COVPONENT FOR VACUUM APPARATUS, PRODUCTI ON METHOD THERECF 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 filmform ng apparatus
or a plasma processing apparatus (plasma etching apparatus or plasna

cl eani ng apparatus) enployed in the manufacture of sem conductor devices or
the like. The conmponent for the vacuum apparatus of the present invention
prevents partic eperatj | 1.0 f ' | shaped
Subst anGOMEORENT ?%@%g%g g%ﬁgé?gﬁiﬁﬁﬁléﬁ RO ng

operati oFHEREOEA B S nd al so significantly inproves

a durability of the conponent to a plasnma generated in the apparatus.
BACKGROUND ART In a filmform ng apparatus or a plasma processi ng appar at us

for executing a filmfornpitey &k T8RP HpAEessi ng on a substrate for a
product such as a sem conductor™ devl ce, I I'm shaped substance is

a f
deposited on conponent I in.t ' L Or us. It is
known, in casgnfan% efqﬁm\feﬁ%g@éﬁeg t%')l’a °Pﬁlgmb{'}§§£n%gﬁlra g‘%“e“iéﬁ %&%g%%duct ed
conti nuousll)é i(?.sucp state, that the depcisited fil mshaped Zu st ance
becones FRPIO¥EY in3q0ime fQUBING AHARANS. 8T APAYNY) BIRSESHNE ABRAAUS dBIaSHA i n t he
apparatus, thereby contam nating the interior of the apparatus and the
subst r at etchidg apparao AT Plasma deaning paparatus)yemaloxed an ithe Mpaufachle i%r of the
film form ng apparatus or the plasnma processing apparatus, erodes a surface
of the sumsondustor devioesloy thediksi nd hd campansns f@tft%qem@mnmmairans ofthehe
conponent and particle generation resulting therefrom Such phenonena are
serious presbiteimveationt weyente aparticie ageterationoresubihgy daim ty prkelingecfproduct
su@t}r ate or a deteriorated production yield. For reducing particle
genef at i gimbghapatbibstanet stibleingitb ra sdapm@nts ihdicaapperatus 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 apparatﬁs or a plasma processing apparatus for executing

o a film formation or a plasma processing on 5, 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, Tt 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 resuiting therefrom. Such phenomena are serious problems as

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

production yield.



there is already known a nmethod 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
bl asting treatnent to an internal surface of a quartz bell jar in order to
I ncrease the adhering property of particles flying therein and to apply a
bl asting treatnment to a surface of a ceramc cylinder in order to increase
t he adhering property of a filmshaped substance deposited therein (for

exanpl e, US P#HeenrtdiuidhPaid®) gerdeaieby paeltgass thesfilti-gleped fsabsimsbepy bl asting
the quartz glass includes portions of a |low strength or fragments which are

split a ¥ ed.m&Rod Retapp gl b HTASH SYhstARGRpsifend f i cul t
to dep(r)kg‘l?'lf;é 1§?ﬁ%eg§g2&;bﬁty penél e?jd. %np?ﬁe g](c)t her hgﬁlg,gct here is %Ilsg di scl osed

a netho P [ t] : : ) liying an

et chi ngd%?% 8 gs@k%{m‘h@% agm%'%f S?ﬁg%er ?@d a{g"f}gg‘sté%r? %?%Ehcr?r&g P{%Egﬂpa@g,txé

JP- A- 8-10454]1) . .However, surfage .obt.ai ned b | ast i.n rt | ass and
et chi ng 1“%'5%%%?&%%&%’%&% ai:é’r ﬁﬁ"ﬁl}ﬁﬁﬁgISH()PSPV&C{P%PS’C;@(WH%S‘%%%PF@,TP gﬂcl udes a
portion where the film shape ybstance is,easily, deppsited and a _portion
wher e t hEterpel mrgwa;féoa Sh ’Egﬁ’iéal‘u o Ager é%éwrsasaébssﬁﬁgws B@PER% %t he

adheri ng prvogﬁarty is insufficient in case of a deposition directly on such
sur f ace. pamiciss dbiing thereiprapdetor 3pplyaa hiasting trspupent ity aofurfape of 3| seramisped
substance on the conponent, it is also known to blast a surface of a quartz
mat eri al gylisden inoomieplty ingivasst Uit adhepingcpropemy tdf arfilmestiped substaiasg at | east
hydrofl uoric acid and to apply a plasma spraying on thus treated base

mat eri al depdsited therainr @bt exhnaplet €8 Ratdme tivsa63he Hooseernaicosnselbudad a pl asma
gur(f (for exanple, JP-A-2003-212598). However, although such nmethod can

achi eve Fosdd By blastiny theaquant gtas iftudes portiong ofradper stiéngthfortifignientsm shaped
subst ance, there cannot be expected a sufficient effect capable of 2
Wi t hst andi/iigh arePdplit @A) 81indE6 Geparated, 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 hydroﬂuoric acid solution
(for exaﬁplq 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



In a conponent of a vacuum apparatus, a technol ogy capabl e of further

I mprovi ng the adhering property of the fil mshaped substance, thereby
enabling execution of a filmformation or a plasnma process in continuous
manner over a prolonged period, has always been demanded in the market.
Therefore, the invention is to provide an excellent conmponent of a vacuum
apparatus for exanple a filmform ng apparatus or a plasma processing
apparatus for a substrate of a sem conductor device or the like, having a

hi gher Jgdiysiahdide Rrppslefiged dser the film shaped substance than in the prior
technol ogy and enabling a continuous use over a prolonged period. SUMVARY

OF THE | NVENTEOY ASnforfedt Wita Qhedut @pSdriias] BUesinb@ay @pgble ofcRpgkder ation of
the afore-nmentioned situation, the present inventofrs have found that a

nt “pr eser _ | 8

o hase lpLiing’ e QHIMERARALIGE e Al KR R ARG, LA R Y T m O
| o t es. of i cl f ' t f. 0.1 - .5 h I
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d ited fil haped ;subst d,h h de . th t] ti
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for a vacuum apparatys, including a netallic thermal spray filmon a base
mat er i al inyprtidnals ite grovigopeexaelantompenepafts vacesm appriahis fos eumploner at es of
particles of a dianmeter of 0.1 - 10 p.mon the thernmal spray film has a
better afiherfonging epgaratystdtar plasmbeprpeassing appetaned dayy at substmate defpasi t ed
fil mshaped substance and have thus made the present invention (second
i nvent i opgmicdiducpsredevite i v et diks, haviagah shigheundhdringt propenypfonetie for a
va(fuum 3 apparatus characterized in that a ceramc and/or netallic thermnal
spray fi ffittishaped 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 ¢eramic thermal spray film on a base material and
having projection-shaped particles, formed by agglomerates of particles of a
diameter of 0.1 - § 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 bave also found that a component for a vacuum
apparatus, including 2 metallic therma! spray film on a base material and having
projection-shaped particles, formed by agglomerates of particles of a diameter of 0.1
- 10 pm on the thermal spray film, has a better adhering property than in the prior

techuology to the deposited filim-shaped substance and have thus made the present

invention (second invention).

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



formed on a base material, that projection-shaped particles of a width of
10. 300 m a height of 4 - 600 mand an average height/wdth 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 technology (third invention).
Furthernore, the present inventors have found that such projection-shaped
particl g8 safhsbenaraiemstdbin GAYS BeaidieABlor ShEallicPtieasl fagdiihi e with the
base m %ri al, or by formng the thermal spray powder in such a manner that
a materi ' ot cP;E‘i?ﬁ' ' { kgher

mel ting fg’é‘.‘%{?“ gﬁé%?tcﬁﬁgklia?%gﬁ%éﬁ s%?!%/l ng,aﬁi?fr?guﬁﬂ ﬁgl?hggong?gri al of a
| ower nel i, | NEad N_a np. LYo APA 3 I LataLning the
mat eri al® l"c'ﬁ“&i ‘ﬁiodghé(ild HE) afq%(r)\a&l 23’%&%&"?@#’%@ r%hoﬁéﬁ?.\tﬁgﬁ hg%’hggé%’ p-%rT%H]en state
and causing such th . spr.a er, to,collide i th the base,material. In
addi ti on¥it éf?ﬁ‘g%@ﬁég?r%% nd%ﬁﬁ&%ﬁ“fﬂ'ﬁuﬂ& s[u’:lfgfe B%ﬁft‘itﬁ?‘@a?é%‘ﬁﬁ'ﬁ% on can be
prevented in a filmformng apparatus, a plasma etchi ng apparatys or a

pl asma cashitieh spia sherma! seraydim basyperesity, 8¢ 40 m W fahas g§"8€‘ HeMPGvent i on,
wher eby the present invention has been conpl eted. BRI EF DESCRI PT| ON OF THE
DRAW NGSpieipgrty 1o itke depasitop Sitmvihrppdasnbstages than ipribe prircicshadpey Ohirdn exanpl e
of the projection-shaped particles of the present invention. Fig. 2 is a
vi ew shouivesticaar). el ectron phot om crograph of an exanple of the

proj ection-shaped particles of the present invention. Fig. 3 is a view
showi ng an el eBtrthernpet theipeeseny mpbntors Mdvedbuidithat pich pjéctionshagedd
pa(ticles in Fig. 2 are marked. 4 Fig. 4 is a view showing a surface

struct ur @a@fcldd GANPY friieddBt 3R thermal spray powder to collide with the base

—

material, or by forming the thermal spray powder in such a manner that a material of
a 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 cbmpietely
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, 2 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 THE DRAWINGS
Fig. 1 is 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 photomierograph 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.



Example 12. Fig. 5 is a view showi ng a surface structure of a conponent
obtained in Exanple 8. Fig. 6 is a view showng a wwdth and a height of a
projection-shaped particle of the present invention. Fig. 7 is a view
showi ng a projection-shaped particle having a structure in which a materi al
of a lower nelting point surrounds a material of a higher nelting point.
Fig. 8 is a view show ng a nethod for producing a conponent for a vacuum
apparatus, constituted of projection-shaped particles of the present

invention. Figg % ii§ advidiveiNoSAsiVa ArfacéBirigtdre 6F a RoAPefitMbbtaifeRonent for a
vacuum apparatus, constituted of projection-shaped particles of the present

i nventi (ﬁkaﬂ-@’e Pl asma spraying. In the draw ngs: 20: projection-shaped
particle : Le'i ght profile 22: width of projection-shaped particle 23:

matri al of & MEgh WA gt e » 4ol dnRERe of R Shiinent ok ) LPr ¥

. mel ting poin 33: projection-shaped particle 40: thermal spray gun 41:
t her mal g’fﬂ’%ﬁi’eﬁ ame 5 42: thermal spray powder

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

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 melting

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 component 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
3z thermal spray material of a low melting point
33: projection-shaped particle
40: - thermal spray gun

41: thermal spray flame



43: umol ten portion of flying thermal spray particles 44: nolten portion
of flying thermal spray particles 45: nucleus of a projection-shaped
particle formed by an unnolten portion of flying thermal spray particle 46:
skin of a projection-shaped particle formed by a nolten portion of flying
thermal spray particle 50: cathode 51: anode 52: plasma gas (supply pot)
53: thermal spray powder (supply pot) 54: thermal spray distance 55: base

mat erial 56: projection-shaped particle |ayer DETAI LED DESCRI PTI ON OF THE
| NVENTI @ Thenepinalssprdy powdent i on i s described in detail below. A first

invention relates to a conponent for a vacuum apparatus conprising a

cer ani ¢ ggher MahmgRERYortioh BF ffingeknanl spriyaserd@t erial , wherein |

proj ection-shaped particles, Tornmed by agglonerates of particles having a
di anmet ery,0f 0.1, fFlvirdd (ROS a3 Scta@PBarkiRRs t hermal spray film A dianmeter
of indi \;‘i4dual ng)oaretn;%gﬁeoﬁs ugnan 0. %ﬁa%ﬁi S u?\desi rable as the

proj ectin-sh ti J o : fg]gg[ I the: i ngds vi dual
parti cl éég'ten?@%gg?ﬂog\?e&g&\}%\}lég sgalepgtdlrjé/abr{lj{l?on an aaﬁh&g?ﬁegr&g?dﬁ?{ldi vi dual
particl e, exceedi 5m is. undesirable as the projection-shaped particles
beconme oﬂb?ffﬂﬁﬁif{lﬁgamﬁé’aﬁﬁr%ed by the aggl oneration of the individual

P o Dt ol RS o i OB med By B SLEL SShRAr iy O 2=t e
therma) spray particle
50: cathode
51 anode
52 plasma gas (supply pot)

53. thermal spray powder (supply pot)

54: thermal spray distance
55: base material
56: projection-shaped jaarticle 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 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 - 5 pum, are
dispersed on the thermal spray film. A diameter of individual particle less than 0.1

pm is undesirable as the projection-shaped particles formed by the agglomerate of

the individual particles tends to have a wide distribution, and 2 diameter of
individuaj particle exceeding 5 pm is undesirable as 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



A second invention relates to a conponent for a vacuum apparatus conpri sing
a netallic thermal spray filmfornmed on a base material, wherein

proj ection-shaped particles, formed by aggl onerates of particles having a
diameter of 0,1 - 10 pm are dispersed on the thermal spray film A

di ameter of individual particle less than 0.1 mis undesirable as the

proj ection-shaped particles forned by the agglonerate of the individual
particles tends to have a wide distribution, and a dianeter of individual
particl e gxaeeghng 10 mis undesirable as the projection-shaped particles
beconme difficult to be formed by the aggl oneration of the individual

particles. BasgdsRBnd Nasentianséldesaid ansompireenpr F €4 redupdr bppareus di anet er
is within a range of 0.2 - 5.0 pm The particle dianeter is obtained by

Laking a.dldahd 4 WERALic OhefthatClyra FIBNBREICEAY LS frerfalTAHRIiA call on_of

sever al times to severa ousan times and cal culating an average

val ue on_dianeters (J4n ' ti i , Ln this
operati 031:0]&5{1%@&%}3%@!@?%?@{%%%Sg ﬁ&%@é‘eg%?stlgg}’%@%% eh%g‘eéeac@gl ete nd an
average is_calculated hy selectipg . 10 or |es articles in,such
proj ect i Bh9dmape#rhAre nggr_se R tg‘? Hiepsgl Wﬁ@ysﬁgged pmpter gf P@F‘H@H‘] by an
aggl onerate of the particles preferably has an average di ageter of 5 - 100
pm An apatislreless thaaOck hevris umdesisgpls) asthe prietiapehaped particles famed bFan 5 m
provides an excessively small space for the filmshaped substance to
i ntrude thrdegglomeraty of ‘év@tlnéwmbmgpe@cbartmdﬁlte,havhér\ew digeibutianggag _ng t he
adhesi on property for the fil mshaped substance. Al so an average dianeter
of the prib§metes oof sindpadbadapaiticle exceedidg nd01@0n mis nomdzasatde t he tpace for
thé fil mshaped substance to intrude under the projection-shaped particle,
but  becqrejsctini-slepsy phdichesnipdcomel diffsauitr oubedferined fryofhe cigglom:esdtimmenk parti cl e
thereby 7 generating an unevenness in the deposition of the fil mshaped
subst ancehérngddividual particles. Based on these considerations, the preferred particle

diameter is within a range 0£ 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 S - 100 um. An average diameter of the
projection-shaped particle less than S 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



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 M The dianeter of the

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

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

formed hy gﬁghg”ﬁ{ aheSerftless e thBaddposities of ShedTRmeshaped spbasmRt ashd) a nunber
of 100 - )2'1 , 000 particle/mMm®2, An average nunber of the projection-shaped

particle . : ' / r u&ﬁlg- hhrb y by

ent angl e%%éﬁ'fﬁg?ﬁ%] ﬂie% agdﬁpﬂn‘?@%gdgeég@stu st';ogince an 1d§sﬁ§ioﬁ(§?g}\eéﬁgi %tﬁ?és{ﬁgf)ed
particle, thereby |qweri t he i : sk ed

subst anc¥oJ&e °E’é§@’°ar?ag\'/°g?5b°2e H%g%g@yglg S F %gpegr %/ng F%E-g‘léwgdpl'ég @Egrt icles is
hi gher than 20,000 particle/ m®2, the projection-shaped particles nmutually
overl ap W\EQ@%W educing the effect on the adhering property, For achieving

a C stronger adherjng property for the fi|mshaped substance, .based on the
af or e- ment i onedhe ShaBFEr of Hae W@F@&’i‘ﬂﬁpé‘iﬂﬁ’é ?%alfst ?@F‘é@g Yo lakii% 2 pr ef er abl y

present by 500 to 10,000 particle/m®. The number of the projection-shaped
parti cl esertzin nbmbgeofelattrertiphatomiciographs of sswmagrifisation ofispverakdendimescert ai n
nunber of el ectron photom crographs of a magnification of several ten tines
to sever ab sbvenglripnhdrddnEmennand aslcalatiny en agerage vaioe ronbdia metesuin agartee nunber
of the projection-shaped particles present in plural portions of an
ar bi tr ar \gifé of Es@pmtiels of the projection-shaped particles formed by the
aggl onerates o 8 particles on a thermal spray filmare shown in figs. 1, 2
and 3. This theryzal thePpedjection-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
overiap 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 a certain number of electron photomicrographs of a
magnification of several ten times to several hundred times and as an average

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



filmis formed by a plasma spraying of zirconia containing yttrium oxide by
5w.% Fig, | shows projection-shaped particles forned by aggl onerati on of
particles fornmed on the thermal spray film while Fig. 2 shows a state
where the projection-shaped particles are further assenbled (a state where
proj ection-shaped particles are superposed on other projection-shaped
particles), and Fig. 3 shows the projection-shaped particles in Fig. 2,
marked with circles. In this manner the nunber and the dianeter of the

pr oj ect LaicRhapadtheandli ptashilenareabonbtiniFigd 10y ahdBi nThisphetraysprahs of a
suitabl e magnification. Al so an exanple of the projection-shaped particles

formed IymtibeymRAd &8 3pralinRtizirebs cofitamihdIGitiBh oxfedy $ Wi s shown in
Fig. 4. g¥lﬁ|1£|?°t herMpraypf?lln% [ sz formed by agﬁ?gh-speee?ypl asma spraying

of al umgs p r I r ' I PKLO] h&an- shaped
parti clmggél‘gn&be dgrtolr rﬁoﬁer}ygil?ﬁ g%%g%e%nhﬁéﬁ hﬁa ngﬁgggne%ir}ﬁ)tnhgpgg?ed%f t he
t her mal r filmoaof zirnconi nt alni Ng:yttri oxi hg. fol | ow ng,
athird ffg‘ﬁﬂb@tqnoﬁﬂ%/vi t]thr aé ggrggrflg'g’d%hiiecorﬁ%ogeﬁﬁ&%rgf%Sagﬁﬁrﬁﬂ gipepar atus in
the third jnvention,includes ceram c / or tallic thermal spray film
on a bag¥cisEi-shaped M1q"fgs ?ﬁ%‘&gfreﬁs?@ egn@tﬂé\}? “;aﬂt?%f QE?JF%W-“’ssrl?&B d particles
are present on the surface of the thernmpal spray film X | e of the
proj ect | At ERRFESUBEIPOFY &% OHier PRRiCQIoNTS aﬁ‘i‘v@rﬁif’l&ﬂ’ aad én%svﬁ%gg’ﬁ 6 g. 5 This
thermal spray filmis formed by a plasma sprayi nIg of al um num oxi de. The

5

pr oj ect i pojestiopatiapsdr partirles dn Fige 2prearked withy sirclesn Hudhiy mensghtthe n- 1 i ke

shape and has rounded corners, and is preferably free froman acute angled
porti on. nithber and thedianster af theqroiectogseged paitistdsicon be bbgaimei by dakihgis ma
pchessi ng causes a concentration of an electric field in the plasm on such
9 acut e- pgbgdphosttd mitabll inelpnifisatiel. ecti vel y et ched and causes particle

generation. In

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
similar manner as in the case of the thermai s;pray 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 a eerami¢ 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 fﬁm is formed by a plasma spraying of
aluminum oxide. The projection-shaped particle of the present invention has a
mountain-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

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



the invention, each such projections may be independent or may be formed by
an assenbly of certain particles. Preferably, in case of a ceram c thernal
spray film the projection-shaped particle is forned by an aggl onerate of
particles of a dianeter of 0.1 - 5 m and, in case of a netallic thermnal
spray film the projection-shaped particle is forned by an aggl onerate of
particles of a dianmeter of 0.1 - 10 m An exanple of neasurenent of a width
and a height of a projection-shaped particle in the third invention is
shown i nicliieGangfd frittioh ehicieRSselRiteely etdliaénad canseb @artichepgeamgamioan hppar at us
capabl e of an i mage observation and a neasurenent of width and hei ght at

the samguiRntishChacBSsiRh! ASRELGRT BSAbe ThedRACHR Vr Whaybs ERARING arel ectron

m croscope. After an observdtion of ‘an inmage as shown in Fig. 5, a straight
line is drawn SRt h ; uggg& £qf Qh&hlal Sas Faped
parti cl ea,q’E anﬁscg ‘ﬁ’gﬁ‘gﬁ?ﬁgr %?'i Ig&ﬁ%g%?' lzluc tsot racicg H?EI 1|1ng1ta|l gﬂ;%?ot téd. Then a

wi dth of ,the . projgction- ticle | ' ] a
backgrouwa pf?Jﬁélogk%%ﬁ@Baﬁo%f%% g% grﬂc}fp Jl'q aéééﬁ %ﬂ?g%&%&?gﬁgnggﬁi ned by
cal cul ati ng a di stance.betweefﬂ sucﬂn li ne Iand a um?},;tc of the projection. In
this manfella wikdRrAMs 1o, gaseoha mstalio thergal spray, fime the propsstiasapgd par ticl e
are calculated, and_a height/wdth ratio is _calculated. In the nmeasurenent
of the ppatislets fmmed by an agalomerateef partides afx diargeier ofhb- A8kt can be

obt ai ned by taking a-certain nunber of el ectron photom crographs of a

magni fi cati on & sxempiapf mensuremens of @ widthernd 2 height elp projastioanshapgebi trarily
sel ecting 100 projection-shaped particles. Now there will be explained a
measur i nganiidiodhé thirdinpentig is ghewn trhEigt 6 r Bor the weasurementTtherqpund=i ty can be
rre{sured by mrror polishing a cross section of the thermal spray film and
t aki ng a epipddyegranppphmatuscoepaile of wh ihage coarvationy and 2 ateramementafoddibpe. | n
this operation, the cross section of the thermal spray filmmy be 10

et ched i rin@rkiightt &t tHeasdniey tigwenisaclb aynd fistesofors] indcrbsuopt idrad scdning

measur enent of the

electron microscope. After an observation of an image as shown in Fig. 5, a

straight line is drawn so as to pass through a summit of a projection-shaped particle,
and a height profile under such straight line js plotted. Then a width of the
projection-shaped particle is determinéd by drawing a background line on thus
obtained profile. Also 2 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
(7 of each 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
invention. The porosity can be measured by mirror polishing a ¢ross section of the
thermal spray film and taking a photograph for example with a scanning electron

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

10



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 calcul ated, on a photograph of a nmagnification of
several ten tines to several hundred tinmes, by calculated 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 are taken in order
to extract 100 pores. In the third invention, each projection-shaped

parti cl erdheg i€ oadrto i ifg mﬁtﬁbun&aﬂchlamdatorfaﬂﬁat@ihehﬁeasu&ﬁﬁbnp ofithea hei ght
within a range of 4 - 600 m Alowand flat projection with a width |ess

than 10 ﬂgd AJNE D Blsel Assorhdedod i1 fleduaes hb@oraadtRrinfegioplofRRE ty for the
deposi t stance. On the ot her hand, with a w dth exceeding 300 mand a

hei ght ex se 6 L svely
| ar ge, AP %a@ﬁ:&égar@d gﬁﬁlgﬁ%lﬁ% p‘%%wé%{lf%%r 't he 8%?5%&3?? | m and

| eadi ng arti ener t|on ed re 0| | ze of
each pr%ﬁ%’gﬁf’%nggkﬁﬁg‘ag g é‘ E"ﬁ%’f‘ﬁ&@ on %g\nsa‘t’ﬁa ﬁ “'gg‘Pa%]"'gg”gf 15 - 200
m and a _ hei ght. within e of. 10 - re rfer wi.dt h of 20
™ 300 m e tlw.sﬁglmcwlflmeﬁga P b P! 1 o 55%9 rﬁﬁ?fﬁ?&%ﬁam ati o
of the projection-shaped particle is preferably Q gher based on the
af or enean?fGﬁe?@dsﬂii’émﬁg:rthﬁaR"trF drea by @6 hire,\aeh g da \l}‘bﬁ ggerg'qaoq,hglur

hei ght/wi dth ratio of the projection-shaped particle is preferably 0.5 -
2.0. A vphaetegrapbsarettalenn i onder gmexteact KO pefR®ri ng power because of an

excessively flat shape, and a value exceeding 2.0 |lowers the adhering power

because of an Bxthegbird avenpon, reeiprojgdutipe-shifedpascloprefaraily hess onidth t he
hei(ght/vvi dth ratio is preferably, in an average value, within a range of

0.8 - 1. Withlhe rmigy e£10 0308 hawedhdighttvwichiam fangé BE4 tBODuh NVArbwaidar e

presented in a 11 nunber per a unit area of 1 mMmR2 within a range of 20 -

20, 000, gk bidjedtvnl With a width Jess than 10 um and a height less than 4 um reduces the
adhering property for the deposited substance, On the other hand, with a width
exceeding 300 pm and a height exceeding 660 pm, a pitch of irregularities becomes
excessively large, thereby lowering the adhering property for the deposited film and
ieading to ecasy particle generation. Based on the foregoing, the size of each
projection-shaped particle includes a width within a range of 15 - 200 pm and a
height within a range of 10 - 400 um, more preferably a width of 20 - 100 um and a

( height within a range of 15 - 200 pm,

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
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preferably 200 - 10,000 particle/ m2. A nunber |ess than 20 particle/innR

| ower the adhering property for the deposited substance, while a nunber
exceedi ng 20,000 particle/m2 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
%results in a weak bonding force of the particles within the thermal spray
film whembby peha uhierared ofpr aymt iwithibex samee ehi@ler 20000 phrtnthriyesul ts in
particle generation. On the other hand, at a porosity less than 10 % the

t her mal prefpradly 200 mibgoonestidlesamhed abindebldss thwn 20 piréickeimnm’ dbnagred particle
tends to beconme flat, whereby the adhering property for the deposited film

is |owe rtﬁéadléé&ggr%b@ 1P 8IR dRFRESIubsiifcd, Raila mmweméxééeumfgcr?rm@mr ef erably

has a porosity 35 % I'n such situation, under the aforenentioned

ror ) R AYlhd MaPafie sbel B o 1he h@%i&gﬁﬁgkﬁ%ﬂe?l) pRAflIdhendrbgy mal spray

1'hg a porosity of anot her” t her nal

spray filmdifferent in thg paeosity. Sueh . int i ner. pray film
desi r abl SRS &7 604%85&?%/”? ﬁb?e&?cﬁggﬁ%gﬁfﬁcﬁw?ﬁeﬁ&gﬁ 58 P@h@r#l?g r?ggkctlier nal

spray filmbecause the thermal spray filmbecones | ess peelable, preferably
equal t oS her than 3 % but less than 10 % In the first, second and

third inventions, the therma] spray filmjis not . particular|ly restricted in
the film thi ckheesBoropity QE?béftb?fHBil yPrap fumdis geryeighly 1Gate %-mAPﬁi%‘mﬁess | ess

than 50 gm the thermal spray filmincludi n(t] t he projection-shaped
part i cl esxeeadingddcreresiiminea weals hending Sorce wi thevparticles sgthitatherthersnadn t he base
material, and at a filmthickness exceeding 1000 gin, the thermal spray
fil m may sprendilat, evlerelst thesthewrhdrspray filrd beagmbe caner twapicl ynpaedudisiia. Because
of these reasons, the film 12 thickness is further preferably 70 - 500 m
particle generation. On the other hand, at a porosity less than 10 %, the thermal
spray film becomes less peelable but the projection-shaped particle tends to become
flat, whereby the adhering property for the deposited film is lowered, 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 less
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 50 - 1,000 pm. In a film

thickness less than 50 pm, the thermal spray film including the projection-shaped

particles may become unable to sufficiently cover irregularities on the base material,
and at a film thickness exceeding 1000 pm, the thermal spray film may generate a

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

12



In the first, second and third inventions, the thermal spray film my be
formed, 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 material can be of any C material for exanple glass, a netal such

as al umipiiRessSik airttlep prefertBIfl70Qrsobifdngni um or a ceramic material such as
alumna, zirconia or nurite. The projection-shaped particle and the base

material my e dOHRd LA AT BRERIIR] 1 RN s AP IBGLIkglue di T erent
materials. An undercoat |ayer may be provided on the base material, in

d h h . : I i al
o' 1 aci AP S0 A ForfRgihn I 2 ERR HWRireld oL TEF Sl Bl atABOP IR, e ©

i cknodermaiey RaRagiah) efndl abaleR SR Ao bibllel M utp Rand T o

spray of a ,material, sane .as.that of the pase erjal, or sputtering or
eloe,c%/r ol spmieoRduGtop AsYiFH §T éheﬁik-eo‘“ QIPPBW“O‘?’E“F ﬁ]ée”ﬁ{“ll‘éf,‘apfﬂé“ﬁ%?&lelm"c}' or gcer am ¢

material constituting the projection-shaped partjicles of the third
i nvent i dee drppsitrd, &7 asieyconer wich aprtros withidgpfarementoned il teckasssal | Ti, cu, MW
or W or ceramcs such as alumna, zirconia, titania, spinel, or zircon, but

a material ofInathkifiystrseommidt andythioi imvehtionis| theabass rodteridletaghe of enh cont r ol
in the thermal spray process. Another conponent having the

proj ect i patesabfirdexpmpld glhess ainmetalhech hak ribminome steindess s er ibniuet, ore i n which
a katerial of a lower nelting point surrounds a material of a higher
mel ting palefdmich@arbyl fsochranGlnninay irebila | ark@ute UuThdrgojektign-siaped3 is a
schematic view of such structure. On a base material 30, a 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 well on the base
material to facilitate uniform generation of the projection-shaped particies. The
undercoat lajer is not paﬁicﬁ]aﬂy restricted in a kind, a 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 ceramics such as alumina, zirconia, titania, spinel, or zircen, but a
material of a higher melting point facilitates the height/width control in the thermal
Spray 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 a

material of a higher melting point thereby forming a mountain-like structure, Fig. 7
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particle of a structure in which a material 32 of a | ower nelting point
surrounds a material 31 of a higher nelting point is formed. The materi al
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 larger. Such structure allows to
control the height of the projection-shaped particle 33 by the height of
the material 31 of the higher nelting point, thereby formng the

proj ect i{9R-SHARA Pidtt bTHRE FRUEuFE PrlE Gakd Jhatdah D) £projéctionahaprdnat i on of
the material of the lower nelting point and the material of the higher

mel ting ReEAL of aGhidfiffe it WIRASE niiterfB 32/ 6F a Nwddifkeliihy paitd stivodld 2V and, in

case of ‘ceramcs, alumna and zirconia, and cordieritfe and alumna. It is

o PoSPHRAR 0 SO Nl B Sht gl g ompn  o

there will be

| ai ned t hod f i t f th

first | rpehpBorpicand td mRigtled, PO BRREr eider Qub BFRAEOORREN C° Per
spray material for _generating par#i

| ] | es of di apeter of 0.1, - m a
si nt er i ngiffesance yppthesHENBEGPaInts PIgHEARlY qfa‘%POgQ 9t dprmer, PaQre RTEferaY ¢ he

sintering aid allows to suppress an abnormal grain growth in the
proj ecti &R08Hapeldrgsarticle of the thernmal spray film and also to similarly
suppress an abnormal grain growth in the projection-shaped particle forned
by an aggl omer Sueh gfustyhatlowalto pentral dhebeightedfitbe proentionrshppedpatide nal  spray
filmhaving a uniformtexture. As the sintering aid, there can be enpl oyed
Wi t hout B3B8 rhiytthe iheight ok thevmatedalnd leof thg haghtr mitinghpoiok therelysicempigotped as t he
raw material powder. For exanple, 14 in case of enploying zirconia as the
raw nat efprgibctiomstaped pagivks o ceproduciblyt rExamples 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. 1t 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 - § pm, a sintering for suppressing grain
growth may be added. Presence of the sintering aid allows to suppress an abnormal
grain growth in the projection-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 ob"caining a thermal spray

fiim having a uniform texture.

As the sintering aid, there can be employed without limitation 2 known

sintering aid for the ceramics employed as the raw material powder. For example,
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oxi de or cerium oxide may be added as the sintering aid in an anount of 1 -
20 wt.% and, in case of enploying alumna as the raw material powder,
magnesi um oxi de may be added in an anmobunt of 0.05 - 10 wt.% For formng
the ceramic thermal spray filmof the first invention, it is preferable to
enploy a raw material of a high purity, It is particularly preferable to
enploy a high purity material of 99 w.% or higher, further 99.9 wt. % or

hi gher. The raw material powder for thermal spraying may be produced for

exanpl e iP¥aﬁ?a%f eﬁll.e;%}tziﬁb GirBEdis A HreGhwShABGalTRIWIRE rRignasidfmadiid@biteidmmet hod, and

there may al so enpl oyed a spherical powder forned by sintering granules
to arelative ' ' : ot St ehigalt cpowder

pref er abqﬁd%%{s%glﬁﬁiaéﬁe‘lggéng y%rgiag%%aé&gggﬁ Eﬁrg@ach)lzneﬂgrﬁo. 1%-?&3 m n’g’r e
preferably 0.2 - 2.1nn.  The .raw natgri al | pLJ: hry

particl ea’é'r 3 SpspoPhemRloy e Ay 'u?ayasoﬁwsr @oﬁ%%f Bg}w%?%aﬁ g‘%ﬁ@tﬂ{ "?Eaed by

aggl oner ati on, ereby enabl.i formaion of the projection-shaped particles
of the ‘F‘F\WE‘FIP‘?%‘/’H‘?B? auz&pfpﬁg 'algijf"f)ﬁ'erate of the particles. Because of the
af orenenti oned_reasons, the secondary partigles pr etﬁr ably have, an average
particle sizeFor fogming ge ferams shgsmat éP@BI‘f}l“l@.fé@e st el ndhlIlS spray
method is not particularly restricted, and may be selected froma flame

spr ayi ngprefierabledo smpop nigw mathetaboha high pysitnyilds particulagly peefersbigiayi ng.  For
exanple a plasma spraying is selected, it is usually conducted in argon gas,

but hydemghy adygiepediyeniateriat bf SBrvgdrh aralighed, furtheo 8P atith or dighat. | ows to
el evate the tenperature of the plasma flanme, particularly allows to

suppr ess Thelr@wsmaterislnsowdea Sormtheirpalispraying may beprodured fenekapplé bprn The
hydrogen addition is preferably executed wthin a range of 10 - 50 vol. %

parti cul afdeiri theitifpleriehingomethod Br Gagenlbtidromethied, ané ahasimayt bies el spray
filmby a plasma spraying, the

employed a spherical powder formed by sintering 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 pm, more preferably 0.2 - 2 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
invention formed by the agglomerate of the particles, Because of the

(7 . aforementioned reasons, the secondary particles preferably have an average particle
size of S - 100 pm, meore preferably 10 - 60 pm.

The thermal spray method is not particularly restricted, and may be selected
from a 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 a 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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thermal spray filmis preferably produced by executing the thermal spraying
at a distance between the base material and a plasma spray gun within a
range of 60 - 130 mm In case the distance between the plasna gun and the
base material for the ceramic thermal spray filmis |ess than 60 mm the
proj ection-shaped particles constituting the factor of the invention are
difficult to obtain as the plasna sprayed particles are re-fused on the
base material. On the other hand, at a distance exceeding 130 mm the

proj ecti on- shapedsendy foritlRSs BSaMIEHRANSX GRSF kR a4R8 spaligethet her eby
reduci ng the glghesi on olf t % t her mal sprﬂ@%?i I mb?oﬁFﬂhe bageyrrgteri al and

t ual ' h ' : [ t . Th
cor am o PRl PRy B prUCERly BroBh ARCH) ¥xtruibg S eal Sftehaguy Snce. The
t ted at 1,000 - 1,,6001C._ A heat ,t t t_at 1,0Q0C hi gh d
e )
of the cBlaf tIHéP?Fa‘IE‘c W“&?%ﬁ"t’eﬁpé@b&éyﬂﬂ S SF‘iE}fheg}r%s%f“af Jt-,"n’érﬂéer’n ¢ thernal

spray filmitself when the. conponent for the vacuum apparatus, after use in
a fil m fesramisgtheppal spray Him is lensatham & Gﬁ%sﬂ'ienaf%wgﬁ-éﬁwﬁ Patigghj ected to
a renoval of a filmshaped substance on the conponent by an acid etching,
wher eby tdmstingimgche facteraef the inkestiop larg difficulhiosobtaig astihe Eéﬁmﬂ spayednt becomes
effective because, for exanple in case the ceramic thermal spray filmis
constit upgticles @akuwifosed anhthat bdse emateriall On theGlkRrohardbave disedoees a
content of y-alumna in the thermal spray film Also in a material other

than al ugkdwedingal 3 fin, athe §irdjectiorcsiupb® pahickisnaguily aa ekeessBademoles he crystal
Iat(tlce defects. On the other hand, a heat treatnent tenperature exceedi ng

1, 600C i gtatdIRRGSHY AdthuRingOthe QUREENIE oP BfedMEAnD sprayCHiRe ké Bk badde i@erg@MPONENT
The heat treatnent is conducted for a period wthin a range of several

m nut es taq 2RQMlall PedubfhpRYEdhesiRE BidpeAd bY tRGiIMLANRSsubfarkehour s, and is
preferably executéd in the air or in ah
The ceramic thermal spray film, afier 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 sprﬁy film, An improved acid resistance of the ceramic thermal
spray film avoids dissolution of the ceramic thermal spray film jtself when the
component for the vacuum apparatus, after use in a film forming apparatus or a
( plasma processing apparatus, is subjected to a removallof 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, 2 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

16



- film ha

oxygen atnosphere, In the following, there will be explained a nethod for
produci ng a conponent for a vacuum apparatus of the second invention. A raw
mat eri al powder to be used as a netallic thermal spray nmaterial for
generating particles of a diameter of 0.1 - 10 mis not particularly
restricted and can be a powder of a pure netal or an alloy, and an
auxiliary agent for suppressing grain growmh is preferably added. Presence
of such auxiliary agent allows to suppress an abnormal grain growth in the

proj ect honrsshrResbpa0thidbised 3thoars| et BRreferabayeddcbied in drciimdrsia ano simlarly
suppress an abnormal grain growth in the projection-shaped particle forned

by an ag %eﬁﬁ,g mfe spherical particles, thereby obtaining a thermal spray
Vi a unlformtexture As the auxili ary agent, any auxiliary agent

can be enpl oyqd ol Alwink!| Weke Wi bk CeldiindtP I mafiRd WUF pradudile o aW

material powder. For exanple, In case enpl oyi ng al um num as the raw
mat eri al _powder ¢on, l.ckel or iron may be enpl oyed
as the &Q Iopg}tjo g% v ap%%ﬁﬁ%{%%é&?&ﬂﬁ%g@i off °o For form ng t he net al
thermal spray filmof t elnvent a raw
material of a hifgh IB?}F”{]yPC’qur i Bél’rs?“i Bup & q%i}ﬁfi% BP’@YF‘EF”%FFE '8y a high
purity material of 99 wt.% or her, further 99,9 wt. % or gher. The raw
mat er i al gqRSTREiGE PRTicles R dipmetsF ag% Ag 1Raym W%r%ﬂmlwaFtI@WQ#ﬁﬂ €ahy an
atom zing nethod, an electric nelting-crushing nethod or a granulation

met hod. ¢ spowter ofapuratrestalor ancalldyr angrasr aiiiary agent fomsuppressing Srain nar v
particle size of 0.1 - 10 m nore preferably 0.2 - 5 m The raw materi al
powder hgnavtl is prefdratplyiadded, PRresdnct ef sichaukiljarpugent alowe tovsuppress asecondary
pafticles constituted by aggloneration, thereby enabling formation of the
proj ect i abnarhapethipgréwi msthefpm]haxonls?hapedlpmucMoﬁ therthermzay spiag fidggl onerat e

of the particles. Because of the
and also 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 umform texture.

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

( For forming the metal thermal spray film of the invention, it is preferable to
employ a raw material of a high purity. It 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 2 granulation method.

Also the raw material powder preferably has an average primary particle
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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af orenenti oned reasons, the secondary particles preferably have an average
particle size of 5 - 120 pin, nore preferably 10 - 100 m The thernmal spray
met hod is not particularly restricted, and may be selected froma flane
spraying, an arc spraying, a detonation spraying and a plasma spraying. For
exanple a plasma spraying is selected, it is preferably executed w th higher
vel ocity as possible and |l ower flanme tenperature as possible. Afilm
formation in such manner allows to slightly nelt a peripheral portion only

of the i 0\6%%{ ebyogiatheiag & Phashhsical or mtiae Wietd he netal
powder ?Eg}aeg%lg t eelglasg ecﬁat e%]ﬁal a?nd achilev?pnglcan efficient filmformation.

In the followk t i | | glﬁ’pll s £ MG

conmpone °'F‘8\§4“3‘9‘§F§c@§£r?3‘ém‘grs§‘?°3’§ f %Eelggﬁfbﬁﬁlﬂ\(}gﬁt ?gr?%%g ? h‘gg%éﬁer mal
spraying, a unt.ai n- shaped | ectjan-shaped particle can be producing by
causi ng szﬁé’fgﬁfel:&r%ms‘mwr%%&ﬁ "nh& WBni-molten state to collide with the
base material._There can be e pyed for anple a.plasnma rayin nmet hod
or a high vel dgie eﬂéﬁﬁraé'ﬁﬁgg%& %Pﬁﬁﬁ“gﬁﬁ'{pﬁﬁ“gﬁgﬁﬁm@bggﬁ% ,ecpt he
thermal spray powder is brought to a sem-nolten state,, in which, as shown
in Fig. from afhamesprapingi &n #1§ sammmiﬁ@ﬁats%%péams}ndﬁpkaﬁ@a\ﬁp@vmsty of the
center and in a nolten state (44) in the peripheral portion by regulating a
t her mal Bar exdrogle poplasma ssprayamgrad selegiedyyit iy poifenabiycexecutes | vtk hagheengt h of a
hi gh velocity flame spraying. In case of enploying a ceram c powder as the

t her mal ggloéiyy poposible iand lowgoiandiemperatamumepdskible. t efilmiforsmatiay ipowder to
reach the base material in a sem-nolten state by enploying a plasm

sprayi ngsuBil @M dlldwa toaUpEeE nRB Apbhghepd Wirtior bnlgageheimetdPonide)g a net al
poywder as the thermal spray powder, it is possible by a simlar nethod to

cause t he,drliRy ERksisd =aylandeforhRideadiini the RGP pawider r@lchéd i 53 - nol ten
state, but 8 there is preferably enployed a plasma spraying nethod or a

hi gh vel ogitdyal bh@B8hieving an efficient film formation.

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 produéing by c-ausing 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 étrength of a high velocity flame spraying, In case of
employing a ceramic powder as the thermal spray powder, it is possible to 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 methed to

cause the thermal spray powder to reach the base material in a semi-molten state, but
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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/wdth ratio by rendering the

peri pheral portion alone of the thermal spray powder easily fusible in a
uni form manner, the thernmal spray powder preferably has a spherical shape,

and C ;9 %ﬂq ddhbS a RSP QeR citNIRkdeeT
conpone%?ﬂﬁggirprr\%fgt b?%@?}o&?%ﬁﬁgﬁﬂ% d “par Exlfé?:ll‘ esbi ﬁmtil%}g ilﬁsleﬁt i gl{r%e can be

pr oduced .forni t p .ch- | ower

mel ting ngq}@mg élg%rh;aguog sﬂgﬁ %% g?%@é’eof q%?éﬁg@r‘l %lhn%ﬁf Eﬁégsﬁ{l)%?dn% ?jsggh by causi ng
the powder .to, collide with the b i al at the thermal raying in
such a HEHYHHET éemi'ﬁ’é’wﬁlétsg‘h §1 °°§¢&t %ﬁlﬁbﬁg?s%@ﬁq’ﬁbtﬂb‘:&e% cafugﬁ‘ ohpl et el y
molten while the material of . the i gher nelting point isjn an unnolten or
seni - m)lliléﬁicsé pgmatigh ?’I‘FL °§WH§%¥11’1 {;Wgéﬁﬁ 6‘?4}3%4%‘%& Fsioy, 19 ?ﬁ%a" fher mal
spray filmhaving projection-shaped particles of a sufficient anount on the
base mat foring surfaee prejeeten with sy satisfagtons ahestosy amd) 4 high deight/widthite®o or nore.
Also a thermal spray condition for obtaining a sem-nolten state of the
powder oby fowexing dierparipharat paploataiéne ofithe theraahspray powder qasil e fisilile of t he
lower nelting point and a unnolten or sem-nolten state in the material of

t he hi ghiya unibri ngnpea| the thamabsprap powdeperefératdy Gas & bghetibelrsiape, spday powder
to be enployed and is difficult to define uniquely, but can be easily

det erm n_ﬁﬂaﬁﬁiéﬁ%ﬁﬁvc&kbéﬂ@dsﬂaﬂo?&ﬁoﬁﬂﬁsptb)z!ofc.epeati ng a thermal spraying test
pldral tines. An average particle size (secondary particle size) of the

DI o] et i on- S e P o e e er bl y 10
- 60 p. MeafheqRodYREABLIRANG & tRerflaf Spla§Spowder 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 moiten while the material of the

higher melting poiht 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

C spraying is preferably executed twice or more.

Also a thermai spray condition for obtaining a semi-molten 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 can 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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than 5 m it is difficult to uniformy introduce the raw material into the
flame Dbecause the raw nmaterial powder itself lacks a sufficient fluidity.
On the other hand, an average particle size exceeding 100 mtends to result
in an uneven nelting of the thermal spray particles, thus deteriorating the
adhesi on of the obtained projection-shaped particles to the base material,
The particles enployed for the thermal spraying preferably have an as
uniformparticle size as possible in order to obtain a uniformshape in the

o c | i : | ' for th
gtra‘gjogft IB%??I’?&%%E-A} " or tng gn%spl%gé}a%@\}ggﬁq?mgpk?ﬁn aGdh&d )%ﬂ'gclg.rs%%stsy or the

aratus of Irst, second or
third invention,. .obfgined by .the. aforepentioned nethods be, after the
f or mat i n0$ Hq‘re’ttllsie#l%lﬁﬁuﬁ @p% IRy HretHsed ?éﬁwt%atﬁﬁgﬂ}r{t? g@%ﬂa@eri nsi ng
with ultra purified water or the |Like and_ the ried. Prior to the |ast
ul t r asohpeause ths Y, MRREALRAWRSH étﬁflf#"&ﬁs o ﬁ‘éff’\%&‘,‘hﬂm ¥ pgf‘éﬁ‘i@{h

t
ffa™¥e i mer sed
in a weak acid such as nitric acid for cleaning the surface of the thernal

spray f ianmaverege ppitisteesize ¢xopeding 3A0 oy teAdy togesionas uaeven mekidef ¢ appar at us
utilizing the aforenentioned conponent for the vacuum apparatus. The film
f or mi ng thepdr apray qfarti¢les, i ninesnt daderiaratingot thee aadhesieredof nthe fabtaingdor mi ng

nmet hod, which includes a CVD (chem cal vapor deposition) nethod and a

sput t er i grgjearbieithped rrticlesnpm tienbadeomatehiel, v Atheupartigps raiplyed sfopithe er abl y
used as a conponent in a portion where a filmshaped substance is

deposi t eherrdl tPfayinapreferBbi9didot 28 W vnifotn gsbttdleerzeds pbssitile havofder p@t i on in
such apparatus. For exanple it can be used as a bell jar or a shield.

Particul geby L nydededP shigde %mﬂ}g'eé‘@&ﬁ&%% SdPticlbd/Rd8t RNirFeakt LG UM or in
a {putterl ng apparatus for titaniumnitride, the conmponent for the vacuum

appar at ' ' ed as a bell jar or a shield, is free
pp U§dhegllkﬁgtbg,rehg\f@mb QEpcrsﬁQ@hﬁ’é[ j ' i

froma crac ol 20 peeling resulting froma difference in the thernal
expansi on coef fA'&‘uﬁJ&xﬁn%;‘ WRGBIH Gpparatus 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 ultraso:_aic ;insing, the component for the vacuum
apparatus mﬁy be immersed in a weak acid such as nitric acid for cleaning the
surface of the thermal spray film.
The present invention furfher proposes 2 film forming apparatus utilizing
( the aforementioned component for the vacuum apparatus. The film forming
apparatus of the invention is not restricted in a 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 film 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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base material and the projection-shaped particles and is free fromparticle
generation by a peeling of the deposited fil mshaped substance, thereby
provi di ng an apparatus enabling a continuous filmformation over a

prol onged period. Also the present invention further proposes a plasnma
etching apparatus and a plasma cl eaning apparatus utilizing the

af orenenti oned conponent for the vacuum apparatus. The conponent for the
vacuum apparatus is preferably used as a conponent in a portion where a

films hﬁ@é}ﬁxgﬁr‘égﬁﬁﬁ@%ﬂ £ dRRaRk (€ the thermmit Rxgnisnalosficiens barween thieon where a
surface of the conponent tends to be peeled off in contact wwth the plasng,

for exapley eri@ﬁa%@ﬁéje&iﬁ%aﬁéd Parfiblies bild isTH& POATERIAS ghiciioappar at us or

t he plasna cleani ng apparatus neans an apparatus in which a product placed
therein,s Irradi ' | ' hdg a
surface bé’fa P?Fé“‘g rogg§g9¥i§°$‘ﬁee§%§$ glﬁa opnetd\%r%gig%ae ' ﬁfeféry}yﬁ 3%2&%%%%"%% S

deposi ted ans a.portion,. at .the plas Lrradi ation onto the product in
t he pl asqﬁ‘ﬁbqeg%‘?%b‘ﬁ'é% fpEnation o¥g P‘é’@%e‘irﬂgg‘?‘ﬁ’g surface of the product,
where a etched substance i,s scattered and deppsited.in the apparatus. In
the inventi on,Alo Sef PIesHt dRYSREAN YTEAr PERRPSFLA RS SHHRE BWaé?tEE%‘Pby a
contact with the plasma, other than the product in the apparatus, Such
appar at usplasmaslsagingrpparafusiutiizingcth afrementiongf cRMpPRRHOR he 2SR sur f ace
of such product, but it is difficult to selectively irradiate the product
only wi tipmuatts. pTherampahérdhforotesvicutm apparstus iniprbfesabdypsedianst 2 of t he
apparatus in the vicinity of the product therein, thereby etching the

surface edmpereht ioarpamientwhefda film ahppsdesnbstadcetib depositediin uch apparatugnpl oyed in
su@ portion, is difficult to be etched by the plasnma, thereby suppressing

parti cl esgepeftiin where Aisaiface of theeopiponem teddsanibeeelpp affinuontaat pitht i on where
a filmis deposited 21 neans a portion, at an inverse sputtering or a
product sw flawes, orexainBl d3Yniafifdst AdmpIEr 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 & surface of the product,

 The portion where a 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

(7 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 eontact with a component of the apparatus in the vicinity

of the product therein, thereby etehing the surface of such component, The

component of the invention, when employed in such portion, is difficult to be etched

by the plasma, thereby suppressing particle generation,

Then, in the plasma cleaning apparatus, a portion where a film is deposited
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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
pl asma cl eani ng apparatus and the plasnma etching apparatus are based on a
same etching principle of the product surface with plasma. An inverse
sputtered portion in the plasma cleaning in the invention neans a portion
ot her than the product, subjected to inverse sputtering (cleaning by
etching) in contact with the plasma, Such apparatus is originally designed

to irrag| WEhn WiveFseRbaSerthol & Cprodiict Jurfasy Elesitn®by sreadiatpigoduct , but
it is d?#%ﬁgalapt&?éggsg%%ctivgl)b I rradi aafﬁe t he product on yy W th s{;ﬁch pl asna,

whi ch cq 4t t:ac ' par I n the
Vi cinit r%? o%gqﬁl#%o@%ﬁilﬁgrg}c#fa? Iﬁ‘gr@g‘l’y}ﬁ%:ﬁbﬁi&%“% ﬁhggr?a%gb%?ws uch
conponent,, .The . present invention [ SPHLL el ar bearing a
t her mal é@%‘?‘ﬁ'ﬁdﬁ)i r‘?’f’@bﬁl‘ﬁtaﬂrﬁ ésds%??{efﬁ%eg%f?rgég tr?? i %mtaﬁ(f géﬂoﬂpgg%'i og@shaped
particles. In ifg%,s manner , v&w«-i-_}r% ﬁguttersg@parti |l es are gcattered onto the
target oplafiid clpaRInE APPATaLSeand thecblasiig Fertt® HRPAITY &€ R3%ES P88 on powder)
causing particles can_be efficiently deposited on the thernmal spray film
The mat eetching poissiple of thepredust swdeceaith plasma. { ARRYE S SRULSERS PUHPRY | v
restricted, but is preferably constituted of a material sanme as that for

t he tar get the plasme aleaningpire theninventinmmeans aopertion totker sthan tke pragivelopar at us.

In the sputtering target, the thermal spray filmof the invention is

pr ef er abkybjedted nednvenseasputterinpg Utleeniag fyoetching) (meonkcovithnthpoplssom) on t he
surface of the target. |In such case, the thermal spray filmof the

i nvent i ogyBRYppaatu®isTedginally desighdd tocirradiare & pesduen withr jlasma ¢ clzapar t
t hereof , dependi ng upon an anount of generation of the re-deposition

powder . IsifE@SEf tUth prode@ppst & iioRifacyNIes stiectiane imidistethé pesthiyt onlyt he
target but also on the backing plate, the thermal spray filmof the

i nvent i oRyR S lastds, wclsméoraéssas@ms BOntSUNRAE € compSni obakkdppearaplsat e. I n

case of formng "a therma
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 a 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 z 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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spray filmon the backing plate, the material constituting the thermal spray
filmis not particularly restricted, but can be a powder of copper,

alum numor titaniumon a backing plate of oxygen-free copper. Furthernore,
in case the re-deposition powler is generated on a |ateral face portion of
the target or the backing plate, the thermal spray filmof the invention
may be provided, depending on the anmount of generation thereof, also on
such lateral face portion. C The conponent for the vacuum apparatus of the

present shdyeaNIkORy thE Qe oﬁ@u&%ﬁ@dl&u@@%la@éih%! e REGRBRIY d therfile
fil mshaped substance in conparison with a prior conponent, can prevent a

cont am g@t g%{rﬁ te:n t&g‘g blgénl&%’ ?Eﬁté Eiﬁé' It d¥h febREt {Ha%theHal tsBﬁyfﬁllrrmss haped

subst an orm ng apparatus or a pre-cleaning

apparatus, _and I |.0 i.od. The :
present TOROEHER yrg @,ﬁuﬁ@%@g% %g’%%ﬁgfg%%\é‘g alu?%ﬁ eogggﬁﬁug%ﬁ f ol | owi ng
Exanpl ezl& E@ i{ uI d be under st ood t t the resentt |nv%| Qn I s not
constru EpBidify 9 |Wf)fggﬂ'ff9‘?ef;%?ﬁ§"r E IE'“’I AP RSP e %sué]%rtz bel |
jar was blasted with white al um na under ress f 0.5 Ma,
then ul tperdsnile 2pRosRTed) ofia RIGey cmwéwn thEIMféeF ?rnthai’a 189%&? aterﬁ t he
internal surface of the quartz bell jar was subjected to a formation of a
zi r coni athetreslngprays Blraefithe invsption madshﬁapltoﬁéﬁeﬁaﬂel!?ﬂﬂ%l ythgiampugh oy © H2
flow rate ratio of 80 : 20 and a charged el ectric power of 35 KW As the

raw mat egeémerationdheteot, alsthen suakdstemlfdeo pettiont abi | i zed zirconi a powder (average
primary particle size: 0.2 m average particle size: 50 m purity: 99.9 %

added by yttri Uh exapénent fotrthe yacith Sppakatd obthepredentinvéntinasiviggn and t he
quirtz bell jar were nmmintained at a distance of 70 mm After the thermnal

rs] P { ??/l: ng en g&ﬁﬁm mnggﬁoggf fﬁm& ifdhabéd suthtatte 1 abMpHUSNSHkIET Oon Of
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 mere detail by reference to the
following Examples, but it s;hould be understood that the present invention is not
construed as being limited thereto.

EXAMPLE 1
C An interior of a quartz bel] jar was blasted with white alumina Grit 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 pm, average particle size: 50 um, purity; 99.9 %) added by yttrium oxide

(punity: 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, it was immersed for
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ultrasonic rinsed with ultra pure water and dried in a clean oven to obtain
a quartz bell jar bearing a ceramic thermal spray filmof partially
stabilized zirconia. A zirconia thermal spray filmwas prepared on a S

i nch-square quartz base material under sane conditions as those for the
quartz bell jar. A sanple was cut out fromthe base material and was
subjected to a SEM observation of a surface, to confirm presence of

proj ecti on- shaped particles constituted of fine spherical particles wthin

I
a range ofof i 2 4. i ﬁég&u@w&m o 8P RPSd PRBRIARGS (AUBPET el Y

ograph of a magnification of 200 tines prOV|ded an

v 200 588 A S FUsheti oD g ol o

Ion O was 950
parti cl i n.aver age. The uart t he af orenenti oned
et hlo'([j %ﬁg}%%ﬂ;‘rﬁﬁ %%BI fﬁtpffﬁ; wr%télrr}egilcg:‘gﬂéaﬁlyﬁgaﬁ::ﬁsé ?’g%o > No pﬂtifl Ss .
resulting fromthe peeling of a_. films su cevvereco ected in e
appar at us everf* AFEQH2 %ﬁ“‘%bﬁﬁ@yf IBHY*’(’HEGP@P‘S\P e“l“%m%EF—:bi A quart z
bell jar product and a 5 inch-square zirconia thermal spr Ri film were
pr epar ednasdel undes sewaonditiags @%F?@saiortqh@)ﬂimh belk dafp| & BRI F@SEUE hat t he
di stance between the plasma gun and the quartz bell jar was changed to 120

mm A seutyfien wbs basstmatetialf andrwashaubiested toee BEMaobsanationof ssurfees &l to a SEM
observation of a surface, to confirm presence of projection-shaped

parti cl esorfnspricsancedf pfojédtioe—shmﬂdq:aﬁb@és qoastitutedes finetshherical patiges of 0.2 -
3.6 um 100 projection-shaped particles arbitrarily extracted froma SEM

phot ogr apiyhpf a FangB @AM CADILGR 0f003HE]etlidrRshaped PuitidRd adhitraigrextractsd ze of 32
m {Al so a nunber of the projection-shaped particles neasured from 10

g\f)gﬁ ggreaniasn PEER] PR&IOLTabE AT a e ghificdf6n bF DEF1iNRS pAided2th dafipkGlze/ofMm? in

- 20 pm. Also a number of the projection-shaped particles measured from 10

photographs of a magnification of 200 times was 950 particie/mm? in average.
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 subsf#ncc wéré collected in the apparatus even after 220 hours from the

start of use.
EXAMPLE 2

( A quartz bell jar product and a 5 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 a SEM observation
of a surface, to confirm presence of projection-shaped particles constituted of fine
spherical particles within a range of 0.2 - 3.6 pm. 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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The quartz bell jar prepared by the aforenentioned nmethod was used by
nmounting in a pre-cleaning apparatus. No particles resulting fromthe
peeling of a filmshaped substance were collected in the apparatus even
after 220 hours fromthe start of use. EXAMPLE 3 An interior of a quartz
bell jar was blasted with white alumna Git WA#60 wunder a pressure of 0.5
MPa, then ultrasonic rinsed with pure water and dried in an oven. Then the
i nternal surface of the quartz bell jar was subjected to a formation of an

al um na JBh? §ivayacki | m by a plasma spraying with an Ar © H2 flowrate
ratio 8%113% ©25, 'a di stance of 65 mm between a plasma gun and the quartz

gl ass base  mpeidahs RIes sFIBACEY RAEGIELAeRANEL BnGP welluskanyt he pl asme

sprayi ng, there a granul ate powder (average primary
particle size;.0.5 m_. aver rtigl LiZ€; . g ¥..129..9.9% added
with rra&f?é’é‘f‘ﬁgf‘b&rqrf?!ea%l,%&%%%ag% Ef? ﬁar\ﬁ,\kl?ggesﬁﬁn rfr@ éﬁ% ﬁeeerh% I&sapr aying, it
was ultrasonic rinsed with ultr pure water and dri bn a.clean oven to
obtain ﬁ%&apg{ S}aﬂfaﬁefﬁc?}&ﬁﬁés‘hﬁ%@é‘aﬁ‘éﬁ Eu‘fﬁnnzgmf ﬁg?:?ﬁ rsstf)% %ilmwas
prepared on a 5 inch-square quartz base material under sane conditions as

t hose f@iaﬁh@sﬁuartz bell jar. A sanple was cut out fromthe base materi al
and was subjected to a SEM observation of a surface, to confirm presence of
proj ection-shaped particles conEXANPBE bf fine spherical particles within
a range of 0.5 - 3.5 m 100 projection-shaped particles arbitrarily

extract ed fronhmirEnbpdiod quartgtrellofar wvas bisgted fwitlawihve abimins GritiWAS6Gr ovi ded an
average size of 16 p.m Also a nunber of the projection-shaped particles

Megsur edyfdep @ pkessnfeos O 6 RS, thén altrmeenit tinged with pute wifed ahd deisd iman 1080

pa%t icle/m® in average, 25 The quartz bell jar prepared by the

af or emenpiénedhErtthOthtvvasl siifde BY the quartz bell jar was subjected 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 um,
average particle size: 25 urﬁ, purity: 99.9 %) added with magnesia (purity; 99.9
wt.%) by 1 wt.%, After the thermal spraying, it was ultrasonic 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.
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nmounting in a CVD 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 inch-square zirconia thermal spray film were prepared under the
conditions sane as those in Exanple 3, except that the distance between the
pl asma gun and the quartz bell jar was changed to 125 mm A sanple was cut
out fromthe base material and was subjected to a SEM observation of a

surface, 10 CORE ighiHRIRASAE praphredl By ohd bRvermbalndd pidthod lvas wedsyi tuted of
fine spherical particles within a range of 0.5 to 3,9 Wn 100

prol ect L,ainARaReE 0VA5 W1kl Binin@ abdrkds! | NoPaidaal Riluiiigifom FEM AR 00T aph of

a magni Bn of 1 times “p ed an "average size of 22 SO a

nmb f | |.0n- -] h f
magni 11 Sk GRS PHce VAREEyaplh i SRR MEA snbOISG SoCRRET SV Doy T
jar prep rg{g’_tg%ﬁt he af orenenti oned nethod was used by nounting in a CVD

filmfort #ratus. No particles resulting fromthe peeling of a

fil mshaped substance were collected in_the apparatus even after 180 hours
from the start of use. EXAVPLE BXAMPKEA nal surface of a donut-shaped ring
was bl asted with white alumna Git WM60 under a pressure of 0.5 MPa, then
ul trasoni c ri nsaqdank el jer produttcsndaad inghisquare reiganigvtbermatispriytfile i nt er nal
surface of the donut-shaped ring was subjected to a formation of an yttria
t her mal wpreagreparedninden the eswiiticsr sydengs thash iNExgayplasd, axcept dsrahgas, a

di stance of 75 mm between a plasma gun and the stainless steel base 26
mi'féeri al disance betobea grtpleintcgun mdnthegoared belDjak Was Akarged t¢ 839 mmd.erAal powder,

here 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 t0 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 aforemeationed method was used by
(7 mounting in a CVD film forming apparatus. No particles resulting from the peeling
of a film-shaped substance were collected in the apparatus even after 180 hours from

the start of use.
EXAMPLE §

An internal surface of a donut-shaped ring was blasted with white alumina
Grit WA#60 under a pressure of 0.5 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 filim by a plasma spraying with N; gas as a

plasma gas, a distance of 75 mm between a plasma gun and the stainless steel base
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was enpl oyed yttria powder (average primary particle size. 0.3 pm average
particle size: 35 nm of a purity of 99.9 %containing 15 w .% of | ant hanum
oxi de granul ar powder of a purity: 99.9 wt, % (average prinmary particle
size: 0.3 pm average particle size: 30 pm. After the thermal spraying, it
was ultrasonic rinsed with ultra pure water and dried in a clean oven to
obtain a sputtering shield having a ceramc thermal spray filmconstituted
of yttria-lanthanum oxide. A yttria-|anthanum oxi de thermal spray filmwas

Prepar eg,0Riad adiJ\argctuiatSe foREL T MLANN| @3shetehatasbpdimder thele under same
conditions as those for the sputtering shield. A sanple was cut out from

cont i i GRS BORG KRIFE it ArR IS TR aPlege Rty 00 1O

spherical_ partigl wi t hi n of. 0.3 - & ' lon- shaped
particl é?ea?%i ac?i‘isﬁ ?/u%t}’to:}a?%ts{e%’ %ﬁ%%n%%gém%’o&o%}rugp of° Rg&l %%drllg?l cation of
100 tinmes provided an ‘a%%eéa 6,Slze of 12 m Al aFa.nurq:Er of __the

pr oj ect iPOMIEh i et PHERY | T2 Vol AYPRge fREETRY oP oyféapns W &8Y$i8&hi fi cati on
of 100 tinmes was 2200 particle/m® in average. The sputterin hi el d

pr epar edamicle Bize oG aen AREHEE themib Prasasyt s piirasapg r’i’t“F?Fg‘” ﬂ “f}r% puttering
apparatus. No particles resulting, fromthe peeling of a, filmshaped

subst anceirewasercand driadeia # plepmevemisapiinine atteriag shieldibryingoy ceramiom t he
start of use. EXAMPLE 6 A shield product and a 5 i nch-square

yttri a- | duetred spoay dikh denstivetedraf ytinie-lagthahirh oxider e prepared under the
conditions sane as those in Exanple 5, except that the distance between the
pl asma gun andAt fierilsatiaauirebtide aherwrad sphanfi wo frbparenonAa Samghle was cut
out fromthe base material and was subjected to a SEM observation 27 of a

fsgr face, squar€ qdrtZ Sapilesednes ke RatdrRt inder sdiid eshdiidrsi £ Bose egrsthet ut ed of
I ne ’

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 pm, 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 resultiﬁg from the peeling of a
film-shaped substance were collected in the apparatus ¢ven after 140 hours from the
start of use.

EXAMPLE 6
A shield product and a 5 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 quartz bell jar was changed to 115 mm. A

sample was cut out from the base materia) and was subjected to a SEM observation
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spherical particles wwthin a range of 0.3 - 3.4 p.m 100 projection-shaped
particles arbitrarily extracted froma SEM phot ograph of a magnification of
100 times provided an average size of 14 }tm Al so a nunber of the

proj ection-shaped particles neasured from 10 phot ographs of a magnification
of 100 times was 1600 particle/nun2 in average. The shield prepared by the
af orenenti oned net hod was used by nounting in a sputtering apparatus. No
particles resulting fromthe peeling of a fil mshaped substance were

col | ect gl, isirthle 18RRALAL Yte RUEN 0B bEdfEctibBLHBRE ParfiElofcbiitinsted ol fie USe,
EXANPLE8 ag\{}ghi éltg producL:i}t'i‘e and g E c|§n¢ch- sqglgérdeﬁa;/t tria-1ant hanum oxi de
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donut - shaped. i qgggl t.: the b
rrgtn gri ;Fﬁﬁgl%g’%%ﬁ?deg{@gq’tegEyé%I%%&herc@afi 0 g'%c‘ﬁgégﬁérf; é@%,n %O?onf iGr mase
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arbitrarily extracted from a, SEM phot ogr aph,of a nification of 100 tines
provi dedagtirles, Beageed fiom £ phetogfaphs §g%am 10g 0 Hé‘%?%}"é%??@n- shaped

particles neasured from 10 photographs of a magnification of 100 tines was
300 partpa&ﬂl@ﬂmmﬁmﬁvﬁﬁﬁ-age. The shield prepared by the aforenmenti oned

met hod was used by nounting in a sputtering apparatus. After 100 hours from
the start of URe,shield iprepaiddpetiie afwemestioned methddewappsad by wsountisg dibser ved i n
a state that it is going to peel. COWATATNE EXAMPLE 1 An interior of a

quzt-tz b@'s#:udt@fnngppabdta&tG%\piahhlwhids@ltiagdhdmahepbélidgﬁ#ﬁ@ filABshapedr a
S

préssure of 0,5 MPa, then ultrasonic rinsed with pure water and dried in an

substance were collected in the apparatus even after 160 hours from the start of use.
EXAMPLE 7
A shield product and a 5 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 wa§ cut oﬁt from the base matcriai 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 - 48 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 belf jar was blasted with white alumina Grit WA#60

28



oven: Then the internal surface of the quartz bell jar was subjected to a
formation of an alumna thermal spray filmby a plasma thermal spraying
with an Ar ; H2 flow rate ratio of 70 : 30 and a charged el ectric power of
40 kW As the raw material powder, there was enpl oyed al um na granul ar
powder of a purity of 99,9 % (average primary particle size: 0.5 m average
particle size: 45 m. A plasma gun and the quartz bell jar were maintained
at a distance of 150 nm After the thermal spraying, it was ultrasonic

rinsed %%J} et RrdYF 6 SMADET theR ditkishRE rinle@ withApe M4t dn@ dPREGA Bna  quartz
bell jar bearing a high purity alumna thermal 'spray film An alum na

ther mal (SB1-2%rdn b WR8erRY ERAIE e Me Byared mﬂa?%ersﬁbjjg&@a td.2 Raipriofml eri a

under s& I't1Tons as 0s guartz bel ar, A sanple was cut
out from.the base. ma i al d S | Ser wat § of a
sur f ace °f 2% ﬁg“%‘t‘]?iﬂéeéélg{ﬁprf’)ﬁgn? A’Qﬁnﬁy@%ﬁ‘%ﬁg‘. %P%ﬁnﬂg%%ﬁe}g{ '\t@’ g/e | nolten
spl ats and roj.egtion-shaped rficles constj d of .fine spherical
parti cl dategatg of 7/ ‘érqu‘Equg CEWE‘S"FFG{”%B%‘%?W@IGA& k#‘}g q%aﬂ?faﬁ’épﬁef’%}r pr epar ed
by the aforenmenti oned net hod, was used_ by m)untLezit ng.in. a p‘r_zgg-cl eani ng

appar at [pOWAF, there PRsSHP ayer pbIMinA @ranulatpoyder,aka puriyaf 98|94 (Fvesaget i ng from
the peeling of a fil mshaped substance were observed in the apparatus.
COVPATAThrifRar pAMILE size Th ap averagb ehiticleasizerddpembd A plaamggunagad dheni lar to
that in Conparative Exanple 1 was used by nounting in a CVD filmform ng
appar at uguartifiielljarAi@ere moaintginkd et distanse af 1 50bmnus eAftgrahe therms! speaying, i ng from

the peeling of a fil mshaped substance were collected in the apparatus.
E LE 8 wadQulthagtnbstinsedheitiinaltraspureywatppardadnied asa sleanvem td-olprainGa was

enpl oyed with an
quartz bell jar bearing a high purity alumina thermal spray film.

An alumina thermal spray film was prepared on a S 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

_ projecfiou—shaped particles constituted of fine spherical particles of 5.0 um or less
were not observed.

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 peeling of a film-shaped

substance were collected in the apparatus.

EXAMPLE 8
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argon : hydrogen flowratio of 80 : 20 as a plasma gas 51, a thermal spray
di stance 54 of 100 nm a thermal spray gun noved with a speed of 600 mmi sec
and a pitch of 5 mm and a supply anount of 20 g/mn for alum na of an
average particle size of 40 4mto execute thermal spraying twice with a
power of 25 kWto forma surface |ayer having projection-shaped particles
on a quartz base material. The base material subjected to the thernal
spraying was cut out into a size allowing a m croscope observation, and,

after an ul tr asgiks fHefRAINGraNabAFINEs shobinlih 5k elwhOemplogbd aithani on of a
surface and a cross section of the thermal spray film under a | aser cofocal

m croscqQpe. T r I I Db eKEESSthRfmat & :&Hft@ﬁ& showed
presencgpéq11 'n@@ﬁ%&ﬁn@é@%%?%j'gctﬁtg%gp}gﬂ%pg%(pérttlhcfnés,groa the surface

| ayer. The ctron phot o cr.ograph.  of | S 4S in Fig. 5.
A rreasurﬂn‘éﬁlto o'ﬁml(?(fﬁgm?tspéy |§%§} “g%éraa‘gitgg s%rgécﬁi ggg?doﬁ%g%%ép%& %@1{% cles
provided a width of 1Q - 70 m hei, f 5 - 100 and _an average

hei ght / vitfd |, 2a¢ iaéuBﬁVf??uSEPng gﬁ%’%’t&’bﬁ?%é“hﬂv%@e PAFISs 87%ek i ons was
1000 projeetion/mR2. A porosity neasurepent conducted by mrror_finishing a
cross sedft Rontoogxesnie thermal sBRAY 8 AKICT WithaaRRMer i Z3gk Wiodpas w yrface

phot om crograph proved a porosity of 25 % An observation under a

pol ar i zi lagertiaving PrejpBionrshapgsnartislesons auastzdase maitriak  the proj ecti on- shaped
particles showed a nucleus-like part in nost projection-shaped particles,

t hus confirm nfhe hase miterialrwbjmtedsqonhythmmdbsprmagMrcnhb‘ht_ylnm sged in a
state where it was nolten in a peripheral portion and remained unnolten in a

central ap®Ringon. mickIEspAOBEsrXNW’land 3 afters un fdtrasdniyy einsing saridodryeng, by a
t hérmal spraying under conditions sane as those in Exanple 8, except that
t he ther gdjestBd By aPeRIvanias of BanERck 4l BhrokdWectidh ofithe thaanl smaefiml

subjected to the thermal spraying was cut out into a size allow ng
under a laser cofocal microscope. The thermal spray film had a thickness of 100
pum and showed presence of mountain-shaped projection-shaped particles, on the
surface layer. The electron photomicrograph of the surface layer is shown in Fig, S.

A measurement on 100 arbitrarily extracted projection-shaped particles
proﬁded ar width of 10 - 70 um,"a height of 5 - 100 um, and an average height/width
ratio of 1.2 per prajection, and a nurnber of projections was 1000 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
25 %. An observation under a polarizing microscope on a polished cross section of
the projection-shaped partiéles showed a nucleus-like part in most projection-shaped
particles, thus confirming that the thermal spray powder was thermally sprayed in 2
 state where it was molten in a peripheral portion and remained unmoiten 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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a mcroscope observation, and, after an ultrasonic rinsing and drying,
subjected to an observation of a surface and a cross section of the thernal
spray filmunder a |l aser cofocal mcroscope. The thernmal spray filmhad a

t hi ckness of 120 m and showed presence of nountai n-shaped projection-shaped
particles on the surface layer. A neasurenent on 100 arbitrarily extracted
proj ection-shaped particles provided a wdth of 20 - 200 m and a hei ght of
4 - 100 p. mper projection, and, within the 100 projection-shaped '
par ti cl 2 SuDS 6] Ee fh @ naP airklith Sas Wit BuBinfieh 9Bt aMbWing ratio of
0.3. A gﬁ?gélgkt%}g%@[sur@nentyog%ﬁguct gd?%fqnérror finishing a cros? section

of the thermal spr bl d | | ect 1O LG proved a
por osi t ¢ m’8f°s§°B/%D O%é“{)a%lgg:r%gt %ﬁ"%ﬁ%&gﬁp@%&?a %dﬁ@%%%%%@%&ﬁ a pol i shed
cross section, of .the flat particles confirped that t particle was nolten
to the &éﬁ%’?’é‘l"”bﬁ??isBﬁ?c"Eﬂ)&fﬁ’E@s@s?@‘gﬁﬁglth&\{7% mfﬂo?Pﬁ%%ﬁﬂd‘é‘perc%#ﬁfrt i ons sane
as those in Exanple 8, except that {he thernmal spr ower S changed to
30 kW armefedahmicibsiapsa paetherma) yrey Him h%‘lg?blﬁna‘f%? ?ﬁaéogll@iafé\gﬁ?wﬁg m was
enpl oyed. The base nmaterial subjected to the thernmal spraying was cut out
into a spresenat lofwihouptzinshepesk piojrstiohshapedt pasticles o thafsueacealayel t asoni c
rinsing and drying, subjected to an observation of a surface and a cross
sect i on méasuheméteomd00spbitsarily |extracied iprojettimeshaped gacticles proyitedpe. The
thermal spray filmhad a thickness of 120 m and showed presence of

mount ai Ne&RREG0 Pr20D 8ai,| ad-Shigle df dar 10gire peprojdttios ntlasihinaiien 00 A
measurenment on 100 arbitrarily extracted projection-shaped particles

provi dedpay;dhish@ped] Particle80thefd ward16bs@RledofiatDartifles Withad Geight/didth age
hel(ght/de h ratio of 0.9 per projection, and a nunber of projections was

730 proj ggtd Y SRA Rrodfyasibddir RS Wb RNEIRE byCARMIFEMiRY a Gdst Scribhni shing a
cross section of the thermal spray filmand taking an 1 electron

phot om creWARBRAIEE finP &P EKing & elb&rdR pHloMRISEYR pRRed 3GRFoshty

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 ym 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, subjécted 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 120 pm 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 § - 85 pum 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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pol ari zi ng m croscope on a polished cross section of the projection-shaped
particles showed a nucleus-like part 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 remai ned unnolten in
a central portion. EXAMPLE 10 A sanple was formed under sane conditions as
those in Exanple 8, except that the thermal spray power was changed to 32
kW and that alum na powder with an average particle size of 50 pmwas

enpl oy e@jectioh sHoldthicBalirgph prdvedvapotdsity ofol 8P4l enodbiehusioprepier ed t her mal
spray filmunder sane conditions as those in Exanple 8, except that the

thermal 3piB¥n RiR6scHBe of RHed erogyséewbawtwmeoabm dpAveEdes Wi th an

average ‘partic %Oe si ze" of mwas enpl oyed. The base material subjected to

the th .
e or yorsBued Brrg&‘.le(l?»lm@%aﬁth A4 phdiliof s‘ﬁhféag Sirkiont Ny conirmiRseape

ter "an IC rins and drying, subjected to an

2 aser edrdual st pRSRRAMAs Bebh RSB A, el IRt A PRRE B ' " 500°)

s of 200 m

and showed. sence nount.ai n- ha ed pr ct.ion shaped particles,
constltuﬁ"éwh%af}p%raa‘l‘&?épﬂaé%eddw tﬁ'é I%ab?‘f&t L%?rhﬁ‘értlcl es of 0.6 to 3.6 m on
the surface layer. A neasurene on 100 arbitrarily extracted

proj ection-shaped particles pro HAYBLEWOGt h of 10 - 65 m a height of 6 -
120 pm and an average height/width ratio of 1.6 rojection, and a
number of proj Acsamgcswmﬁarmd@n deroyaae: jopditione as}shqsemm%wyp lerfo B CADE MENT
conducted by mrror finishing a cross section of the thermal spray film and
t a&i ng athat tlectheonal pipotyopowerogasaghengediced kW end that plupiin® powiérowithhe upper

| ayer, and 8% for the under |ayer. An observation under a polarizing

M Cr 0oSCORR a9erage ppnicls kied of SOsgmseat ¢eraplogéd.t hA tirajabspriap filmhapetheparti cl es

showed a nucleus-like part 32 in nost projection-shaped particles, thus
confirm pgepaball oh hbud peepared thermeal speasd@lm 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 Jaser
cofocal microscope. The thermal spray film had a thickness of 200 um 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 pm, a height of 6 - 120 yim 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 polished cross section of the projection-shaped particles showed a nucleus-like part
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was thermally sprayed in a state where it was nolten in a peripheral portion
and renmained unnolten-in a central portion. EXAMPLE 11 A plasma thernal
spray apparatus as shown in Fig. 8 was enployed with an argon : hydrogen
flowratio of 75 : 25 as a plasma gas 51, a thernmal spray distance 54 of
100 mm a thermal spray gun noved with a speed of 500 mmisec and a pitch of
5 mm and a supply anount of 15 g/mn for a spherical copper powder of an
average particle size of 30 tmto execute thermal spraying twice with a
power of, 20t bMjEQiocnshEp&l pattibRehhaxenfithdvk NBatRholeghubspranppedeparti cl es
on a stainless Steel base material. The base material subjected to the

t her mal rayd !wgﬁ 1rOb et i ' el @8 afoservati on,
and, af tvga? tgxﬁfnl%!” sg%&i:mr?r?ts%tﬂgq}aeﬁcd&d\r;% g}'g&{lt'eﬁ)‘g{';%]g%%}[ﬂg\éﬁg% ggﬁgbservat i on of
a surface_and [QSS: ' - _the thermal spray film under a | aser
cof ocal rﬁﬁ“&ﬁ’%%@%’é%ﬁ%ﬁ?‘%h%@k?&%%ray filmhad a thickness of 100 .tm and

showed presence of nount ai n- shapgy ' I on-shaped particles on the
surface | ayer, A measurenent onpﬁﬁwmari |y extracted projection-shaped

particles provided a width of 15 - 65 a hepght of 10 - 95 m and an
average hei ght Sﬂ’taﬁ\ﬁn sl SPIgY a?P@"‘B’éﬁgL%‘f’%é‘i #%-1% "éﬁ"fc?“h"l?ﬂfﬁ%'ltrﬂbq
projections was 1,250 projection/m®2. An observation upder a polarizing
ni cr oscoprgonn hadsgen fleadraiogds7S satas aplasmargas Sy Bjt@!mabﬁpf%gkﬁg@%art icles
showed a nucl eus-like part in nost projection-shaped particles, thus
confi rm 64 of RGO mrhea theemekspray gay npomd@ritlmspeemﬁr%ﬁlmwsspuaa@/ecpltich a state
where it was nolten in a peripheral portion and renmained unnolten in a

central ppistinay. an@AMPHEy kehoudB ofl 15| gienim fohersphérimpreappeamuardat ©f 2as shown in
Fig. 8 was enployed with a

average particle size of 30 um to execute thermal spraying twice with a power of 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 microscope. The thermal spray film had a thickness of 100
um and showed presence of mountain-shaped projection-shaped particles on the

(77 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
projectio'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 a peripheral portion and

remained unmolten in a central portion.

EXAMPLE 12
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gas flowrate of 80 SLMwhich is twice of that in Exanple 8. There were

enpl oyed an argon ; hydrogen flowratio of 90 : 10 as a plasma gas 51, a
thermal spray distance 54 of 100 mm a thermal spray gun noved with a speed
of 1,000 mmsec and a pitch of 5 nm and a supply amount of 10 g/mn for a
spherical al um num powder of an average particle size of 65 p.mto execute
thermal spraying twice with a power of 70 kWto forma surface | ayer having
proj ection-shaped particles on a stainless steel base nmaterial. The base

mat erial subj ﬁgﬁ&‘i‘né fhehA® {ﬁ%{ E@ara'i@{ 2/ URGRSFiIgUS valdteniphéyedanish g8 al | owi ng

a mcroscope observati on, fter an ultrasonic rinsing and drying,

Sub] ot e U P8 SPRYANL A0 o WAACH M A BEBRe €0 TR her

I"ase ocal™ m croscope. ermal “spray filmhad a
t hi ckness

f 150 m an howe resen f taln-s L egtion-shaped
part 1 o1 SRRV R TER o QBRI B Er ooy 1 ANd Sfad PREFE BHER W Thi h
range of 2 - 9 m on t surface | ayer. An el ectron photom c¢rograph of the
surface SPféye‘?IStﬁg“"sa%\Mf ﬂﬁ Py 8t .mﬁ FREZ% gl"ErPé%fedo‘H‘t}iéosPﬁch‘io rla(gllrol y
extracted projection-shaped partjcles provided _a width_ of 20 -, 80 m a

hei ght ehmfssc andsp piteh o amased agwprlyi ymevRt of O e4minofasra sphegicale,
projection, and a nunber of projections was 320 projection/m2. A porosity
measur ershmhinnongoetedotban aNersgerpafticle sizerod 68 1m de sxerute thermalfspraying her mal
spray filmand taking an el ectron photom crograph proved a porosity of 30 %
An obsemned with &nesveraofpdd &W b nigravi £ suseplayen havipg [prejhetibresheped sect i on of
the projection-shaped particles showed a nucl eus-like part in nost

proj ect i phiticlboped stalidesk srkldsase tmatesialconf i rming that the thernal spray powder
was thermally sprayed in a state where it was slightly nolten in a

peri pheral porth®BaseHaterlgBdubiitddahé Giermbl shrayieg wWaslcuposttintena sizé
COVPARATI VE EXAMPLE 4

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 150

pm and showed presence - of mountain-shaped projection-shaped particles,

constituted of agglomerates of fine spherical particles within a range of 2 - ¢ um, on
the surface layer. An electron photemicrograph 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, 8 height of 25 - 150 um, and an average height/width ratio of
1.8 per projection, and a pumber of projections was 320 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 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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A surface layer was forned by a thermal spraying under conditions sane as
those in Exanple 11, except that the thernmal 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 an observation of a surface and a cross section of
the thermal spray film The thernmal spray filmhad a thickness of 110 m and
showed presence of nountai n-shaped projection-shaped particles on the

surface layer. A neasure \ wWAMPLEY extracted projection-shaped
R

particles provided a wid O m and a height of 3 - 70 m per
projection, and Lt hi 0J | QN | £ 85, e were
observed fl at ﬁlﬁ':c% F'aé@r &ﬁ? ﬁ&&%ﬁgygdn@% W@%&hlygr&egn d(%?%ﬂ@l&% sgg)drﬁégaréi ty

neasur ement .cqonducted. by mrror . finishiing a cross section, of ., t her mal
spray fithass o %mntpi%ﬂ}.gg’&ﬁpahéﬁﬂ}%‘# BB PBE B8 %PS%%%I?%’%B&ési ty of 8
% An observation _under a,pol arin ng m croscope on _agopol.i shed ¢ross section
of the flhatbapamatesiadsubledpd FQH’éd ?Iﬁﬁ’l% SPIRRINE Y4 Ut QULIAEC AS1ZE HOVH& he centr al

portion. EXAMPLE 13 A plasma thermal spray apparatus as shown in Fig. 8 was
enpl oyec micréscape obsegeation, anddaefean Yltrasenigtinungenddrying subiected W asma gas 51,
a thermal spray distance 54 of 80 nm a thermal spray gun noved with a
speed ofob4@Oation sfe sarfacesandi & arissofectign pfrtheghermal smrpprfimanﬂ‘nhmthqsmalw g/ mn
for a powder formed by coating a stabilized zirconia powder of an average

parti cl esppay Glmaf halba ARickhéss o1l Ui aed showled prkerr ofamenagin-ghaped cl e si ze
of 30 minal: 1 ratio, to execute thermal spraying twce wth a power of

25 kWt %Jo%cﬂbﬁsﬁ%ﬁeﬂ%faﬁi&l@é’@ﬁ tHeasurfage Rivet €A nRaswbaeRbPY irbltgily The base
matleri al subjected to the thermal spraying was cut out into a size allow ng

b} et o e L B e . her e
spray fiLfy 79 um per projection, and, within the 100 projection-shaped particles, there
were observed flat particles with a height/width ratio of 0.2. A porosity
measurement conducted by mirror finishing a cross section of the thermal spray film
and taking an electron photomicrograph proved a porosity of 8 %. An observation
under 7& 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 ratio 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 um with an alumina powder of an
average particle size of 30 umina 1 : 1 ratie, to execute thermal spraying twice with
a 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 size

allowing a microscope observation, and, after an ultrasonic rinsing and drying,
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under a |aser cofocal mcroscope. The thermal spray filmhad a thickness of
130 m and showed presence of nountain-shaped projection-shaped particles on
the surface layer. A neasurenent on 100 arbitrarily extracted

proj ection-shaped particles provided a width of 10 - 90 pm a height of 10
- 130 m and an average height/width ratio of 1.2 per projection, and a
nunber of projections was 1,350 projection/m®2. A porosity mnmeasurenent
conducted by mrror finishing a cross section of the thermal spray film and

taking anielesls o oBAN AFAARE, PP &fbs8 secfiOh 3F Haihemat Spiky i)
eron under a po

observa arizing mcroscope on a polished cross section of
the projection-shaped. .p LGl n = |4 [N PRt

pr oj ect Vg 'i’rs‘ﬁgaﬁg °€§F?1i @Fcteréé,ioﬁﬁu:ﬂg%\ﬁrgpﬁ% ##géfﬂaﬁl? htaﬁga t?ll?lgekﬁxﬁlg%slrb spray powder
was thermally sprayed in a state where the .alum na powder.present in a
per i phertt angothawsd Bresgre ?ﬁ@?]‘rﬁ?"ﬁ%ﬁﬁ?ﬁ pP(SQJﬁ‘étﬂ"l\T\g‘fp%ﬁlpﬁlgﬁl‘%h?q gh‘i he
zirconi a powder present in a central partion of the thermal spray powder

r emai nePUiBAD| 16T,  EXAmERsuremment nokr O artitranly) gXfrarted, Pé@ﬁ%tf'q“ﬁ%‘a perty of
the sanple for a deposited substance, a silicon nitride filmwas directly
deposi t ephrticles providadpt eadtbfofB0an®? em, 8 height1d Bndlibrparnd Ry avaRgspl es 3 to
4. After evacuation to 5 x 10.5 Pa, a silicon nitride filmof a thickness
of 100 nhsigsiwidthestiaof tie peo projectione aat L, eymbenpf pydjeatioas svdsi £OH0 t ar get and
i ntroducing a mxture of argon gas and nitrogen gas up to a pressure of 03

Pa. Aft eprdidi@iohirhii?.f OANFUroey, michdiremvntr cotidacted WS miretr fingHingt o ctdse air, and,
after standing for | day, each sanple was heated for 1 hour at 600C and

subj ect egedi@naT tho ARRHh] Stay FUArand Mking QICERGrax fittorhitengegpproveciur ned to
thé roomtenperature. Peeling or particle generation was not observed at

al'l in thersRand 85 90f KxXambatidh undet 2 Palarizlify mAFBicdpe @ £ poRaeat i ve
Exanples 3 - 4 showed 36 a peeling,
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 the alumina powder present in a peripheral
portion of the thermal spray powder was molten while the zirconia powder present in
a central portior; of the thermal spray powder remained unmoiten.
EXAMPLE 14
In order to evaluate an adhering property of the sample for a deposited
(7 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 § x 10” Pa, a silicon
nitride film of a thickness of 100 pm was formed at the room 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, afier 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 Examples 3 - 4 showed
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EXAMPLE 15 Quartz bell jars prepared by the nethods of Exanples 8 to 9 and
Conparative Exanple 3 were used by nounting on a CVD filmform ng apparat us.
In shields prepared by the nmethods of Exanples 8 to 9, particles resulted
fromthe peeling of the filmshaped substance were not collected in the
apparatus even after 160 hours fromthe start of use, but, in a shield
prepared by the nethod of Conparative Exanple 3, particles by the peeling
of the fil mshaped substance were observed after 70 hours fromthe start of
use. EX%NEk 6 Shields prepared by the nmethods of Exanples 10 to 13 and
Conmpar ati‘ve anple 4 were used by nounting on a sputtering filmformng

apparatus. In shields prepared Wmﬂ? hods of Exanples 10 to 13,
particles resulted fromthe peé e fil mshaped substance were not

collected in the appalatus even fter 150, h romth sta use, but,
in a shield pr@"b"ﬁ @a%y a{%eprﬁ%atrﬁcgab Yofthe CHS?!‘B%? ?v%x@gﬁf) pgﬁ“{ icles by
t he peel ing of th%fil shaped bst ance were \ﬁg dafter 60 hours from
the st ar¢ompargtige Ex LEWE % SHAUEHG: o & jﬁ Paing: tRPeSshown i n

Fig. 8 was enployed with an : hydrogen flowratio of 95 : 5 as a

pl asma glsstalds arepaeadiy ﬂwpma%bogs of EHQEPIG& 1919, FRtichgsrresyltednizemhe spray gun
noved with a speed of 400 mmisec and a pitch of 5 nmm and a powder supply
anount opedinggifrthe filmrshaped Substapoeiwrere hotdiclivrtes iinitha apparatis eientafte1 0 wt . %)
with an average particle size of 30 m to execute thermal spraying tw ce
with a po@erhoats Zmnk\herstat dfT@el dugein @t shieldxprbpared Coymth@9méthed @fm a
surface | ayer having projection-shaped particles. In this operation, an

er gsi on Cyfmpaedtive Exafiplé Bepaticleade B pédling|oFEhé AlBRhapwSsubfaniskad as to
avai d thermal spraying,

observed after 70 hours from the start of use.
EXAMYLE 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 ofrExamples 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 methed of
Comparative Example 4, particles by the peeling of the film-shaped substance were
C 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 a 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 5
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 pm, 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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and the ITO thermal spray filmwas formed only in a non-erosion portion. The
target subjected to the thermal spraying was cut ‘out into a size allowng a
m croscope observation, and, after an ultrasonic rinsing and drying,

subj ected to an observation of a surface and a cross section of the thermnal
spray filmunder a | aser cofocal mcroscope. The thermal spray filmhad a

t hi ckness of 130 gm and showed presence of nountai n-shaped

proj ection-shaped particles on the surface |layer, A C nmeasurenent on 100
arbitrarj e ' o 1Al ' iQ\h 1 Lheth of 10 -
140 m o e O e R &8 et T Ara/ e %0, o per
projectio ' | 300 ' lon/m®2. A porosity
masureﬁ@ﬁ?hegﬂﬁ%ﬁg?@ﬁga y%{hrn%%tﬁﬁﬁdg [ gﬁzhoglr%gsslgég?ﬁﬁ}h of the thermnal
spray filmand,takin n electro hot oni ¢r ogr.a [ OV a_porosity of 24 %
An observati %m@é?ﬂi’lifg?fg% “E‘? ﬂ'{f’%ﬁ?olcsrp&yé% aﬁgﬁa‘ﬁﬁg’ﬁggﬁéﬁ a@lpg'%%é section of
the projection-shaped particles showed a nucl eus;l,i ke part in nost

proj ect i HAIGALHPE ODFAVIHA é‘é‘ﬁ a%ﬁﬁ &0 RIGIEOTHG TR NE RAd d{bﬁ%&t%ﬁﬁtﬁ? 'S# ay powder
was thermally sprayed in a state where a peripheral portion of the thernal
spray poviservatian ofml susfacomsnd @ cossgeetionap! Hhethersal seraifiegundenailaeh. EXAMVPLE
18 A plasnma thermal spray apparatus as shown in Fig. 8 was enployed with a
gas fl owesfata moikrogOosl. MTEhe thenplah spray §iis Wad 2 thickeesgofi 130 pydandgsbawed ow rati o
of 90 : 10, a thernal spray distance 54 of 125 nm a thermal spray gun
moved wi Fhsm@pﬁemoum‘ainsﬂﬁpadﬂpmecmm“ﬂ petticles & they suzfade daypowdér supply
anmpunt of 15 g/rnin for a spherical chrom um powder of an average particle

size of JRaQifermtHt OKCIOY artitieilybéxtragedapiofugtibivshiapedl particlep Pravidaf a80 kWon a
chhomumtarget to forma surface | ayer having projection-shaped particles.

In this Quaddd Q. 1460 u&{ ASHREMRATE I P10 PR, bikCan 35eragy ﬁggﬁ\g{dxﬁ Aiocdtr oni um

target was so nasked as 'to avoid thermal spraying, an
0.9 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 24 %. An
observation under a polarizing microscopg on 2 polished cross section of the
préjéction—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 2 plasma gas 51, an argon : hydrogen flow ratio of 90 :
10, a thermal spray distance 54 of 125 mm, 2 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



chromumthermal spray filmwas formed only in a non-erosion portion, The
target subjected to the thermal spraying was cut out into a size allowng a
m croscope observation, and, after an ultrasonic rinsing and drying,
subjected to an observation of a surface and a cross section of the thernma
spray filmunder a | aser cofocal mcroscope. The thermal spray filmhad a

t hi ckness of 150 m and showed presence of nountai n-shaped projection-shaped
particles, constituted of C agglonerates of fine spherical particles within

a range sﬁffa& & the ShrorMumPirdel a8 W6 hitRed AP6Ofvoid BRAS Wht . 288 thk00
arbitrarily extracted projection-shaped particles provided a wdth of 12 -

130 m a,hei.ght - rage ' 4w dth ratio of 1.1 per
pr oj ect ic&ﬁ?mlgﬁlorhgg%%g rg. ﬁ&?%gﬁﬂ@gg ?@@Ha/ggggeé%@ﬁpﬁ)ﬁhéﬁ ion/ 2. A porosi !toy

measur enent caquduct e myr I ni shing.: [ fn the thernal
spray film angﬂ'tegﬂ‘fgﬁ s"ﬁ"#c&‘{e@&bﬁﬁwﬂﬂﬁ s@ﬂ%&’?%é{aggﬁt %‘&g@é&%gk °%;l)18wcl}% ty of 22
% An observation under.a polarti zi ng._m cr.oscaope on.a.polished,, cross section
of the phBECHGOBR SEHRFRIPT, 279 AEFEE QIS HOHRE RB0 AT TR SUBEFES 9ot

| ection-sh d ticl th firm th th h I wd
NS 1 hepHaraRon (S ayHarn Sad 31cHE5S STHALOLIE RSB SBARY SO 1" 814%he | hor mal
spray powder was nolten while a central portion remained unnolten. EXAMPLE
19 A pl asofactl eicrmtopspr hedhwrmahspray fismdiad arthickness 9f 180 wasardrgbpwpdd with a
gas flowrate of 90 SLM as a plasma gas 51, an argon : hydrogen flow ratio

of 92: 8presendeheofralmamtay-shipptanpmwj&iondshd@d npartisleshercomstitwed apfgun noved
with a speed of 450 nmsec and a pitch of 3,5 mm and a powder supply
amunt ohgpBlofiefiités ¢ffinedspheridiet phitizles avithinh B yaRdeWIDS - 67t 2o thy aurfge particle
si ze of 78 m to execute thermal spraying four tinmes with a power of 70 kW
on an al yjeRUMAL afcgireinent GAMGD adBtrenlyl aeeadidl hojbeitnrdapedjpaiciesn- shaped

particles. In this operation, an erosion

provided a width of 12 - 130 um, a height of 10 - 140 pm, and an average
height/width ratio of 1.1 per projection, and 2 number of projections was 300
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
(7 thermally sprayed in a 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 51, an argon : hydrogen flow ratio of 52 : §,
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 amount 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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portion on the surface of the alum numtarget was so nasked as to avoid
thermal spraying, and the alum numthermal spray filmwas forned only in a
non-erosi on portion. Then thermal spraying was conducted four tinmes on a
surface and a lateral face of a backing plate of an oxygen-free copper,
under sane conditions as those for the al um num powder except for enpl oying
a copper-alum num m xed powder of an average particle size of 55 m thereby
form ng a surface |l ayer having projection-shaped particles. The target

subj ect gdel 0 fagé‘: %Qﬁ'hgab%o?%ﬁaﬂisH&be\ﬂ’aﬁarﬁers.OUln ithis Ooper&iote aal bRwong 2

m cr oscope obseérvatio after an ultrasonic rinsing and drying,

bj ect ed i ; ' the th I
SoPL ot B8rdol AL e RRRICL WA 80 ai Pt BF RS Al LI MeAhalt e LheT TR

aser ocal mcroscope. T hermal spray filmhad a
t hi ckness _of 180

and_sh resenc | N Laj.ecti on-shaped
particl &TaY{gnapg ¢ Ft3@'”8P8%§§§ﬁ"8%§§atye@ng§v%§£§dpﬁ%ﬁ’r@g?e g%%?ﬁsc?‘es within a
range of 2,5 to 10 m on the surface |ayer, A neasurenent on 100
ar bi t r aPPM¥PMext r act ed proj ecti on-shaped particles provided a width of 25 to
200 m a height of 16 to 130 m and an average height/width ratio of 0.8
per proj ect i orkhearthermah spsaingovasrasdaeed o yiss oBG S“ﬁ/ﬁﬁﬂ aek 3 erahe. A
porosity measurenent conducted by mrror finishing a cross section of the

t her mal faps af/a badkingpldte efkimexygan-dice copper, wivdsr same corgitigns asitbesedorn  porosity
of 12 % An observation under a polarizing mcroscope on a polished cross
secti on tht aluminpmoposader eresph presinpaying al cepperkaiwaihum mircddepesvder kfapart in
nost projection-shaped particles, thus confirning that the thermal spray

powder Waferadehgyafidle Ysig@r agest i Bma therh9 \bekiRg aapetdfpeenaler phidiagn of the
thermal spray powder was nolten while a central portion remained unnolten,
40 EXAVPpfsiettion-shaped particles.

The target subjected to the thermal spraying was cut out into 4 size allowing

a microscope observation, and, after an ultrasonic rinsing and drying, subjected to an
observation of 2 surface and a cross section of the thermal spray film under a laser
cofocal microscope. The thermal spray film had a thickness of 180 pm and showed
presence of mountain-shaped projection-shaped particles, constituted of
agglomerates of fine 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 te 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 condueted 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 unmolten,
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A high velocity spray apparatus capable of a high velocity sprayi ng was

enpl oyed 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 thermal spray distance of
140 mm a thermal spray gun noved with a speed of 500 nm sec and a pitch of
5 M and a powder supply amount of 10 g/mn for a spherical alum num
powder with an average particle size of 60 m to execute thermal spraying
four times on a surface and a lateral face of an alum numtarget and a

backing plate to forma surfacegkdAwsPLEPVI Nng proj ection-shaped particles.
In this operation, an erosion portion on the surface of the alum numtarget

ness So_ s keddfieh ok BB BRCAANG o A High VRlochy LHyaee b ol spr ay

filmwas forne nly in“a‘n osi on portion. The targ subj ected to the

t hermal spyayi,n Ute | | ' ] bservati on,
and, af ?@B{C’gﬁdt}ﬁﬁ,\g@ggﬁ%g% #54 %g%ﬁ%lagréyi %%%g&br?glc égb ﬁd@ g‘r?ggglf)gervat I on of
cof ocal PHRSENGto B VB aS ar itk K5, FHefaL S8 HistaneR ot d98imBoa™ny and
showed presence of nountai _n-shapedd gr oé)ect'on-scnaped r|c‘))§1rticl es, constituted
of tﬁgglthﬁi@laf hﬁ@@?cﬂ*mfmﬂ\éAﬂdsWHEraiiPﬁF tB eP (ﬂ) 0§e%f)§_.‘tf‘d“t_ﬁr ﬁg’?ﬂbfa:§§4 - 5.0 m
on e surface ayer. measur enment on arbitrari extracte

pr oj ect ipowdchapp,plly%amoilml e 10 pg/oin fet] aa spheticl slumpum g.fwdm wigh g ght of 25
- 240 pm and an average height/width ratio of 1.6 per projection, and a

nunber afvetage|jpastidlesize wi$S04810, topexefee thomahmitayiAg fourosnty ome astfa@nent
conducted by mrror finishing a cross section of the thermal spray filmand

t aki ng aindel Bedraloface b an aluediaghapiyepinl e dacking platestot fprmfa bfake ladar
observati on under a polarizing mcroscope on a polished cross section of

the projpRingdpreibanndshaped ipattiRtess hDyells aopatiof U sn | erédop oitidnnowakd
proj ection-shaped particles, thus confirm ng that the thermal spray powder

vwas 41 ARkl SRfMaH tdrBetavast Rt Badag 2l 1@ aA tiRRPsprRdng 4K tRE t he
t hermal spray powder
aluminum thermal spray film was formed only in a non-crosion 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 um 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 poresity 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 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
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was slightly nolten while a central portion remained unnolten. EXAMPLE 21
Targets prepared in Exanples 17 - 20 were used by nounting in a sputtering
filmform ng apparatus. In an observation of the target surface after 100
hours from the start of use, re-deposited powder was firnmy deposited on
the target surface, at such level that the powder was hardly peeled with
bare hands. COVWPARATI VE EXAMPLE 5 An I TO target prepared in the sanme manner
as in Exanple 17, except that the |ITO powder was not thernally sprayed on
t he | TQneak4Bt sppayddaaes stwesvhesed peyipheralpdition of theathemmaltsprayrppwder m f or m ng
apparatus in the sanme manner as in Exanple 21. In an observation of the
target ¢ {iphBy afolen wifle BRuriteal poRibniBRaBEdimditenuse, re-deposited powder
was peel ed from a non-erosion portion of the target, and the re-deposited
powder was scattered around theE%mmﬁorti on of the target. It should
further be apparent to those skilled 1n the art that various changes in

£ o't enadte T e R AeA SRR AR TN SRR 3 s Cope o

t he cl ai appended hereto. This | .gat,ion | Scha J e Patent

Appl i catﬁilir%rf"ﬁg‘%g?@ﬁgﬁg’gm an ?‘?ﬁeévd‘%@tomgérm%ﬁ L"f&gggg%d@a}b@g%@ga%t ent
l'icatjon No.. 2003-372755, filed Octoher,31,. 2003, the disclosures of

a/hp Pch art':éc F%o‘f‘fdﬁf’a{eégeﬁ?éﬁtﬂ Ho‘ﬁ&rr‘ﬁ?se Qﬁé’ deppsited, on the targst 9\._11‘?34:5, TIS

CLAIMED I S: 1. A conponent far vacuum apparatus conprising a ceranc

t her mal suslplexsl thatithe P@)Wﬁ%’d”’aérhaﬁﬁlf)ﬁ#@w{ﬂégﬂ&lhﬁn%er ei n projection-shaped

particles, fornmed by aggl onerates of %articles having a dianeter of 0.1 - 5
m ,are dispersed on said COMPARATIVE EXAMFPLE §

C

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 a 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-erosion portion of the target, and thg
re-deposited powder was scattered around the erosion portion of the target,

It should further be apparent to those skilled in the art that various changes
in form and detail of the invention as shown and described above may be made. It

(_ is 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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thermal spray film and the projection-shaped particles each has a wi dth of
10 - 300 gm 2. A conponent for a vacuum apparatus conprising a netallic
thermal spray filmfornmed on a base material, wherein projection-shaped
partlcles formed by aggl onerates of partlcles of a dianeter of 0.1 - 10 m
“are dispersed on said thermal spray film and the projection-shaped

parti cl SYHAER RAAIMEDES, of 10 - 300 m 3. A conponent for a vacuum
apparatus conprising a ceramc and/or netallic thermal spray filmformed on
a base material, wherein projection-shaped particles of a width of 10 - 300
m a height df A -cof@nenaniran avenaye appaaight /cmmdtikingatai O:eulmia thepmahi gher

are present withi.n a.range of 20 0 articl e/ e surf ace, of
sai d t hePH \f@rﬂ | #f 4nf? S§a|"lf‘t‘frhag>r ﬁﬁ}er?gr KPIFCHOR é? GlessifPymet 10 -
40 % 4.pyhaed &H&%@atoﬁ ?ﬁm@le‘éaﬁdﬁﬁg abdafmated Sofaggor dy mﬁh t grech@peﬁ&& omqrdel n
anot her ther mal mdifferent fromsaid thermal spray filmand having

a por osherpabspray Elw%th@pmmcmmsmmldﬁéa@ah@ amaitdelk pR10 2400 BES- d t her nal
spray film 5. A conponent for a vacuum apparatus according to any one of
claimse 3 to 4, wherein the projection-shaped particles have an average

hei ght/w dth 7 an OcdniuiienO.- fort @ &aeumﬁ g}?} POBEMpriéias a AU dRpanRat us
according to any one of clains 3 to erein the projection-shaped

parti cl espteas fdmc éprmed) Opoﬁt pase m’mah ﬁ‘élerﬂﬁnﬁtfﬂ@ﬁlon'ﬁhamdc@ﬁﬁ@lﬁént ofrgRd g
vacuum ﬁ%p%éﬂgﬁﬁlg%é ]t‘ a?te 1%:50 oy ﬂgt‘ﬁet%{ & gime fo dﬁﬁf ;a?% ncPsﬁ'g?s%Pebx? &gt the

pr oj ect apée rises naterials o tI'ng points,

and is ftﬁérﬁﬁﬁsprﬂy filifand mamm@dctlbﬂahap&drpamndsahcmhasaa widitieof heetB0Mgm. poi nt
surrounds a material of a higher nelting point. 8. A nmethod for producing a
conponent for a vacuum appar at us,

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 um and an average
height/width ratic 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 material and said thermal spray film.

5. A component for a vacuum apparatus according to any one of claims 3
to 4, wherein the projection-shaped particles have an average height/width ratio from
0.51t02.0.

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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conprising colliding a thermal spray powder conprising a ceram c and/or
metallic material in a sem-nolten state with a base material to form on a
surface thereof, a thermal spray filmcontaining projection-shaped
particles having a width of 10 - 300 m a height of 4 - 600 mand an
average height/width ratio of 0.4 or higher within a range of 20 - 20, 000
particle/ m= on the surface of said thermal spray film and having a
porosity of 10 - 40 % 9 A nethod for producing a conponent for a vacuum

appar at y$ 5. \ﬂ%?aﬁitﬁh@%cf ﬁo@cﬂen@hﬁﬂdaﬁarﬁclamﬂmp"risasaheutérﬁals o efifferents pr ay
powder in Such a manner that a material of a |lower nelting point surrounds

a mater oyl pfintd AR8'is fiRhdd AlRRIdMnandéidneio) ialridg of CloBGRIM th the
I a er na

base mater he "t spraying In such a state that the material of
the | ower.nelting, point s I ) ten while the material of the

hi gher PO rgrmb srﬁm%gn?lr?fﬁﬁ%ﬁ%ﬂtéﬁpgﬁh. sem -nolten state to form on a
surface thereaqf, t he | . spray f.ilm caontainin projection-s ed
particles of &' w W%E‘é@(ﬁ’! %r@équg o HEmJPeRSs ?‘2{ 2 ﬂ"“i“érﬁ%gﬁ%‘g’gn aver age
hei ght/width ratio_of 0,4 or higher within a,range of ,20 - 20,0({&f

parti cl esamprising, @olHging g thermal $Ey POYACT PmPrigng) cerpmio apd/op et ng
apparatus utilizing a conponent for a vacuum apparatus according to any one
of cl ai nmaterigbinGa semiamelen state With rcbase material tq formypney susfacgdhseaft&d in a PWD
process or a CVD process is deposited. 11. A plasna etching apparatus

utilizi ntheemalospponfin chutrining/projeetion-ahyped particlesduying myidth Oﬁﬂlg-éﬂ% of clains
1to6in aportion where a filmlike 44 material generated in a plasm

et c(hi ng Rapeadright df deugiirrdndan avabhge height/wiltiptationsf 004 enhighey witigar at us
utiklizing a conponent for a vacuum apparatus according to any one of clains

| to 6 i@ rang0bs 2OR 20000 0epaatifleimm? ok ehe pRFaeioflsaigiethernsd] exprayniil, pinds ma
etching process is deposited or etched.

having a porosity of 10 - 40 %,

9 A method for producing a component for a vacuum apparatus,
comprising forming a ceramic and/or metallic thermal spray powder in such a
manner that a material of a lower melting point surrounds a material of a higher
melting point, aﬁd collidiﬁg 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 unmelten or

(_ semi-molten state to form, on a surface thereof, a thermal spray film containing
projection-shaped particles 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 %,

10, A film forming apparatus utilizing a component for a 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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13, A sputtering target obtained by formng a ceramc and/or netallic
thermal spray filmon a non-erosion portion of a sputtering target materi al
constituted by a conponent for a vacuum apparatus, wherein said thernmal
spray film containing projection-shaped particles of a wwdth of 10 - 300 m
a height of 4 - 600 mand an average height/width ratio of 0.4 or higher
within a range of 20 - 20,000 particle/m®2, and having a porosity of 10 -
40 % 14. A sputtering target according to claim 13, wherein a target

mat er i almaterial pemaietdd froa plabiaz kichigg praxtess is 8Bposited puetcked. ng target according to
claim 14, wherein the non-erosion portion of the sputtering target is at

| east one por tj2on & ¢laaiacclehniag sppaciusectliziog a pomponent ofor téheadummget

material, a surface portion and a |lateral portion of the backing plate. 45
apparatus according to any one of claims 1 to 6 in a portion where a film-like
material generated in a plasma etching process is deposited or etched.

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 particles of a width of 10 - 300 pm, a height of 4 - 600
\ pm and an average height/width ratio of 0.4 or higher within a range of 20 - 20,000
particle/mmz, 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.

18, A sputtering target according to claim 14, wherein the non-erosion

portion of the sputtering target is at least 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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