COVPONENT FOR VACUUM APPARATUS, PRODUCTI ON METHOD THEREOF AND APPARATUS
USI NG THE SAVE FI ELD OF THE | NVENTI ON The present invention relates to a
conponent for a vacuum apparatus to be enployed in a filmformng
apparatus or a plasma processing apparatus (plasma etching apparatus or

pl asma cl eani ng apparatus) enployed in the manufacture of sem conductor
devices or the like. The conponent for the vacuum apparatus of the present
i nvention prevents particle generation resulting froma peel ing of a

form o THEREDIAN ACHERGITA SLIRIEE e ROV TN MR R camt 1

| nproves a durab Ity o e conpone | asnma generated in the
apparatus. BACKGROUND ART In a filmform ng apparatus or a plasm
processi ng apparatus for executing a filmformation or a plasna processing

on a substrate for a produdIEiirbOFeEHR H\qanvg, f@ductor device, a fil mshaped
substance is deposited on a conponent enployed in the interior of such

apparatus. It m f or ion or the plasm
processing is gg%?ucte n(k:/(E)lr}tc ﬁ'%)%%ﬁ)? %Olgltﬂf‘ﬁ {-oéta act‘“‘&tapﬁ’ﬁ’@“ﬁéﬁﬁlted

fil mshagﬁg éﬂﬁ mes _thicker and is eventually peeled to generate
particles he aﬁ%gﬂ%ﬁ GRPATRINY OF 1 PRRgME MFPFRASING GiPPHENIsHiplasmar of t he
appar at us, and the substrate for the product. Also a plasm, generated in
the int eftS gfngotlpﬂaﬁ%m? iOF (Rl2smao lernige aﬁ?pﬁlﬁmﬁhsmioymdenﬁhasmqﬁaonmﬁ ng
appar at us, erog}*s a syurface of the conponent, thereby causing drawbacks of

det er i or AEERNEYCtehEevienss tamlikean d hepanpioot foethe natieh aF)@ﬁhth& bfthe
therefrom Such phenonena are serious problens as they lead to a

d,eé |e(rj i or PresentqimNentipn oprevemts ppartdet gendp@tidnatresufting? R 4 | efihgdor Br 0ducti on
Y film-shaped substance sticking to a component in the apparatus at a film forming
operation or a plasma processing operation, and also significantly improves a
durability of the component to a plasma generated in the apparatus,
BACKGROUND ART
In a film forming apparattls or a plasma processing apparatus for executing
a film formation or a plasma processing on a substrate for a product such as a
semiconductor device, a film-shaped substance is deposited on a component
employed in the interior of such apparatus. It is known, in case the film formation
or the plasma processing is conducted continuously in such state, that the deposited
film-shaped substance becomes thicker and is eventually peeled to generate particles
within the apparatus, thereby contaminating the interior of the apparatus and the
substrate for the product. Also a plasma, generated in the interior of the film

forming apparatus or the plasma processing apparatus, erodes a surface of the

component, thereby causing drawbacks of deterioration of the component and

particle generation resulting therefrom. Such phenomena are serious problems as

they lead to a deteriorated quality of the product substrate or a deteriorated

production yield.



For reducing particle generation by peeling of the fil mshaped substance,
there is already known a nethod of applying a blasting process to a
conponent thereby formng a matted surface and increasing the. adhering
property for the filmshaped substance. For exanple, it is known to apply
a blasting treatnment to an internal surface of a quartz bell jar in order
to increase the adhering property of particles flying therein and to apply
a blasting treatnment to a surface of a ceramic cylinder in order to

i ncrease the a LlNg: rty of fi.l mshaped substance deposited
therein (for e?gﬁﬁ+@,gl'%r88%§f]§rﬁe“§fai85,@8@69 g Rihe filmashaped sebstanc,ace

f or med b;s‘hbl ast i ngqt Eg @uartz glass includes portions of a |ow strength or
fragment s*aHP A& KEPYR (2 BI04 pbapplviagear hlasting poodebnto hwnfionemtshaped
substance, is difficult to deposit or is easily peeled. On the other hand,
there is 'Brety demwingseanattedesurtade aindajnatessing thebhdhztih® DrofFerty G P.ge gl ass,
and then applying an etching process with a hydrofluori’c aci'd solution

(for exarfmeshagéd subBtahOel54H)r. exmpRY Blis kownlid % %Bh@}{éﬁﬁgaﬁﬁfﬁﬁgﬁ i ng

gquartz glass and etching the blasted surface % aci d

sol ut i on iitesialidesface oPerduaRB YCHE i ir&‘l?%{risth%g%ﬂ%ﬁ%f%ﬁ%%gé‘%?%%yﬁi Ly

deposited and a portion where tHhe iy

deposi t eGartffest iMihe & RONES | y i.s . insufficient in case of a
deposi t i %ﬁndi rect| 5 oncgiu%ﬁ{ ts&uggpgig%%%grtﬁ'ﬁm?’g PripiiAsefa emmBic ng
property QOfinddreinf the component, it is also known

' h t .
to bl ast surfacg}d(% ﬁga&%gﬁagézj?%at%aﬁ‘?e%%%‘f%éﬁﬁ?f apitlmyshagad substamee process

with an Ld-c ai ni at | east. hydrofluoric acid and to apply a plasna
sprayi ngad%hgstlﬁgs%?ﬁ"@a&gﬁc’ﬁﬁggeﬂgts 3tent S6a6%9).coHowovérpd cdiisé amcecebet ween

t he base% matdﬁbriibgh and .a plasma gun (for exanple, JP-A-2003-212598).
However, ‘O91% %%Wcrfé’@ﬁéﬁiﬁamMBwaimswmtlawmmemhwmﬁ{engn t he
adheri ng p}g_operty, of the fil mshaped substance, there cannot be expected a
suf fi ci erfthigh peectplit apchimost separated, so that the film-shaped substance is difficult to

deposit or is easily peeled.

On the other hand, there is also disclosed a method of applying a blasting on
quartz glass, and then applying an etching process with a hydroflueric acid solution
(for example, JP-A-8-104541). However, a surface obtained by blasting quartz
glass and etching the blasted surface with the hydroflueric acid solution includes a
portion where the film-shaped substance is easily deposited and a portion where the

film-shaped substance is not easily deposited, so that the adhering property is

insufficient in case of a deposition directly on such surface.

In order to improve the adhering property of the film-shaped substance on
the component, it is also known to blast a surface of 2 quartz material, then to apply
an etching process with an acid containing at least hydrofluoric acid and to apply a

plasma spraying on thus treated base material with a controlled distance between the

base material and a plasma gun (for example, JP-A-2003-212598). However

although such method can achieve a certain improvement on the adhering property

of the film-shaped substance, there cannot be expected a sufficient effect capable of



wi t hstandi ng a prol onged use. In a conponent of a vacuum apparatus, a
technol ogy capable of further inproving the adhering property of the

fil mshaped substance, thereby enabling execution O a filmformation or &
pl asma process in continuous nmanner over a Prolonged period, has al ways
been demanded in the market. Therefore, the invention is to provide an
excel |l ent conponent of a vacuum apparatus for exanple a filmformng
apparatus or a plasma processing apparatus for a substrate of a

sem cond ayi | i ke, having a higher adhering property for the
fil mshaﬁgfj}ﬁfsaﬂglggaa‘rﬁ%l%ﬁg]nﬁeh the prior technol ogy and enabling a

cont i nuous usery %gé a?;gc&lfl nged period, SUMVARY OF THE | NVENTI ON As a
result of intensiveTh iogét YHYHEM APRASHYP.dR technelegpfeapiide odffartherment i oned
situation, the resegt | nventors have found that a conmponent for a vacuum
appar at uélf"pfq}’&?fgﬂkenﬁ Bermgr prAPerty adr thal filopsbapetli sustancen thaeby rakiigal and
havi ng projection- shaped particles, fornmed by aggl onerates of particles of
a di anetegrousionoof § filng fopmation tdrea phasnaeprosessay édnkiﬂhoﬁkaﬁza&é?ei\ﬁc?ra adhering
property than in the prior technology to the deposited fil m shaped

subst anc grelogdta\periotu hasreaiwayst heedrReRANed THeMe! m ek i flreblvention), The
present inventors have also found that a conponent for a“vac par at us,

i ncl udi ngneentighad td srobiaer i e material and having
proj ecti on- shaped pgrrot i Clag‘;’%xcf@l(lﬁn?%%ﬁ é/ﬁpgggf%r‘fg&;%y%“bﬁhieﬁ@B °H a

di anet er o ermal spray film_has a better adherin
plr operty fgfﬁaﬁeﬁn% h?*%?aﬁﬁc;gr gpt%@ﬁaﬁ%ﬂl oyt %égﬁé%)tﬁ%iff’é& Fabstraten ap ed o

subst anc t de, t present |nvention_ (second invention), The
present ?ﬁ@gﬁtnggés%ﬁavg&aerg{)%%nﬁ‘cf’ tF¥ingg acg}&bﬁheaﬁbeﬁftﬁf pEopedtyufon the

film-shaped substance than in the prior technology and enabling a continuous use

over a prolonged period.

SUMMARY OF THE INVENTION

As a result of intensive investigations in consideration of the

afore-mentioned situation, the present inventors have found that a component for a

vacuum apparatus, including a eeramic thermal spray film on a base material and

having projection-shaped particles, formed by agglomerates of particles of a

diameter 0f 0.1 - 5 um on the thermal spray film, has a better adhering property than

in the prior technology to the deposited film-shaped substance and have thus made

the present invention (first invention).

The present inventors have also found that 2 component for a vacuum

apparatus, including a metallic thermal spray film on a base material and having

projection~shaped particles, formed by agglomerates of particles of a diameter of 0.]

- 10 pm on the thermal spray film, has a better adhering property than in the prior

technology to the deposited film-shaped substance and have thus made the present

invention (second invention).

The present inventors have also found that a component for a vacuum



apparatus characterized in that a ceramc and/or netallic thermal spray
filmis fornmed on a base nmaterial, that projection-shaped particles of a
width of 10 - 3'00 um a heigt of 4 - 600 4m and an average hei ght/w dth
ratio of 0.4 or higher are present wthin a range of 20 - 20, 000
particle/m2 on the surface of the thermal spray film and that said
thermal spray filmhas a porosity of 10 - 40 % has a better adhering
property to the deposited fil mshaped substance than in the prior

t echnol ' | [ [~ th t i t h
Found t natPeneh et By Althar Bl Rh T el S rahapey s g

t her mal 0, g.callide with the base, material, or by form ng the
t her mal Z%;"géé (g“o%ge +?‘F°§§ch‘aﬁprﬁiﬁ?ﬂé*"s 1490 PArtisdescafiaavidf of 10 4 38Germyrel ti ng

poi nt surrounds terial .of a higher nmelting point, and, at the thernmal
sprayi ng? Mqﬁtﬂ&%n‘ @8 HREndanaverage beight/wiste rativedftd. f1gr highet are préestonpl etel y
nolten state while maintaining the material of a higher nelting point is in
an  unnolYHRR 8rargmel 20yt A0S particleAnch’ cauthe worfaoecdf th) efermal SPf@fipowder to
collide with the base material. In addition, the present inveéentors have

found t hand gattseid thergalneprayt fim hasna poeosiyesfertt 240 4 ustd beftef QhRI;

apparatus, a plasma etching apparatus or a plasnma cl eani ng appar &t us

utili zi npregestyviacthe deppyiredofilts siabed BEbstdhee M40, esent
i nvention has been conpl eted. BR eEF DESCRI EBI%DOOI& t&g\%g%éﬂ%g%@ﬁﬁ%g | is a

vi ew shounvegtim). el ectron phot om crograph of an exanple of the
proj ection-shaped particles of the present invention. Fig, 2 is a view

showi ng an el eg, Rt g h of an exanple of the,k6 projection-shaped
particles of thehg?resen‘[ 9‘%‘%% g"ﬁ’?"tlgfsgﬁa‘ff fégﬂgt]?ﬁtéﬁﬁtﬁwqﬁ@néha@qdect ron

ﬁQ?L ce)(rjn' Crﬁaﬂf@&hcinnbg‘/?&mdthalR{ncéj t %}nim n::prasyhgg\ggerpt%rctcjll(i:(ieegritihr:‘.htl: ibgs..e zare
material, or by forming the thermal spray powder in such a manner that a material of
2 lower melting point surrounds a material of a higher melting point, and, at the
thermal spraying, maintaining the material of a lower melting point in a cbmplete]y
molten state while maintaining the material of a higher melting point is in an

unmolten or semi-molten state and causing such thermal spray powder to collide

with the base material. In addition, the present inventors have found that particle

generation can be prevented in a film forming apparatus, a plasma etching apparatus

or a plasma cleaning apparatus utilizing the vacuum apparatus of the invention

whereby the present invention has been completed.

BRIEF DESCRIPTION OF THR DRAWINGS

Fig. 11is a view stiowing an electron photomicrograph of an example of the

projection-shaped particles of the present invention.

Fig. 2 is a view showing an electron photomicrograph of an example of the

projection-shaped particles of the present invention,

Fig. 3 is a view showing an electron photomicrograph in which the

projection-shaped particles in Fig. 2 are marked.



4 Fig. 4 is a view showi ng a surface structure of a conponent obtained in
Exanple 12. Fig, 5is a view show ng a surface structure of a conponent
obtained in Exanple 8. Fig. 6 is a view showing a width and a height of a
proj ection- shaped particle of the present invention. Fig. 7 is a view
showi ng a projection-shaped particle having a structure in which a
material of a lower nelting point surrounds a material of a higher nelting
point. Fig- 8 is a view showing a nethod for producing a conponent for a
vacuum appar agys, , consti tu&ed. of prqjection-shaped particles of the
present inventf6n.” B {19V SROWING p fudMSM RS mftah oempanenpobriteidng a
corrponené for a vacuum apparatus, constituted of projection-shaped
particle XgppleHe. present invention, by plasnma spraying. In the draw ngs:
20' . projection-shaped particle 21: height profile 22: w dth of

proj ect i on- shaptd Spter 2 ivigve sh@Binghe isgyificeoftnpnak eftd %?&‘}@H@Qbﬁﬁ{&ii 18'32_ 30:

base material 31; thermal spray material of a high nelting point

thermal Epeamplefaterial of a low nelting point 13: projection- shaped
particle 40: thermal spray gun 41, thermal spray flanme

Fig. 6 is a view showing a width and a height of a projection-shaped particle
of the present imvention,

Fig. 7 is a view showing a projection-shaped particle having a structure in
which a material of a lower melting point surrounds a material of a higher meiting
point,

Fig. 8 is a view showing a method for producing a component for a vacuum
apparatus, constituted of projection-shaped particles of the present invention.

Fig. 9 is a view showing a method for producing a compenent for a vacuum

apparatus, constituted of projection-shaped particles of the present invention, by

plasma spraying.
In the drawings:
20: projection-shaped particle
21 height profile
22: width of projection-shaped particle

23: height of projection-shaped particle

30: base material

31: thermal spray material of a high melting point
32 thermal spray material of a Jow melting point
33; projection-shaped particle

40, thermal spray gun

41: thermal spray flame



5 42: thermal spray powder 43: unnolten portion of flying thermal spray
particles 44: nolten portion of flying thermal spray particles 45; nucl eus
of a projection-shaped particle formed by an unnolten portion of flying
thermal spray particle 46: skin of a projection-shaped particle fornmed by a
nolten portion of flying thermal spray particle 50: cathode 51: anode 52:
pl asma gas (supply pot) 53: thermal spray powder (supply pot) 54: thermal
spray distance 55: base material 56: projection-shaped particle |ayer

DETAI LED4DESCRiHEh&INpfdy pbies NVENTI ON - The present invention is described
in detail below A first invention relates to a conponent for a vacuum

appar at ua3;conpﬁﬁlﬁglwlopcﬁﬁwispﬁgi%%gﬁﬁﬂgh S%ﬁ% filmfornmed on a base

mat eri al, wherein projection-s Lcs formed by aggl onerates of
particl egqhavi | anet of 0.1 - 5 um ,are dispersed on the thernal
spray fi Iaﬁn A g‘lggrg}neg%&of}f"?hxlﬂg\‘/}feﬂﬁélls rR3M4eS | ess than 0.1 p.mis

undesi rag#,e as tge siprﬁo'gect,i on-shaped particles fornmed by the aggl onerate of
t he i ndi vidual "parts & e PrYeripn-thapedpartiglesfodmedibyt an barmoloem pemien afdi anet er
of indiyidual particle exceeding 5 4mis undesirable as the

proj ecti anlﬁ%@éli?&ﬁt?mlde beconme difficult to be formed by the

aggl oneration of the individual particles. Based on these considerations,

the preféfred pentafcd prajecivaishapadspastitlei forred 89%emeften portion of flying

thermal spray particle
S0: cathode
St anode

52 plasma gas (supply pot)

53: thermal spray powder (supply pot)

34 thermal spray distance
ss: base material
56: projection-shaped particle layer

DETAILED DESCRIPTION OF THE INVENTION

The present invention is described in detail below.

A first invention relates to 2 component for a vacuum apparatus comprising
a ceramic thermal spray film formed on a base material, wherein projection-shaped
particles, formed by agglomerates of particles having a diameter of 0.1 - § Hm, are
dispersed on the thermal spray film. A diameter of individual particle less than 0.1
um is undesirable as the projection-shaped particles formed by the agglomerate of
the individual particles tends to have a wide distribution, and a diameter of
individual particle exceeding S um is undesirable ag the projection-shaped particles
become difficult to be formed by the agglomeration of the individual particles.

Based on these considerations, the preferred particle diameter is within a range of



6 0.2-4.0 m A second invention relates to a conponent for a vacuum
apparatus conprising a netallic thermal spray filmforned on a base
material, wherein projection-shaped particles, forned by aggl onerates of
particles having a dianmeter of 0.1 - 10 gm are dispersed on the thermnal
spray film A dianeter of individual particle less than 0.1 mis
undesirabl e as the projection-shaped particles fornmed by the agglonerate
of the individual particles tends to have a wide distribution, and a

di amet er ¢of - kipdiyi dual particle exceeding 10 4mis undesirable as the
proj ection-shaped particles becone difficult to be fornmed by the

aggl onerati on q{ eEJi\fd ii I Vil dualI tgart I cl es. Based on these considerations,
the preferred parst cle di Pef*4'ES Pt fi Pmpansplgdonfe (yaguum sapparatusThe
particle dianeter is ofhtained by taking a certain nunber of electron

phot oni crCHPASHE Bt mﬁtaﬂ&gﬁlﬂmhtspw §im sfevmedi onhanbissedmaterin whersigver al
thousand tjnes and cal cul ati ng an average val ue on dianeters (in a sane
di rect i orffOISFtiABEhaped pertisless formed, by apglomeratep of gaitivles BdvidEaHhanlfer

proj ection-shaped particles are selected and an average is cal culated by

sel ect i nef.0lD-d0 wmsarepdispersedasm h8 thetaal s;l%fjfﬁﬁ? i %aﬁ?ﬁ&?gfg@ﬁdﬁﬂgé The

proj ection-shaped particle formed by an aggl onerate o

pr ef er ablpartige Is38 tlner. age, Qitﬁiﬁ%ﬁiﬁaw $ 5}%"3}?%%‘J.Hase§35§¥§§é§%§£%i ameter of the

proj ection-shaped particle |ess an Ysmal |

ar el o Parany aar o montie s ARG oS O RRle AinEREGRL 3iem <haped

particle, thereby deteriorating esi on

subst anceggja Ak : ' ter of. the _projection-shaped particle
exceeding 100 ﬂmalpn@ﬂg'ég%‘g tpﬁjét%rsffeoag’écef’@flg ﬁﬂe H"{‘I % sHagrsrallebes atiee to

I ntrude I he Droj hon- shaped particle, but becones not easy to
conpl et ew;gj‘s%l%trlérgg}hag)e?ﬁe Eprh:')sjrg PF@n‘ﬂ

%5 2% c@ Rsafarmes byt the ragglpmeration o

the individual particles. Based on these considerations, the preferred particle
diameter is within a range of 0.2 - 5.0 um,

The particle diameter is obtained by taking a certain number of electron
photomicrographs of a magnification of several hundred times to several thousand
times and calculating an average value on diameters (in a same direction) of 100
particles, and, in this operation, at least 10 projection-shaped particles are selected
and an average is caleulated by selecting ‘10 or less particles in such
projection-shaped particle.

The projection-shaped particle formed by an agglomerate of the particles
preferably has an average diameter of 5 - 100 Hm.  An average diameter of the
projection-shaped particle less than 5 pm provides an excessively small space for the
film-shaped substance to intrude under the projection-shaped particle, thereby

deteriorating the adhesion property for the film-shaped substance. Also an average

diameter of the projection-shaped particle exceeding 100 pm increases the space for

the film-shaped substance to intrude under the projection-shaped particle, but

becomes not easy to completely surround the projection-shaped particle thereby



7 generating an unevenness in the deposition of the fil mshaped substance
and deteriorating the adhesion property therefor, In consideration of the
foregoing, the projection- shaped particle nore preferably has an average
dianeter within a range of 10 to 60 pm The dianeter of the

proj ection-shaped particles is obtained by taking a certain nunber of

el ectron photom crographs of a nmagnification of several ten tines to
several hundred tinmes and cal cul ati ng an average val ue on dianeters (in
same directiqn) of 100 particles. Then the projection-shaped particles,

f or med b;gcawl&ér%pange%sw therdepesitien dfsther Glevshiped pulssawt ind a nunber
of 100 - 20,000 particle/ m®, An average nunber of the projection-shaped
par ti cl egletegiosatingathe 200cstar priopemy therﬂfor,edu@eﬁsiahmjapeﬂ{mqofgggg%ﬁw by

ent angl enent of the fil mshaped substance and the projection-shaped

par ti cl e préjeetiebyhdpedvpariialk hbe ;ﬁgﬂ%%ilyoﬂaspinoﬁ%f%)ﬁ dgmétgﬁﬁlgibé?aﬁ%: d

substance. In case an average nunber ‘of the prdjection-s icles is
hi gher th@qo%@qggp particle/ nm2, the projection. shaped particles nutually
overl ap thereby reducing the effect on the adhering property, For achieving

a stronger ad i p for the fil mshaped,substance, based on the
af ore- menti oned egﬁggﬁéc? &r’]@épw&%’bf’?ﬁ 4@?&%@&5%% cbfanedabye teking 2
preferabl%ngrese t ?y 500 tg 10,000 particle/nm, The nunber of the

proj ecti off- Wa‘B’é@’eﬁz? £1e517a8 PRalomigogmphy af naugnification efsevershion tufiessi ze, by
taking a certain nupber of el ectron photom crographs of a magnification of
several t®@ricY§AkBuRdsed Eines and waledlasing tanraysragndahs @ndiameteng@in anuer by
measuri ng the nunber of the projection-shaped particles present in plural

por ti ons @rechen)nfdioP particlear eas, Exanpl es of the projection-shaped particles
formed by the aggl onerates of

Then the projection-shaped particles, formed by agglomerates of the
particles, is preferably present in a number of 100 - 20,000 particle/mm®, An
average number of the projection-shaped particles less than 100 particle/mm?
reduces the bonding frequency by entanglement of the film-shaped substance and the
projection-shaped particle, thereby lowering the adhesion property of the
film-shaped substance. In case an average number of the projection-shaped
particles is higher than 20,000 particle/mm?, the projection-shaped particles mutually
overlap thereby reducing the effect on the adhering property. For achieving a
stronger adhering property for the film-shaped substance, based on the
afore-mentioned reasons, the projection-shaped particles are more preferably present
by 500 to 10,000 particle/mm?,

The number of the projection-shaped particles can be determined, as in the
case of size, by taking @ certain number of electron photomicrographs of a
magnification of several ten times to several hundred times and as an averaée
number by measuring the number of the projection-shaped particles present in plural

portions of an arbitrary areas

Examples of the projection-shaped particles formed by the agglomerates of



8 particles On a thermal spray filmare shown in Figs. 1, 2 and 3, This
thermal spray filmis forned by a plasma spraying of zirconia containing
yttriumoxide by 5 w.% Fig. | shows projection-shaped particles forned
by aggl oneration of particles fornmed on the thermal spray film while Fig.
2 shows a state where the projection-shaped particles are further

assenbl ed (a state where projection-shaped particles are superposed on

ot her projection-shaped particles), and Fig. 3 shows the projection-shaped

particl esahitlds @ r (th circles...in this manner the nunber and
t he di arr?taer gf&}%%egﬁ% %’g& ﬁhﬁéﬁaﬂwnﬁaﬁﬂ%lleg apdd. bdhstheimed dphay t aki ng

phot ogr a : \tabl e magnification. Also an exanple of the

proj ect i ?rl}?lslﬁfg%rgncfﬁbga’ri F%F@g sfc’,@ff”r’ﬁé& Frcome congifingpitanmoxife 1es titgl es on a

t her mal ﬁ?rag filmis. shown '"In Fig. 4, This thernmal spray filmis forned
-%p e"ﬂ

by a hig FOpISaBifscctiopaprned pirtiales nformed (howdgglomERgionNefThghicARd t he

di aneter _of the projection-shaped particles can be determined ina simlar

manner afomed g8 ks dhemal hepreyefilmg| whilea¥ig i b mupfwsZiar AN a,£00t &l ni ng
Svent AN

yttrium oxide, Ih the followng, a third invention w |l crrbed. A

conponen®rdjestion-shapeds pantialeg air € tfiksher Mhstdigh b ' i on.includes a ceramc
and/or netallic thermal spray filmon a baé%q%{}ﬁllgéfl PIoiguPR-shapsdact eri zed

in that pedickstiresusdipaed dpadthé o esent_on t surface of the
thermal spray film An exanple rgé‘rs'ﬁﬁ%mg?}gdjpg%tnﬁ‘gﬁi?ﬁé‘ﬂ@crﬁ%a} shayseheof t he

third i nypegjédtidn-shgned K9 N Fiefl- 5. Thig thernal Spray filmis formed by a
pl asma sg‘?gyi ng o’ altﬁuynt?rl]éusn%no;%iez,? *ﬁg‘cgrﬂjtﬁcﬁli%@%ﬁw pannercthe of the

present hEMEEL 4 tai n-1.i ke, shape and has rounded coners, and is
preferably freerf?i::t%1 g%&é% e tgeprgiﬁfléﬂ'sb%ﬂe@ipéﬁlcleﬁmas bie obtagmedbsetaking

acut e-an | ection, shape. jn a plasma processing causes a
concent rglt]?tgﬁﬁégé gﬁa ‘(‘a“ﬁ@é@r’?&"ﬁ"&q‘@-i n the plasma on such
Also an example of the projection-shaped particles formed by the

agglomerates of particles on a thermal spray film is shown in Fig. 4. This thermal

spray film is formed by a high-speed plasma spraying of aluminum powder, The

number and the diameter of the projection-shaped particles can be determined in a

i .
similar manner as in the case of the thermal spray film of zirconia containing yttrium

oxide,

In the following, a third invention will be described. A component for a

vacuum apparatus in the third invention includes 2 ceramie and/or metallic thermal

spray film on a base material, and is characterized in that projection-shaped particles

are present on the surface of the thermal spray film.

An example of the projection-shaped particles of the third invention is

shown in Fig. 5. This thermal spray film is formed by a plasma spraying of

aluminum oxide, The projection-shaped particle of the present invention has a

mountzain-like shape and has rounded corners, and is preferably free from an acute

angled portion. This is because an acute-angled projection shape in a plasma

rocessi i i
processing causes a concentration of an electric field in the plasma on such



9 acute-angled portion which is selectively etched and causes particle
generation. In the invention, each such projections may be independent or
may be formed by an assenbly of certain particles. Preferably, in case of
a ceramic thermal spray film the projection-shaped particle is fornmed by
an agglonerate of particles of a dianeter of 0.1'- 5 m and, in case of a
netallic thermal spray film the projection-shaped particle is fornmed by
an aggl onerate of particles of a dianeter of 0.1- 10 p.m An exanple of

measur e .Of wi di.h and.a height of a projection-shaped particle in the
third i ﬁg‘?ﬁef%‘ﬁﬁ‘ﬁdsp"é’ﬁ%ﬂhﬂw lﬁisﬁljF fively-giche énéreassa& partinle gentretien.can be

enpl oyed an, appar at us, capabl e of an i mage observati on and a measurenent of
width  afff HYEEHEM HKach uck grpictions mayuehirdependeaser nagftecaimed GiQmCOpe or a
scanning electron mcroscope, After an observation of an inmage as shown in

Fig, 5, assesihipiofisertainparicenr Roefemblyndn tasenels cérﬁﬁWﬂﬁrrﬁal%};}SFﬂ? filpf @
proj ection-shaped particle, and a height profile under suc trai'ght line

i's plott ehie profetioa-shaptidpasficle ﬁ@forﬁé@b?g% f[aglljlggge?%ggf P@g&ieg\})gg idganﬂe %rg[]{n ingd

by drawi ng a background line on thus

determ naf G- sl ks 83 ROES LT TS LTS a02 S o (e

projection. In this manner a w

proj ecti oR#shaR nii.cl re calcul ated, .and a hejght/width ratio is
cal cul at ?3 I'n ? Ee rrebgsat%lragﬁg’meraﬁ? °fP1 1ﬂ%?%4:§‘?6‘ﬁte§ﬁtl‘géd 18am.icl es, the
width and the helght Igag be obtained by taking a certain nunber of

el ectron phot oftcrograpRs MeAFIrEmaRt s Widsh pomha Geigdbobs afojectionishamel t o

several hundred tings,and arbjtrarily_ selecting 100 projection-shaped

parti cl e?.agﬁ%W’it&‘EEEr%q"Fn%@ &:2pP R HeBigab meBeuthe measwtient, fiere canf@r 0Si ty in
the third invention. The porosity can be neasured by mrror polishing a
cross sectRRIAYESan spparatyssapableofanymige oshsendtionkidg nranehegrERRdHOT

exanple with a scanning electron mcroscope. In this operation, the cross
section dRdt kraglithalr thel samy sipef isuch mmya bser cofocal microscope or a scanning

electron microscope. After an observation of an image as shown in Fig. $, a
straight line is drawn so as to pass through a summit of 2 projection-shaped particle,
and a height profile under such straight line is plotted. Then a width ef the
projection-shaped particle is determined by drawing a background line on thus
obtained profile. Also a height is determined by calculating a distance between
such line and a summit of the projection. In this manner a width 22 and a height 23
of cach projection-shaped particle are caleulated, and a height/width ratio is
calculated. In the measurement of the projection-shaped particles, the width and
the height can be obtained by taking a certain number of electron photomicrographs
of a magnification of several ten times to several hundred times and arbitrarily

selecting 100 projection-shaped particles.

Now there will be explained a measuring method for a porosity in the third

mvention.  The porosity can be measured by mirror polishing a cross section of the

thermal spray film and taking a photograph for example with a scanming electron

microscope.  In this operation, the cross section of the thermal spray film may be

10



10 etched in order to clarify grain boundaries and to facilitate the
nmeasurenment of the porosity Also in case an abrasive or the like enters
the pores, the interior of the pores may be cleaned for exanple with a
chem cal reagent. The porosity can be calculated, on a photograph of a
magni fication of several ten tinmes to several hundred tines, by cal cul ated
an entire area of the thermal spray filmand an area of pores and dividing
the pore area by the entire area., In this operation, plural photographs

ar e, Laketmchs o deerko s 3ok MOIOLE S0 10 A g et on scach -

proj ection-shaped particle™prefera a

300 um Lght i t:0i e.of 4 - 600 um | ow and flat projection
with a V\Pg{zﬁhges‘éwtohlgn&i% a@%%%ﬁa’ea‘”h‘é? é!?ﬁe gniars thenppres, thenintedorces thehe

adheri ng gropert)é fger %&12 deposi ted substance, On the other hand, with a
width eREEEdIhg 360 ﬁ’fde“%-“‘ﬂ’é? giith eheredahtraged. ufhe pomsitg tasfhe
irregul arities beconmes excessively |large, thereby | owering the adhering
proper t y “tgplatede oepomhiategrapl |of mmhgnifeadon gt severa$ el alrhdsCle sGRRpAr at i on.
Based on the foregoing, the size of each projection-shaped particle

i ncl udes handged timesj byicalcalatengeerire dfa-of 2RO tHr M ' it hi~n a range
of 10 - 400 gm nore preferably a wwdth of 20 - 1 6@&&2%@&‘? égimgfnht W thin

a range pbretSand ABAding thEhgor edred WAt Butfrdt 4r0a Of 1t r.oj.ecti on- shaped
particle is preferably OA %; hi glrygr baged on Thela gsr @Rg‘lﬁ ]P?JnBE"réi ze per

particl e phéogaphl arMakSI| rdhs ight/width ratio of the
proj ection- ghgged particl é IS g’ﬁ%%?%??ﬂg. 5- 2.0. Avalue 1less than 0-4

| oners the adhgfi f_ark excessively flat shape, and a

val ue exceedi ng 2@%}:1?@%?{?1?@@&;@%@,Tcﬁgnﬁgwﬁ P&E&‘gﬁé@f%ﬁblﬁﬂﬂaé&wé@i vely
oi nted , C such reasons, the height/wdth ratio is

Br ef er abl‘ﬁwg{ %‘E&a@gfgégh VAP et el%‘t‘ﬁ‘i“ﬂ“é qaas@e?@f- 6§08um. 1AdowTind
rojectign: shaped particl. in the third invention are presented in a

proj At ﬁﬂugc%onpwﬁh a w18t5n less than 10 um and a height less than 4ppm reduces the

adhering property for the deposited substance, On the other hand, with a width
exceeding 300 um and a height exceeding 600 pm, a pitch of irregularities becomes
excessively large, thereby lowering the adhering property for the deposited film and
leading to easy particle generation. Based on the foregoing, the size of each
projection-shaped particle includes a width within a range of 15 - 200 pum and a

height within a range of 10 - 400 um, more preferably 2 width of 20 - 100 pm and a

height within a range of 15 - 200 pum,

The height/width ratio of the projection-shaped particle is preferably 0.4 or

higher based on the aforementioned size per particle.  Also an averaged value of the
height/width ratio of the projection-shaped particle is preferably 0.5 -2.0. A value
less than 0.4 lowers the adhering power because of an excessively flat shape, and a

value exceeding 2.0 lowers the adhering power because of an excessively pointed

shape. Because of such reasons, the height/width ratio is preferably, in an average

value, within a range of 0.8 - 1.5,

The projection-shaped particles in the third invention are presented in a

11



11 nunber per a unit area of 1 m®2 within a range of 20 - 20, 000,
particularly preferably 200 - 10,000 particle/mi. A nunber |ess than 20
particle/mm |ower the adhering property for the deposited substance,
whi l e a nunber exceeding 20,000 particle/m®2 result in overlapping of the
proj ection-shaped particles thereby resulting in a decrease in the effect
of the projections, thereby stimulating particle generation. The porosity
of the thermal spray filmis preferably 10 - 40 % A porosity exceeding 40

% r esul t aumnbera peeakukiongdinaf FOnGR Qfitt; i Wb Bhy Lhe ther mal
spray film whgreby t he ther mal spra{)}ﬁl?ieﬁ ?n&rggc%frrgg \ggés’pg({ﬂ Pﬁﬁ‘éléﬁyand

results | tipl € raf.l @n t,he ot her hand, at a porosity |ess than
10 % ¢ ey Ic 10R08 ARl mal T A FuBhel e BB 2odter ety et | on-

shaped pay.t. t ¢ beco flat, where t he adhering property for

t he depo?fctéggkﬁrll# ﬁ%?“rcal&k&éﬁ%@éaummwagﬁe p aumbersexceeding B8,0681  spray
filmnore preferably has a porosity of 15 - 3 5 % In such situation, under
t he af or B@ﬁ@‘ﬁﬁbde%‘ﬁer‘ﬁam@}ﬂpﬁwgf iof rrthen prejlestionisshapek rpartidcd atherebpt er i al

and the thermal spray filmhaving a porosity of 10 - 40 % there may be
fornmed afsuhiag intredesirasepnahe eifeeh ofi thé prajettidng, thaeebp GtigRildtdhe ﬁg'ﬁﬂc

i nternmedi ate thermal spray filmdesirably his a porosity | ofer than that in

the af ogenpsaticnoned thermal spray fil m because the thermal spray film
beconmes | ess pelable, preferably equal to or higher than 3 % but |ess than

10 % In the fihsporcaingfthemmidlispfly MHERL:OBRLIY 1P, 5‘{’1%”&#‘85’%% filmis

not particularly restricted in the I mt pre 50 -

1, 000 4mexddedimefd4d W ' : Q t t hermal, spray film
i ncl udi ngxt he Sr 0j ecﬁsgllrtfiﬁgﬁzgéﬂé%%gb? ?%lcgsdgrgéypﬂﬁg%wuéfﬂhmeeﬁfr&m

e SR At S RS0 Tkt R LT o
therein %Qﬂici@geﬁ?ﬁmﬂa B e otﬁgreﬁa%%l, Gt a%%?c?s?t?eiegthgr? Ei\tsJE‘\%,r &?:St?xgrsn’mlt he fiim
spray film becomes less peelable but the projection-shaped particle tends to become
flat, whereby the adhering property for the deposited film is Jowered, Based on

these reasons, the thermal spray film more preferably has a porosity of 15 - 35 %,
In such situation, under the aforementioned thermal spray film, namely
between the base material and the thermal spray film having a porosity of 10 - 40 %,
there may be formed another thermal spray film different in the porosity. Such
intermediate thermal spray film desirably has a porosity lower than that in the
aforementioned thermal spray film because the thermal spray film becomes Jess
peclable, preferably equal to or higher than 3 % but less than 10 %,
In the first, second and third inventions, the thermal spray film is not
particularly restricted in the film thickness, but preferably S0~ 1,000 um. Ina film
thickness less than S0 pm, the thermal spray film including the projection-shaped
particles may become unable to sufficiently cover irregularities on the base material,
and at 2 film thickness exceeding 1000 pum, the thermal spray film may generate a

stress therein and may become easily peelable. Because of these reasons, the film

12



12 thickness is further preferably 70 - 500 4m In the first, second and
third inventions, the thernmal spray filmnmay be forned, in a conponent for
a vacuum apparatus for use in an apparatus for film formation, sputtering
or plasma processing of a product substrate for a sem conductor device or
the like, in a portion where the fil mshaped substance may be deposited,
so as to cover such portion with the aforenentioned filmthickness. In the
first, second and third inventions, the base nmaterial can be of any

mat eri al t}ﬁ%‘*%@m“%ﬁ%ﬁgﬁ%?Pgﬁb@h such as alum num stainless steel or

titanium or a cerd ¢h as alunina, zirconia or murite. The
pr oj ection-shaﬁ}(?ng1 article ang hhg .base material may be forned froma sane
material or from % BEhetsrdd 2pd dhird dpusitions: Gei therenal Apraynfiim coay bkayer may
be provi g)ed Qn.the base material, in order that the thermally sprayed
powder | §rMdein RetampoReRthEor favacuumaepparaths for decinl ad apparatak ffer fijgener ati on
of the projection-shaped particles. The undercoat |ayer is not

par ti cul farmptipast sputteriog i or aplksma, prcemirgy i of Orpradiddi ShEeSsH @pd, for
exanpl e, can be fornmed by executing a plasma thernmal spray of a materi al

same  as strhibndfctoidevirss tHBIRE, 1182 pdptios Riblekethb HmS ahytical Iy
plating a Ni-Cr allay or the | ilkea’.pTﬁ?a net al Fg’ﬂrgﬁ{hggérc{;%béﬁhé? &Y% al

const 1 Ukt e ol 8 Lo sIRFANPARALRL B5rtha 28 gy Tt o7 ™
ceram cs such l. N (i l.a, .titania, s’ineI’, o_’r zircon, but a
material of a %?é}ﬁéep%n’eﬁcPﬁ% aﬁ@irﬁmd PINVEPTIPRS (the Daematsrigh eanybeiof aspnt rol i n
t he ther g%eri 3 L a%/ B{ggass. Anot her com!)on_ent havi ng the projection-shaped
particles inthe& PRI S5 SiPFansushasalupinugy swainless stdel ohtianiva,eri al of a

| over neltin coi n;‘ syrrounds a . material of a higher melting point thereby
f or i ng 2 ?‘FE%H am_qqaﬁesugle raﬁcatlg,t'pgl’a, Frgonig or munite. The projection-shaped

particle and the base material may be formed from a same material or from

respectively different materials. An undercoat layer may be provided on the base

material, in order that the thermally sprayed powder is fused weli on the base

material to facilitate uniform generation of the projection-shaped particles. The

undercoat layer is not particularly restricted in a kind, 2 material or a thickness, and,

for example, can be formed by executing a plasma thermal spray of a material same

as that of the base material, or sputtering or electrolytically plating a Ni-Cr alloy or

the like,

The metallic or ceramic material constituting the projection-shaped particles

of the third invention may be of any material for example a metal such as Al, Ti, Cu,

Mo or W, or ceramies such as alumina, zirconia, titania, spinel, or zircon, but a
material of a higher melting point facilitates the height/width control in the thermal
$pray process.

Another component having the projection-shaped particles in the third

invention has a structure in which a material of a lower melting point surrounds 2

material of a higher melting point thereby forming 2 mountain-like structure, Fig. 7

13



0 13 is a schematic view of such structure. On a base material 30, a
projection-shaped particle of a structure in which a material 32 of a

| ower melting point surrounds a nmaterial 31 of a higher nelting point is
formed. The material 32 of the lower nelting point and the material 31 of
the higher nelting point preferably have a difference in the nelting
points preferably of 400C or larger, nore preferably 1,000C or |arger.
Such structure allows to control the height of the projection-shaped

particle; he . hei of. _the material 31 of the higher nelting point,
t her eby fso??’?n“%‘#‘ﬁg”agr"g}}é‘é@ PO 2 p OF apg?slcilﬁ?té“ﬂn}qg  pIpIesHORBAPPd  Exanpl es
of a conbi naii%n O{j'Ht he . ma{],e ial of the |lower nelting point and the

mat eri al PEFHATHE hisHREN G W %95 aaisrial 3hef adewes meliingepaifit suetomhds a Al and
Mo, and Cu and W and, in case of ceramcs, alumna and zirconia, and

cor di eri fMateiRd 3| afnkigher; melkting| prontpissfirinkd. t Bhe amvérind 32 ofrgiedlovand a
ceramic material, such as Al and boron nitride, or Co and tungsten

car bi de. meltinghgoindlandvihagnatetielr 31 of Ithe highex pheMine goit PRéfRAMIY BEves 0duci ng a
conponent for a vacuum apparatus of the first invention. In’a raw nmateri al

powder t diffirentzeth fie McRBigaPbintst PREFEDLYSHF Ao hidkr | erating
particles of a dianeter ofgagl.)l -BS p. my gfsi nc{tgtrofr%g draéﬁpgrr%gcggtﬁﬁg grain
growt h mayydoeC ahgger. Presence of the sintering aid allows to suppress an
abnormal grain growth in the projection-shaped particle of the thernmnal

oPorbot | on shagish St b5 Hhkted IRE SRR AR BT Soadoaliee "
ot ur e, A e BELP 8 Bisgmaiud {16F B° cugifperesins pgien Tremotsrrmmgieat  on a

known projection-shaped particle more reproducibly. Examples of a combination of the
material of the Jower melting point and the material of the higher melting point
include, in case of metals, Al and Mo, and Cu and W, and, in case of ceramics,
alumina and zirconia, and cordierite and alumina. It is also possible to combine a
metal and a ceramic material, such as Al and boron nitride, or Co and tungsten

carbide,

In the following, there will be explained a method for producing a
component for a vacuum apparatus of the first invention.

In a raw material powder to be used as a ceramic thermal spray material for
generating particles of a diameter of 0.1 - 5 um, a sintering for suppressing grain
growth may be added, Presence of the sintering aid allows to suppress an abnormal
grain growth in the proj ection-shaped particle of the thermal spray film, and also to
similarly suppress an abnormal grain growth in the projection-shaped particle
formed by an agglomerate of spherical particles, thereby obfaining a thermal

spray
film having a uniform texture.

As the sintering aid, there can be employed without limitation a known

sintering aid for the ceramics employed as the raw material powder. For example

14



sintering aid for the ceram cs enployed as the raw materi al powder. For
exanple, 14 in case of enploying zirconia as the raw material powder,
magnesi um oxi de, yttrium oxide or cerium oxide nmay be added as the
sintering aid in an amount of 1 - 20 wt.% and, in case of enploying

alum na as the raw materi al powder, nagnesi um oxide nay be added in an
amopunt of 0.05 - 10 wt.% For formng the ceramc thermal spray filmof the
first invention, it is preferable to enploy a raw material of a high

purity. Idcdsg oﬂ%ﬂipﬂ@ﬁﬁ?ﬁkdbnm ﬁftﬁé?ﬁg %att&i]ail gﬁg’lﬁl&y m?ﬁgésﬂnn Ry icéftit raterial of

99 wt.%or higher, further 99.9 wt.% or e raw T howder
for ther r.ay f exanpl.e by an electric
nel ti ng- ?:?i l?se ﬁﬁgﬂ‘h@% Ao %%ﬁ%gédr?%ﬁésgﬁ s@xﬂtew E‘gd“ aﬁﬁﬁmflﬂte?tjel “ni{{lwéf/%o be

enpl oyed spher i cal wder for.med by sintering granules to a relative
density Sﬁd’ 1@0&% c())? ﬁ‘?ﬁ’@%?% alyruiga s dhe 24w r%&‘%fﬂﬁanomd@agw@nemﬁpy has an
aver age E‘{i r ticle size of 0.1 - 3 m nore preferably 0.2 - 2 m The
raw mat ef12al cﬁ\é MANWGt oLQ8h- pP M&py particle size inproves unifornity
of secondary particles constituted by aggloneration, thereby enabling
formation of tKer fpwpiagtthe resmipaienal tspedyeSimfoft the fiisnusvdntion, ftosmed by
the agglonerate of the particles. Because of the aforenentioned reasons,

t he secom{eiablsctotanpler a pave fmterid] yf digh mmg,vertaggmﬂamhﬂglp?efcﬁb?eqoof S -
100 m nore preferably 10 - 60 p.m The thernmal spray nethod is not
par t i cul anipjoy estigh pusicy mansialrey Dewew) Gchitfer, Kol Bofd A%, PIPYLPO. an are
sprayi ng, a detonation spraying and a plasma sprayl ng. or exdfnple a

pl asma shaytaromisrislep&Sdeé? Jor tHerd i on, gas, but
hydr ogen nmay be addeg‘d’to thgr g{fggﬁ %ﬁﬂ#ﬁg%@%@‘%&gﬁéﬁ%ﬁ“ﬂf E}S\RE to

el evat e teherid RERRIEARRgmdiy B 350RnLATP AR WENALL ] LOIR 1O

suppress a loss in the plasma tenpe ure 1 n

hydr ogen eggflbgddon sﬁ&%ﬁ%&@@@lﬁrﬁéﬁew%ﬁ%ing granules to a relative density of
80 % or higher.

Also the raw material powder preferably has an average primary particle
size of 0.1 - 3 um, more preferably 0.2 - 2 pm. The raw material powder having
such primary particle size improves uniformity of secondary particles constituted by
agglomeration, thereby enabling formation of the projection-shaped particles of the
invention formed by the agglomerate of the particles,  Because of the
aforementioned reasons, the secondary particles preferably have an average particle
size of 5 - 100 pm, more preferably 10 - 60 K.

The thermal spray method is not particularly restricted, and may be selected
from 2 flame spraying, an arc spraying, a detonation spraying and a plasma spraying.
For example a plasma spraying is selected, it is usually conducted in argon gas, but
hydrogen may be added to the argon gas. A hydrogen addition allows to elevate the
temperature of the plasma flame, particularly allows to suppress 2 loss in the plasma
temperature in a front end portion. The hydrogen addition is preferably executed

within a range of 10 - 50 vol,%, particularly 20 - 40 vol %.
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within a range of 10 - 50 vol.% particularly 20 - 40 vol,% 15 In case of
formng a ceramc thermal spray filmby a plasma spraying, the thernal
spray filmis preferably produced by executing the thermal spraying at a

di stance between the base material and a plasma spray gun within a range of
60 - 130mm In case the distance between the plasma gun and the base
material for the ceramc thernmal spray filmis |less than 60 mm the

proj ection- shaped particles constituting the factor of the invention are

difficult t t & I : I Cl - f. th
pase i eri ol o s s R AR Il 6 FRABR i e

proj ectign: ti.c sune, an, excessively nolten state, thereby
reduci ng%ﬁ@mgﬁ?g}é?@h lgfdr? %&ﬁ’?%BF‘?ﬁé’F%gyﬁem% theraabspeying gre al  and
event ual I%_ red%ci n tpe adhesi ve Property of the fil mshaped substance. The
ceram c ERERfHPE By1¢ PRsR, maleriak and\a plashsnsprahgemavitir 2 ramge dfstheat
treated at_ 1,000 - 106001C. A heat treatnent at 1,000"C or higher reduces
crystal 13 mant SIn Gese Hie dgangeibetwensrtheplesmazynfaind the se margiabfesh@n aci d
resistance of the ceramc .thermal spray film An inproved acid resistance

of the cesramic themmahmprayspimmyis fledsmban 0§0dsnrel] #R0bi édiBnRhagdCpLGERE C
thermal spray filmitself when the conponent for the vacuun?appar at us,

af t er useonstitwing thenfimenbihe dpRatioh Use Sificult 1 GSER ﬁrtﬂgﬁﬁ&in% ﬁﬁQ@r atus, is
subjected to a renoval of a fil mshaped substance on the corTBo ent by an

aci d et chartiglesWdier @bfsdéd@nC b ral_.tipmes.,. Such heat
t r eat men%3 becomes ef f ect ?\r/le&gggia?’ggé,a&?glr' gﬁﬁg?e‘ﬂ}‘% @aé’ge o o dSIANER ¢

t her mal g@deYinkl | ) ; d | upi_na, a heat treafnent at 1, 000*C
or above regglggeismah%ﬁ@gﬁ%@%@:gﬁé?ﬁﬁgﬁcﬁstaﬁéurf‘?\éf‘neé‘Feséb’th’ymPﬁF‘Fn Al'so in
et ense i thaety ARG Ul Bfuidh, 3¢ e Bt sPiy Hnia hedies mtewahy

treat meng_ﬁ& VIR Kéa%m% ﬁ%%gv%_wggg%&}%eﬁ%desi rabl e for’exanpl e because

of a crack hg rrdy Fedugr -shaped substance.

The ceramic thermal spray film, after the formation thereof, may be heat
treated at 1,000 - 1,600°C. A heat treatment at 1,000°C or higher reduces crystal
defects in the ceramic thermal spray film, and jmproves an acid resistance of the
ceramic thermal spray film.  An improved acid resistance of the ceramic thermal
spray film avoids dissolution of the ceramic thermal spray film itself when the
component for the vacuum apparatus, after use in a film forming apparatus or a
plasma processing apparatus, is subjected to a removal‘of a film-shaped substance on
the component by an acid etching, whereby the component can be used plural times.
Such heat treatment becomes effective because, for example in case the ceramic
thermal spray film is constituted of alumina, a heat treatment at 1,000°C or above
reduces a content of y-alumina in the thermal spray film. Also in a material other
than alumina, a similar effect can be obtained by a decrease in the crystal lattice
defects.

On the other hand, a heat treatment temperature exceeding 1,600°C is

undesirable for example because of a cracking in the component. The heat

treatment is conducted for a period within a range of several minutes to about 10
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treatment is conducted for a period within a range of several mnutes to
about 10 16 hours, preferably 30 mnutes to 3 hours, and is preferably
executed in the air or in an oxygen atnosphere. In the follow ng, there
wi |l be explained a nethod for producing a conponent for a vacuum
apparatus of the second invention. A raw material powder to be used as a
nmetallic thermal spray material for generating particles of a dianeter of
0.1 - 10 mis not particularly restricted and can be a powder of a pure

metal or haursaprefeyabln00 nAfuRS B hatr, ﬁﬁﬁpﬁ;réf&}fab WE@?%{@&?%%&EMS”M his

preferably added. Presence of such auxiliary agent ess an
abnor mal oﬂjg%h@trﬁé@%ﬂ&, I n the projection-shaped particle of the thernal
spray film~ and also to simlarly suppress an abnormal grain growth in the

proj ecti on-sha L el e an | omerate of spherical
particles, t he?ggl;/e %%lé#ﬁllghgﬁgrrefﬁ’gu E]}Elﬁ CXB% £i Methody f91g Predupingor m
texture. he, auxi liary agent, y auxiliary agent can be enpl oyed

wi t hout c@ﬁﬁﬁgr{eg{ %’5& %8”‘!’%&1’%15?‘3? °€t§'ﬁl~"€f3¢€@| Inygnkee raw naterial powder, For
exanple, in case of enploying alum numas the raw naterial powder,

silicon, coppef ™ PaKTRhPOVdEKelbe used ias anmetallicothermg) | spygtmasriblhgr auxi | i ary
agent in an anmpunt of I - 50 w.% For formng the netal thermal spray film

of the i BeRssetingrparticies of pdiefnetealolf @, 1t-010 @Mk Ayt FarfiéariPictricdd 6 odn hi gh
purity. It is particularly preferable to enploy a hi'gh purity material of

99 wt . % be alpiogtder of & poteeetaDr £ AlloyYamd ahiiledry 2208 erial. powder
for thermal spraying may be produced for exarrprgbby fgﬁyﬁgpﬁglgéﬁg M et hod,

an el ect giovthes proferablyusidefly PrRERE 0Pk ' od. Al so the raw
materi al powder pref elryably has an a\?er%ﬁ‘eﬁé‘?%%&g%‘?%F"eg“l’ﬂ‘féan 0.1 -

10 m noakngrfral grak|gfofthlin the Broj o - S, i.al r_having ..such
primary particle size i rrprove?r?j]ni form Pg%?‘&‘é’g%%ﬁ‘g’gﬁge?ﬁﬁféﬁe@m,
consti t uagdl alt$ to similarly suppress an abnormal grain growth in the projection-shaped

particle formed by an agglomerate of spherical particles, thereby obtaining a thermal
spray film having a uniform texture.

As the auxiliary agent, any auxiliary agent can be employed without
limitation to the metal employed as the raw material powder. For example, in case
of employing aluminum as the raw material powder, silicon, copper, titanium, nicke!
or iron may be employed as the auxiliary agent in an amount of 1 - 50 wt.%.

For forming the metal therma spray film of the invention, it is preferable to

employ a raw material of a high purity. Tt is particularly preferable to employ a

high purity material of 99 wt.% or higher, further 99.9 wt.% or higher. The raw

material powder for thermal spraying may be produced for example by an atomizing
method, an electric melting-crushing method or a granulation method.

Also the raw material powder preferably has an average primary particje
size of 0.1 - 10 um, more preferably 0.2 - S um. The raw material powder having
such primary particle size improves uniformity of secondary particles constituted by
agglomeration, thereby enabling formation of the projection-

shaped particles of the
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aggl oneration, thereby enabling formation of the projection-shaped

particles of the 17 invention formed by the agglonerate of the particles.

Because of the aforenentioned reasons, the secondary particles preferably

have an average particle size of 5 - 120 m nore preferably 10 - 100 gm

The thermal spray nethod is not particularly restricted, and may be

selected froma flane spraying, an arc spraying, a detonation spraying and

a plasma spraying. For exanple a plasnma spraying is selected, it is

preferab ute i th higher velocity as-possible and |ower flane

t enper at El%@gﬁggﬁpgogg]cm &Y Eh | FE8IPHEIAE | @ﬁv1 the paiticlesmanBecauat | ofistlico

slightly&frelt a.cgleri pheral portion only of the nmetal powder, thereby

causi ng A'PFHRERHNEILAS0R% the Secamdary taelictes priefepahiy®ave emabtas gfﬁﬁg@se

material and _achieving an efficient filmformation. In the %o | owi ng, there

will be él%ppﬁﬁnééoalnmmo¢rdfmblpr10duobmm1_a conponent for a vacuum

appar at us of tg_(}al tlnhr]ird I nvention. At the thermal spraying, a

nmount ai n- shapedhptiojrmeat spray sfectiveds Baf bd L ' b usi ng the
a PrBBasE Roufrd aB N leeed

thermal spray powder in a sem -nolten state to _ ase

e o o e anapriing SRRy ik ARG Sl AVBASHAIIG I od O @
o e ponaar Pty 8 ima Srayin T SRS 35 Hriferably Srestrnk praihEne cent e
her mml - Sorss as rRAHE dnd one nane Efrerbiifi Skpbolinc A Almitameetomiongt h of a
hi gh vel Qgiy Xla%%lro?_srtg%ysiligﬂg%l n.case _of enploying a ceram c powder as the

thermal Spray po 5l geniphesel prstiothenlytdfahenmietalpomdenonder t o

reach th se material. in em -nolten state by enploying a plasma
%r’ﬁ%? od*Wi'th aapP%?ééf@BV%iWan/emctal powdee rekheHeopisey a

sprayi ng
met al powder,as the.,thernmal spra owder, it is possible by a siml ar
met hodpt 6"3‘%3“ ancE ac °Vmganeﬂicigntﬁingonnation. P Y

In the following, there will be explained a method for producing a

component for a vacuum apparatus of the third invention.

At the thermal spraying, a mountain-shaped projection-shaped particle can

be producing by causing the thermal spray powder in a semi-molten state to collide

with the base material, There can be employed for example a plasma spraying

method or a high velocity flame spraying method during thermal spraying, the
thermal spray powder is brought to a semi-molten state, in which, as shown in Fig. 7,
the powder is in an unmolten state (43) in the vicinity of the center and in 2 molten
state (44) in the peripheral portion by regulating a thermal spraying power, a thermal

spraying distance, a flame strength of a high velocity flame spraying. In case of

employing a ceramic powder as the thermal spray powder, it is possible 1o cause the

thermal spray powder to reach the base material in a semi-molten state by employing

a plasma spraying method with a reduced spraying power. In case of employing a

metal powder as the thermal spray powder, it is possible by a similar method to
cause the thermal spray powder to reach the base material in a semi-molten state, but
y
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cause the thermal spray powder to reach the base material in a sem -nolten
state, but 18 there is preferably enployed a plasma spraying nethod O a
hi gh velocity flame spraying nmethod of a high gas flowrate, In this
manner it |Is possible to cause the particles in a sem-nolten state to
collide with the base material, thereby causing a plastic deformation and
obtaining a filmof a satisfactory adhesion. In order to forma surface
projection with a satisfactory adhesion and a high height/width ratio by

deri ' t [ the t | : il
Fuci of o e % BSTRITIORG' & Heshle infhe ahFage B hokied Bk e nac o~
her i . atom.zed b I d f t hi ,
Aot her - B5eaR et REer £ Bieh B 5] e OR i iapmer Sab ppenis to pausadne hvent | on

can be pro ulced by formng a thermal spray powder which a material of a

| ower ik ‘Fﬁﬁ“bsisﬁ?‘"mﬂlﬁcg&m%t%cﬂhﬂew@ntlefbaaa tmatphial, thertby oausprgj ot , and by
causing the, powder to collide with the base material at the thernal

sprayi ngPlP#Hi fiefRrmatiamend whtsining whSlmefer satisfatory helhbdwgr Iebidengo POI Nt i S
conpletely nolten while the material of the higher nelting point is in an
unnol t enfom & sirfaceprojectiont with.a datisfabyrp sdisesivh dnﬂVaeth ARightNidth ?{io to forma
thermal spray filmhaving projection-shaped particles o6f a sufficient

anount oby rérdeting thenpdriphenl Foﬁtm ald1Rr é¥ethe Imayéﬁ?%'bkéwﬂr%ﬁi h es?%l gxecut ed

twice or nore Also a thermal spray condition fo ai ni ng “nol ten

state of intdienifqrmaiernne?! the PherRi! girdy P%%%g@%h@wb%@na%%gg%%%e f‘ig the

material of the lower nelting poln state in

t he mat egq thrrﬁ)icdtﬂ%%dlef gg]ﬁge eﬂ%{,%cigg%@%idﬁtwi s variabl e dependi ng on the

thermal spray powder to be en BChifficult to define uni quel y,
but can be easj ] t hose ski.lled in the aft by repeating a
thermal sprayi %gﬁhgg%&[ﬁ%&g? h%)‘lyur%@’,e Wﬁ-"‘&%’i"égﬂ’eaé’t‘fticé?sems‘he envesdenndar y
particl ey tg‘g’\)li‘r &Jucw%ytg%lmn%l a ffermil spray powder which a material of a lower

melting point surrounds a material of a higher melting point, and by causing the

powder to collide with the base material at the thermal spraying in such a state where
the material of the lower melting point is completely molten while the material of the
higher melting point is in an unmolten or semi-molten state,

In the present invention, in order to form a thermal spray film having
projection-shaped particles of a sufficient amount on the base material, the thermal
spraying is preferably executed twice or more.

Also a thermal spray condition for obtaining a semi-melten state of the
powder or for obtaining a completely molten state in the material of the lower
melting point and a unmolten or semi-molten state in the material of the higher
melting point is variable depending on the thermal spray powder to be employed and
is difficult to define uniquely, but ¢an be easily determined by those skilled in the art
by repeating a thermal spraying test plural times,

An average particle size (secondary particle size) of the thermal spray

powder to be employed in the preparation of the projection-shaped particles is
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powder to be enployed in the preparation of the projection-shaped particles
Is 19 Preferably 5 - 100 4m nore preferably 10 - 60 I'm At an average
particle size less EP than 5 4m it is difficult to uniformy introduce
the raw material into the flane because the raw material powder itself

| acks a sufficient fluidity. On the other band, an average particle size
exceeding 100 4mtends to result in an uneven nelting of the thermal spray
particles, thus deteriorating the adhesion of the obtained projection-

shaped particles ta.the base terial, The particles enployed for the

t her mal %rﬁieéé?l)’é 'plg)gf"lé?’a’BPV H%E‘%&hl%s 60 . or M Peaveragepaticiesias lasossi bl e i n
order to, obtain a uniformshape in the projection. shaped particles and to
i ncreasethahe HauHbis diffipulo e runifotmoly intrddepde taog nfatértal iftocoRPRAROt for a
vacuum apparatus of the first, second or third invention, obtained by the

af or emendcansedherpiv ouserialpywher iteiftl eokstahe i Gemaii@r,. ofod Hie LWARY  SPray
film subjected to an ultrasonic rinsing with ultra purified water or the

| ke andan dveapeiyariidle siztenieeling 100 I Winditd FRZIPI £, fdddsh Rl RO MPONEN!

for the vacuum apparatus may be inmersed in acrd hitric
aci d f orthete&ni spgayt heartisids f aggs O : -‘Egr I r fil The present
I nvention furt hdgr ytprgaposes’ a ]@sl I Ir‘ﬁ%l}(l;?ﬁ%& g%pafdgﬁeﬁén uPFF}“}% n@’tglt“
af or emeny o] # e,vacuum appatrat us., The film form ng
appar at lr]g ogéflﬁté ﬂ%ﬁiggr%\?gﬁﬁlglﬁg i Ra%tbaﬁceg‘?@‘éfecaiﬁ?%p%mﬂieﬁ trRbeyednter the hod,
whi ch i ng| S CVD_(chemical vapor, deposition) nmethod and a sputtering
met hod. nﬁ'ﬁggacsgﬁ%%%ﬁfe(ﬁfrﬁ Yilye 1A &S HRitapn Aeside size appessiblalis prdesed as a
conmponent, in a Eort ion where a fil mshaped substance is deposited, other
than a pPHact WRIRNPT shapes ibjthe trrgjection-shaped fparticles andito Ricedaseppar at us.
For exagg e.it can be used as a bell jar or a shield, Particularly in a
CVD fil A% REPPEPY A9rthe depasited filmgst en or titaniumor in
A component for a vacuum apparatus of the first, second or third invention,

obtained by the aforementioned methods, may be, after the formation of the thermal

spray film, subjected to an ultrasonic rinsing with ultra purified water or the like and

then dried. Prior to the last ultrasonic rinsing, the component for the vacuum

apparatus may be immersed in a weak acid such as nitric acid for cleaning the

surface of the thermal spray film.

The present invention further proposes a film forming apparatus utilizing

the aforementioned component for the vacuum apparatus. The film forming
apparatus of the invention is not restricted in 2 film forming method, which includes
a CVD (chemical vapor deposition) method and a sputtering method. The
component for the vacuum apparatus is preferably used as a component in a portion
where a film-shaped substance is deposited, other than a product substrate subjected
to film formation in such apparatus. For example it can be used as a bell jar or a
shield. Particularly in a CVD §lm forming apparatus for tungsten or titanium or in
a sputtering apparatus for titanium nitride, the component for the vacuum apparatus

of the invention, employed as a bell jar or a shield, is free from a cracking or a
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a sputtering apparatus for titaniumnitride, the conponent for the vacuum
apparatus of the invention, enployed as a bell jar or a shield, is free
froma cracking or a 20 peeling resulting froma difference in the thernal
expansion coefficients between the base material and the projection-shaped
particles and is free fromparticle generation by a peeling of the
deposited fil mshaped substance, thereby providing an apparatus enabling a
continuous filmformation over a prol onged period. Al so the present

el eani ng Sk AR AR ARG e SR TRe Fifihl Sanbaon onbosiens beovecn s vacuum

apparatﬁ{s. The ¢ gBS ent for the vacuum apparatus is preferably used as a
conponent?sf H‘aécrﬁ‘g RlREcHonshapedpanishs @and ibfrafiom patidegesdrhtdsh i n such
apparatus, or_a portion where a surface of the conponent tends to be

peel ed dnf2 paclingrafabe depasited filro-shhpedhmubstance, eherety proeflimna@aparass ¢l amp or
a shield, The plasma etching apparatus or the plasm cl eani ng apparat us

means arenabligs eanimuows i fofmatiocAradte hradmegPetidterein is irradiated with
pl asma, thereby etching off or cleaning a surface of the product. The

portion where AlshithdprBaRaventibs FGRES o \ ans_a portiop, at the
pl asma irradiation é(;qr)uo t he prgguct | ryr%%%;??ga%gﬂe%ﬁ'iap@gﬁﬁ QIECES t her eby
etching § ﬁﬁggr{@ﬁ{%%q t ere g.eteched substance is scattered
and depogi ted int epg%ﬂég}sg{tfﬁg&%ltﬁe%ﬁo&m NET SRMPONERS For, the VagWiied by

pl asma fion etched by a contact with the plasma, other than the
pr oduct ”Iﬁﬁ'ﬁfahngs. agglzqfra {rgoneng, for, %Bp%ﬁcﬁ’t“ﬂsam’érﬁﬁ%iibri’éﬁ%ﬁbl}i msedliaate a
product with plasm trg etch a ]g!ra%ace of ~such product, but it is difficult
to sel ec?cir{’/%cf'{}“ PraRRTHeR E’"p‘rs‘ baped snstance s depositedoincasmin appainitad) cones
into contact with a conponent_ of the apparatus in the vicinity of the

product PHEPRIULD Whise & 5yrfagecafi the componant tende tobe perléd off ipeomait willhe

componen oE t he_invention, when enployed in such portion, is difficult to
be et cheth® Plasma, for example as an annular clamp or a shield,

The plasma etching apparatus or the plasma cleaning apparatus means an
apparatus in which a product placed therein is irradiated with plasma, thereby
etching off or cleaning a surface of the product.

The portion where 2 film-shaped substance is deposited means a portion, at
the plasma irradiation onto the product in the plasma etching apparatus thereby
ctching the surface of the product, where a etched substance is scattered and
deposited in the apparatus. In the invention, a portion etched by plasma means a
portion etched by a contact with the plasma, other than the product in the apparatus.
Such apparatus is designed to irradiate a product with plasma to etch a surface of
such product, but it is difficult to selectively irradiate the product only with such
plasma, which comes into contact with a component of the apparatus in the vicinity
of the product therein, thereby etching the surface of such component. The
component of the invention, when employed in such portion, is difficult to be etehed

by the plasma, thereby suppressing particle generation,

Then, in the plasma cleaning apparatus, a portion where a film is deposited
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by the plasma, thereby suppressing particle generation, Then, in the plasnm
cl eani ng apparatus, a portion where a filmis deposited 21 neans a portion,
at an inverse sputtering or a product surface cleaning by irradiating a
product with plasma in the plasnma cl eani ng apparatus, where a substance
elimnated by such cleaning is scattered and deposited in the apparatus,
The plasma cl eani ng apparatus and the plasma etching apparatus are based
on a sanme etching principle of the product surface with plasm, An inverse

Sputtere | i ping 4N the inventigon nmeans a portion
ot her t haRerbafon & s e Bt E B s Rihil Strse Fleaniog Sycraaning by
et ching) i tac tth the pl asna. uch apparatus is originally designed
to irradfa gﬁgap%g%u\ﬁasWt ih ﬂf‘)% o) chag@,g aPPaiglus, apdhersr asqulistaaceduct, but
it is difficult hg se eﬁtively irradiate the product only with such
pl asma, GHREREd AR sSUSh seeaning 1g srattesed wnd hdepositadp m cine apparttus, affharatus in
the vicinity of the product therein, thereby cleaning the surface of such
conponenplasMac]gnningeapparaiveand dre plasma prahigs eppatateptd BiseAbnt AkGRE bear i ng
a thermal spray filmconstituted of the aforenentioned projection-shaped
parti cl estching firhiciple of thregrodwh GrfE VIR PRAMRALT WrCinGsrs@ furﬁ:‘f&f %&ﬁ?ﬁ' onto the
target or the backing plate, the sputtéred particles % e-deposition
powder) @atisd pRs@ardlédmi@s i £ o Ly ' n,the thermal

h PR L eior Sl a/porlBR YWig 3af e ety

spray film The material constitutin

parti cul ; i | raply,constituted o terial sane
as that &?3(% %(atéﬁ 26 tlgfégr% ?pdl?%hg? 35&5?%8 pr’l; 5%%&“%2 &h tchﬁaﬁta’t"l‘% nt%F ﬁﬁw-

sputteri . teri.ng,target, the thermal spray film of

t het I nv)eﬁtgflgﬁi%ﬁgg? g‘bé‘ﬂ‘f&ff{fﬁf&mi'H%gllaﬂeogpé‘ﬁ‘h”h t @F‘%o{iﬁﬁﬁ? L%ﬂcvrén- erosi on
portion a .target.. n such case, e thermal spray
filmof t eaéient\g/‘feﬁ“[%lh(%gﬁﬁcg' Bt ‘Fésr ﬁé’gc‘%tq geleghelyr rradiate the penduet enlytion or a

part thew&f ge endi n .llglpon an_anpunt of generation of the
1th such plasma, comes also into contact with a component of the apparatus

in the vicinity of the product therein, thereby cleaning the surface of such

component,

The present invention also proposes a sputtering target bearing a thermal
spray film constituted of the aforementioned projection-shaped particles. In this
manner, when sputtered particles are scattered onto the target or the backing plate,
the sputtered particles (re-deposition powder) causing particles can be efficiently
deposited on the thermal spray film. The material constituting the thermal spray
film is not particularly restricted, but is preferably constituted of a material same as
that for the target, in order to prevent contamination in the sputtering apparatus.

In the sputtering target, the thermal spray film of the invention is preferably
formed in 2 non-sputtered portion (non-erosion portion) on the surface of the target.
In such case, the thermal spray film of the invention may be formed on the entire
non-erosion portion or a part thereof, depending upon an amount of generation of the
re-deposition powder. In case the re-deposition powder is generated not only on the

target but also on the backing plate, the thermal spray film of the invention may be
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re-deposition powder. In case the re-deposition powder is generated not
only on the target but also on the backing plate, the thermal spray film
of the invention may be 22 forned also on the surface of such backing
plate. In case of formng a thermal spray filman the backing plate, the
material constituting the thermal spray filmis not particularly
restricted, but can be a powder of copper, alum numor titaniumon a
bar - ki ng pl ate of oxygen-free copper. Furthernore, in case the

re- deposgl.i 0 i ener at on. a lateral face portion of the target
or the bgogtxlgﬁgal% ﬁﬁlgﬂc P?ﬁ‘é%“-‘t‘?éﬂ‘rﬁfib@ﬁm&wlﬁei n?rbﬁaft%@f osméng dhermay be
provi ded, dependi nawobn k)ge mount of generation thereof, also on such
lateral TRIE%IHH-eR 2RSS oMermateral ednstiveting uhe dpmalatpisy Gitmtibe present
i nvention, show_n an excell ent adhering property for the filmshaped

subst ancBOt RRrigagst resisted, but can bers mowdeo o otk 2lCaMUBT @V@BAiud: on a
contam nati on of the product resulting frompeeling of the filmshaped

subst anckacking Ipatesef ionygenffréanchpperi NFuMABARGHeUSH Ofasd DPE CreCdePRLY
apparatus, and also allows a continuous use over a pro ongecf perrod. The

present powdetis @enératedasics i@d] fRe g&gﬁﬁmd&‘ fhe 'tgglftt ﬁ’g{h%[hﬁgﬁﬁg éﬁ%%ﬂﬁ; vention

foll ow ng Exanples, but it should understo

IS not  gRARLI 1 08 1hdatl: MPLE. 1 An_interior of a
quartz bell jlatﬁay/agﬁglqgst?g dvﬁlkﬁ\?\%a&?tgg gﬁ??ﬂ"ﬁa WA R e amonst of pressure

of 0.5 ' insed wth pure water and dried in an oven.
Then' ¢ horrernarstt B8 ahauen ABR ek pars | ['5r “ac subj ected to a
formation of a zirconia thermal spray film b%da pl asma t hermal spraying
with an Ar: H7, " FERPOReRt £Ooriae Vecuym mrparatppofithe paesehtinyention] eetwing power of
35 MAs the r g materjal powder, there was enployed stabilized zirconia
powder (A0 SRS, AThRANG Baparhcfas the fib-shapel wibstanveimgempason ohith §1 26- 50
um purity: 99.9 9% added by yttrium oxide

prior component, can prevent a contamination of the product resulting from peeling

of the film-shaped substance at the use in a film forming apparatus or a pre-cleaning

apparatus, and also allows a continuous use over a prolonged period.

The present invention is described in more detail by reference to the
following Examples, but it should be understood that the present invention is not
construed as being limited thereto.

EXAMPLE 1

An interior of a quartz bell jar was blasted with white alumina Gnit WA#60
under a pressure of 0.5 MPa, then ultrasoni¢ rinsed with pure water and dried in an
oven. Then the internal surface of the quartz bell jar was subjected to a formation
of a zirconia thermal spray film by a plasma thermal spraying with an Ar ; H, flow
rate ratio of 80 : 20 and a charged electric power of 35 kW.  As the raw material
powder, there was employed stabilized zirconia powder (average primary particle
size: 0.2 um, average particle size: 50 wm, purity: 99.9 %) added by yttrium exide
(purity: 99.9 wt.%) by 5 wt.%. A plasma gun and the quartz bell jar were
maintained at a distance of 70 mm.  After the thermal spraying

1t was immersed for
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(purity; 99.9 wt.% by 5 wt.% A plasma gun and the quartz bell jar were
mai ntai ned at a distance of 70 mm After the thermal spraying, it was

i mersed for 23 1 hour in a5 w, % aqueous solution of nitric acid

mai nt ai ned at 40C, then wultrasonic rinsed with ultra pure water and dried
in a clean oven to obtain a quartz bell jar bearing a ceram c thernal
spray filmof partially stabilized zirconia. A zirconia thermal spray film
was prepared on a 5 inch-square quartz base material under sanme conditions

as thoseyf t:he Ljar..A s l e was, cut. out fromthe base
nat eri al la}ﬁ{ r\/\llgsagﬁgjjhté%t gcﬁ.leto 8§ EOQER/F o%gglrtv%\ﬁc% mRFintained 3ta 4@ C,ten confi rm

presence - 0] | QR3S ed particl .cconstituted of fine spherical
particl elsll?ljas\n Iglirﬁgéd %ﬁdﬂﬁg@  Water &’.“giﬁf' ive j @enitowbidimpaepaparti cl es
ar bi trar%l?/. eﬁé racted f,rclgl a SEM phot ograph of a magnification of 200
tinmes prBRAIEEbEAIRS apetamie therpdl spray il of partialls stakilizedrdireoniaf t he

proj ection-shaped particles neasured from 10 photographs of a

magni fi cati on BfzitEouaithemeal wpray SHO was piephrelironla § inchisfiagequalieguart z bel |
jar prepared by the aforenmentioned nmethod was used by nounting in a

pr e- c| eamairgiabppderasane, conditioms b thass foethiel duaRd Hellga, ¢ he siifpik VAR c?]g a

fil mshaped substance were collected in the apparatus even after 220 hours

fromt heou’sﬁramtthoba&esmateEMLﬁaﬁmﬁgé&b’i foZa SEM oﬁﬁfvaﬁéﬂ %Ké&y?ﬁgﬁ%%gn ditions

i nch-square zirconia thermal spray film were prepare

same as ténfith ﬁﬂ&s@é@%ﬂk&:jéotioﬁ%ﬁ?%? a;;amg e%%%ig@{%ﬁaf}%% 555%@ n the plasma

gun and the quartz bell jJar was nge PHEElcE Ut out

fromthe rdls & S bj ected to a,SEM pbservation of a
surface,‘@gﬁg%n |r€r?1lfg'r2e§£§él\éﬁl‘ofﬁgr Pistiiensshapad paricles arbitrarily extracted t ut ed of

fine s | ' Lthin.a ran of 0.2 - 3.6 pm 100
plr oj ect Pgﬁﬁsﬁgggga fé)%tb%a@ﬁ 842 "ba:EBIff‘CPH?? 852%@({‘@3% P%’“*qd(ﬁ%l syeREMsighof ogr aph of
a magni f bsaﬁﬁ_‘pn Jﬂfso ZaO%ugnl

photographs of a magnification of 200 times was 950 particle/mm? in average.

mes - .
ber of the projection-shaped particles measured from 10

The quartz bell jar prepared by the aforementioned method was used by
mounting in a pre-cleaning apparatus, No particles resulting from the peeling of a
film-shaped substance were eollected in the apparatus even after 220 hours from the
start of use.

EXAMPLE 2

A quartz bell jar product and a § inch-square zirconia thermal spray film
were prepared under the conditions same as those in Example 1, except that the
distance between the plasma gun and the quartz bell jar was changed to 120 mm. A
sample was cut out from the base material and was subjected to 2 SEM observation

of 2 surface, to confirm presence of projection-shaped particles constituted of fine

spherical particles within a range of 0.2 - 3.6 #m. 100 projection-shaped particles

arbitrarily extracted from a SEM photograph of a magnification of 200 times

provided an average size of 32 um. Also a number of the projection-shaped

particles measured from 10 photographs of a magnification of 200 times was 400
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provi ded an average size of 32 m Al so a nunber of the projection-shaped
particles neasured from 10 phot ographs of a magnification of 200 tines was
400 24 particle/mm®2 in average. The quartz bell jar prepared by the

af orenenti oned net hod was used by nounting in a pre-cleaning apparatus.

particles resulting fromthe peeling of a
collected in the apparatus even after 220 hours fromthe start of use.
EXAMPLE 3 An interior of a quartz bell

Gai t
wat er

pl asma sprayin WARATZ,

j. prepar

char ged BPURHNE & HBfeticdtngappargtur-orNe partislesgesulng fpinne pebléngeof yas
enpl oyed_al um na granul ate powder (average primary particle size;

aver age fiamshaped substancesgermcoliented in the ApPardfus 2deteafishi 220 HEREN®SIMAKE PUri tY:
99.9 wWwm.% by 1 w.% After the thermal spraying, it was ultrasonic rinsed
wi t h ul tstart ofusee water and dried in a clean oven to obtain a quartz bell

A magnesi a- added al um na t her nal
i nch-square quartz base materi al g
quartz bell jar. A sanple was cut out fromthe base material and was

of

es wthin

j ar.
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a range L 0 rQj.ect.ion-shaped particles arbitrarily
extract egﬁﬁi‘e?g%rgsséﬁl\sf%%?t%%gégﬁg3&&3"“1%%?4]?”%;3%“’6?" 2RO dilpdi® amr ovi ded

an aver agg.si 9,0ty d G Bl AEQe A %Jeng{)u%ci)feu jar was subjectad to a formation

of an alumina thermal spray film by a plasma spraying with an Ar : H, flow rate ratio
of 75 : 25, a distance of 65 mm between a plasma gun and the quartz glass base
material, and a charged electric power of 35 kW. For the plasma spraying, there .
was employed alumina granulate powder (average primary particle size; 0.5 pm,
average particle size: 25 um, purity: 99.9 %) added with magnesia (purity; 99,9
wt.%) by 1 wt.%. After the thermal spraying, it was ultrasonie rinsed with ultra
pure water and dried in a clean oven to obtain a quartz bell jar.

A magnesia-added alumina thermal spray film was prepared on a $§
inch-square quartz base material under same conditions as those for the quartz bell
jar. A sample was cut out from the base material and was subjected to a SEM
observation of a surface, to confirm presence of projection-shaped particles
constituted of fine spherical particles within a range of 0.5 - 3.5 um. 100
projection-shaped particles arbitrarily extracted from a SEM photograph of a
magnification of 150 times provided an average size of 16 um.  Also a number of

the projection-shaped particles measured from 10 photographs of a magnification of

150 times was 1080 particle/mm? in average,

25

fil mshaped substance were

jar was bl asted with white al um na
WAKG0L Mﬂgﬁir' gssure of 0.5 MPa, then ultrasonic rinsed with pure
ar}% drie ilﬁ%gt‘%%"%ven. Then the internal surface of the quartz bell
jar was subjected to . a flﬁr.mation g&lﬁn | um na thermal spray filmby a

Re g 5tadoregentonask method was useddbyt ance of
65 mm between a pl as gun and the quartz glass base material, and a

spray filmwas prepared on a 5
conditions as those for the



the projection-shaped particles neasured from 10 phot ographs of a

magni fication of 150 tines was 1080 particle/m®2 in average, 25 The quartz
bell jar prepared by the aforenentioned nethod was used by nounting in a
CVvD filmform ng apparatus. No particles resulting fromthe peeling of a
fil mshaped substance were collected in the apparatus even after 150 hours
from the start of use. EXAMPLE 4 A quartz bell jar product and a 5

i nch-square zirconia thermal spray film were prepared under the conditions

sane as those Tke l.stance bet ween t he pl asna
gun and the quartgﬁ%grlplbajli?r %@%MA’S@% %leefnfghﬁﬂ?dnﬁm@gn‘ﬁ%“%bbut out

fromthe At e s subjected,to a SEM observation of a
surf ace, mtgg&?d{n?i a(ra%vgjr fei@gﬁogﬁﬁ% ap;ﬂa%ﬁ%é’tt i "o PaHSIsE Fesplimgifegre thepealing t ut ed of

fine sphﬁar'gﬁal gnaréi'ugl es within a range of 0.5 to 3.9 p.m 100

proj ecti ont %’3@ eJupstanceswers collectad inthe apparatss everfaftemia0 SMdsffvas ogr aph of
a magni fication, of 150 tinmes provided an average size of 22 M Also a
number ofh¢sHE ?ﬁ‘b’Fection-shaped particles nmeasured from 10 phot ographs of
a magnification of 150 tines was 860 particle/ml in average. The quartz

bel |l jar prepared by the aforeneENANMPLE®t hod was used by nounting in a
CVD filmformng apparatus. No particles resulting fromthe peeling of a

fil mshaped subspanzereliejae pesdueeehdd 9 theh { e 180 hours
from the start of use. EXXI\/PLE 5 An intcefﬁgﬁg%{c?g?ézthgqﬁg sﬁ% W haped

170 vaswbissleped it Sombiti amdl) bARRURISE 2 RigaSp e 0l 05

MPa, then ultrasonic rinsed with pure water an (
| nternal distéhtasawden Hp IR EPARRE oLh0b PR SRR 10 125 mm. A

sample was eut out from the base material and was subjected to a SEM observation

of a surface, to confirm presence of projection-shaped particles constituted of fine

spherical particles within a range of 0.5 to 3.9 um. 100 projection-shaped particles
arbitrarily extracted from a SEM photograph of a magnification of 150 times
provided an average size of 22 um. .Also a number of the projection-shaped
particles measured from 10 photographs of a magnification of 150 times was 860

particle/mm’ in average,

The quartz bell jar prepared by the aforementioned method was used by

mounting in a CVD film forming apparatus.  No particles resulting from the peeling

of 2 film-shaped substance were collected in the apparatus even after 120 hours from

the start of use.

EXAMPLE 5§
An internal surface of a donut-shaped ring was blasted with white alumina
Grit WA#60 under a pressure of 0.8 MPa, then ultrasonic rinsed with pure water and
dried in an oven. Then the internal surface of the donut-shaped ring was subjected
to a formation of an yttria thermal spray film by a plasma spraying with N, gasasa

plasma gas, a distance of 75 mm between a plasma gun and the stzinless steel base
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to a formation of an yttria thermal spray film by a plasma spraying with
N2 gas as a plasma gas, a distance of 75 nm between a plasma gun and the
stainless steel base 26 material, and a charged el ectric power of 40 kW As
the raw material powder, there was enployed yttria powder (average primary
particle size: 0.3 m average particle size: 35 n) of a purity of 99.9 %
containing 15 wt. % of | ant hanum oxi de granul ar powder of a purity: 99.9
wt, % (average prinmary particle size: 0.3 m average particle size: 30 un.

After t ravikng, it was ul onijc rinsed with ultra pure water
and drie atlteﬂgl;gﬁﬁl] ggﬁa%‘éﬁ%%m&&“ﬁf Hyéb %thé? ihsgawmaseree! pawdeay thereer ani ¢

t her mal SE{% filmcaonstituted of yttria-Ilanthanum oxide. A

yttria-1¥ RowedYitHa PPWAPMkaVerags BEImArY particls simeeParien, orragepaitivtd- square
quartz stainless steel base material under sane conditions as those for the

sput t er i $1e: S il of A pyEPORINGSS cottaining 15 oM b 1dpeRUMESHSIS ganallf Was
subjected to a SEM observation of a surface, to confirm preSence of

proj ect i powddnagied puityt DR.Dewt Y0 (Bletdget HGmary birfitleSARE" b §almPaLL,6l €S W thin
arange of 0.3 - 3.2 m 100 proj ectgiéoﬁ?lghgpgd paertic'l e'ga%?lbi%?%%g’%l y

ext r act egarficlersiz: &Whoma{g}h@n}%gﬁgﬁi’ [t%?a@ﬁt?ﬂg@'f .f{%ﬁgiﬁi tﬁgr ovi ded

an average size of m Also a nu he " pr o] articles

measur edpre QRtdCafh QG Q0P ax?fov%t {Bg&fqlﬁ@é?ﬁ“@%ﬁng’@ﬁﬂﬁgﬂ“ mes was 2200

particle/nmm 2 in average. € sp Ing, 2 CpRmic

aforenenmeggﬁqp{agm%)\é%%tﬁgggﬁwa unting.in a sputtering apparatus, No

particles resu ng f Wy 0K m shaped substance were
collected in the ratus even after 140 hours fromthe start of use
EXAMPLE 6 A shﬁewﬁ?%% Pmapride thermad speayufile wast prieparednharfuinehxi de
thermal s ray . )

square quartz stainless steel base material under same conditions as those for the

sputtering shield. A sample was cut out from the base material and was subjected
to a SEM observation of a surface, to confirm presence of projection-shaped
particles constituted of fine spherical particles within a range of 0.3 - 3.2 um, 100
projection-shaped particles arbitrarily extracted from a SEM photograph of a
magnification of 100 times provided an average size of 12 pm. Also a number of
the projection-shaped particles measured from 10 photographs of a magnification of
100 times was 2200 particle/mm® in average.

The sputtering shield prepared by the aforementioned method was used by
mounting in a sputtering apparatus, No particles resulting from the peeling of a

film-shaped substance were collected in the apparatus even after 140 hours from the

start of use.

EXAMPLE 6

A shield product and a $§ inch-square yttria-lanthanum oxide thermal spray

film were prepared under the conditions same as those in Example S, except that the
distance between the plasma gun and the quartz bell jar was changed to 115 mm. A

sample was cut out from the base material and was subjected to 2 SEM observation
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filmwere prepared under the conditions sane as those in Exanple 5, except
that the distance between the plasnma gun and the quartz bell jar was
changed to 115 mm A sanple was cut out fromthe base material and was
subjected to a SEM observation 27 of a surface, to confirm presence of

proj ection-shaped particles constituted of fine spherical particles within
a range of 0.3 - 3.4 m 100 projection-shaped particles arbitrarily
extracted froma SEM phot ograph of a magnification of 100 tines provided
an averg‘%fe s‘Ti#e of 14 Al so a nunber of the projection-shaped particles
measur e 4 SHAG: FhoPhpresense of praigstipn-abaped paviclasOmnsiitues] offind 600
particle/mm® in average. The shield prepared by the aforenentioned nethod

was usedPByricabpatticies Withina tapge 06 0ing 3 appar at 0B prdjectidarshhsddemarhifsyl ti ng
fromthe Beel ing of a filmshaped substance were collected in the

appar at uasbisseeily eehtrected 6fotonr SENI phatbpRpEt e b Bk Mﬁ@at'oﬁ)@f/ﬁb shiel d
product and a 5 inch-square yttria-| a%t ﬁanum oxi%e thlerma sgrtzir)r}&fi | m were

o epar et 4 eydageieoDP 1398, NS RubBOELTHL By GHCRRL Pt he

di stance between the plasma gun and t ged to
180 mm i base .pateri nd was subjected to a
SEM Obs[gt?t\}ilﬁ"’(ﬁ)ﬂ neﬁ(s)u.]\c’i’ég ﬁs%lﬁ ¢ gﬁ} o{d'ggﬁ}g % %iar ﬁ?%’?ggﬁwgeoaﬂolf()%pﬂ"ﬁ?%?ﬂ éﬁb(é haped

parti cl : %ﬁﬁi- f fine spherical particles within a range of 03 -
4.8 m i%a&]&pr 0] elé;épg%gghaped particles arbitrarily extracted froma SEM

phot ogr aph of i ficatjon of 100 times provided an average size of 25
M Also a nunbdee @?&Htpﬁ@wye@ eiiespationed mathod-wasused by uneoitihg dm 10
phot ogr aphs of . a magnification o ti mes was particle In
h phs of ification of 100 ti 300 cle/ me |
aver age, ar Icigsereaflong i t aSsHe y
TRYIEHiBeRRP e arNiel Pesticldsereatlting feom ithe peelingt i b
mounting in a sputtering apparatus. After 100 hours fromthe start of use,
a fil m stbg@pce were collected in the apparatus even after 160 hours from the start of use,
EXAMPLE 7
A shield product and a § inch-square yttria-lanthanum oxide thermal spray

film were prepared under the conditions same as those in Example 5, except that the

distance between the plasma gun and the donut-shaped ring was changed to 180 mm.

A sample was cut out from the base material and was subjected to a SEM

observation of a surface, to confirm presence of projection-shaped particles

constituted of fine spherical particles within a range of 03 - 4.8 um, 100

projection-shaped particles arbitrarily extracted from a SEM photograph of a

magnification of 100 times provided an average size of 25 pm.  Also a number of

the projection-shaped particles measured from 10 photographs of a magnification of

100 times was 300 particle/mm® in average,

The shield prepared by the aforementioned method was used by mounting in
a sputtering apparatus. After 100 hours from the start of use, a film-shaped
substance in the apparatus was observed in a state that it is going to peel,

COMPATATIVE EXAMPLE 1

An interior of a quartz bell jar was blasted with white alumina Grit WA#60
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substance in the apparatus was observed in a state that it is going to
peel, COWATATI VE EXAMPLE 1 An interior of a quartz bell jar was bl asted
with white alumna Git WA#60 28 under a pressure of 0,5 NQa, then
ultrasonic rinsed with pure water and dried in an oven,, Then the internal
surface of the quartz bell jar was subjected to a formation of an alum na
thermal spray filmby a plasma thernmal spraying with an Ar ; H2 flow rate
ratio of 70 : 30 and a charged electric power of 40 kW As the raw materi al

powder , [ e alum na granul ar powder O a Purity O 99,9 %
(averagelm]gf' gﬁﬁ%“ﬁﬁfﬁ@%l#@ ‘ﬂf&aémwln%ﬁe‘f"ﬁb@umwaﬁewm giiekin 46 gn). A
pl asma gun ancl_ th quartz bell g;ar were mai ntained at a di stance of 150
mm Af t ?VPhe [eh Bisaterag supfaca;of thetquacs bell jarasamsubjectedstech foinkbtisd tra pure
water and dried in a clean oven to obtain a quartz bell jar bearing a high
purity aPhafi saminecthamal sprayyfilin byma phismalthernb spragingBiitsed Ay ; b, lggweas
prepared on a 5 inch-square quartz base mterial under sane conditions as

those f orate raioqufaf z3bahll 2 dfarged €edRE SoWRS of 4 WRUL b gf material
and was subjected to a SEM observation%of a surfac’e.Ag eagrﬁf{a%g@eof t he

par 1ol E°Corr e o Tt St AT ARy digtrihbes *uare
1oL Obeehasy S8 o 6 o AGeBRERAL i s P, S Sementand, et nod ves
o oA BT B AR rtabenin uart
et by A T it Bk ol b b s © |

quartz bell jar bearing a high purity alumina thermal spray film.

An 2lumina thermal spray film was prepared on a 5 inch-square quartz base

material under same conditions as those for the quartz bell jar. A sample was cut
out from the base material and was subjected to a SEM observation of a surface,
The surface of the thermal spray film was formed by well molten splats and
projection-shaped particles constituted of fine spherical particles of 5.0 pm or less
were not abserved.

The quartz bell jar prepared by the aforementioned method was used by
mounting in a pre-cleaning apparatus,  After 70 hours from the start of use,
particles resulting from the peeling of a film-shaped substance were observed in the
apparatus.

COMPATATIVE EXAMPLE 2

The quartz bell jar prepared in a method similar to that in Comparative
Example 1 was used by mounting in a CVD film forming apparatus. After 70
hours from the start of use, particles resulting from the pecling of a film-shaped

substance were collected in the apparatus,

EXAMPLE 8

29



hours fromthe start of use, particles resulting fromthe peeling of a

fil mshaped substance were collected in the apparatus, EXAMPLE 8 29 A

pl asma t hermal spray apparatus as shown in Fig, 8 was enployed with an
argon : hydrogen flowratio of 80 : 20 as a plasma gas 51, a thernmal spray
di stance 54 of 100 mm a thermal spray gun noved with a speed of 600

mm sec and a pitch of 5 mm and a supply anmount of 20 g/mn for alum na of
an average particle size of 40 umto execute thermal spraying twice with a-

power of 25 k Qr urface layer having_projection-shaped particles
on a quartz b\a(étep?ﬁilr{aet??@ai SRR aBB?é“%éﬁéF?‘é{P 5 Eif ovascemployedewithen mal
sprayi ng_was cut out into a sjze allow ng a mcroscope observation, and,
after an®§PRr %mgenrd%mr@ Ak 02Q kg plaspatgaeSipd thamahsmhe disvake on of a
surface and a cross section of the thermal spray film under a | aser

cof ocal ¥ ef 38€ ape. 2 Weemehsprampurs prosyd fiifha §Rdd 160D GKAASS 284 a A0 mhand
S

showed presence of nountai n-shaped projection-shaped particles, on the

surface bh§em, aide aippbt smou G20 W/ GIOGE aRiRL o?&??i%ﬁéf%ﬁeiél?)éﬁre o'zs shown

in Fig, 5. A neasurenent on 100 arbitrarily extrac ction-shaped

particl es0 pi ey egRdiethwing] rkpf’d‘fyil%otz\ﬁigg Qith 2 ﬁo@ﬁ gﬂr'gs gwd%afoﬁ?ﬂgﬁg& and an

average height/wdth ratio o er projec

proj ect i pyer mﬁxglﬁQﬂmﬁl{nQih‘ig%d;[ ?zgﬁﬁg%m? Qggg%%}:s%ap%%fur enent conducted by

mrror finishing across s ay filmand taking an
el ectron phot o r -pr oyed orosity of 25 % An observation under a
pol ari zing m c%ggg%eﬁéln%gl%g’ﬁ% ett% lE?F gﬁ%élem@ﬁﬁgb‘fas cuheutpintsy ®size on- shaped
%V\/eg a. nucl eus: |i ke, part in_nost projection-shaped particles,
thus confi? i kg® tTEIOSFRRS ChTYRtions sndy 2fernae raltrasonichsinsing | andsdryimged i n a
state V\/nerbe It . was ngnlten I n_a peripheral portion and remai ned unnolten in
a centraf Jﬁ%ﬂ tHF coservation of a surface and a cross section of the thermal spray film

particle 1|1

under a laser cofocal microscope. The thermal spray film had a thickness of 100
pm and showed presence of mountain-shaped projection-shaped particles, on the
surface layer. The electron photomicrograph of the surface layer is shown in Fig. 5,

A measurement on 100 arbitrarily extracted projection-shaped particles
provided a width of 10 - 70 um_ a height of § - 100 um, and an average height/width
ratio of 1.2 per projection, and a number of projections was 1000 projection/mm?.

A porosity measurement conducted by mirror finishing a eross section of the
thermal spray film and taking an electron photomicrograph proved 3 porosity of

o . .. .
25 %. An observation under a polarizing microscope on a polished cross section of

the projection-shaped particles showed a nucleus-like part in most projection-shaped
particles, thus confirming that the thermal spray powder was thermally sprayed in a
state where it was molten in & peripheral portion and remained unmolten in a central
portion,

COMPATATIVE EXAMPLE 3

A surface layer was formed by a thermal spraying under conditions same as

those in Example 8, except that the thermal spray power was changed to 35 kW
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COVPATATI VE EXAMPLE 3 A surface |ayer was fornmed by a thermal spraying
under conditions sane as those in Exanple 8, except that the thermal spray
power was changed to 35 kW 30 The base nmaterial subjected to the thermnal
spraying was cut out into a size allowing a mcroscope observation, and,
after an ultrasonic rinsing and drying, subjected to an observation of a
surface and a cross section of the thermal spray filmunder a | aser

cof ocal m croscope. The thermal spray filmhad a thickness of 120 pm and

showed resence of .nount ai.n-shaped Rproj ecti on-shaped particles on the
surface T e TReterial 28RIeEiSd S hs henAl 2PBYINE MRS Gut et into meize allowing

proj ecti on- shaped gartipl es Jorovi ded a wdth of 20 - 200 um and a hei ght
of 4 - 1WAPHEP FPIrEationoand, 484r amilttasenic Hesidgand pryopg cubjectes raped
particles, there were observed flat particles with a height/wdth ratio of

0.3. A pdsesiation efasurfacennd e anabs cbetibnyf i thd@maf sitas Hlndinder s 9er Section
of the thermal spray filmand taking an el ectron phot om crograph proved a

por osi t ycofodal dnipos ob e Vkdrinah A ' S a
pol i shed cross secﬁpgn of tﬁe f?ﬁ?ﬂgg???d}c)%@&%%ﬁ???ir?e%ﬁ@haiggﬁﬂ\gg%art icle

vas ol { gsds dTemeRkinahafal biiioRXAMRNEifes APhe Az ] plted wnder
conditi o%g sanme as these | g Ekg)?r%qtlg , eelggg 1ée§%§tth{: ﬁ\é%% \R s%r ay power
was changeg }é}nﬁﬁ -al um na, powder wi.th ~an ayerage particle size
of 60 m was uerrp Oy&é%‘_’l@f?_ﬁaé%g%ég %&F%Ipr@ﬁﬁ}%i@ﬂq Fartigies Plf?éflfd%dl a spraying
was cut ouf, | i ze all ow, m croscope observation, and after an
ul tr ason\vk&tt’ Pﬁéﬁﬁgogw,miaﬂ&}ﬁ’g&gﬁgé@&m perproestion, \aatl] withinfthe 18@r f ace and
a cross_sect.ion of the thermal spray filmunder a | aser cof ocal
m cr oscoP@IeHAR-shanrd, palticles therer Were phearvad (it glenddes with12Aeighy/wivgh showed
presence of rmumi n- shaped projection-shaped particles on the surface
| ayer . £ B35 e PoTesity Toes surepient eanidugted by maictoe dinjshivjges tlogdsestiaped
particles 1erovi ded a width of 1$ - 100

of the thermal spray film and taking an electron photomicrograph proved a porosity

of 3 %. An observation under a polarizing microscope on a polished cross section

of the flat particles confirmed that the particle was molten to the central portion,

EXAMPLE 9
A sample was formed under conditions same as those in Example 8, except

that the thermal spray power was changed to 30 kW and that alumina powder with

an average particle size of 60 um was employed. The base material subjected to

the thermal spraying was cut out into a size allowing a microscope observation, and

after an ultrasonic rinsing and drying, subjected to an observation of a surface and 2

cross section of the thermal spray film under a laser cofocal microscope. The

thermal spray film had a thickness of 120 um and showed presence of

mountain-shaped projection-shaped particles on the surface layer. A measurement |

on 100 arbitrarily extracted projection-shaped particles provided a width of 15 - 100

Um, a height of S - 85 um and an average height/width ratio of 0.9 per projection,

and a number of projections was 730 projection/mm?. A porosity measurement

conducted by mirror finishing a cross section of the thermal spray film and taking an
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gm a height of 5 - 85 mand an average height/wdth ratio of 0.9 per
projection, and a nunber of projections was 730 projection/mR2. A porosity
measurenent conducted by mrror finishing a cross section of the thermnal
spray filmand taking an 31 el ectron phot om crograph proved a porosity of
18 % An observation under a polarizing mcroscope on a polished cross
section of the projection-shaped particles showed a nucleus-like part in
nost projection- shaped particles, thus confirmng that the thermal spray

powder wasctt herFaI In_}i sg{aﬁgd ina State Were it was nolten in a
per i pher &FCEE} PPERPEAGEIRRPIRNES @nRoNosiEn of nl & Yeendn abspurtisronpd&EXAVPLELD A
sanpl e was faorned under sane conditions as these in Exanple 8, except that

the ther ARIANIZIAE MICIASHRAC QS polishedeossceativnkf the projeetionsshapediparpielssler Wi t h
an average particle size of 50 umwas enployed. A thermal spray filmwas

then pr&peredch oucledsdskepparpar mdstt prejeonidn- shidped p&icmsyﬂﬂeeomnﬁmi tions as
those in Exanple 8, except that the thernmal spray power was changed to 20

kW and t tiettheradal sprag mﬂéelﬂxa‘élitﬁéi‘nﬁnw{ ggﬁt édfh QQ{ahé &hﬁ-ﬁ{ s gfco}]té;’ \1,\12? nas

enpl oyed. The base material subjec o the thernmal "sprayi cut out

into a sp h@fﬂl?%‘fi‘tﬁﬁaﬁd ,gﬁ,ﬁé&te,gﬂgcﬁtcglg%gwﬁaitlﬁgﬁmand, after an ultrasonic

rinsing and dry subj ecte serva 8f a surface and a cross

section of the thermal spray fil | aser cofocal mcroscope. The
thermal spray filmbad a thi cknewfzggwgm and showed presence of

nmount ai n- shape rojectian-shaped particles, constituted of aggl onmerates
of fine spheri gﬁ"‘ﬁ!ﬁ?ﬁ%?@ Aingersams eorgitinms a8 fhasan Expmpled, leagept, A
rreasuremaglt on 100 arbitrarily extracted projection-shaped particles
provi ded T4t thG HEFmYispIzy Power Was changed th32 &W end titP@lurnapdwder withr age
hei ght/width ratio of 1.6 per projection, and a nunber of projections was
1300 pr opREVFIEF PATICleAsige 08 S0t ym wasasuplepsht A ckgal estap il wiPthehi Ni Shi ng
a cross section of the thermal spray film
prepared on thus prepared thermal spray film under same conditions as those in
Example 8, except that the thermal spray power was changed to 20 kW and that
alumina powder with an average particle size of 25 pm was employed. The base
material subjected to the thermal spraying was cut out into a size allowing a
microscope observation, and, after an ultrasonic rinsing and drying, subjected to an
observation of a surface and a cross section of the thermal spray film under a laser
cofocal microscope. The thermal spray film had a thickness of 200 pm and showed
presence of mountain-shaped projection-shaped particles, constituted of
agglomerates of fine spherical particles of 0.6 to 3.6 um, on the surface layer. A
measurement on 100 arbitrarily extracted projection-shaped particles provided a
width of 10 - 65 um, a height of € - 120 tm and an average height/width ratio of 1.6
per projection, and a number of projections was 1300 projection/'mm’®. A porosity
measurement conducted by mirror finishing a cross section of the thermal spray film
and taking an electron photomicrograph proved a porosity of 32 % for the upper

layer, and 8% for the under layer. An observation under a polarizing microscope on

a palished cross section of the projection-shaped particles showed a nucleus-like part
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and taking an el ectron photom crograph proved a porosity of 32 %for the
upper |ayer, and 8% for the under |ayer. An observation under a pol ari zi ng
m croscope on a polished cross section of the projection-shaped particles
showed a nucl eus-1like part 32 in nost projection-shaped particles, thus
confirmng that the thernmal spray powder was thermally sprayed in a state
where it was nolten in a peripheral portion and renmained unnolten in a
central portion. J]EXAMPLE 11 A plasna thermal spray apparatus as shown in

F& 8 wasiepko Yiohid : m flowratio of 75 . 25 as a

pl asma gas 5 1?{1%26% hermkdslpragesditg{%gor@ggﬁér}g bﬂ“ﬁwﬁfoﬁ‘ﬁf%ﬁ SRIAYHRG spray
gun nove | f. 50 ec.and a pitch of 5 mm and a supply
anount O%a{”&ﬁ%lﬁp@gﬂeg lgp%gtp%ﬁered pes m n speEpheralvportige apdrticie
size of 30 umto execute thermal spraying twice with a power of 20 kWto
forma s[PPANES YRALen ing comrah PORtiOBt i on- shaped particles on a stainl ess
steel base material. The base nmaterial subjected to the thermal spraying

was cut out into a size allowi nEXAMPEEcHcope observation, and, after an
ultrasonic rinsing and drying, subjected to an observation of a surface

and a cross sedtplasmathetrha sphwr apphrasuy )shbivhih Fi) &SWasferh 8§dd &hhaegal
m croscope. The thermal spray filmhad a thickness of 1 4m and showed

pr esence argonnoydtreden-fidvapatb of 7§ egs iapg-p?Meglaspﬁr BithlR ?ﬁg&. ra?%%sur face
-8

| ayer, A measurenent on 100 arbitrarily extracted projec rﬁéd

parti cl es4RIQYDIRE, atN\irﬂmtahsﬂfa¥ 38 mdiRd Wikh & @éd%%ﬁ&né?sﬁéﬁg&aupg]@hand an

average height/w dth ratio of "13 per projection, = .
o oscons ont ST oy st QU3 i Bpr 2 3Bhe) BerErmovee Beanpar t1 ol es
e O L e Bt Bl o R D e o 20

kW to form a surface layer having projection-shaped particles on a stainless steel

base material,

The base material subjected to the thermal spraying was cut out into a size
allowing a microscope observation, and, after an ultrasonic rinsing and drying,
subjected to an observation of a surface and a cross section of the thermal spray film
under a laser cofocal microseope. The thermal spray film had a thickness of 100
um and showed presence of mountain-shaped projection-shaped particles on the
surface layer. A measurement on 100 arbitrarily extracted projection-shaped

particles provided a width of 15 - 65 um, a height of 10 - 95 um, and an average

height/width ratio of 1.3 per projection, and a number of projections was 1,250
projection/'mm’.  An observation under a polarizing microscope on a polished cross
section of the projection-shaped particles showed a nucleus-like part in most
projection-shaped particles, thus confirming that the thermal spray powder was
thermally sprayed in a state where it was molten in 2 peripheral portion and

remained unmolten in a central portion.

EXAMPLE 12

33



thermally sprayed in a state where it was nolten in a peripheral portion
and renmained unnolten in a central portion. EXAMPLE 12 33 A plasma thernal
spra apparatus as shown in Fig. 8 was enployed with a gas flowrate of 80
SLM which is twice of that in Exanple S. There were enployed an argon ,
hydrogen flow ratio of 90 : 10 as a plasma gas 5 1, a thermal spray

di stance 54 of 100 mm a thermal spray gun noved with a speed of 1,000

nm sec and a pitch of 5 nm and a supply anount of 10 g/mn for a spherical
al um num pOV\dEéR(i; an ave?r’!g%e article size of 65 umto execute thernal
spraying twc ST HeHBAeIPray 2PParatis dsoshowmrinFig U8 s empioyed widya ng
projection-shaped particles on a stainless steel base material, The base
mat eri al g%“u%Pé’cﬂiﬁ fo 30 hEL Mhwhirdl isspwiagi ofgthandn dExtanglé 8, NtThefe Sher€

al l owi ng a m croscope observation, and, after an ultrasonic rinsing and

dryi ng, emplsyedrsdrga ahydioger flatviratio of 5@ ST bRE PIARME PasT109ShaRG 1 on of
the thermal spray film under a |aser cofocal m Croscope.” The tfhermal spray

fi | m hadsmay Histéresst of 106GnmUa th&ehas fs{afggd%@' g%gﬁg%;i&f ggwoa; 8# ?;q@&aped

proj ection-shaped particles, constitu ner a spheri cal
particl emmkédbid A #; f - rifiace .l ayer. An . el ectron
phot oni crogr aph of %’ﬁ%ggfj(rgf%%% ?gydégﬁquﬁsag@&ﬁt ?’E lbi g,%"“ ?Xf A Pt enent on
100 ar bi 4 jecti.on-sha articles provided a w dth of
20 - 50 SRt NP BF 98 a0LRLERUER STBECS [ictougethe memimarering at o of

1.8 per L ectid Qn nd e of projections was 320 projection/mR - A
por osi tymﬁgggﬁ%%eﬁ?‘% ‘oﬂgJQt r@ 'i?qu’rFlr 2 gurface, layer rhg"‘agcme.gﬁstlemhaped of the

t her mal %Er% filmand taking an el ectron pbotom crograph proved a
por osi t yPHFCEH 08P sinesisteet Yase metrrishder a pol ari zi ng nicroscope an a
pol i shed cross Ee%t ion of the project) on-shaped particles showed a
nucl eus- | i ke pz ¢ Opi¢ mawriabsuljjescted torthe sheapelispraying was cut out into a size
allowing a microscope observation, and, after an ultrasonic rinsing and drying,
subjected to an observation of a surface and a cross section of the thermal spray film
under 2 laser cofocal mieroscope. The thermal spray film had a thickness of 150
Hm and showed presence of mountain-shaped projection-shaped particles,
constituted of agglomerates of fine spherical particles within a range of 2 - 9 um, on
the surface layer. An electron phetomicrograph of the surface layer is shown in Fig,
4. A measurement on 100 arbitrarily extracted projection-shaped particles provided
a width of 20 - 80 um, a height of 25 - 150 Hm, and an average height/width ratio of
1.8 per projection, and a number of projections was 320 projestion/mm?. A
porosity measurement conducted by mirror finishing & cross section of the thermal
spray film and taking an electron photomicrograph proved a porosity of 30 %. An
observation under a polarizing microscope on a polished cross section of the
projection-shaped particles showed a nucleus-like part in most projection-shaped
particles, thus confirming that the thermal spray powder was thermally sprayed in a
state where it was slightly molten in a peripheral portion and remained unmolten in a

central portion,
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particles, thus confirmng that the thermal spray powder was thermally
sprayed in a state where it was slightly nolten in a peripheral portion
and remai ned unnolten in a central portion, 34 COWARATI VE EXAMPLE 4 A
surface | ayer was forned by a thermal spraying under conditions sane as
those in Exanple 11, except that the thermal spray power was changed to 35
kKW The base material subjected to the thermal spraying was cut out into a
size allowing a mcroscope observation, and, after an ultrasonic rinsing

and drying, subjected to a(gqub ' rface and a cross section
of the thermal spray film ‘?ﬁéﬁfé %}é‘gmﬁﬁl m had a thickness of 110 m
and showed presence aof nountai n-shape proj ection-shaped particles on the
surface |ayer .‘Egur%%%?gﬁ?%ﬁﬁﬁéﬁﬁe‘igbaégﬁm} SRTAY S uasterrcaodidions same as

pr oj ect ifgn-sh ed particles provided a width of 15 - 180 m and a hei ght

of 3 - 79%F ma’g&mblFoljlercF%,thaArthq thormal sprey powe0was chamed a9-$higwed
particles, there were observed flat particles with a height/wdth ratio of

0.2. A pbiobaseynsieni subjested to shithetreal spyayiviy was cdticat &t Agi SRSy SECt i on
of the thermal spray film and taking an el ectron photom crograph proved a

por osi t ya micrSscktpe Absevbationy and, after aNdRzsEniOBhaR %ﬁc!‘&?! AL QS a
pol i shed cross section of the flat particles (g:onfi ’ ds?ﬁg§9§hoce)£hpart icle

was nol tesetvativhef aanified ardof Eﬂo@@secmwgﬁ v&ﬁ%ﬁﬁéﬁﬁﬁg@%’;h?hﬁ%ﬁ’%é ay

apparatus as shown in Fig. 8 was enpl oye n flow
(2010, Ol idOnces kST 05 Bl ofs RSO APLEY.Fl sttt o2, of 20
ot con o oo ettbed Harh e TR oee LB oK cresnBergsnbian 10atodaoh na. pourler
of an. 24209 HALLLEhSned GatladrBiiTed T et it 1s T T O, Loy SxCCy e therma
of 3 - 70 um per projection, and, within the 100 projection-shaped particles, there
were observed flat particles with a height/width ratio of 02. A porosity

measurement conducted by mirror finishing a cross section of the thermal spray film
and taking an electron photomierograph proved a porosity of 8 %, An observation
under a polarizing microscope on a polished cross section of the flat particles
confirmed that the particle was molten to the central portion.
EXAMPLE 13

A plasma thermal spray apparatus as shown in Fig. 8 was employed with an
argon : hydrogen flow ratic of 90 : 10 as a plasma gas 51, a thermal spray distance
54 of 80 mm, a thermal spray gun moved with a speed of 400 mm/sec and a pitch of
5 mm, and a supply amount of 15 g/min for a powder formed by coating a stabilized
zirconia powder of an average particle size of 35 Hm with an alumina powder of an

average particle size of 30 pm ina 1: 1 ratio, to execute thermal spraying twice with

& power of 25 kW to form a surface layer having projection-shaped particles.

The base material subjected to the thermal spraying was cut out into a sjze

allowing a microscope observation, and, after an ultrasonic rinsing and drying
i
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a power of 25 kWto forma surface |ayer having projection-shaped
particles. The base material subjected to the thermal spraying was cut out
into a size allowing a mcroscope observation, and, after an ultrasonic
rinsing and drying, 35 subjected to an observation of a surface and a cross
section of the thermal spray film under a | aser cofocal mcroscope. The
thermal spray filmhad a thickness of 130 m and showed presence of

nount ai n- shaped projection-shaped particles on the surface |layer. A

measur e t._on: 100 arbitr.ari extracted projection-shaped particles

pr ovi detrzlr? u;b-l%ﬁ?%q %‘foa%@w—a{l% °h¥ s'ééﬁ@i agd2 @pssisgction ofthetheamal sprawafibn age

hei ght/wi dth ratio qf }.2 per projection, and a nunber of projections was
1, 350 pF%‘?‘-‘é@t ﬁéﬁ/?ﬂ%@?a RupEEeRne: v Thedbermalspray ddmdbart e dhiblness bf @80 i ni shi ng
a cross section of the thermal spray filmand taking an el ectron

phot oni cHBypap shpwed gesance of asiunyainishafedYpropirtioRskipsat PRI R hR

pol ari zing m croscope on a polished cross section of the projection-shaped

ticl esurfdvewtayen nAc imeasurkink ] ' ticles,
particle wiyen n sutembft RAr 100 Narb@@kly Q&ﬁh&ﬁ]'eé}ﬁjaeﬂ?@rﬂ% pgrtic'es

thus confirmng that the thermal spray powder was y sprpayed in a
stat e whpigicledredidsd Bavild p t ] | pher al rtion of the
t her mal gpray ?owder was rr;\?&te{aon \%ﬁﬁ'ﬁ@f %h@ggﬁ &?E)drﬁ 2?(?98%5'58&%%’8%“ n a
central REGhiMNRratid&st Neriiml, spLay powder remai ped .unpol ten, EXAMPLE 14
I n order t% eval ue{?e@gort; ggtﬁeé?‘ipﬁég%?%beal”ﬁga 8P’"§ﬁ%°£z§ﬁ‘ﬁ9@‘°f"érw%§ 43pBsi t ed
subst ance,.: Lhhcon pitride filmwas directly deposited on the sanples of
Exanpl esﬁgojgﬁt%wfg&andﬁk(%%ﬁ aMegRirement pondueted by minpn Spishingcuardssn to S x
10'5 Pa, s i%i I if(‘ﬁ)n ni t{)i de filmof a thickness of 100 mwas formed at the
r oom t enpar gf e thermal saray, filmand; taking ranr deatrearphotomicongmagiingroseda xt ur e of
argon gag_ and nityogen gas, up to a pressure of 0.3 Pa, After the film
for mat i oRTPHE °gn‘{ﬂ /gnngﬁtc’bﬁﬁé’atﬂ@f urgrsce pelaricing microscapel onaf pelished andi ng
for | da\t/]L each. sanpl e was heated for 1 hour at 600C

oss section of the projection-shaped particles showed a nucleus-like part in most

projection-shaped particles, thus confirming that the thermal spray powder was
thermally sprayed in a state where the alumina powder present in a peripheral
portion of the thermal spray powder was molten while the zirconia powder present in
a central portion of the thermal spray powder remained unmolten.
EXAMPLE 14

In order to evaluate an adhering property of the sample for a deposited
substance, a silicon nitride film was directly deposited on the samples of Examples 8
to 13 and Comparative Examples 3 to 4. After evacuation to S x 107 Pa, a silicon
nitride film of a thickness of 100 um was formed at the roonla temperature,
employing a silicon target and introdueing a mixture of argon gas and nitrogen gas
Up to a pressure of 0.3 Pa,  After the film formation, the environment was returned

to the air, and, after standing for 1 day, each sample was heated for 1 hour at 600°C

and subjected to an inspection under a microscope after the sample returned to the

room temperature. Peeling or particle generation was not observed at all in the

samples of Examples 8 - 13, but the samples of Comparative Examplés 3 - 4 showed
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and subjected to an inspection under a mcroscope after the sanple returned
to the roomtenperature. Peeling or particle generation was not observed
at all in the sanples of Exanples 8 - 13, but the sanples of Conparative
Exanples 3 - 4 showed 36 a peeling. EXAMPLE 15 Quartz bell jars prepared by
the nethods of Exanples 8 to 9 and Conparative Exanple 3 were used by
mounting on a CVD filmform ng apparatus. |In shields prepared by the

nmet hods of Exanples 9 to 9, particles resulted fromthe peeling of the
filn}shapﬁgﬂﬁgbstance were not collected in the apparatus even after 160
hours fromihg start of use, but, in a shield prepared by the nethod of

Conparative Exanple 3, particl ewﬁrﬁpeel i ng of the filmshaped
substance were observed after fSom the start of use. EXAMPLE 16
Shi el ds pr eparsd by the,nethods of Exanples 10 to 13 and Conparative
Exanpl e 4 wer eQU&Ed By isBinpiengednby thpumethodnoff Examplesnd np Sppad at us. | n
shi el ds Erepared t])%/mt he net hods of Exanples 10 to 13, particles resulted

f rom t heCoppetating Examplee3 iwererusddapeshosntirg eme €€ VB fidmformin dppates i n t he
apparatus even after 150 hours fromthe start of use, but, in a shield

pr epar edlibshieHe pomahatibpthe Getheas af EXEmBILaTPloes barfidéd 1R Bimi b Poel i ng
e

of the fil mshaped substance were observed after 60 hours fromt start

of use. BAMBLSE the SmPIGSER siRBNEE lyeAPRGcdHRBRA 5h e stpgaggygwe:gp o8- 8 was

enpl oyed with an argon @ hydrogen flow ratio o fra gas 5
Sheed of o0 cut RG RAE o ysepoub Bl Wiy’ BEpERRC B isRed e of 20°
g/mn f Oto%a}a-[lgc%%ﬁc ) f:‘éjr{iag]s By itl(ljeeﬁéeilirr}g of the film-shaped substance were
observed after 70 hours from the start of use.
EXAMPLE 16
Shields prepared by the methods of Examples 10 to 13 and Comparative
Example 4 were used by mounting on a sputtering film forming apparatus. In
shields prepared by the methods of Examples 10 to 13, particles resulted from the
peeling of the film-shaped substance were not collected in the apparatus even after
150 hours from the start of use, but, in a shield prepared by the method of
Comparative Example 4, particles by the peeling of the film-shaped substance were
observed after 60 hours from the start of use.
EXAMPLE 17
A plasma thermal spray apparatus as shown in Fig, 8 was employed with an
argon : hydrogen flow ratio of 95 : § as s plasma gas S1, a thermal spray distance 54
of 120 mm, a thermal spray gun moved with a speed of 400 mm/sec and a pitch of §
mm, and a powder supply amount of 20 g/min for an ITO powder (indium oxide-tin
oxide by 10 wt.%) with an average particle size of 30 Hm, to execute thermal

spraying twice with a power of 25 kW on an ITO target (tin oxide: 10 wt.%) to form

a surface layer having projection-shaped particles. In this operation, an erosion
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oxide by 10 w.% w th an average particle size of 30 4m to execute
thermal spraying twce with a power of 25 kWon an ITO target (tin oxide-
10 wt,9% to form a surface |ayer having projection-shaped particles. In
this operation, an erosion 37 portion on the surface of the ITO target was
so masked as to avoid thermal spraying, and the ITO thermal spray filmwas
formed only in a non-erosion portion. The target subjected to the thernal
spraying was cut out into a size allowing a mcroscope observation, and,

after an ryin sub ted to servation of a
surface %6%5{1 %g(r%gés guéfdec'éﬁfgl %’ @H{aﬂ%é( t"hagr b‘f?ﬁ/“’f °r‘4°Hf@ﬁH’é§ SErAYHRer

cof ocal e th pray fil mhad a thickness of 130 m and
showed “gtégﬁﬁqﬁ?“’}?giﬁﬁ% g’ﬁ% @ed pely e 2 PRrEESIBAITIRN t i cl es on t he
surface | ayer, é measurenent on 100 arbitrarily extracted

proj ecti on- sha'ﬁ %Imﬁ%er‘tsP}é:lF%dEﬁ"Wlthﬁd‘laéslamwdghvaxsfcutmut-mﬂ)zu)slm allowigg ght of 8
- 120 gm and an average height/width ratio of 0,9 per projection, and a
nunber ~of FHEEIENEi dnervalaen, mwﬁﬁapahtasomhmiﬁmgAndﬂwl i JupjedRd 4 beMENT
conducted by mrror finishing a cross section of the t errral spray film

and t aki nbseavatiehexfta anfyhandn qoaweansh B &%Qﬂer%a‘?@?ﬁ?'fg)h @idef 4 130er A
observation under a pol arizing m croscope on a pol Cross secfl on of

the propefotilanicsdiedss] PEHeltherndd sﬁr‘i?‘ﬂ‘hﬂ 14 r&‘{ﬁfc s o{f'ff"o ﬁﬁé‘i‘%ﬁ%wﬁa ay powder

proj ection-shaped particles, thus i rmng

was t her EnceSHr e era rtion of the thermal
spray poﬁgr was %atgtgindquP eétp%ﬁ%tgr%‘t{hgi’gd §?{t1lcgeg h’ﬁ E{T ﬂﬁ%ﬁe’g EXAVPLE

18 A pl ag{@eat S sho s enployed with a
gas flow rat erplg'% H@B Sﬁfl\(}laérsb?t gggpasrra % SPISIEC %%‘%ngmmlﬁ?ﬂpwé#df Bow ratio
of 90 1 ra ce .54 of 125 mm a thermal spray gun noved
with a sgvel%tg J.fhlf(?j’ gg%)o B ﬁ’é’lgﬁd’?g CW“O?'“ anpyeragrgheightvidty ratiomsi y amount
of 15 g '61.5' pf.:lp prOJectlon, and a number of projections was 1300 projection/mm?. A

porosity measurement conducted by mirror finishing a cross section of the thermal
spray film and taking an electron photomicrograph proved a perosity of 24 %. An
observation under a polarizing microscope on a polished cross section of the
projection-shaped particles showed a nucleus-like part in most projection-shaped
particles, thus confirming that the thermal spray powder was thermally sprayed in a
state where a peripheral portion of the thermal spray powder was molten while a
central portion remained unmolten.
EXAMPLE 18

A plasma thermal spray apparatus as shown in Fig. 8 was employed with a
gas flow rate of 70 SLM as a plasma gas S1, an argon : hydrogen flow ratio of 90 :
10, a thermal spray distance 54 of 125 mm, a thermal spray gun moved with a speed
of 300 mm/sec and a pitch of 3 mm, and a powder supply amount of 15 g/min for a
spherical chromium powder of an average particle size of 15 um, to execute thermal

spraying twice with a power of 80 kW on a chromium target to form a surface layer

having projection-shaped particles. In this operation, an erosion portion on the



spherical chrom um powder of an average particle size of' 15 m to execute
thermal spraying twce with a power of 80 kWon a chromumtarget to form
a surface | ayer having projection-shaped particles, In this operation, an
erosion portion on the 3S surface of the chromumtarget was so masked as
to avoid thermal spraying, and the chromumthermal spray filmwas fornmed
only in a non-erosion portion. The target subjected to the thermal spraying
was cut out into a size allowing a mcroscope observation, and, after an

ultrasonic._ri <,9§ H‘gﬁﬁnd drying, subjected to an observation of a surface
and a cr SULe&t SFU“ErHéartgﬁ‘eWﬁsa?O asked asitp gvoiddhermal spreping, auftheal

m croscope The thermal sgray filmhad a thickness of 150 um and showed

pr esence ke o wasdoaned enly shapeserpsioh poftea, constituted of
aggl oner at es of flne spherical particles within a range of 0,8 - 63 gm on

the surface | @Ayetargad snhjasuedeasrﬂntthﬂmaleﬂaﬁmgl\ﬁisaﬂht bMt 1ﬁ?6t£ asd ftbwing
proj ection-shaped particles provided a wdth of 130 um a H%l ght of

10 - 1l40amicAncopot3weatas andeifehah WitdsBnicHsth on, and a
nunber of projections was 800 project |Sorr111/cm‘r2s goindjdrﬂmgf{ub Cgégg§tea}rlrent

conduct edbftvatignl 8i'a birkictinlG Gof¥ A3fion 3Pl B8R ﬁiﬂg‘é’ 4 ner i s3Reg f1m

and taking an el ectron photom crogr Sp0 pr ove lf“yu ¥ An
observat i ope ,on.a,pol i cross sectlon of
t he proj eg |c%lln %ﬁapeggparliez@%gn méﬁc%@ﬁ Q’aﬁd‘cqhk‘&gcﬁs Q%H(igéhﬂt and.s
proj ecti par l.es us_confirmng that the thernal spr ay powder
was t he:?"?cs?ﬂt'] gF c&}u‘ﬁfﬂngh@e& ep(,m%c,ﬂgn% pﬁéﬁ“&lespo@ms@ﬁltﬁ toafe t her mal
spray povvder rJéten ile a central portion renained unnolten. EXAVPLE
19 A pl a§ﬁﬁ°f"r‘?éartﬁsa? wcﬁfﬁéﬁatcw viithin asenge of OF ¢6.78umyam thepirfaced with a
gas flow,rate 31;1 90 SLM as a {)I ashma gas 51, an argon : hydrogen flow ratio
of 92 : &2Yely PnEISAEIreRsRta PRyl aﬂvtaralslaz oxtracts! projectionhshaped pspicies gun
noved with a speed, of

provided a width of 12 - 130 um, a height of 10 - 140 um, and an average

height/width ratio of 1.1 per projection, and a number of projections was 800

projection/'mm®. A porosity measurement conducted by mirror finishing a cross

section of the thermal spray film and taking an electron photomicrograph proved a

porosity of 22 %. An observation under a polarizing microscope on a polished

cross section of the projection-shaped particles showed a nucleus-like part in most

projection-shaped particles, thus confirming that the thermal spray powder was

thermally sprayed in 2 state where a peripheral portion of the thermal spray powder

was molten while a central portion remained unmolten,

EXAMPLE 19
A plasma thermal spray apparatus as shown in Fig. 8 was employed with a

gas flow rate of 90 SLM as a plasma gas $1, an argon : hydrogen flow ratio of 92 : 8,

a thermal spray distance 54 of 100 mm, a thermal spray gun moved with a speed of

450 mm/sec and a pitch of 3.5 mm, and a powder supply amoeunt of 8 g/min for a

spherical aluminum powder with an average particle size of 70 um, to execute

thermal spraying four times with a power of 70 kW on an aluminum target to form a
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450 mm sec and a pitch of 3.5 nm and a powder supply amount of S g/mn for
a spherical alum num powder with an average particle size of 70 m to
execute thermal spraying four times with a power of 70 kWon an al um num
target to forma 39 surface | ayer having projection-shaped particles. In
this operation, an erosion portion on the surface of the alum numtarget
was go masked as to avoid thermal spraying, and the al um numthernmal spray
filmwas forned only in a non-erosion portion. Then thermal spraying was
conduct ed %our tings.on a surface and a lateral face of a backing plate of

an oxyge I TAC8 2¥ep BRYINE (RTQIsCtionsphaped rrartislens s thihawperation, an herogibmimi num

powder except for enploying a copper-alum num m xed powder of an average
parti cl ePeitign asf thesugfispe of dheeBymimmmitargetawas s acakedyeto Beoil NBermal
proj ection-shaped particles, The target subjected to the thermal spraying

was cut spreyingt andatiei demiunovhengal spray Qmswaworﬂ{eaedn\fgliﬁ thon@e?{isioﬁ“er an
ultrasonic rinsing and drying, subjected to an observation of a surface
and a crpdsiogsection of the thermal spray filmunder a | aser cofocal

m croscope. The thermal spray filmhad a thickness of 180 gm and showed

presence of no iR hened ' i On- articles, constituted of
aggl oner at es o?nér?nerspa%r%é% ng?@é%%%e?h@ﬁfﬁpﬁsgnraaﬂ cpan ?‘Elatt’@tl 10 wr~ on
the sur | . asurenent on 100 arbitrarily extracted
broj cot | LRESE a HEking DIATE BP 4 BT O copDes UngeroRmosbnd ionmsathese foei ght of
16 to 1398%1aL and an ﬁveragﬁa hei ght/width ratio of 0,8 per projection, and
3 nunber %&u&m% & 6XS tf%emgp&ng@t fopRealEminym poxakpawderedanr enent
conducted by mirrqr finishi ngﬁa cross section of the thermal spray film
and t aki AYTa8F chaHele0BizehOf 0hf crgr therebyr duening apsudsdet Mayr hdvikg An
observation under a polarizing mcroscope on a polished cross section of
t he proj BEVFERnsharsdaptinlesi cl es showed a nucl eus-1ike part in nost
The target subjected to the thermal spraying was cut out inte a size allowing

a microscope observatien, and, after an ultrasonic rinsing and drying, subjected to an

observation of a surface and a cross section of the thermal spray film under a laser

cofocal microscope. The thermal spray film had a thickness of 180 1m and showed

presence of mountain-shaped projection-shaped particles, constituted of

agglomerates of finc spherical particles within a range of 2.5 to 10 um, on the

surface layer, A measurement on 100 arbitrarily extracted projection-shaped

particles provided a width of 25 to 200 pm, a height of 16 to 130 um, and an average

height/width ratio of 0.8 per projection, and a number of projections was 280

projection/'mm®. A porosity measurement conducted by mirror finishing a cross

section of the thermal spray film and taking an electron photomicrograph proved a

porosity of 12 %. An observation under a polarizing microscope on a polished

cross section of the projection-shaped particles showed a nucleus-like part in most

projection-shaped particles, thus confirming that the thermal spray powder was

thermally sprayed in a state where a peripheral portion of the thermal spray powder

was molten while a central portion remained unmelten,
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proj ection-shaped particles, thus confirmng that the thermal spray powder
was thermally sprayed in a state where a peripheral portion of the thernal
spray powder was nolten while a central portion remai ned unnolten. 40
EXAMPLE 20 A high velocity spray apparatus capable of a high velocity
spraying was enployed with propane gas of a pressure of 0.7 MPa as a fuel
gas, oxygen gas of a pressure of 1.0 MPa as a conbustion gas, a thernal
spray distance of 140 mm a thermal spray gun noved with a speed of 500

mm sec and a pitch of 5 nm and wder supply anount of 10 g/mn for a
spherical al um num powder wth mgﬁg particle size of 60 m to
execute therng% sg%ayi' ng four times on a surface and a lateral face of an
al umi num t ar ge® T8l VElosHY TRy aparatus camablenofia dughi aelecitmysprayineawang
pr oj ection-shgcf)ed particles. In this operation, an erosion portion on the

sur f ace GRPloHed Mithrarapanetgas pfa pressurooinhi? AP asa fioel @48 skylghe pa@bT Spr ayi ng,
and the alum numthermal spray filmwas forned only in a non-erosion

porti on, pressare af gat MRsbaea toembustidihgas) Rethemial &pfa?ydi&anw&f SA4 nfiila i NtO a
size allowing a microscope observation, and, affer an ultrasoni’c rinsing

and dryi m;mﬂwp}@cg@dme@mﬁpggﬁcua&im e ﬁcsﬁ%];%a]gi'?chams ng’r 0s etsect I on

of the thermal spray filmunder a | aser cofoca roscop her mal
spray fibagdads@nlNiasloy £ n resence qf munt ai n- shaped
proj ect i %n- sha%@g )gaart i ?F?sf?wcgns]tninr ut %cfﬁg%ﬁgga&;‘?%wgp’aﬂjggaﬁtf Miihn@n spheri cal
particle it i a.rang 1.4 - 5.0 on the surface layer. A
measur en@ﬁ?ﬁ%nﬁ %@eaﬁ’% ‘%réaa; ]i“inyt%ﬁ’ferc‘é'&lg]ﬂmlﬂl SPREYINBSRVE HEgs @n Rasurfage es
provided a width of 2Q - 180 m a height of 25 - 240 m and an average
hei ght / wP B %ﬁl"g%‘{g? g“&f"%?‘é}‘ﬂﬁﬁnuﬁ‘r Brast f"i“gﬂ Daskiag alasetmBimos sysfasp dayer ons was
480 projection/.mi. A;{ porosity measurenent conducted by mirror finishing a
cross SERYPEPBFCHHSAER ATty afo MHISrRRFRonaltRrgosion alodinr on the
phot omi crograp roved a

surface of the aluminum target was so masked as to avoid thermal spraying, and the

dluminum thermal spray film was formed only in a non-erosion portion,

The target subjected to the thermal spraying was cut out into a size allowing

a microscope observation, and, after an ultrasonic rinsing and drying, subjected to an

observation of a surface and a cross section of the thermal spray film under a laser

cofocal microscope, The thermal spray film had a thickness of 200 pm and showed

presence  of mountain-shaped projection-shaped particles, constituted of

agglomerates of fine spherical particles within a range of 1.4 - 5.0 um, on the surface

layer. A measurement on 100 arbitrarily extracted projection-shaped particles

provided a width of 20 - 180 um, a height of 25 - 240 pm, and an average

height/width ratio of 1.6 per projection, and a number of projections was 480

projection/mm’. A porosity measurement conducted by mirror finishing a cross

section of the thermal spray film and taking an electron photomicrograph proved a

porosity of 20 %. An observation under 2 polarizing mieroscope on a polished

cross section of the projection-shaped particles showed a nucleus-like part in most

projection-shaped particles, thus confirming that the thermal spray powder was
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porosity of 20 % An observation under a polarizing mcroscope on a
polished <cross section of the projection-shaped particles showed a

nucl eus-li ke part in nost projection-shaped particles, thus confirmng
that the thermal spray powder was 41 thernmally sprayed in a state where a
peri pheral portion of the thermal spray powder was slightly nolten while a
central portion remained unnolten. EXAMPLE 21 Targets prepared in Exanpl es
17 - 20 were used by nounting in a sputtering filmform ng apparatus, In

an obser | e ;aft.er 100 urs from the start of
use, re-tgggﬂgg?t%ga%gﬁﬂtgfﬁﬁg?h%% %ﬁ%ﬂ%}é":&}sﬁ@é‘éﬁa R’Fﬁg"rﬂﬁf SRy Pamiieice, at
such | ey . h owder s. hardly peeled with bare hands. COVWARATI VE
EXAVPLE ‘gés/fﬁmlgﬁﬁﬁdg’f’g?’ggpﬁiﬂé raLpottian yeRaingdhomaltener as in Exanpl e 17,
except that the ITO powder was not thermally sprayed on the I TO target
surface, was used by rmounting iEXAMBIJE2éring filmforning apparatus in
the same manner as in Exanple 21. In an observation of the target surface
after 50 hour sTergeshiprenared imExamplesdd - 20rveerd epsishyt meumingdiars spagefppel ed from
a non-erosion portion of the target, and the re-deposited powder  was

scat t er eifmaforming spparatuosilann Rk QbrSE the Birg@ sei%hoe difer SHOHLS ?,lg, t her be
fn ror

apparent to those skilled in the art .that various changes o] and

detail oheishet bfVR)té-GBpRReS Ipewae:aﬂgse gﬁgﬂ g&g&;ﬂ&;@s( %Wgegﬁarr}%%gbg L {ﬁe

i ntended that such changes be inclu _ _
Aol cat’ o e Poagsr 0 L 5ol R Pk 1R800 "2 D apanese. Pat ent
ﬁhpf)l;hcgﬁ Ieoinnyg'r pg?gféS)?ﬁZ?ée?mmmE %?gs’ent ihrGe'?;/.SCl osur es of
An ITO target prepared in the same manner as in Example 17, except that
the ITO powder was not thermally sprayed on the ITO target surface, was used by
mounting in 2 sputtering film forming apparatus in the same manner as in Example
21. In an observation of the target surface after 50 hours from the start of use,
re-deposited powder was peeled from a non-crosion portion of the target, and the
re-deposited powder was scattered around the erosion portion of the target,
It should further be apparent to these skilled in the art that various changes
in form and detail of the invention as shown and described above may be made. Jt
1s intended that such changes be included within the spirit and scope of the claims
appended hereto,
This application is based on Japanese Patent Application No. 2003-358470
filed October 17, 2003 and Japanese Patent Application No. 2003-372755 filed

October 31, 2003, the disclosures of which are incorporated herein by reference in

its entirety.
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42 WHAT IS CLAIMED I'S: |I. A conponent for a vacuum apparatus conprising a
ceramc thermal spray filmfornmed on a base material, wherein projection
shaped particles, forned by agglonerates of particles having a di aneter of
0.1 - 5 4m are dispersed on said thermal spray film 2. A conponent for a
vacuum apparatus conprising a netallic thermal spray filmforned on a base
mat erial, wherein projection-shaped particles, formed by agglonerates of
particles of a dianeter of 0. 1 - 10 4m are dispersed on said thernal

spray fil A conponent for a vacuum apparatus conprising a ceramc
and/ or Hﬂiéﬁ'llsccml%ray filmformed on a base material, wherein
projection-shaped particles of a wwdth of 10 - 300 um a height of 4 - 600

gm and an aver ageA penptrehtifolt b vastim apbafng €dm b b @rimfer within a
range of 20 - 20,000 particle/ nm-2 on Iphe surfai(s:He of sal dnitgh@r%ﬁ‘qa%l spray

1 A i gt ) B

conmponent for a vacuum appar at us according to c

ther mal  $prag¥lohidrived of bstie QNS | spray filmand having a
por osi ty gf 2% - 10 %ié flotr&rré%{’@étav\@gﬁe{egz’%ggs'e§r‘r‘é‘?'eﬁr? Q}spﬁrﬁﬁéjgﬁisﬂdt her mal
spray fi kggemat onent for a vacuum apparatus according to any one of
clains 3 to§l4s,p€hv\‘/ﬁ§{r:}£i n the projection-shaped particles have an average

hei ght/wi dth rati 2.; rom O, %%'to 2.0. 6. A conponent for a vacuum apparatus
- according to afyohe YPPYReSt fr & vapnm appavatusi eomaprising o) metllisnthetrayied
particle hasaqa‘ C ntrglqﬂportion remai ning unnolten. 7. A conponent for a
vacuum appay 1oy Iormes o & fasomatepiabriwheseincprajentiosshaped particles, formed

by agglomerates of particles of a diameter of 0.1 - 10 pm, are dispersed on said

thermal spray film.

3. A component for a vacuum apparatus comprising a ceramic and/or

metallic thermal spray film formed on a base material, wherein projection-shaped
particles of a width of 10 - 300 um, a height of 4 - 600 pm and an average
neight/width ratio of 0.4 or higher are present within a range of 20 - 20,000

particle/mm® on the surface of said thermal spray film, and said thermal spray film

has a porosity of 10 - 40 %.

4. A component for a vacuum apparatus according to claim 3, wherein
another thermal spray film different from said thermal spray film and having a

porosity of 3 - 10 % is formed between the base materia) and said thermal spray film.

5. A component for a vacuum apparatus according to any one of elaims 3

to 4, wherein the projection-shaped particles have an average height/width ratio from

0.5t02.0.

6. A component for a vacuum apparatus according to any one of claims 3

to 5, wherein the projection-shaped particle has a central portion remaining

unmolten.

7. A component for a vacuum apparatus according to any one of claims 3
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43 to 5, wherein that the projection-shaped particle conprises materials of
different nelting points, and is forned in such a manner that a materi al
of a lover nelting point surrounds a naterial of a higher nelting point.
9. A nethod for producing a conponent for a vacuum apparatus, conprising
colliding a thermal spray powder conprising a ceramc and/or netallic
material in a sem-nolten state wwth a base material to form on a surface
thereof, a thermal "spray fil mcontaining projection-shaped particles

havi ng atonf divhersin 1hat-th83fPoiebtidn-ghal e i =600 . And. an.aver age
hei ght/wi dth ratio of 0.4 or highei eﬁf}.“?“ émnge cafetisfor ggf%’@

i cl $ f f ' il d havi
Dor o5t 1y Teag bl o i REfied i AU 8 mSHEE et By Pt fhom rierrRARg vag uum
appar at Usging ﬁlﬁm%hﬂ HﬁtJrB[ {%,tnﬁgﬁﬁr am c ,.and/or netallic thermal spray

powder ih such a nannet UREPOIRl o | ower nelt | ng poi nt surrounds
a materi al ofghi her ‘rj;retin Bo,int, and colliding the powder with the
base material St theEHEF nior Pg’ﬂ GPEng semparent dostatvectumt agpacatigt eri al  of
the lower_ nelting point is conpletely nolten while the material of the
hi gher n’é?‘{‘?’:‘r“gn%g?ﬁ n&s2 thermal smappowdencompnising awetagilc 3halee ri@alfier m on a
surface thereof, a thermal spray filmcontaining projection-shape

f d
parti cl eBFIag M geRi-grolten statawth Wivase miwmérid to 6rmd on HARFAE ﬂ?é% an
average height/width ratio of 0.4 or higher within a range o '~ 20,000

parti cl ethmal sy fily confamimgoproictiyn-ehapkd partftfesBavikd a ideh bFY 5 0% yng

apparatus utilizing a conponent for a vacuum apparatus accordi to any

one of cha rtheight of 6 -i600quP@Ad WP BvaMRES &i?gbhldﬁga{ig%fpa@t riéﬁ% H,%%erat ed in
. ASpras

a PVD process or a CVD process is deposi M appar at us

Uti |1 21 ng rengsosfe 0, 000 paRictdfan ARPREAL 3¢ 388 elkAP shy Ui, O ©

clains | to 6 in a portion where a fil
having a porosity of 10 - 40 %.

9 A method for producing a component for a vacuum apparatus,

comprising forming a ceramic and/er metallic therimal spray powder in such a

manner that a material of a lower melting point surrounds a material of a higher

melting point, and colliding the powder with the base material at the thermal
spraying in such a state that the material of the lower melting point is completely

molten while the material of the higher melting point is in an unmolten or

semi-molten state to form, on a1 surface thereof, a thermal spray film containing

projection-shaped particles of a width of 10 - 300 pm, a height of 4 - 600 1im and an

average height/width ratio of 0.4 or higher within a range of 20 . 20.000

particle/mm?, and having a porosity of 10 - 40 %,

10. A film forming apparatus utilizing a component for 2 vacuum

apparatus according to any one of claims 1 to 6 in a portion where a film-like

material generated in a PVD process or a CVD process is deposited,
11. A plasma etching apparatus utilizing a component for a vacuum

apparatus according to any one of claims 1 to 6 in a portion where a film-like
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44 material generated in a plasma etching process is deposited or etched,
12. A plasma cl eaning apparatus utilizing a conponent for a vacuum
apparatus according to any one of clains 1 to 6 in a portion where a
filmlike material generated in a plasma etching process is deposited O
etched. 13. A sputtering target obtained by formng a ceram c and/or
nmetallic thermal spray filmon a non-erosion portion of a sputtering
target material <constituted by a conponent for a vacuum apparatus, wherein

said the l..spr fi.l m_ contai nin rojection-shaped particles of a width
of 10 - @%”ﬁrﬁ%”gf\éﬁéi‘bﬁtphé’f“a&?@“%%‘J GihisAsaosied avetched hei ght/width ratio
of 0.4 or higher 'tggén a range of 20 - 20,000 particle/m2, and having a
porosity of 1004 \2‘% sma cleaninguanparatug utitizipgt 2 aompodengfor o iy 13,
wherein a target material is bonded to a backing plate. 15. k sputtering
target adPParaNhaceosding dionany4onanoérobiimst heo MOy ErIRTHION WA i Hit-Bke t he
sputtering target is at |east one portion selected froma non-erosion

porti on métetihlepehargeitin aRBiradhchiny Frobdse sepOLifed ¥P Agq 2 | ateral portion of
the backing plate. 45 '

13, A sputtering target obtained by forming a ceramic and/or metallic
thermal spray film on a non-erosion portion of a sputtering target material
constituted by a component for a vacuum apparatus, wherein said thermal spray film
containing projection-shaped particies of a width of 10 - 300 um, a height of 4 - 600
um and an average height/width ratio of 0.4 or higher within a range of 20 - 20,000

particle/mm’, and having a porosity of 10 - 40 %,

14, A sputtering target according to claim 13, wherein a target material is

bonded to a backing plate,
15, A sputtering target according to claim 14, wherein the non-erosion
portion of the sputtering target is at Jeast one portion selected from a non-erosion

portion of the target material, a surface portion and a lateral portion of the backing

plate.
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