] At the plasma transport tube conprising plasm
straightly advancing tube 3, first plasm advancing tube 4, second
pl asma advanci ng tube 5, and third plasma advanci ng tube 6, a
magnetic field generating neans for plasnma transportation conprising

nmagneti ¢ fneehghigifichspasts giie bddy 3 R wkith ercAllRpadi gbows@q that
circunference is installed. The g[asna transport efficiency can be

i mproved Ettaly adiupigneyvahlegieke P2 it ¢isugniesntia diestpntarainsigbed wtfpem

t hr oughou taial i . 9

Because t %:Ieatcp ' ggﬁrrg 3&8&/‘% ?‘ﬁ’é’ al%lg% ﬁE? 25 ?%%@ggpfﬁkoagﬁé@%r‘{ %g?, E|‘prJr‘1j t}yh ree
st ages, nelidieg pmsBBeéh theewhd ciidimgeaiabdiragion, herbiangkeagred berdtitivhally
and deflection magnetic field generating neans 23 are installed at
the tube edHfedWiHy Feleddhntabie rngestd boblssrethaiuraqeilig 90 deerees. Afigr the

d pl as. d ing,t d t hey.bend id |
Str eam by “DRETREh AT e erge PR ARG b {Eeo e s T8 e Boy
magneti c greld cannot be wound evenly at the connecting section of

first plasna advanci ng tube 4 and second pl asnma advanci ng tube 5,
het er ogen&#4%$] of the magnetic field is produced in which the bending

O e e B e T

gener at i ngircmaidtentlly 24uwal Be putey tidethfbientd 6ecildatamaadvaniigabé she 4
and second_pl aspa advanci ng tube 5, [0091] _Defl ection magnetic
field gendiiastehBy sding toward Gig tuhgaxjschireghionyand bystwingingrioyreed the b

tRhecAxes
generati ng; C0Qi . . . Ny i
Tovabi ¢ yalretsn. GHieHibAPSER Sl it biomtR: S50Me Baft BV In
second pl ssles?%d aatmied gnd hddé tHvou ghrspaced 36u8Madenecnylerk 85 285 stehédlit elidd g@roove
magnetic field generating cail 30 is und, ,and it has a pair of
TRgnet i o Es% F’@gg%ﬁ tibgaisdefippaf sese g7RY fEapeiRg toF o fg@ﬂgwéﬁ%ﬁled fo
bet ween MRgNGiHsG PR ERaid bod?87. Al ggog,]%se% fo%&gf@ﬂ{ phrhing tdPhe $Winhtion

second plasma a vanC|ng tube 5. [0 [ ection magnetic field
gener at i ngenterding of 3¢copd piasroh adicaneing adjelfs Thre slidergrediarseun on firstwblagrha

novabl e yoke 29 | justed.by slidin ong.the tube i s direction,
o att g S Bndne e s KR el i e ? Bhecr g ot B Bleide Atarire ne
t ube axi stiheUeRini Wket i &a guidinp OVSy & fsQﬁ%%&%t@Qﬁiﬁ??%ve%?ﬂﬂB)ﬁdﬁdﬂfg
novabl e yoke 29 positioned around the outer circunterence of first

pl asna adii@rdd dhena W &ibg axizircetivnamoneplanpkissrafpuidingladydlsun bedide-ses
e body. a1 i . e e T " |
% st ot Brling Bh65 e haRLAL Ml GAERcolf Pllfle JORALHEARE.

four pl acasier fHcndjusBhengtits upjused positdil @nybekeaidtdinad By tipisefihg @i 31 © slide

gui di ng grooye , .and by sliding pins .33 in the tube circunferenti_al
directi on}?‘e%@é%lz %ﬂtﬁ Snetening a0 pilsd suiging Y13 15 8yprettehonplideimembigPe

20 ot 4800 ol semilernarogavs) e AL sgser i ol
33 to qui nhion@lbgolge 1 Mgvatle3pke 29 can be swing-adjusted (tilt angle adjustment) toward
the tube 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 circumferential direction, and a swinging manner in the tube axis direction, a
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FIG 8 shows an adjustment mechani smin which novabl e yoke 29
positioned circunferentially around the outer circunference of second
pl asma advancing tube 5 is adjusted by sliding toward the tube axis
direction and by swinging toward the tube axis direction. QGuiding
body 31 i gerfioidof the etbyogehdigomathegneBofitla fohslashadrgnshortatldnehn povabl e

yoke 29 is fastened and hel d through spacer 36. Slide nmenber 35 has
strai ght $Pirigd ogt by Bnesslivgtraeny by vaiddgBectionindagapticield drowgh addesting the

pl asma ad ! 9911_1:.'1 i . ?ﬁ]l i Lon main
body 37. é?%!élpgrr%g\%gl‘g%ﬁ?‘s oér#e% zggég%l]ﬁe ti%rgj eglﬁ%%%g}g é%kﬁt center
i ne of secmpdsipt agemmedyvdaramggntenbel s5id bEhepahwaeingheevagsatanbp on
first plas advancing tube 4 is forned horizontally along the center
| i ne of fifé%z“& asma advanci ng tube 4. Pin 39 set up on guidi ng body
31 is ins @g? into guiding groove 38, and by sliding pin 39 al ong
t he tube axis direction, novable yoke 29 of guiding body 31 can be
sl i de- adj ust ed (2Ardiid@.dlschematimily Shevesidte 1 2A inbbichengagneod fieldeod éaond

pl asma advanci n be. After the adjustpent, its adjuste ition
Can be el TEAPIRbas erib i Hns R OL s Wb R R Rk

fast eni ng contigufdlionAkcifd afl tihBdly RReYsed bedond PURRAMHPFhCRIY tBbd SISlRBIDET
35 so that it is free to rotate around the axis of pin'39, in a state
in whi ch inclipatimerrs. bniblisteesal 8s shovaidtyehe bitehepdines/in/thp figusgpogaps 26 fosmede
SW ng- adj tilt. angle adjust.nent d the.tube .axis direction
by o at | Htdf crmaeornl Peisou® St SHTE ks JER0Sh R gES TRt Vit

adj ust menprddutibg amelet geadityie them izt G6ldpynd re@liignihe lagna tRfsgoet sl i de
menber 35 with fastening nut 40. The adjustable tilt angle is 5

t owar d t h&ftiieney. pl asna advanci ng tube 4 side, and 300 toward the
opposi te side. / i i el

goner at i ng meakslgbrtespy cmbpd HREE AEEnAR AAELHET TRANFLbENd UE i nbe
sl i di ng manaenferencd ditsetandel @xiasaddamobes tubs camphteaaintgmesnfidd coib wohed
circunfereplial di%ﬁction,_and a,smﬁn,iqg manner jn the tube a§§§

di r ect i onCllRatiGlyloRE hsrnelnatipRpd? BYHe i guist bR erigiEnre (PR Eeid 10?7
pl asma trafRRAGEAL sAPwE §he AOBGRKH @AnAHEHD | | by said
defl ection nagﬁet?g fieldetﬁrough adjﬁ%&?ngd?ﬁ%ﬂgggﬁﬁPﬁﬁkggﬁkﬁé angl e
of novabl genevkenZor, plaanch tamsptation i woHwsiia an dvad2hige panfipucaivpraraindgna

geonetri cal ,.arpangenent of . said bent pa in three stages can be
ool zed. Helhy AU bocBg Bl A e RE el b ki TR SR S
in which gap@@nas ihe hhicBédare® ih (AY isBEREkH 6y kéighe ug alaghald fIM £Q1 19

pl asma transportation is wound in a circle K/Il -ITke configuration
around anWiored infadivgl M2 ks gealigwatinnpnsiceendpl aaiaatyanng whe S5a plagmg
its incli i I St i : e .h Lnes, in
the 11 gur oSl @t yliPacrled af PG pBI AR Y v ARCCBRENTF vy 8RR,
tubes (4 oindig 4 mapdetic fieldw@ilao e indlinzd sunfinend seddho @L€nA@dPancing tube 5
het erogeneity in th mflgneti c field, and reducing the plasm .

t ranspor t 2% ‘Fﬂ%?‘éﬁ%&‘.ﬁ plasma trapgp Py erthEBerHBgan YARHARIgCE | d
coil 19 wgupd around the outer tube circunference of second plasm
advanci ng tube 5 conprises a magnetic field coil wound ellipatically
al ong t he[(0A6] i nati on axis outside its outer tube circunference. (9B)

of FIG 9 sche ically shows state 19B in which, netic,field coil
T6 for magnet | L5 Fie @V 4REAPS SR FORPTInEstles LAY Aav-ine o ditt
in an ovahadRa bddaﬁciggﬂ{bbguge%bh@ a@h 2 HRAndRg hite!s, BEHhYd PldsAHAGBarRBONd

pl asma advanci ng t ubé 5'afong its inclinatton axis. BeCause a gap
such as t fwbe hadroplgticadleeting nlateg Gajflask4 p ey té drebiynpdantad ongeaghy raspeptist i c

field i)].19 i | -1jk fi atign on. d
oot oohb BBV Rl e ke SEue Al b B SRl ™
purity plfsigwiggan be made possible by densely w nding a magnetic

field coi Eootg% the inclined surface of second plasna advanci ng tube 5
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[ 0097] FIG 10 is a partially enlarged cross-sectional view of
inner circunferential tube 61 having droplet collecting plate 60

I nner circunferential tube 61 is built inside each plasma tube path
(3-6), and a few droplet collecting plates 60 are inplanted into its
inner wall. PlBEERA0% 4 patinldi dntathal drog-sepivtiangie D et cifcudtieicntidlebe
center of droplet collecting gl ate 60. The plasma flows in fromthe

upper par £1 Biviggdoplehepliectingplals £9s baer gircyuderenfise Hbs § 1 apbuikapmide weh
inclinati || ' ' i tihi :
of 15+ 00, Phcie GBI, s R ARt EnR Ik Rk M P! A4S
set to a=6QlliRadne sreembmdiixton opdByng 69 is fangten thfe cemet oftbplencolledtmg
droplets separated from.the. plas stream ef | ected repeatedly by
dr opl et c Blefect ffﬁ@plﬁfla% g ﬁ% SHRPERTE e AR REEEE dUPigh abl y.
[ 0098] : | gt @& j i : ' oy
ci'r ount er SPTVH % ST AR €0r BbicPEMephRE S (OIDRE withy heronec.of
pl at es 60]5-20Y bubdD-60°ak bEtabit ALodlmelts egpiiche:, asthie it ene=6olis ed ed in
| arge quantities reliably. Because, in a plasma transport tube, the

P

i nst al | at PBbodiisple By diis aaglp pEinclintivacdhe Agplsteieaaraiwd fjom theplasmasteanpy
the limt_aof £ ' i '

orser o BB UG B IR ENEVSS SHE T Bl bl
rough sur fefial@lypr ocessi ng on the surface of droplet collecting plates
60, and thu§§]f orm rough surfaces having i nnunerabl e unevenness. That

isto say[00 rougheni ng the surface of droplet collecting plates 60,

the capture arege %gﬁf SfcEbn ﬁﬂjge{cgﬁfeia%g ifefti nﬁQre%llﬁaliuﬂ%r fﬁfﬁ ?%rea@é%y

the collection effitiency can be inproved. Al so, e drople
col | i ded mmltiphedmoplebsdlestirg @ataslod; med theskittdpéd/dippletsiven be edlssakandand

the droplet, collection efficie i ncreases, markedly. Linear. ern

pr ocess niPSHEY HEaHEE A BIO U CE I B e, Db HEBR f R faube, e iniaaion

sur f ace- r guARS I BEbpRK @&@e%ﬁhgﬁl;atels‘rgo iPrebthioRaby PR iRt Bf HeQ@RSIBhAE of inner

nmet hod, for exanplée, a polishing treatnent with an abrasive ga@gg IS
¥ t

used. For cieseaipientialitubesd Ipwenrddita insreseetsidmepletaehonl agabit iqureterablertadat
by al um n?rou%ﬂ%r%ace%ﬁ'éc%gsin lna 2 Sll.? aa %%f Pod le% #&?ec#ilsl ulsa?e%I 'GOEésrfc)ietﬁlleailoh'X’ a
m crobl ast processi o n Ich particles of aTew m Cronhs are

accel er at gighpdfReyEivinsiphayedbleGasyeapgsyTiat 0§ B 4h® by RQWABAIAG the surface
processing on the small surfaces of droplet collecting plates 60.
ft

[0099]  of draplet qofsetingmnlses &) e ptugy ypt et dreplet edlerting Hptas 6 isducrpased,

r ef er abl : : J :
Bt ace. st dhERAIRG I EARhe PR Bl ko HEGHURR oS il rocopees
about 90%refdiidnel telibidy imitherecsadek, and theadreplat @dlectiine:flcatdyanemases

droplets can . be adhered and collected reliably in | ar uant j t
by the i n@%&%ﬁdﬁearweﬂﬁwﬁwfm%ﬂweaﬁﬁw?% & FDS e G i pie
for the pﬂoﬁ@l’ﬁir?g%’r@&%biﬂ% RALineaA Mt YRoRsdth SMeBbl] Y cfindiba RLasR
fl ow can be realized. [0100]
treatment with an abrasive paper is used. For example, in a pearskin processing method, a
blast treatment by alumina, shots, grids, glass beads and such is used. Especially, a
microblast processing, in which particles of a few microns are accelerated and nozzle-
sprayed, can apply a minute 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

1s made to be about 90% of the tube inner wall surface area. The scattering droplets can
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Droplet collecting plates 60 are shielded electrically fromthe tube
wal | of each plasma advancing tube. To inner circunferential tube 61,
inner circunferential tube bias power supply 63 is connected as bias
vol tage application nmeans, and inner circunferential tube 61 can be
set to poBe¢ adheecdedndabliectedelishty ired largeafnaiitity bg glad inveasd ofclia droplet
potential, or grounded to . (ND. In a case where the bias el ectri

pot ent i al eSO a"(?iaf‘??dﬂ%lé‘?gﬁtt‘ibglfort‘36815‘6’11&?@’3&0%@‘% 9 Brge i
pot enti al puljfi]tgolPﬁ% Bf dRetare RMSANY the positive ions of the
plasma in"t transportation direction, and in a case of a negative
electric pdoéhtial, it has an effect of pushing the electrons of the
plasma in the {ransportation direction. The choice of either the

Posi {1 ve or ' hBrTRgFolgang Sl sDafe SoRAre ey o e e Besimm
transport glakaR a@fahtiak WY Td SnBirciREEERRML hibe @ Jinhér diRufeGhHRItubE B
the state of the plasma. The electric potential strength is variable
t 0o, and pewérsupely£Bliycanesdehas aseltagnamlicationonedner adtineer ciraefedntitlo

+15V fro he.st andpoint of the trans tation efficiency, B

2opl yi ng $oB ALy R e st RitRl st Bekefvg ARr BE 8ot 5 as

el ectric pPRLeM t8IGND. ARG d48d RBere Bitthia! dl@htehdtentiaPbf inher dlcasiReAube
t hus suppressed, thereby increasing the plasma transportation

ef fi ci encl isjamopitive electricipgtentiglof daprnefst alishiag i pasiiesonsedéheor
nor e aper "/ . al . he i ir i . .
arranged. E’%%]ﬁ%matg% ‘#3@ %@gh% Gglls%g%&gt%? %c au?agé |bt(rsla %ﬁagﬁé %lggmlgﬁés{tteg%l’a% Ifycg;n
posi ti on saefdeofpushing tid €lagronk of tha biasmxiis thditia@gidriation dir&goethephaiken
advancing tube 5. A structure that can be mpved both forward and
backwar d_PleithecBppatiige orthenegatiye 5ehoyes ot thawapd WechHeinassR y one
di rectiongl I ion
ot 1 on SR B L 5 e e o Pl e
and washethe dlh¢tsc apential seeiph samriaiie tpeadigisafsualypchedet torsoiinedt ar ea

at the center,. and .the dropl are col l.i ded d captured .t he

et | pher PP e ke (0P T R BB g bR G1ans B RSPy
through sgiflviapenia %R&j%éfia e&ch: drs}tbicboRB& g Mt EBY DRR hbridiptédiial e
center, or it may be set up at an eccentric position. It can be

desi gned #djusted; and) sttenmpitasy of thenplasred enndbe this sypprepsst ctheygby ingreasing thear e
instal |l ed govg?l%s D 86 Ccll rﬁl asma advanci ng tube 5, the renoval
effici enclf/1 OF P Pa?%tﬂ“e Tifdr eases, and the plasma purity can be

i mproved. [0101t he fol l owi ng, an aperture novable in one direction and
using flat springs is _shown. [QlOZL (11A) of FIG 11 is_a plane
view of a novalsecesatasmacadyacing{yoe §, opm)or grore apeiturgsyimaorahisdongihe
install ati : t : I { havi ng
openi ng 7%8§Pﬁgﬁ%§%@)éte mendéllréﬁ %‘Fjéé)galggsglﬁlﬁe%ggé%e? rré?ﬂ]?hlecﬂi ape of
sai d openinsigllatam fositide sugbedaried abngitheubanxio direnioavakecshdplasmaong

ot hers, depending.o he pl acenment_ configuration. At. 3 ]J]ocations of
the surf ai‘g'aB‘fm%B@Pgu‘%‘étr?‘g?reélﬂ%ﬁb‘ép%mﬂecgﬁﬁg reaphang Ry &4 it ot r udi ng
el astic piReganltfHe aesl‘lﬁgﬁkechatfc]aﬁ%e ﬁ%b&‘ﬂxsc)nly?‘?ﬁe ai?e%hsﬂﬁsdalé%vacgaﬁm 73,

but the fastening nmethod can be adopted freely, such as weldi'ng.
Pr ot r usi oBecalige ibfs ménabls, thstingtallatier pesiteneofiibaapatiovaneearbe. adjssted Frovnt alsp

(11B) of FI 11, in the tu 75 inne |1 of secqnd snma
bavanci ngrsatRoved gkt TrieedEE 08 t oo oA s e s arengt
are engr apedehel auEaabpldls iechNiabd Mmddapair&l ofhe PEEHRMI WaBGATEESof Ris
are set up in nultiple nunbers along the |ongitudinal direction of
tube 75. ofkamgapbile thewlappaipgssingsirqual spid opening advagcesn Seif epeflingmry ba
of arrow 7 i trusi f tiC.:Ri s .are .bent.
Gownwar o, CLpBELE SBLE. CrlPalBe (e B b EocEh R BB I ER R P B in

surface whirdo@s trhagyerp Ihkreding, ib giuttipld fieeridids FOtakOmstafled MevablamnRcegEldr eam

is the opposite direction of arrow 77, Furthernore, when aperture 70
plasma advancing tube 5, the removal efficiency of the droplets increases, 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 pl apurity agyvbnoiaprgvddubeth6 followingd) an speraareratonelle asorgphrettisreandysiny
arranging_this aperture for connecting section, the droplets included
in the pl B&TRUBEYIESMAWAn be collected in greater quantity, and the

dr opl et rﬁngxpl ef ficiency can be inproved, by reducing, naking
eccentric, or both reducing and maki ng eccentric the tube dianeter of
the pl asma advdhd) nfFisad his 4 glagstiew of a mavableperpira3dmng €Hdh) atf isaig

S hge i s EemEehtanSon S ki A e e f b A opm pving !
pr ef er abl gydnthd NCHRGHEd et Il rabealth BBRnRE VRRE, MOshbpDE! Bid dpRnAgREA by

of the plasma streamthat is exhausted from second pl asnma advanci ng
t ube 5 t hdesignad ith@cibawar opan Ava phapermong ofhers, depandingondhapiaesmianént i n

L L ey

conf i gur aput@arddprofudih@ SIBtiPOFiee $Bt BthnfNE A a8 Eptingef art R tehed bscrews 73,
enbodi nent. The plasma processing apparatus of FIG 12, in the sane
manner asPt(tls fasfenipg gneghag cag Hﬁa@)@ﬁ@f galn§uedpisaradiog. fuempiensi dglabe

| ) . .
pl asma ge&ﬁsrtﬁltphél:gs RRHEACR Wik, %Qt%ﬂ@% %{1’( 11 %z Bgﬁlgjf. i N9y BleAmiER 4 ﬁnE}Ew%le |

supplied to plfasnma processing portion asma transport tu
The dr opl ef secaniplasngy givaddiontubed, angagemenheecpdsas Hafol rexisipgaperturb 80 aren

t he sane manner, as FI G, 2, conprjse | asma _strai | y advanci t ube
1100 conn&tE &g PERFThen L o o8 ﬁ%?iafﬁlfgggﬁsmrw:sse? hates ﬁl_a-‘smmﬁgple
advanci ngniHhes hbRd tRIoeGhRd &i&cf?&rﬁéﬁﬁbé?ﬁ.%ﬂ&%Ap%rt&@"]@lriﬂn@&tédq%

1100 in a bent nmanner at connecting port 1104, sécond plasm
advanci ngtube B2 irithe dirgeimhiofedby 7drwlalegectresnehs ¢ i St edastiapiertsare bent

finishing,end of first plasm, advancing tube 11Q1 in a prede m ne
bendi g SHOTEAGREES Rany (B e g an et sk el el B
1103 connggitigdi TheaiiReidn dﬂﬁﬁé\ﬁ%srﬁi sthdagh ik i Sfposie: @Rt ofsfoanz.pl asma
advanci ng tube 1102 so that asma i s exhausted from plasna outl et

1106. | n Badiermens, when astigre 1008 phshied ywasd e ditgelop eltariost T pratrgions 74

pl ates an t .8l | I [ I i C
Lol o oA BR Soll bl ol e A3 EARRRIL AL PRGN

The pl asnenghpanad dcksst 160 endarapucksd. ISgoppeaFreandibl 18d 19 biddyin aeleanan tigs t ube
1100, first. pl asma advanci n(ﬂ tube 1101, %gci?nd, | asma advanci ng tube
1102, andOfidsps2ad ARETRYY AR eanRy setildhis 1epkes gosipnyvhenihe,soh BT ORI A r

in three i ; G of
Hgs 1 atange, e o asioPanelisicl 1fob b A3 AOMARTLHHAFNDR 0
t ube 1107tosmrihthe tigectmn of heowi7i| shtharpremdiafs 7deanaghipbatred mdwd haikad

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 aneter increased toward the outlet tube 1109 side. Plasma outl et
1110 of oftiadotibn tarnekelth® Plasma downagtiethettabettheangérasma i nt r oducti on port
of plasm @ﬁﬁﬁessing portion 1. Qutlet tube 1109 has a constant

di anet er e plasma transport tube concerning the present

embodi ment, the, kespecdd é%nﬁ&lemea&mg@dﬁ%oﬁﬁ&mgs&aoh%@lfe {dsfr

pl asma advanC|ng tube 11 second pl aSma advanci ng tube 1105

third pl asﬁmnamga)ntbl qegprising plas03 SHalghéyeadxtaocmgttm@eﬁm plesivh aqb\raaslng
advanci ng G 1. .Aso t |on ff t he S
From bl acHbioheRapd Biame pvatioe bibene: RRB o GRerensiisHhe St fissHirtos
si de of f ifasherdtsapaurady,ayGinabgihy Bds a,?&aare ﬁ)@@&ﬂﬂc@{gasﬁtﬁ?orﬁ@iéaﬂ@;bl&g
tube 1102 is Iaced eonetrlca% he same manner as FIGS. 1 and
5. That i td eéaythew%ématsh@arm@ﬂee ofleetcd ragreder quaokiivt amsl theBeplst oss
section b 0 Sld of .o be 1109
to the tuba L EReBly falbelsRERa Wb et PRl el Wi b Lytiepd
second pl agkngadveanid the tibeliganlct& D itlse p‘i@sfmmﬂraﬂ@n@pahas shown by arrow
1112, the angle of elevation ( 0 ) fromthe tube cross section top
end of thé& Iﬂgbsna entrance port side of rectifying tube 1107 to the

t ube cross sec t ISt
pl asma advanC|%g&@Sgg&%%nggg@%ﬁgéﬁﬁbglarr%ﬁ?%%Q§J§%§$é?les Q§gdﬁ%
t he sane ﬁmﬂmt stage ik bdastricteBwith heonstan thheBapeters tugyet g@wfeﬂab]e(ro increase
pl acenent | a . 1.and 5, th h avoi di ng the strajghtl ci ng
droplets % lrs aSE Gy ARG Y é@ﬁgleawaﬂfgherﬁ FRRueaTdhas ¢ Pfffvf tom

i ntrudi ngsddahd f1apha adPinatly anel Nrdudh ShelddBpath DBy h{"{h% EVRpIed from

bei ng exhausted from pl asima outlet "1110 of " third plasm adVanci ng

t ube 1103empodidght in which aderisdicsormdotiionys pevidediunther in thwidrdasplaas ma
advanci ng &HP ﬁ%? f the finishing end of second plasma advanci ng
tube 11022WAPERE § 888 hel i nedly arranged, to prevent a decrease
in the pl psipg) progress efficiency to the third plasma advanci ng tube
1103 si de throu h meandering and diffusion of the plasma flow,
rectifying mag Hg@ i1g shows e geynmanyicopfigyrafips pta plesma processinigfapparatus abie

1107 conn I

rectifica ﬁ%nﬂﬁa%%# ?%%ﬁﬂgggh)ﬁ%{é?m@%’p%gﬁ w&ﬁr(? 21’ %ﬁl&é Eﬁe Iggﬁ%?gl ng
t he pl asmBIG.I5ohass il piniegbnbratng seeodtas @in@ﬁ‘fﬁ&lgaﬂﬂm #detatibg pdi1ioR (e
rectifyin%?tu e is generated in the tube. By this rectificatiaqn

magnet i c o gracrgiing pasma merﬁglpplee@e@&%@a@r%wgawa%m@d@mm
1102 can Hﬁnsgbﬂ\eﬁbe Thédo0R vl%ﬁ&%ﬁlgg@a%ﬁ{se%p mﬁﬁbﬁl gﬁuﬁ%ﬁ@%@%ﬁ@tﬂ I ng

tube 1103 si and a geheration asma Wt i gh
purity besunesapesss BI® 2, ¢dddifips plasma sthightlyk@varsirtube pl nanhoeced to

dr awi f tic.field f f d d f t |
Cube ( def NS B ERH R RSRIrOoP Cb TR Sy H oot b 88 ni ng
the fift hsteaigqg%mmom bé bﬁmn larbeEﬂ f#ned & c%ﬂﬂec:ﬁﬁ% FB& 1$@4‘=1@eéolaa pmsﬁiﬁmi

streamlike a &aay by oscillating left-ri up- down t he
pl asma st pdantiog tiberld mezhniedlsemmfgeém@wmmqeéatftb@ﬁn@hlng lgad of first
rectificatjon net i ti coil, 1113 f. scanni n
< or ovi bl e ARk fyes 30 g BEfSkiintd Fadinedhis dbmrlRini b
1108 connggrdgfiash dd@ﬁidﬂgﬁhﬂ@liﬂzbﬁnﬁéc@&i inMB@Rehhthef hiethél figBhing kAd 3f f or
scanni ng conprises a_set. of X-direction OSC|IIat|ng magnetic field

gener at or &ecepgplasmoadyaasias fibsdd 0% o thatiplawes is grhavste |ﬁfoa°e Plagmaraiesd 1 Q6.
field gengy fcfd?cfo%, z}l%tagh &&qﬁmtrated, droplet collecting plates and magnetic field coils for

plasma transportation magnetic field formation are arranged in the plasma transport tube
[0107]
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[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 nagnetic field By(t) at tinme t by
Y-direction oscillating magnetic field generators 108b, 108b, and
scanni ng nmagnefThe plsmeh talBREtt fulse cotripnising plasma stranghtly Sbancing gibed 40 thiret

field BR(t) is synt het i netic field of X-di tion oscillatin

mmonet 1o Pt Avetne iy ol Harsdricing e hilhatd w0 plaa | 0
By(t). To a@%ﬂl:i%% Rube 198 iBblmed¥ald Bent AR ASMPeeStdoBATM 1R 96 hlahAlad the
left-right by the X-direction oscillating nagnetic field, the plasna

st ream i s pkemnapddngivgpoihn obligy- dindsk Thivd plaswi laf vanicing tweegHEB icompiiedsd,

or ocoxs: niore ahe 1T mafad bl BB RR TR bR R R R whea o

the pl asnmai@t fRstdcad Akl 1808 thaekechies £ 1efkEtis06§diloRioa R Rhinddhal to
object to be treated placed insi dehgl asma treatnent chanber 1, the

pl asma st Fesifiingtube dHiveand olabBibe d Whaustasppicyl tybr (defectionmscibiatinndsbel
teXpOS ur e 'Afosrﬁ?a‘éf‘fts @%?ét&ligcr?e@e& {B%vfd‘%feroﬁﬂ&%ﬁeaﬁ%g%fqu ﬁ%ﬁ?bﬁﬁ 1100 &e
r eat ed. simlar principlfe’is used as, for exanple, en e

el ectron betmndde 120CRkotlh&pddy tiassiadnaib@sdlceibh pott @hplawha b cesBitigi@rtion
up-down, and by repeating this npvenent, the entire surface of . the

di spl ay sér@eietiubend g hasn eapstand digmeter. [ththe plgsmedransroiabs ¢oncprging the

Be(t1)  aRE B L emen BRI PR LRk R TR 75,

scanni ng edeaintingtheée 11161 tsecanghtiagsmamgnatcing thbel d2BR(d (Rird hasms edvancing i S

formed at ti =t2 by.,oscillati magnetic. field (t and, By(t2),
o Uhat 1 POk Seith BB AR F 6P HePTE AT BHCHR P ok AlsooRt B ot
_the ent| _rﬁos'it!i’érf &?ﬂwﬁneb?@igﬁtyﬁ?&n [a@ﬁa&%lltlgtlllo of iRt RIGES E0Y to! RV A1 h O N
is not limted to the enbodi nents descri bed above. Vari ous

nmodi fi cat pethet 110fesideef fust dasmad asivenciemibet HYl, secohdplagma adancing Gibed 182

departure.from,t he techni.cal concept of re i nvention are
o o | nol g orReREL DA te Rl aehs 1S RRBTENint RVERRY BReRlt
<I NDUSTRI fhgl AGF1EFaiBh omYthe bt L2dss section bottdin leh@ opthe pBmALAL&II L MEde
appar at us concer ni Hg@t he present invention, Ogﬁ]&arranm ng an

el ectri caPfeyist @hf 9 odhoipba gross wetion @_QIGEQ ppsEagudpl 408 ,sidaﬁﬁf by
Ferovi g ROrS RRSaF BB IgaRRal GRedl &y Fa TR Y EnBhgd R thfunld
dropl ets, of‘el@x!ra%h)( eg‘ffo‘?n HGubtibR rs&t%b?@%@fﬁ?ﬁﬂ%ﬁﬁ@e&ﬁnbﬁirﬁ%ﬂ&@ﬂ

into the plasma processing portion. purity p

gener at edrdasifyidietupé aE0TeO BicXQBS SloRgseaitcfotbertiautaies Hlhdhga st ProSSedy of
invention is used, it becones EOSSi ble to formin the é)l asma a highly
pur e t hi nfifst plesmp adengiag desl 18has shepmrtivarey bl 1 saésticnr § a8 od thersame

lid materi al kedl y f dt f i f f
char act or Fepreet e I By Fheme i GabRrumter S engila FIr vXes by
irradiati ﬂﬁoﬁéﬁwﬂi‘dﬁﬁ@e stedightBy flvasdigy &6@%@3&16\9 TR BfsBpMSm & AdvaRBing
provided for form ng, for exanple, an abrasion- and

cor r osi ontubed @}k dirrctly éntnidingctbind plasimg advapcioe dehe ME3 ftheyngre preveped Sam

hin TR R ERASRRIEM SLRPITBSRIMGHLNE L ARLATRAg Rer S 17
[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 tube 1107 connecting with second plasma advancing tube, so that
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<CLAIMS> 1. In a plasma processing apparatus including a plasna
generating portion that generates plasnma froma target surface by a
vacuum ar c di scharge under a vacuum environnent, a plasma transport
tube that transports said plasna generated by said plasm generating
porti on, anettificaiopl m@mtiq:)ﬁcid des raegfigowhil ofordiblgtcoprangies ﬂwlmadhj\ect

to be treate said Lied f sai Ias trans

tope. an Bl fom Yot oty DR TP SeBeln e i A BRR ih the
character tu%% C!Bj( thid Ilgéﬁﬁcatlén ﬁfa@ﬁéﬁ'c%lc{e 1] Iﬁés%?a ﬂ(ﬂﬁﬁé ?6 &Eoﬁcﬁpihﬁﬁ@é&%@ﬁ&ﬂg
bet ween sai d asma generati ng portion and said plasma transport

t ube, atubiedil @qu:amdaesh@ims indeecanmengedimenner ot ihnttlurq:xds@@h pbangegtubail H03
plasma trangnott LBt I Rkd RhiR IR aBlsd5 SR b2 R tetimedNsible.
[0109]

FIG. 13 is an explanatory drawing of a magnetic field for scanning formed inside
frustoconical tube (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 Bg(t) at time t are shown. Scanning magnetic field
Br(t) is a synthetic magnetic field of X-direction oscillating magnetic field Byx(t) and Y-
direction oscillating magnetic field By(t). To explain in detail, while the plasma stream is
oscillated left-right by the X-direction oscillating magnetic field, the plasma stream is
scanned up-down by Y-direction oscillating magnetic field, and by repeating this, a large-
area plasma exposure to plasma processing portion 1 is made possible. When the cross
section area of the plasma stream is smaller than the cross section area of the object to be
treated placed inside plasma treatment chamber 1, the plasma stream is scanned top-
bottom and left-right, so that a plasma exposure is made possible on the entire surface of
the object to be treated. A similar principle is used as, for example, when the electron
beam of a CRT display oscillates left-right while moving up-down, and by repeating this
movement, the entire surface of the display screen is made to emit light. In FIG. 10,

magnetic field Bg(t1) for scanning is synthesized from oscillating magnetic fields Bx(t1)
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said plasma generating portion, said plasm transport tube, and said
pl asma processing portion are nutually separated electrically so that
an electric influence fromsaid plasm generating portion and said

pl asma processing portion on said plasna transport tube is bl ocked.
2. The i nsud B(}) at itrertpid sed whilpenpdretcrficldBrxdE $ arsgarmpprosatlaes tfft-sgldi m
1, wherein said pl transport.tube is .divided into.a plurali of
sral |t r afteggite SRR e R0 i el ot B0 BBy Bt el
separ at edpf (O AN, (B) bRt tHYp1AR LRSI AE ba BefldMt Rl 4FE Skl fted B HhisPihe
bet ween nei ghboring Said small transport tubes, and an electric

i nf | uenceewive gwrfapelf thedwe. sai d smal | transport tube from ot her said
smal | transport tubes is blocked. 3. The insulator interposed type
pl asma processing apparatus of claim1 or 2, wherein said plasna

transport[glapp or said plurality of small transport tubes is in an
electrically floating state in which an electric potential is not

appl i ed forci by presept inypetiqnis petdinsited ta s grakasimentpdessribgghabove. Various

processin -at U . LR a. b for
P anspor t oA Sefln FeBife off offers MITEGHD: B ER BNEE SHARY |
sai d smal techmieals:padeht dfithepresaw inveatiorparaalga iriclidied ad thanechhal scoge of the
potential (including ground electric potential) applied to said

pl asna t r BFEPHMVeYHBe or said small transport tubes and a polarity of
said electric potential can be varied. 5. The insulator interposed
type plasma processi ng apparatus of any one of clains 1-4, wherein

a target FINBUSHERIgE ARPLIOABHJAIY: ner t hat accommbdates a reserve

t ar get is(ﬁﬁ jtioned underneath a plasna generating portion container
acconmodat gja target that generates plasma while being electrically

i nsul ated fromgs@k dlab@h Qﬁfcessinﬁ%%anﬁls ASHRILNBEJrdsBEt iRRINELA by arranging
cont ai ner and said target exchange portion container are separat ed
el ect ri cain glegyical sysien dei ragoving ielecicaltpehaagadatroplefs And thyrsetbiog we edrepetd

pl asma geper %tll‘l%ﬁ';[l%l’ggl{ &/{tﬁ)g ggc())nqguailc Ol orsr%%n%vfn%rnggttralId%p%tg oagg & with

portion contA
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 apparatus 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 irradiating the plasma, and a plasma
processing apparatus can be provided for forming, for example, an abrasion- and

corrosion-resistant reinforced film, a protective film, an optical thin film, and a

transparent electroconductive film among others in high quality and precision.
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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
electric poLadMSx (i ncluding ground electric potential) applied by

said target, i nterchange.portion container and a polarity of said
electric EC}P rg{lqsgllapé% S ?Pé’rg‘fa&f.mc%&n&he i nsul ator interposed type

pl asma proc e%?ﬂaaﬁmag@ﬁ@fa@ﬁglﬁor@én By gABRtR plahAl i 4 tRget WASARILY HvaBh@s
power supply for processing portion is attached to a plasnma
processi ng efistgnzecuens ronunpaviremegnodat es sai d obj ect to be

treated, so t i e n.electri ot ential (including
ground el ect }ai@asrﬁ%tt{egﬁ%éﬁt .})dﬁ'%%%{ ﬁraglap?tjg Ségll p&gSEF) aa%errrlgrat)e‘;ag) easlfsali prllagigsnrbaorti on
cont ai ner aiflerdtipop@tioh,y of said electric potential can be varied.

7. The insulator interposed type plasnma processing apparatus of any

one of claimd"d-6, wherein said object to be treated in said plasna
processi ng pQrj i : i | Y. i i i ch
B el oot r " QL ke ity AUl FELERETn ghicel B TG G o

supply for sopplécitfrdno sdié ptasmatmnspos talit ached so that a magni tude of an

el ectric potentjal .éi ncl udi n% ]ground el ectric g\oten_ti al) .applied to
sai d obj ectMiBUACTPEROsH HREPEASBOPRFFTNEGPPIATA CRATRRETAE i tEn i al
can be vari edtartthg Hi8ide1SA6QE irdtEth 64l B8Gebch ¥NE pRLAS B RLRESRHiSD
apparatus of any one of clains 1-7, wherein
and said plasma transport tube,
a finishing end side insulator is interposed between said plasma transport tube and
said plasma processing portion,
and
said plasma generating portion, said plasma transport tube, and said plasma
processing portion are mutually separated electrically so that an electric influence from
said plasma generating portion and said plasma processing portion on said plasma

transport tube is blocked.

2. The insulator interposed type plasma processing apparatus of claim 1, wherein
said plasma transport tube is divided into a plurality of small transport tubes,
said small transport tubes are electrically separated from one another by interposing
an intermediate insulator between neighboring said small transport tubes,
and
an electric influence on an arbitrary said small trangport 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.
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said plasma transport tube is conposed of a plasma straightly

advanci ng tube connected to said plasnma generating portion, a first
pl asma advanci ng tube connected in a bent manner to said plasna
strai ghtly advanci ng tube, a second pl asma advanci ng tube

d: agonal ljﬂ- Bhe iaﬂéétdg afedp @@d\?@@m@dn‘atpr@eﬁéimg giparatpsericlaoh lzcaiZdwglbneina

pl asma adyancing tu I n_a bent.manner w redet erm ne ndi n
P 6t B BB ol fisB R Rt & Plat bl e BRE P of
tube, a 41l kEhaR asdPBtAEIER NI tHA atrHDitGANORH Bt dpRePRNinMMAL grcﬁlﬁd a
finishing end of said second plasma advancing tube so that sali

pl asma i selegigpstcatial) prithed (e phasoe trresport A¢he or stid salall (tepgport thbgs@nd a

reat oo Soeh e PSR B 5 e Theu acor

i nt erposed type plasna processing apparatus of claim8, wherein said
second pl asnma advancing tube is placed geonetrically at a position
of f a strai GHINFYlper BHECTRGSEHEYPR PESIA DEYCRENE 2PRaTagis obpny amaof?q%alm 1-4,
pl asma ad%%eﬁhpg tube to a plasma outlet side of said first plasna
advanci ng tube. 10. The insul ator interposed type plasnma processing
appar at us of athaeningychahgy girtior?conténeritiatcadonsfhiodatesvdheserve arpeaisgl e of
el evation froma éub crgfg section top end of the plasma entrance

port side ofOSngd Ppgqrea Elﬁﬂn%EWF?éﬁnﬁé’oﬂmé(’?@m&r FeRRgdguas §€E¥qton
bottom end @bt {dAGraRls3BMa WHileBeing! HRuRENS #lstlafed fim Bli@sfBetadvanci ng

tube is defined as 0, and

said plasma generating portion container and said target exchange portion container
are separated electrically by interposing an inter-container insulator between said
plasma generating portion container and said target interchange portion container,

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 electric potential (including ground electric

potential) applied by said target interchange portion container and a polarity of said

electric potential can be varted.

6. The msulator interposed type plasma processing apparatus of any one of claims 1-5,
wherein a bias power supply for processing portion is attached to a plasma processing
portion container that accommeodates 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.

7. The insulator interposed type plasma processing apparatus of any one of claims 1-6,
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,
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an angl e of elevation froma tube cross section bottomend of the

pl asma 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 00. 11. The insul ator interposed type

pl asma proces¥i ng apparatus of claim8, 9, or 10, wherein a
magnetic fiel ener n f ransport ation that
generates a nagbgl%sé%o‘%ve%% ﬁ%ﬁ Jec tgsﬁgregtf%‘g%satgo ezsgltsioé ﬁaémsgél{m eoﬁaﬁl

each of saigeftiago@ntidl (zablghm@gr@m@mﬁb@owﬂﬁel) Epmeﬂli th lsﬁlatobj@btasrm
advanci ng tube, said second plasma advanci ng and said third

pl asma advaedtsipndagelarity af%!’é@ fleetiic ppfenti et b%VaFl“ieél d generating means
for deflecting said nagnetic field for plasma transportation is
attached in said first plasnma advanci ng tube and/ or said second

pl asma ad®dhic inghldtobiatergosed typa plsma peocsssirgpappisitgelflagy becbtoaime d-7
tube center side by a deflection magnetic field generated by said
defl ecti oWhhetic fiel d generating neans. 12. The i nsul at or

i nt er posed t i r G said
YR& ep@%sﬁﬁ%n?ﬁ geﬁéisr& BRA AL USasta Glaf H}' %&van\é@ﬁ E@a

defl ection magnetic fie nerati1 ng neans conpri s ayo ced
around an owneected trocsanlfréasmacg:nafatisgpmitiﬁmrst pl asma advanci ng tube
and/or said %ggpnq a%pa adva cin d a na%netlﬁ Ileld COj H
wound ar ound &HFP V@%ﬁ“&ﬁ@‘ kE° f’tﬁ “%ﬂj T PRy S gragga STHEY he
tube axis d&ﬁ@ﬁ&h@ﬂmerotatlng along the circunferential direction,
and/or swinging toward the tube axis direction. 13. The i nsul at or
i nt er posed twécwda%mamdﬁ@m e élpgawblwagamged@mémnmmtedwmﬁmshnsa| d

magnetic fi el ans. f SR trans tation co es a
mgnet i o 11910 GR H et TR S ki SR R R P T R
of said pl agigh with aisgdt tyya RBY axie bhghid ﬁﬁeplaﬁﬂa ddvantisk tideasma advanci ng
tube, said second Plasna advanci ng tube, and said third plasm
advanci ng t uldhird plasma advancing tube connected in a bent manner to a finishing end of said
second plasma advancing tube so that said plasma is exhausted from a plasma outlet,
and
total length L for said plasma to arrive from said target surface to said object to be

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

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

said first plasma advancing tube.

10. The insulator interposed type plasma processing apparatus of claim 9, wherein 8 =
f o is satisfied when
an angle of elevation from a tube cross section top end of the plasma entrance port
side of said third plasma advancing tube to a tube cross section bottom end of the
plasma outlet side of said first plasma advancing tube is defined as 6,
and

an angle of elevation from a tube cross section bottom end of the plasma outlet side
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14. The insulator interposed type plasm processing apparatus of
claim 13, wherein said magnetic field coil wound around a outer tube
circunference of said second plasma advanci ng tube conprises a
magnetic field coil wound elliptically around said outer tube
circunfer erﬂf@aldltbm@plasma adtaneiag hube tag fube crdss sectioe tapne! of therplasma outlet

514, "whor 196 & BUBRar MR PRIRE £ Bnflasini o0 i nio a1 ner

tube wall surface of each of said plasma straightly advanci ng tube,
said first %‘asna advanci ng tube, said second plasm advanC|n? t ube,
and sai d thilhe n}ﬁulamntsmeﬁﬁldmfgﬂmwrogﬁssmg@apmmsaﬂ daipmp aat 1thg

bei ng gre&hﬁﬁ than or equal to 70% of an inner tube wall surface

ar ea. € insulator interposed type plasma processing apparatus

of any one oh ntdpakticsfidld kbnermhigrmdans saipthsfRaimnshaatsnhanghtiantdsng t ube
Is set up as a radlally enlar ged tube, said first plasm advancing
tube is setMigheticligld foingp ?%féﬁqswaélpaés sehup ) $agh peeidrlgspyseaightly

connected t V%lom shl'a r&ﬂﬂ%lﬁi %lﬁvéicgfg ﬂ@%&lh@gco‘ﬁﬂglagllfng%airﬂlcfng%@é ly

enl arged tube, asma —advanci n
di schar ge $mdemdddnhph$naaﬁmnadgﬂﬁbﬁ connected to a plasma di scharge

ntor posed 1 §RETA0MEpF LR B BP0 L e O ARG B
8-16, wher Eﬂlaﬂma 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.

12. The insulator interposed type plasma processing apparatus of claim 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 claim 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

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
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a rectification magnetic field generating nmeans for convergi ng and
rectifying in travelling direction a plasnma stream supplied fromsaid
second pl asnma advancing tube to said third plasm advanci ng tube

and/ or a deflection oscillation nagnetic field generating neans for
def | ect i ngiremafersnes dlpag #migekaatidn pkiasma stream in a cross-secti onal

di rection is/are installed in a connecting section between said
second pl asnma advanci ng tube and said third plasma advanci ng tube.

18. The i nsultatipduldttitigleRRsartyby plashh poBsRizAGHESiub 8f PR dRirhd 8-14,
claim15, wherein said droplet collecting plate inplanted into said

second pl wheasidgwntet prdleetingerlpts ieimydantediatg 4/ inger taberwall surbase af eashef

wal | of sagj . L NG 4t ' .l
ol i cat i o pRSARFph AL AMPREL A M HIaB i herandh B2 sHT bR
col | ecti nplaghatévansing msheprddedid thd plEhma bdwnkiag tibel il aepotait yanting

| asma processi ng apparatus of any one of clainms 8-18, wherein one or
ﬁor e apgr beIRg &r g@“i"ﬁ%‘i“&fioa}oiofgﬂ Foanentwhe walhswicgarted al ong a tube
axis direction are arranged inside said second plasma advanci ng tube,
and said aperture has an opening of a predeterm ned area.

16. The insulator interposed type plasma processing apparatus of any one of claims 8-15,

wherein
said second plasma advancing tube is set up as a radially enlarged fube,
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 8-16,
wherein
a rectification magnetic field generating means for converging and rectifying in
travelling direction a plasma stream supplied from said second plasma advancing 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 into said second plasma advancing tube is
electrically shiclded from a tube wall of said second plasma advancing tube,

and
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H

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 8-18,
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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