
CORROSION-RESISTANT MEMBER  AND PROCESS OF PRODUCING THE SAME FIELD OF THE
INVENTION The present invention relates to a member to be used in CVD
(Chemical Vapor  Deposition) devices, plasma treatment devices (plasma
etching devices) and the like in  manufacturing semiconductors, and a
process of producing the same, In particular, the  present invention relates
to a corrosion-resistant member comprising a base material  having formed
thereon a spayed coating having high corrosion resistance to corrosive
gases or plasma, and a process of producing the same. BACKGROUND ART
Corrosive gases are frequently used for plasma etching in the manufacturing
step  of semiconductors, etc., and cleaning application of CVD devices. For
these corrosive  gases, fluorine based or chorine based gases, and the like
are used. As the fluor-ine based  bases, CF4, C2F6, C3F8, CH 31CF4, SF6, and
the like are used, and for the Cl based gases,  Cl,,, BC13, CC1A, and the
like are used. Further, it is also proposed to use BY, F2, or NF3. In
portions coming into contact with the above gases or plasma. containing the
gases, such as vessels, inner walls or pans, in which such corrosive gases
are used,  ceramics such as quartz, alumina, aluminum nitride, or metals
such as aluminum or  stainless steel are used. However, these members
involved problems such that the  member wastes away in a short period of
time, and the member causes the generation of  particles in the device. For
example, a quartz member reacts with a fluorine gas to form SiF4, which is
then sublimated, and thus wastes away. Further, in ceramic members such as
alumina or  aluminum nitride, although a fluoride of aluminum, AIF3, is
hardly sublimated, wastage  occurs by physical sputtering or the like, and
simultaneously corrosion selectively  proceeds at the grain boundary or in
pores of the member by plasma, whereby particles  generate due to dropout of
crystal particles. i As a method of solving these problems, a method is
proposed, which suppresses  the generation of particles by making the
crystal grain boundary free and simultaneously  introducing nitrogen to
improve corrosion resistance, and it is proposed to use a glass  constituted
of Si-Al-O-N elements (see, for example, rP-A-11-228172). However, to
produce such corrosion-resistant glasses, reducing atmosphere or inert
atmosphere is  required, resulting in a large scale of apparatus, and as a
result, the corrosion-resistant  



member tends to be expensive, Further, such a composition is not always
sufficient in  corrosion resistance, On the other hand, technologies for
forming a sprayed coating on the surface of a  base material protecting the
base material are known, and it may be considered to form  such a
corrosion-resistant glass on a base material by spraying or coating.
However,  according to the conventional spraying technologies, the formation
of a dense sprayed  coating containing nitrogen has been difficult, and
metals or oxide ceramics have mainly  be used in the conventional formation
of a protective film by spraying. As the prior an technologies regarding
formation of a sprayed coating containing  nitrogen, for example,. a method
of forming an amorphous layer and YAG layer by  spraying a mixed powder of
A1N, SiO2 and MgO to Si3N4, A1203 or Y203 by explosive  spraying (R, B.
Heimann, S. Thiele, L. M. Berger, M. Herrmann, M. Nebelung, B.  Wielage, T.
M. Schnick and P. Vuoristo, "Thermally Sprayed Silicon Nitride-Based
Coatings on Steel for Application in Se-,.,ere Operation Environments:
Preliminary  Results", Microstructural Science, vol. 26, 389 (1998)) a
method of forming a thermally  sprayed silicon nitride coating by explosive
spraying of 13-SiAlON and x-SWA1ONT powder  obtained by heat treating a
mixed powder of Si3N4, A1203, Zr02 and TiO2; and a method  of forming
oc-silicon nitride by plasma spraying of a mixed powder of Si3N4, A1203 and
Y2O 3 have been reported- However, since those sprayed coatings have high
melting point,  the sprayed powder which is not sufficiently melted deposits
on a base material. As a  result, bonding of mutual particles of the sprayed
coating is weak, and the number of 2 pores increases, resulting in decrease
of density. Consequently, corrosion selectively  proceeds at the grain
boundary or in pores of the member in plasma etching, whereby  particles
tend to generate due to dropout o 'I crystal particles, Further, durability
of the  sprayed coating to corrosive gases or plasma has not been
sufficient. In addition, an  apparatus used in explosion spraying is
expensive, deposition efficiency of the sprayed  coating is poor, and a
metal base material such as aluminum may deform by wind  Pressure at
explosion. Thus, the technology of producing a dense sprayed coating
containing, nitrogen  having good bonding of particles with each other and
also being provided with very high  corrosion resistance, using the
conventional spraying method has conventionally required  further
improvement, and a corrosion-resistant member which does not cause
generation  of particles due to dropout of crystal particles during plasma
etching and has good  



corrosion resistance to corrosive gases or plasma has been demanded.. As
described above, in the step of -using corrosive gases or plasma in a
semiconductor production process, there have been the problems of particle
generation  due to corrosion of a member, contamination of a product due to
such generation, gain  decrease, and the like, There has been further
problem of decrease in life of a member  due to low corrosion resistance of
the member. A vitreous corrosion-resistant member  constituted of Si-Al-O-N
elements for the purpose of suppressing this problem has beer-
proposed.However, such a member has not always sufficient in corrosion
resistance, On  the other hand, spraying with SbN4-A1203-Y-203 system is
possible, but the sprayed  coating has low density. Further, it is necessary
to solve the problem of particle  generation. SUMMARY OF THE INVENTION
According]. y, one object of the present invention is to provide a
corrosion-resistant  member comprising a base material having formed thereon
a vitreous sprayed coating  which has high corrosion resistance, causes less
generation of particles, can easily be   produced, and contains nitrogen.
Another object of the present invention is to provide a process for
producing the  corrosion-resistant member. As a result of extensive
investigations in view of the above circumstances, it has  been found that a
material comprising Si, 0, N, Group 2a element, and at least one  element
selected from the group consisting of Al; B, Zr and Ti is suitable for
spraying, a  dense sprayed coating having good bonding ofparticles with each
other can be formed by  spraying the material to a base material, and as a
result, corrosion resistance of a member  is markedly improved, and
generation of particles is less. It has further been found that a material
comprising Si, ^, N, Group 3a element,  and at least one element selected
from the group consisting of B, Zr and Ti is also suitable  for spraying,
and a dense sprayed coating having good bonding of particles with each
other can be formed by spraying the material to a base material, and as a
result, corrosion  resistance of a member is markedly improved, and
generation of particles is less. BRIEF DESCRIPTION OF THE DRAWING The
attached Figure is a view showing one example of a plasma spraying device
In the drawings, reference numerals and signs areas follows. 10: Cathode  



J.1: Anode  12: Plasma gas 13: Spraying powder (supply pot)  14: Spraying
distance 15: Base material  16: Sprayed coating  17: Power source DETAILED
DESCRIPTION OF THE INVENTION  The present invention is described in detail
below. 4 First Embodiment The first embodiment of the present invention Is
to provide a corrosion-.resistant  member comprising a base material having
formed thereon a sprayed coating, the sprayed  coating being formed on the
site of the base material to exposed to corrosive gases or  plasma and
comprising Si, 0, N, Group 2a element, and at least one element selected
from the gr-up consisting of Al, B, Zr and Ti. The group 2a element used
herein means Group 2-a element in the Periodic Table,  and specifically
means Be, M-, Ca, Sr and Ba. The sprayed coating constituting the
corrosion-resistant member of the present Invention comprises glass as the
main  component. Therefore, the sprayed coaling has low reactivity with
corrosive gases or its  plasma. Even if the sprayed Coating is reacted with
fluorine. in the corrosive _Ras, the  resulting product is a high boiling
compound which is difficult to be etched by plasma.  Thus, the sprayed
coatting has the effect to suppress etching with plasma or corrosive  gases.
The Group 2a element is preferably Me. Regarding the composition of the
corrosion-resistarit member 'In the first  embodiment, when Zr is used, it
is preferable that Zr : S1 in ratio of the number of atom's  are in a range
of from 5 :95 to 70 , '30, 0: NT in ratio of the number of atoms are in a
range  of from 99-9 : 0.1 to 60: 40, and Zr+Si: Group 2a element in ratio of
the number of atoms  are in a ran-ce of from 75 ~ 2-5 to 40 - 60, When Ti is
used, it I s preferable that T-1 .- S I in ratio of the numb er of atom s
axe in a  range of f~om 5 - 95 to 80 . 20, 0 : N in ratio of the number of
atorns are in a range of from  99-9 : 0. 1 to 60 , 40, and Ti+Sl : Group 2a
element in ratio of the number of atoms are in a  range of from 8 5 : 15 to
4 0 : 6 0. When B is used, it is preferable that D : S1 in ratio of the
number of atoms are in a  



range of fTom 5 95 to 70 :30, 0: N in ratio of the number of atoms are in a
range Of from  99.9 ~- 0, 1 to 60 40, and B+Si : Group 2a element in ratio
of the number of atoms are IT) a  range of from 8 5 , IS to 40 : 60, 5 When
A1 is used, it is preferable that A1:Si in ratio of the number of atom s are
in  a range of fro m, 0, 1 ~ 99,9 to 7 0 : 3 0, 0 - NI i ri ratio of the
nurab er of atom s are in a rang e of  from 99-9 : 01 to 60 : 40, and AI+Si
: Group 2a element in ratio of the number of atoms  are in a range of ftorn
95 -. 5 to 50 '. 50. Where Z'r, TI, B or Al is used, when the Group 2a
element is introduced as an  oxide, oxygen contained in the oxide is not
included in the above ratio.. The oorrosion-resistant member according to
the first embodiment is  characterized in that the main component of the
sprayed coating comprising Si, 0, N,  G-roup Za element, and at least one
element selected from the group consisting of Al, B,  Zr and T-1 is glass.
Glass phase comprising Si, 0, N and the &cup 2a element has  excellent
corrosion resistance, and further due To glass, does not have CrySial grain
boundary. This makes it possible to suppress generation of particles due to
dropout of the  crystal particles by corrosion at the crystal grain boundary
by corrosive gases or plasma  containing corrosive gas during etching,
Vitrification further proceeds in the glass phase  by addition of N, and
corrosion resistance of the member is further improved, The
corrosion-resistant member of the first embodiment further comprises a base
material having formed thereon a sprayed coating comprising a glass phase
which  comprises SJI, 0, N and Gro-Lip 2a element, and a crystal phase which
COMPTises at least  one selected from the gro-up consisting of Zr and Ti~
The characteristics of the glass phase  comprising SI, 0, N and aoup 2a
element are described hereiribefore. This composition  is a cutectic
composition. As a result, the sprayed coating has low melting point, and the
deposited sp.Tayed coating has a dense structure. The crystal phase
comprising at least  one selected from the group consisting of Zr and Ti has
excellent corrosion resistance,  The reason for this is that a reaction
product formed by reacting this crystal phase with  corrosive gases or
plasma containing, corrosive gas has high boilin- point, and therefore  does
not gas;lk The culectic composition includes a sprayed coating in which the
crystal phase 6 containing Zr is a cubic zly-conium 'oxide having solid
solubilized therein Grocp 2a  element oxide- The cubic, zirconium oxide
crystal phase having solid solubilized therein  



group 2a element oxide has execellent corrosion resistance, The reason for
this is that a  reaction product formed by reacting group 2a element or
zirconium in the cubic,  zirconium oxide crystal phase having solid
solubilized therein Group Za. element oxide,  with corrosive gas or plasma
containing corrosive as bzs high boiling point, and therefore  does not
gasify. The Sprayed coating of cubic zirconium oxide having solid
solubilized  therein the Group 2a clement can include a cubic zir-canium
oxide having salid  solubilized therein magnesium oxide. The
corrosion-resistant member of the first embodiment further comprises a base
material having formed thereon a sprayed coating comprising a glass phase
which  comprises SI, 0, N and Group 2a element, and a crystal phase
containing B, The  characteristics of the glass phase comprising S i, 0~ N
and Group 2 a element ale described  hereinbefo-re. This composition is a
eutectic composition. As a result, the sprayed  coating has low melting
point, and The deposited sprayed coating has a dense structure- Example of
this crystal phase is boron nitride. Second Embodiment The second embodiment
of the present invention is to provide a  corrosion-resistant member
comprising a base material having formed thereon ,- sprayed  coating, the
sprayed coating being formed on the site of the base material to exposed to
corrosive gases or plasma and comprising S1, 0, N, Group 3a element, and .11
least one  element selected from the group consisting of B, Zr and Ti. The
Group 3 a element used herein means Group 3 a element i n th e Periodic
Table,  and specifically means Sc, Y znd lanthanoid element. The material
containing Group 3a  tP element, Zr and Ti has low reactivity wiTh corrosive
-ases or its plasma. Even If the  spiayed coating is reacted with fluorine
in the corrosive gas, the resulting product is a  high boiling, compound-
Thu~, the sprayed coating has the effect to suppress erching with 7 plasma
or corrosive gases. Regarding the concerntration of each component in the
corrosion-resistant  Reg I member in the second embodiment, when Zr and/or
Ti are used, it is preferable that the  concentration of the Group 3 a
element is in a range of 10-78 atomic %, the concentration  of S 1 is in a
range of 20- 9 9 atorni c %, and tb e co ncentration of Zr and /or Ti i s in
a range of  2-70 atomic The concentration of nitrogen in the
corrosion-resistant member is  



preferably in a raTige of 0. 0 1- 15 wt%. Whe n 13 i s u sed, it Is
preferable e that B : S i in ratl o of the numb er of noms are in a  ra.n ge
of fro m 5 9 5 to 7 0 : 3 0, 0 - N in 'rati o of the numb er of atoms a-re
in a range of ftorn  9 9.9 : 0, 1 to 60 4 0, and B+S1 : GToup 3 a element In
ratio of the nu rnb er of atoms are in a  range of fto m, 8 5 : 15 to 4 0 6
60, In this ca se, when the Group 3 a element is I ntroduced as  an oxide,
oxygen contained in the oxide is not included in the above ratio, The
corTosion-rcsistant member according to the second embodiment is
charactcrize,d in that the main component of the sprayed coating comprising
Si, 0, N,  C-TToup 3a element, and at least one element selected from the
group consisting of B, Zr  and Ti I's glass. Class phase comprising Si, 0, N
and the Group 3a element has excellent  corrosion resistance, and further
due to glass ,does not have crystal grain boundary. This  makes it possible
to sup press generation of p. art- cl es du e to dropmit of the crystal
particl es  by corrosion at the crystal grain boundary by corrosive gases or
plasma containing  corrosive 9 gas during etching. Vitrification further
proceeds in the glass phase by addition  of N, and corrosion resistance of
the member is further improved.. The corro si on-resi slant member of the
second embodiment further comprises a  base material having formed thereon a
sprayed coating comprising a glass phase which  Comprises Si, 0, N and Group
3a element, and a crysial phase which comprises at least  one selected f~oin
the group consisting of Zr and L, The characteristics of the glass phase
comprising Si, 0, N and Group 3a element are described hereinbefore, This
composition  is a eutectic composition, As a result, the sprayed coating has
low melting- point, and the 8 deposited sprayed coating has a dense
structure. The crystal phase comprising at least  one selected from the
group consisting ofZr and Ti has excellent corrosion resistance.  The reason
for this is that a reaction product formed by reacting this crystal phase
with  corrosive gas Or plasma containing corrosive gas has high boiling
point, and therefore  1P does not gasify. The eutectic composition includes
a sprayed coating in which the crystal phase  containing Zr is a cubic
zirconium oxide having solid solubilized therin Group Sa  element oxide. The
cubic zirconium oxide crystal phase having solid solubilized therein  Group
3a element oxide has excellent corrosion resistance. The reason for this is
tliat a  reaction product formed by reacting GFoup 3a element or zirconium
in the cubic  



zircon~ium oxide crystal phase having solid solubilized therein Group 3a
element oxide, with corrosive gas or plasma containing corrosive as has hi 3
I gh boiling point, and therefore  does not gasify. The sprayed coating of
cubic ilrconlurn oxide using the C'Tcup 3a  element can include a cubic
zirconium oxide having solid sol-ubilized therein yttrjurn  oxide. The
corrosion-resistant member of the second embodiment f~rther comprises. a
base material having formed thereon a sp-rayed coating comprising a glass
phase which  comprises Si, 0, NT and Group 3a element, and a crystal phase
containing B. The  characteri sti cs of the gl ass phase comprising Si, O, N
and Group 3a element are described  hereinbefore. This composition Is a
eutectic composition. As a result, the sprayed  coating has low melting
point, and the depo5ited sprayed coating has a dense structure.  Example of
this crystal phase is boron nitride. Third Embodiment The production process
of the corrosion-resistant member according to the first  and second
embodiments is described below as the third embodiment. The
corrosion-resistant member can be produced by forming a corrosion-resistant
sprayed coating on a base material by spraying, 9 The spraying method used
is preferably a plasma spray, The Figure shows a  general plasma spraying
device. The plasma spraying device functions as follows.  Plasma gas 12
flown between an anode l I and a cathode 12 causes arc discharge to form  a
plasma jet. The plasma jet is used as a heat source to melt a spraying
powder 1'J, The  molten spraying powder strikes a. base material 15 and
deposits thereon. The plasma spraying device can use an inert gas such as
ltirz or Ar, reducing gas  such as H2, or a mixed gas of those, as a plasma
gas. Where a nitrogen-containing  substance is sprayed, if a plasma gas
contains oxygen, decomposition occurs during  spraying, and nitrogen
disappears from the sprayed coating, resulting in deterioration of
corrosion resistance- Therefore, an inert gas or reducing gas should be used
as a plasma  gas. Flow rate of the spraying gas is preferably 50 SLM
(Standard Littler per Minute) or  higher. Content of nitrogen in the sprayed
coating is measured as follows, Surface of the  sprayed coating is subjected
to fluorescent X-ray analysis or EPMA analysis, or nitrogen  analyzer is
used, in which a small amount of the sprayed coating cut off is heat
decomposed, and nitrogen gas generated is subjected to thermal conductivity



measurement, Other than the plasma spraying method, the sprayed coating of
the present  invention can be produced by general spraying methods such as a
flame spray or a high  velocity flame spray. In this case, the sprayed
coating can he formed under the general  flame spraying conditions, but the
spraying is preferably conducted with flame under  reducing atmosphere in
which a fuel is excess to oxygen or the like. In the spray of the present
invention, spraying power applied in spraying a spray  flame to a base
material varies depending on a device used- For example, where the  plasma
spraying device as shown in the Figure is -used, the condition can be
exemplified  that a spraying power is 20 kW or higher When producing the
corrosion-resistant member, a spray distance that is a  distance between a
tip of spray gun and a base material under ordinary pressure is l0
preferably 40-150 mrn, Where the distance exceeds ISO mm. a bast material is
cooled  until depositing a spraying, material on a base material, and a
sprayed coating may not be  deposited on the base material, On the other
hand, where the distance -is shorter than 40  min, both the temperature of a
base material and the temperature of a sprayed coating rise,  nitrogen
disappears by decomposition of a nitride that is a spraying material, and
Corrosion resistance may deteriorate, Spraying material used in the present
invention has a composition comprising Si,  0, NT, Group 2a element, and at
least one selected from the group consisting of.AJ, B, Zr  and Ti, or a.
co-oposhion comprising Si, 0, N, Group 3a element, and at least one selected
from the group consisting of D, Zr and Tim The spraying material is
preferably used in a  form of powder. Such a spraying material Ims, for
example, a granullar mixture comprising  silica, silicon nitride, Group 2a
element oxide, and zirconia, and can be prepared by, for  exampl e, mixing a
powder comprising silica, sil I con nitrid e, Uroup 2a el ement exi d e, and
Z'Tr-on~a in prescribed proportions, sintering or melting the resulting
mixture in reducing  atmosphere under pressure or atmospheric pressure to
prepare an ingot, and pulverizinla  the ingot. The spraying material can
also be prepared by, for example, a method of  preparing a slurry of a mixed
powder containing silica, silic~on nitride, G-roup 2a element  oxide, and
z)yconia, spray drying the resulting mixed slurry to prepare a granule, and
sinte-ring the granule. In the above method, a binder such as an acrylic
binder may be  added, if required and necessary. Particle diameter of the
stasting powdex used in the spraying is not particularly  



limited. It is preferable for the starting powder to have an average
particle diameter  (secondary part) cl e d iam eler) of 10- 100 ~Lm. Miere
the average diameter is s mail er than  10 gm, the staning powder itself
does not have sufficient flowability, and as a result, it  may be difficult
to uniformly supply The starling powder to a spraying flame, On the other
hand, where the average diameter is larger than 100 4m, spraying particles
are not melted  u-niformly, and as a Tesult, the sprayed coating obtained
may have poor adhesion to a base I I material.  The base material used in
the persent invention 'is not particularly limited, Examples of the base
material Mcliide heat-resistaiit -lasses such as quartz glass, metals  such
as aluminum or stainless steel, ceramics such a-s alumina or mullite, and
resins Such  as polvimide or polycarbonate. Surface of the base material
used has a surface roughness Ra of preferably 1-50  ~im, more preferably 1-
15 4rn, When the base material has a surface roughness of 1-5 0  ~irn,
adhesion between the base material and the sprayed coating is further in,
proved.  Where the surface roughness is smaller thm I ~Lm, the sprayed
coating may separate from  the base material, making it difficult to
uniformly applying a corrosion-resistant glass  -prayed coating to the base
material, On the other hand, where the s-urface roughness  exceeds 50 ~irn,
it may be difficult to make the surface of the, sprayed coating smooth,
making it difficult to suppress etching by plasma or corrosive gas, Examples
of the  method of forming a surface roughness of 1-50 ~im an Lhe base
material surface include a  method of forming a "raved coating having such a
surface roughness, a method of blast  treating the base material, and a
method of conducting a blast treatment and a chemical  ~,etching by, for
example, hydrofluoric acid Thickness of the sprayed coating of the
corrosion-iesistant member is no,  particulaily limited. The thickness -is
preferably 0.01-3 mm, more preferablv 0,01-0.5  rnrn. Where the thickness of
the sprayed coating exceeds 3 mm, cracks or peeling of the  sprayed c_Qating
may occur due to the difference in a coefficient of thermal expansion
between such a sprayed coating and the base material. On the other hand,
where the  thlcknes5 is smaller than O~01 rnm, such a sprayed coating may be
not sufficient as a  protective. film. Thickness of the sprayed coating can
be confirmed by, for example,  observing a CTOSS Section of the member with
a microscope, or subjecting the cross  sect i on of m emb er to a
compositional a nalysi s of structural elements with EPMA (X-ray  analyzer)
. 



,has a surface roughness Ra of preferably 0.01-10 ~L MOTe  The sprayed
coating M preferably 9 [irn or smaller. Where the surface. smoothness of the
sprayed coatingliS Poor  and rough, projection-shaped portions,
particular-ly edges, formed oD the sprayed coating  surface are selectively
etched with plasma or corrosive gases, and particles are liable to
generate. Particles are liable to generaie with increasing roughness of the
surface, This can  be evalaated by polishing the sui-face of the spiaved
coating, plasma etching the polished  surface, and measuring a surface
roughness Ra before and after plasma etching. )AIhere  difference in Ra
before and after plasma etching is large, the surface is roughened by
etching, and it is therefore presurried that many particles generate, In
forming the sprayed coating, the spraying is preferab-ly conducted after
previously pre-heating the surface of the base material. Previous
pie-heating is effective  to prevent breakage o fthe base material due to
thermal shock in spraying, and to obtain a  corrosiori-resistant member
having high adhesion, The pre-heating temperature varies  depending on the
kind of the base material used. In the case of a quartz glass base
material, the pre-heating temperature is preferably 100-NO'C, in the case of
an  aluminum base material, the pre-heatincr temperature is preferably
50-500'C, and in the  case of a resin base material, the PTC-heatmg
temperature is preferably 50-200'C. Where the pre-heating temperature is too
high, nitrogen in the sprayed coating  decomposed, which is not preferable..
The pre-hcal4i~- is conducted such that a base  material is heated with an
external heater, or a base material is irradiated with a spraying  flame
without supplying a raw material. The pre-heating temperature can be
measured,  for example, with a thermocouple from the back surface of the
base material, or  non-contact radiation type thermometer. In producing the
corrosion-resistant member of the present invention, the base  material
temperature is preferably 100-800'C in the case of a plasma spraying using
an  inert ga-S Or a reducing gas under atmospheric pressure. Altbough
depending on the kind '13 of the base material used, the base material
temperature is preferably 50-800C in the  case of glass or ceramic base
material. Where the base material temperature is lower than  50C, the
spraying material is cooled when depositing the same on the base materi al,
and  the quality of the sprayed coating on the base material may
deteriorate, On the other hand,  



where the base material temperature is higher than 800C, nitrogen disappears
by  decomposition of a nitride which. is a spraying material, and corrosion
resistance may  deteriorate. In the case of a resin base material, the base
material temperature is  preferably 50-300C, although varying depending on
the kind of resin used. The corrosion-resistant member according to the
present invention can be used in  vessels or parts of film-forming devices
or plasma treatment devices. With respect to a  method of using the
corrosion-resistant member, the corrosion resistant material, can be  used
in a site contacting with a corrosive gas or plasma in these devices. More
specifically, it can be used as a ring-like focus ring ar a bell-jar. The
film-forming device as referred to herein includes, for example, a CVD
(chemical vapor deposition) device and a P'VD (physical vapor deposition)
device. It is  general to clean up reaction tubes, bell jars, and the like
with a fluorine based gas after the  use. In this case, there were
encountered problems such as corrosion due to the cleaning  and the
generation of particles caused thereby. However, using the corrosion
resistant  member of the present invention can overcome those problems. The
plasma treatment device as referred to herein includes, for example, a
plasma  etching device and a plasma cleaning device, and means a device of
exposing an article  placed in the device to plasma, thereby peeling or
cleaning up the surface of the article.  Since etching with fluorine based
plasma is carried out in ring-like focus rings or bell jars,  etc., of these
devices, the generation of particles gave rise the problem in a site where a
par, in the device contacts with a corrosive gas or plasma. Similarly, even
in this case,  when the corrosion resistant member of the present invention
is used, it is difficult to be  corroded and the generation of particles can
be decreased, 14 The corrosion-resistant mernber according to the present
invention has high  corrosion resistance and involves less generation of
particles. Therefore, when the  member is used in devices a corrosive gas or
plasma, such as CVD device or plasina  treatment device, a product can be
prevented form contamination, and continuous  operation is possible with
high product gain The present invention is described in more detail by
reference to the following  Examples, but it should b e -understood that the
invention is not construed as being limited  1hereto. EXAMPLES I TO.3  1)
Preparation of base material to be spi-ayed 



Qua,rtz glass \vas blast treated to have a surface roughness (Ra) Of 6 ~Im.
'A he  quartz glass was further treated with.24% hydrofluoric acid for I
hour to have a surface  roughn e s s (Ra) a f 10 prn- Thu s, a qu artz glass
base material was obtained 2) Preparation of raw material powder for
spraying Silicon nitride, alumina, silica ancl ai oxide of the Tesp=tive
Group 2a element  shown in Table I were mixed to obtain a powder havlr~g the
respective formulation sho-""'n  in Table 1, A binder was added to each
powder. The resulting each powder was spray  dried to obtain the respective
granulu powder having an average particle diameter of 50  ~im. The powder
was subjected to dewaxing at 500"C for 2 hours, and then sintered at
1,300'C for 2 hours to obtain a sintered powder having an average particle
diameter o'L50  ~Lni. 11) Formation of spraye6 coating Using the base
material prepared in 1) above, nitrogen and hydrogen were flown  as plasma
gases at a iate of 40 SLINI and 12 SLIM, respectively, using a plasma
spraying  device as shown In Fig. 1, and a spraying gun was moved at a rate
of 400 mm./sec while  adjusting a sprayin 0 _g disiance to 60 mm to form
plasma with a power of 30 kW, thereby  pre-heating the base material without
supplying a raw, material powder. ~ 5 Each of the raw material powders as
prepared in 2) above was sprayed five times  at a supply rate of 15 g!min
while moving a spraying gun at a rate of 400 mm-ftlsec, a pitch  of 4 mm and
a spraying distance of 60 mm, to form a sprayed coating. 4) Performance
evaluation Measurement tests were conducted to each sprayed coating formed
in 3) above on  surface roughness (Ra) by a contact-type surface roughness
tester, confirmation of  vitrification by X-ray diffractometry, and etching
rate and amount of particles when  exposed to a plasma containing a
fluorine-based gas. The etching conditions were that  the pressure in a
reaction treatment chamber was adjusted at 1 Torr, a CFa gas was used as
the reaction gas, and a high-frequency electric power of 300 W was applied
between  electrode plates, to generate plasma. The etching thickness was
measured using a level  difference measurement method, and the particle
generation was evaluated by observing  particulate substances on the surface
of the corrosion-resistant member by a scanning  electron microscope. The
results on surface roughness (Ra), etching rate and amount of  particles
were shown in Table 1 - All of the corrosion-resistant members had a low  



etching rate as 0.2 pm/hr or smaller, was excellent in corrosion resistance,
and was less in  the particle generation. Further, vitrification of all
sprayed coatings were confirmed by  X-ray diffractometry. EXAMLES 4 TO 7  5)
Preparation of base material to be sprayed Quartz glass was blast treated to
have a surface roughness (Ra) of 5 ~tm, The  quartz glass was further
treated with 24% hydrofluoric acid for 1 hour to have a surface  roughness
(Ra) of 10 km. Thus, a quartz glass base material was obtained. 6)
Preparation of raw material powder for spraying Silicon nitride, silica, an
oxide of the respective Group 3a element shown in Table  2, and zirconia or
titania were mixed to obtain a powder having the respective  formulation
shown in Table 2. Abinder was added to each powder. The resulting each 16
powder was spray dried to obtain the respective granular powder having an
average  particle diameter of 50 }.rm. The powder was subjected to dewaxing
at 500C for 2 hours,  and then sintered at 1,200C for 2 hours to obtain a
sintered powder having an average  particle diameter of 50 rn. 7) Formation
of sprayed coating The base material prepared in 5) above was pre-heated in
the same manner as in 3) above, Each of the raw material powders as prepared
in 6) above was sprayed fifteen  times at a supply rate of 7 g/min while
moving a spraying gun at a rate of 400 mmisec, a  pitch of 4 mm and a
spraying distance of 60 man, to form a sprayed coating. 8) Performance
evaluation Each sprayed coating having the respective composition obtained
in 7) above was  evaluated on measurement of surface roughness (Ra) by a
contact-type surface roughness  tester, confirmation of a constituent phase
by X-ray difFractometry, measurement of  porosity by S.M observation of a
cross-section, measurement of nitrogen content by  measurement of thermal
conductivity of nitrogen generated after decomposing a cut  sprayed coating
in a furnace, etching rate and amount of particles when exposed to a  plasma
containing a fluorine-based gas, and peelability of a sprayed coating by
dipping in  10% hydrofluoric acid for l hour The etching conditions were
that the pressure in a reaction treatment chamber was  adjusted at 1 Tor', a
CF4 gas was used as the reaction gas, and a high-frequency electric  



power of 3 00 W was applied between electrode plates, to generate plasma.
The sprayed  coating surface to be etched was polished to have Ra of 0.l ~im
or smaller. The etching  thickness was measured using a level difference
measurement method, and the particle generation was evaluated by observing
the surface of a quartz glass placed adjacent a test  sample when etching.
The results on surface roughness (Ra), constituent phase, porosity,
nitrogen content, etching rate and amount of particles are shown in Table 2.
All of the 17 corrosion-resistant members were dense, had a ]ow etching rate
as 0.1 mlhr or smaller,  was excellent in corrosion resistance, and was less
in the particle generation. Further, all  of the sprayed coating maintained
adhesion without peeling the coating even by dipping  in hydrofluoric acid.
EXAMPLES 8 TO 29  9) Preparation of raw material powder for spraying A
compound selected from an oxide of the respective Group 2a/3a element shown
in Table 3, zirconia, titanic and boric acid; silica and silicon nitride
were mixed to obtain a  powder having the respective formulation shown in
Table 3. A binder was added to each  powder. The resulting each powder was
spray dried to obtain the respective granular  powder having an average
particle diameter of 50 nz. The powder was subjected to  dewaxing at 500C
for 2 hours, and then sintered at 1,200C for 2 hours to obtain a  sintered
powder having an average particle diameter of 50 p.m. Separately, a compound
selected from an oxide of the respective Group 2a/3a  element shown in Table
3, zirconia and titania, silica and boron nitride were mixed to  obtain a
powder having the respective formulation shown in Table 3. A binder was
added  to each powder. The resulting each powder was spray dried to obtain
the respective  granular powder having an average particle diameter of 50 m.
The powder was  subjected to dewaxing at 500C for 2 hours, and then sintered
at 1,200C for 2 hours to  obtain a sintered powder having an average
particle diameter of 50 m. 10) Formation of corrosion-resistant glass
sprayed coating The base material prepared in 5) above wes pre-heated in the
same manner as in 3) above. Each of the raw material powders as prepared in
9) above was sprayed fifteen  times at a supply rate of 7 g/min while moving
a spraying gun at a rate of 400 min/sec, a  pitch of 4 mm and a spraying
distance of 60 mm, to form a sprayed coating, 11) Performance evaluation 



1.8 Each sprayed coating having the respective composition obtained in 10)
above  was evaluated on measurement of surface roughness (Ra) by a
contact-type surface roughness tester, confirmation of a constituent phase
by X-ray diffractometry,  confirmation of glass phase, measurement of
porosity by SEM observation of a  cross-section, measurement of nitrogen
content by measurement of thermal conductivity  of nitrogen generated after
decomposing a cut sprayed coating in a furnace, and etching  rate and amount
of particles when exposed to a plasma containing a fluorine-based gas.  The
evaluation conditions were the same as in S) above. The results obtained are
shown  in Table 3. All of the corrosion-resistant members were dense, had a
low etching rate as  0,1 .irnlhr or smaller, was excellent in corrosion
resistance, and was less in the particle  generation. COi'4'XPARATIVE
EXAMPLES I TO 3 Using each raw material for spraying having the respective
formulation shown in  Table 1, each sprayed coating was formed in the same
manners as in 1) to 3) above, and  the performance evaluation was made in
the same manner as in 4) above, The member obtained in Comparative Example I
was confirmed to be glass.  However, the etching rate was large as compared
with that of the corrosion-resistant  members of the Examples, and thus the
menber had poor corrosion resistance. The member obtained in Comparative
Example 2 has large etching rate as  compared with that of the.
corrosion-resistant members of the Examples. Further, the  member was not
vitreous. Therefore, as compared with the corrosion-resistant members  of
the Examples, the amount of particles generated was large, and corrosion
resistance  was poor. Y203 sprayed coating obtained in Comparative Example 3
had low etching rate,  but as compared with the vitreous corrosion-resistant
members of the Examples,  generation of particles was large, COMPARATIVE
EXAMPLES 4 TO 7 19 Using each raw material for spraying having the
respective formulation shown in  Table 2, each sprayed coating was formed in
the same manners as in 5) to 7) above, and  the performance evaluation was
made in the same manner as in 8) above. The member obtained in Comparative
Example: 4 was confirmed that the  constituent phase was glass. However, the
etching rate was large as compared with that  



of the corrosion-resistant members of the Examples, and thus the member had
poor  corrosion resistance. Porosity and Ra after etching were large, and
particles generate in  etching for a long period of time. The alumina
sintered body in Comparative Example S and the sprayed coating in
Comparative Example 6 had a large etching rate, and generation of particles
was large, as  compared with those of the corrosion-resistan-it members of
the Examples. further, in the  alumina sprayed coating, a gap was observed
between the base material and the sprayed  coating in a dipping test with
hydrofluoric acid. The quartz glass base material without a
corrosion-resistant member in Comparative Example 7 was that an etching rate
was large  as 6 and thus a corrosion resistance was poor COMPARATIVE
EXAMPLES 8 TO 10 Using each raw material for spraying having the respective
'formulation shown in  Table 3, each sprayed coating was formed in the same
manners as in 9) to 10) above, and  the performance evaluation was made in
the same manner as in 11) above. In the member of Comparative Example 8
using granulated magnesium oxide  powder, the etching rate was large as
compared with that of the corrosion-resistant  members of the Examples, and
particles generated in large amount. In the member of  Comparative Example 9
using the commercially available partially stabilized zirconia  powder for
spraying, the etching rate was large as compared with that of the
corrosion-resistant members of the Examples, and particles generated in
large amount. In  the member of Comparative Example 10 using a raw material
powder for spraying  prepared from silica, zirconium and magnesium powders
in the formulation shown in 20 Table 3, the etching rate was as compared
with  that of the corrosion-resistance  members of the Examples, and
particles generated in large amount  21 tK~caecN GJ ~ACf; Z' tC rC E rEcct[~
cryrr ~rrr-;] 
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cd ^CAENN_ U VaDLn C y0017,4tI       tlJNO] WCJ4J60. C] . _ eG Rttito
cpedtim  24 TABLE 3 Raw material component cosnpositiomm Nitride usedCoating
Re of ratio in number of atoms)thicknesssprayed Si:(clement)ONSi+(element):
(mm)coating 2z)3a(element(}!m Example 850:17 Zr86:142:1 MSilicon nitride0313
- 58:8 Zr86:142:1 MSilicon nitride0.293 Exam le 9 Example
104&7(L86:1410:9Silicon nitride0,24 Example 1139:13 Zr86:1410.9(Mg)Silicon
nitride0.263 Example 1233:33 Zr86:142:1 MQSilicon nitride0,333 Exam le
1350:17(Ti)86.142:I(MSilicon nitride0.303 Exam le 1450:50 i86:1473(MsSilicon
nitride0.303 Exam le 1575:25 Ti86:141:1 MgSilicon nitride0.263 



Example 1650:17 B86:142:1(MBoron nitride0.353 Ex= plc
1725:75(p)86:143:2(Iv1Boron nitride0,274 Example 1875:25(p)-86:141:1Boron
nitride0.293 Example 1933:13(Zr86:141:1(Silicon nitride0.253 Example 2060:20
Zr86:144:1 YSilicon nitride0.344 Example 2133:33(Zr86:142:1(YSilicon
nitride0.s14 Exam le 2258:8 Zr86:142:1 YSilicon nitride0.274 Exam le
2325:75'Zr86:141:1Silicon nitride0.274 Example 2475:25(Ti)86:144:1 YSilicon
nitride0.365 Exam le 2550:50 Ti)86:1470:30'Silicon nitride0.263 Example 261
75:25 i86:141;11 YSilicon nitride0.295 Example 2750:5086:142:1 YBoron
nitride0.303 Example 2850:50(B)86:147:3(y)Boron nitride0.304 Example
2975:2586:141:1 YBoron nitride0.283 Comparative MgO sprayed  -Example 8 - -
coating -0.36 6 Comparative 0:100(Zr)300:097:3(Y)0.306 Exam Ie 9 Comparative
i 50:17(Zr) 100:02:1(Mg)-0.366 Exam le 10 25 TAI3LE 3 (Cont'd) Constituent
phaseporosity'NitrogenEtching (/offContent inrate Sprayed coating(rns1 ) 



D:N ratio Example 8c-ZrC7 (MgO solid solution)696.8:3,20.04 M9SiO3 Glass
.Example, 9Glass397.1:2.90.03 Exam le 10Glass97.2:2.80.02 Example 11c-Zr02
(MgO solid solution)696.5:3.50.03 MgS1O3 Glass Example 12Glassi96.1:3.90.02
c-Zr0 MMi O solid solution Example 13Glass497.9:2,10.04 Example
14Glass398.2:1.80.04 M Ti 03 -Example 15Glass397.5:2.50.03 Ex :mplc
16Glass396.7:3,30,04 Example 17Glass598.4:1.60,09 BN Example
ISGlass395.4:4.60.03 Example 19Glass399.9:0.10.03 c.Zr0 (YO solid solution
Example 20Glass897.8:2.20.06 c-Zr0 Y^O- solid solution Example
21Glass799.6:0.40.02 ^-Z_r0 Y O: solid solution) Exam le
22Glass598,1:1.90.03 Example 23Glass1498.4:1,60.05 c-ZrOi Y2O; solid
solution Example 24Glass998.9:1.10.06 Y TiO~ Example 25Glass6 99.2:0.80.04 Y
TiOs Example 26Glass899,3:0.70.03 Y2Ti^ 



Example 27Glass296,1:3.90.03 BN Example 28Glass395.9:4.10.03 BN Example
29Glass494.5:5.50.04 ComparativeMgO10-0.21 Example 9 Comparativet-Zr02 (Y203
solid solution)'l-0.24 Example 9 Comparativec-ZrO2 (MgO solid
solution)100,25 Example 10MgSiO3 Glass 26 TALE 3 (Cons' d) Particle Re
before Re after (large, medium, etching etching small(F:m,:.m` Exam le
8Small0.030.05 Example 9Small0.040.06 Example 10Small0.020.02 Example
11Small0,020.02 Example 12Small0, 020.02. Example 13Small0.030.04 Exam le
14Small0.020.04 Example 15Small0.030.04 Example 16Small0.030.04 Exam le
17Small0.040.08 Example 18Small0.020.03 Example 19Small0.030.03 Exam le
20Small0.070.10 



Exam le 21Small0,100.12 Exam le 22Small0.060.08 Example 23Medium0.08013
Example 24Small0.060,10 Example 25Small0.030.05 Example 26Small0.040.05
Example 27Small0.020.04 Example 28Small0.030.05 Example, 29Small0.030,05
Comparative Large0.160.20 Example 8 Comparative Large0.100.24 Example 9
Comparative Large0.130.18 .Exam lc 10 It should further be apparent to ,hose
skilled in the an that various changes inform  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. 2004-85007 filed
March 23, 2004, and Japanese Patent Application No. 2004-287477 filed
September 30,  2004, the disclosures of which are incorporated herein by
reference in their entireties. 27 WHAT IS CLAIMED IS: 1. A
corrosion-resistant member comprising a base material having formed  thereon
a sprayed coating, the sprayed coating being formed on the site of the base
material to be exposed to corrosive gases or plasma and comprising Si, 0, N,
Group 2a  element, and at least one element selected from the group
consisting of Al, B, Zr and Ti. 2. The corrosion-resistant member as claimed
in claim 1, wherein the sprayed  coating comprises Si, 0, N, Group 2a
element, and Al. 3. The corrosion-resistant member as claimed in claim 1,
wherein the sprayed  coating comprises Si, 0, N, Group 2a element, and B. 



4. The corrosion-resistant member as claimed in claim 1, wherein the sprayed
coating comprises Si, 0, N, Group 2a element, and Zr. 5. The
corrosion-resistant member as claimed in claim 1, wherein the sprayed
coating comprises Si, 0, N, Group 2a element, and Ti. 6. A
corrosion-resistant member comprising a base material having formed  thereon
a sprayed coating, the sprayed coating being formed on the site of the base
material to be exposed to corrosive gases or plasma and comprising Si, 0, N,
Group 3a  element, and at least one element selected from the group
consisting of B, Zr and Ti. 7. The corrosion-resistant member as claimed in
claim 6, wherein the sprayed  coating comprises Si, 0, N, Group 3a element,
and B. S. The corrosion-resistant Tnember as claimed in claim 6, wherein the
sprayed  coating comprises Si, 0, N, Group 3a element, and Zr. 9. The
corrosion-resistant member as claimed in claim 6, wherein the sprayed
coating cam, prises Si, 0, N, Group 3a element, and Ti. 10. The
corrosion-resistant member as claimed in claim 1, wherein the sprayed
coating comprises a glass as the main component. 11, The corrosion-resistant
member as claimed in claim 6, wherein the sprayed  coating comprises a glass
as the main component. 4 8 12, The corrosion-resistant member as claimed in
claim 1, wherein the sprayed  coating comprises a glass phase comprising Si,
0, N, Group 2a element, and a crystal  phase comprising at least one
selected from the group consisting of Zr and Ti 1 3. The corrosion-resistant
member as claimed in claim 6, wherein the sprayed  coating comprises a glass
phase comprising Si, 0, I NT, Group 3a element, and a crystal  phase
comprising at least one selected from the group consisting of Zr and Ti, 14,
The corrosion-resistant member as claimed in claim 12, wherein the crystal
phase is cubic zirconium oxide having solid solubilized therein an oxide of
Group 2a  element. 15. The corrosion-resistant member as claimed in claim
13, wherein the crystal  phase is cubic zirconium oxide having solid
solubilized therein an oxide of Group 3a  element. 16, The
corrosion-resistant member as claimed in claim 1, having a composition  that
Zr: Si in ratio of the number of atoms are in a range of from 5 : 95 to 70:
30, 0 : N in  ratio of the number of atoms are in a range of from 99.9: 0.1
to 60:40, and Zj-+Si : Group  



2a element in ratio of the number of atoms are in a range of from 75 : 25 to
40 : 60, 17, The corrosion-resistant member as claimed in claim 1, having a
composition  that Ti : Si in ratio of the number of atoms are in a range of
from 5 : 95 to 80 : 20, 0 ; h in  ratio of the number of atoms are in a
range of from 99.9: 0.1 to 60: 40, and Ti+Si : Group  2a element in ratio of
the number of atoms are in a range of from 85 : 15 to 40 : 60, 18_ The
corrosion-resistant member as claimed in claim 1, having a composition  that
B ; Si in ratio of the number of atoms are in a range offrom 5 : 95 to 70 :
30, 0 : Nin  ratio of the number of atoms are in a range of from 99.9: 0.1
to 60 : 40, and B+Si : Group  2a element in ratio of the number of atoms are
in a range of from 85 : 15 to 40 : 60. 19. The corrosion-resistant member as
claimed in claim 1, having a composition  that Al : Si in ratio of the
number of atoms are in a range of from 0.1 : 99,9 to 70 : 30, 0  NT in ratio
of the number of atoms are in a range of from 99.9 : 0.1 to 60: 40, and
Al+Si : 29 Group 2a element in ratio of the number of atoms are in a range
of ftom 95 - 5 to 50 : 50  2 0. The corrosioD-resis-tant member as claimed
in claim 6, wherein the r,OnCeTlMation of the Group 3a element is in a range
of 10-7S%, the cQncentrafion of Si is  in a range of 7-0-881/1o, the
concentration of Zr and/or Ti is in a range of 2-70%, and the  concentration
of nitrogen is in a range of 0,01-15 \xl%. 2 1. The corrosi on-resistant
memb er as. cl aim ed I ri cl aim 6, having a cc mp 0 Sition  that 13 : S i
in ratio o f the numb er of atoms are i n a range of ftom 5 9 5 to 70 : 3 0,
0 : N i n  ratio of the number of atoms are in a range of ftom 99.9 : 0.1 to
60 40, and B4SI : Group  ,lement in ratio of the number of atorns are in a
range of from 85 15 to 40 -. 60 3a e 22. The corrosion-resistant member as
claimed in claim 1, wherein the sprayed  coating comprises a glass phase
comprising SI, 0, N, Group 22 element, and a crystal  z:I phase comprising
B. 23. The corrosion-resistant member as claimed in Qlaim 6, wherein the
sprayed  coating comprises a glass phase comprising Si, 0, TNT, Group ')a
element, and a crystal  phase comprising B. 24. The corrosion-resista-rit
member as claimed in claim 1, wherein the crystal  phase comprises boyon
nitride, 45. The corro5Wri-resistant member as claimed in claim 6, wherein
the crystal  phase comprises baron nitride, 



2 6 - A proces s of producing the corrosio n-resi stant memb er a s cl airne
d in cl aim 1,  comprisIrig spraying a raw inaterial powder for spraying, to
a base inaterial with an  atmospheric plasma spraying usin,-I an inert gas
or a mixed gas of an inert gas and -a  red'ucin gas as a spraying -as,
wherein a flow ratc of the spraying gas is 50 SLM or  9 -higher. 27. A
process of pi-oducing the corrosion-resistant inember as claimed in claim 6,
comprising spraying a raw matefial powder for spraying, to a base mateTIZI
with an  atmospheTic plasma spraying using an inert gas or a mlxe6 gas of
ari. inert gas and a 30 reducing gas as a spraying gas, wherein a flow rate
of the spraying gas is 50 SLM or  higher. 31 


