DESCRIPTION
TITLE OF THE INVENTION: METHOD OF FORMING DENSIFIED LAYER IN

SPRAY COATING, AND SPRAY COATING COVERING MEMBER

TECHNICAL FIELD

[5081] The present invention relates to a method of forming a densified layerin a
spray coating by forming # spray coating on a base member and remelting and
resolidifving a surface layer of the spray coating to form a densified layer as well as a
spray coating covering member coated with the spray coating.

BACKGROUND ART

[6002] The spraying method is a surface treating technigue wherein a powdery
material of a metal, ceramic or the like is supplied into a burning flame or a plasma
flame to render into & sofiensd or melted state and spraved onto a surface of a base
member at a high speed to form a spray coating on the surface.  As an application of
the spraying method is mentioned the fonnatiéﬂ of a coating on a component member
constifuting a semiconductor manufacturing device such as CVD apparatus, PVD
apparatus, a resist coating apparatus or the like.  Generally, the process of
manufacturing semiconductors, liquid erystal devices and the like has a problem that
various members placed in 2 treating container are corroded because a treatment gas
inciuding a fluoride or a chloride is used in the treating container. Since the presence
of particles generated in the treating container badly affects the guality and yield of |
products, it is absolutely necessary to reduce particles. To this end, a spray coating is
formed on.the component member by the spraying method, whereby the corrosion
resisiance thereof is improved and particles are reduced.

10063] However, sufficient effect of corrosion resistance may not be necessarily



obtained under such a condition that & severer corrosive gas is present or the like. In
addition, generation of particles having a very small size, which have not been
mentioned heretofore, is seen as a problem in the manufacturing process that continues
to be downsized. Therefore, the surface of the spray coating formed on the base
member is irradiated with a laser beam, whereby a coating composition of a surface
layer of the spray coating is remelted and resolidified to render the surface layer into 2
densified layer. Thus, the corrosion resistance and the particle reducing effect are
considerably improved (see, for example, Patent Docurmnent 1),
[6004] When the coating composition in the surface layer of the spray coating is
remelted and resolidified with the laser beam as described above, cracks may be
generated due to solidification/shrinkage of the surface layer. The presence of eracks
does not have significant inﬂuénces on the corrosion resistance and the particle reducing
effect. If fine cracks are scattered, they act as a stress releasing mechanism and bring
about the prevention of coating cracking or the like associated with thermal expansion.
If cracks are excessively large, however, the corresion resistance and the particle
reducing effect are inversely impaired.  For example, Patent Document 2 describes a
method for surface treatment of a spray coating, in which the surface of the spray
coating is irradiated with a laser beam having a wavelength of not less than 8 um to
prevent generation of cracks.
PRIOR ART DOCUMENTS
PATENT DOCUMENTS
{0005] Patent Document 1: JP-A-2007-247043

Patent Document 2: JP-A-2008-266724
SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION



[0006] In the method described in Patent Document 2, the surface layer is prevented
from being excessively melted by setting the wavelength of the laser beam to not less
than 6 um. However, since a depth capable of being densified is only a slight part of
the surface layer, the densified layer does not extend to a deeper part, and hence a
sufficient effect of densification may not be obtained. In order to extend the densified
layer to the deeper part, it is sufficient to lower the scanning speed of the laser beam.
However, because of the surface treatment, the treating time is significantly prolonged,
resulting in the increase of the cost or the generation of excessively large cracks passing
through the spray coating.

[0007] Accordingly, in view of the problems of the conventional techniques described
above, embodiments of the present invention seek to provide a method of forming a
densified layer in a spray coating wherein the densified layer of a sufficient effect is
formed while preventing generation of excessively large cracks without causing the
increase of the cost as well as a spray coating covering member.

MEANS FOR SOLVING THE PROBLEMS

[0008] An aspect of the present invention provides a method of forming a densified
layer ina spray coating by forming a spray coating on a base member and irradiating a
surface of the spray coating with a high-energy beam to remelt and resolidify a coating
composition of a surface layer of the spray coating to thereby densify the surface layer,
characterized in that when the high-energy beam is scanned over the surface of the
spray coating, it is constituted with a plurality of laser beams forming a plurality of
beam spots with the same width arranged side by side in a direction perpendicular to a
scanning direction on the surface and sequentially shifted rearward in the scanning
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direction, and the plural laser beams are irradiated onto the surface of the spray coating
while scanning at such a state that an precedent beam spot anteceding toward the
scanning direction and a follow-up beam spot followed thereto in the two adjacent beam
spots among the plural beam spots are overlapped over a half or more of a spot region to
each other in the perpendicular direction and the precedent beam spot and the
subsequent follow-up beam spot are superimposedly passed through substantially a full
region irradiated by the plural laser beams to densify a surface layer of the irradiation

region.
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[0609] In the method of forming a densified layer in a spray coating according to the
present invention, the high-energy beam irradiated to the spray coating is constituted
with the precedent being precedently scanned in the scanning direction and the
follow-up laser beam being superimposedly scanned on the same trajectory as in the
precedent laser beam, and the precedent laser beam is irradiated to the surface of the
spray coating while scanning and the follow-up laser beam is superimposedly irradiated
on the irradiation region scanned with the precedent laser beam while scanning to
therebyy densify the surface layer of the irradiation region.  Accordingly, the densified
layer is easily extended to the deeper part and sufficient effect of densification is
obtained. It is not necessary to lower the scanning speed of the laser beam, and there
is caused no increase of costs due to the prolongation of the treating time.  Since the
irradiation region is sﬁperimposedly irradiated \%fith the precedent laser beam and the
follow-up laser beam to remelt and resolidify the coating composition of the irradiation
region, the morphological change of the coating composition becomes gentle.
Consequently, the generation of excessively large cracks can be prevented.

[0016] Itis preferéble that each of the precedent laser beam and the follow-up laser
beam has an energy density appropriate to one or more of plural steps in the process of
remelting and resolidifying the coating composition.  In this case, the morphological
change in each step m the process of remelting and resolidifying the coating
composition can be made optimum.

[6011] The formation method of the densified layer in the spray coating according to



the present invention is a method of forming a densified layer in a spray coating by
forming a spray coating on a base member and irradiating a surface of the spray coating
with a high-energy beam to remelt and resolidify a coating composition of a surface
laver of the spray coating to thereby densify the surface layer, characterized in that
when the high-energy beam is scanned over the surface of the spray coating, it is
constituted with a plurality of laser beams forming 2 plurality of beam spots in tandem
on the surface in 2 scanning direction, and the plural laser beams are irradiated on the
surface of the spray coating while scanning so as to sequentially pass the plural beam
spots through the same irradiation region on the surface of the spray coating to thereby
densify a surface layer of the irradiation region.

{6012] In the above method of forming the densified layer in the spray coating
according to the present invention, the high-energy beam frradiating the spray coating 1s
constituted with the plural laser beams forming a plurality of beam spots in tandern on
the surface of the spray coating in the scanning direction, and the plural laser beams are
irradiated on the surface of the spray coating while scanning so as to sequentially pass
the plural beam spots through the same irradiation region on the surface of the spray
coating to thereby densify the surface layer of the irradiation region. Therefore, the
densified layer is easily extended to the deeper part and sufficient effect of densification
is obtained. If is not necessary to lower the scanning speed of the laser beam, and
there is caused no increase of costs due to the prolonging of the treating time.  Since
the beam spots of the plural laser beams are sequentially passed through the irradiation
region to remelt and resolidify the coating composition of the irradiation region, the
morphological change of the coating composition becomes gentle.  Consequently, the
generation of excessively large cracks can be prevented.

[0013] It is preferable that each of the plural laser beams has an energy density



appropriate to one or more of the plural steps in the process of remelting and
resolidifying the coating composition. In this case, the morphological change in each
step in the process of remelting and resolidifying the coating composition can be made
optimum.

[0014] Among the plural beam spots, two adjacent beam spots in the scanning
direction may be partially overlapped to each other. In this case, the combined
intensity distribution of the two adjacent laser beams in the scanning direction is
continuous, and the morphological change of the coating composition is fitted to the
infensity distribution.

{0015} The formation method of the densified layer in the spray coating according to
the present invention is a method of forming a densified layer in a spray coating by
forming 2 spray coating on a base member and irradiating a surface of the spray coating
with a high-energy beam to remelt and resolidify a coating composition of a surface
layer of the spray coating to thereby densify the surface layer, characterized in that
when the high-energy beam is scanned over the surface of the spray coating, it 1s
constituted with a plurality of laser beams forming a plurality of beam spots with the
same width arranged side by side in a direction perpendicular o a scanning direction on
the surface and sequentially shifted rearward in the scanning direction, and the plural
laser beams arte irradiated onto the surface of the spray coating while scanning at such a
state that an precedent beam spot anteceding toward the scanning direction and a
folow-up beam spot followed thereto in the two adjacent beam spots among the plural
beam spots are overlapped over a half or more of a spot region {0 cach other in the
perpendicular direction and the precedent bearn spot and the subsequent follow-up beam
spot are superimposedly passed through substantially a full region irradiated by the

plural laser beams to densify a surface layer of the irradiation region.



{0016} In the method of forming the densified layer in the spray coating according to
the present mvention, the high-energy beam irradiating the spray coating is constituted
with a plurality of laser bearns forming a plurality of beam spots with the same width
arranged side by side in a direction perpendicular to the scanning direction on the
surface of the spray coating and sequentially shifted rearward in the scanning direction.
The plural laser beams are irradiated to the surface of the spray coating while scanning
at such a state that an precedent beam spot anteceding toward the scanning direction and '
a follow-up beam spot followed thereto in the two adjacent beam spots among the plural
beam spots are overlapped over a half or more of a spot region to each other in the
perpendicular direction and the precedent beam spot and the subsequent follow-up beam
spot are superimposedly passed through substantizlly a full region irradiated by the
plural laser beams to densify a surface layer of the irradiation region.  Therefore, the
densified layer is easily extended to the deeper part, and sufficient effect of
densification is obtained. It is not necessary to lower the scanning speed of the laser
beam, and there is caused no increase of costs due to the prolonging of the treating time.
Further, since the surface of the spray coating is scanned with the plural laser beams
forming beam spots arranged side by side, the treating time can be considerably reduced.
Since the region to be irradiated 1s superimposedly irradiated witl the precedent laser
beam and the follow-up laser beam to remelt and resolidify the coating composition of
the region, the morphological change of the coating composition becomes gentle.
Consequently, the. generation of excessively large cracks can be prevented.

[0017] The spray coating covering member of the present invention is a spray coating
covering member comprising a base member and a spray coating covering a surface of
the base member, characterized in that a surface layer of the spray coating is provided

with a densified layer formed by remelting and resolidifving a coating composition, and



the densified layer is formed by irradiating the surface of the coating sprayed on the
base member with an precedent laser beam anteceding toward a scanning direction and
superimposedly irradiating a follow-up laser beam following to the precedent laser
beam while scanning on an irradiation region scanned with the precedent laser beam.
16018] In the surface layer of the spray coating of the spray coating covering member
of the present invention is formed the densified layer densified by superimposedly
irradiating the precedent laser beam and the follow-up lager beam. Therefore, the
densified layer is extended fo the deeper part, and sufficient effect of densification is
obtained. It is not necessary to lower the scanming speed of the laser beam, and there
is caused no increase of costs due to the prolonging of the treating time.  Since the
densified Jayer is formed by superimposedly irradiating the precedent laser beam and
the follow-up laser beam, the morphological change of the coating composition
becomes gentle.  Consequently, the generation of excessively large cracks can be
prevented.  As the spray coating is mentioned a spray coating made, for example, of an
oxide-based ceramic material.

EFFECTS OF THE INVENTION

[0019] As described above, according to the present invention, the two laser beaimns are
irradiated superimposedly, whereby the densified layer is easily extended to the deeper
part and sufficient effect of densification can be obtained, and there is caused no
increase of costs due to the prolonging of the treating time, and generation of
excessively large cracks can be prevented because the morphological change of the
coating composition becomes gentle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Fig. 1is a schematic view showing such a state that a transfer arm provided

with a spray coating covering member according to one embodiment of the present



invention is disposed in a semiconductor manufacturing device.

Fig. 2(a} is a perspective view of a transfer arm, and Fig. 2(b)is a
schematically sectional view of a mounting member in the vicinity of its surface.

Fig. 3 1s an outline view of a laser irradiation apparatus for irradiating 2 laser
beam to a spray coating.

Fig. 4 is a schematic view showing such a state that a surface of a spray coating
is scanned with a laser beam by using the formation method of a densified layerin a
spray coating according to the first embodiment of the present invention.

Fig. 5{a} is a view showing an arrangement and intensity distrihution of two
beam spots on a surface of a spray coating, and Figs. 5{b) to 5{d} are views showing an
arrangement of two beam spots different from that in Fig. 5(a), respectively.

Fig. 6(a) is a photograph of a cross section of a surface layer when a surface of
a spray coating is scanned with a high-energy beam in the example of Fig. 5(d), and Fig.
6(b) is a photograph of a cross section of a surface layer when the degree of overlap in
the lateral direction is decreased, wherein each illustrafion on the right side of the
photographs is a schematically séctional view thereof.

Fig. 7 is a view showing an arrangement of seven beam spots when a surface of
a spray coating is scanned with seven laser beams by using the formation method of a
densified layer in a spray coating according to the second embodiment of the present
invention.

Fig. 8 is a view showing an arrangement of seven beam spots when a surface of
a spray coating is scanmed with seven laser beams by using the formation method of a
densified layer in a spray coating according to the third embodiment of the present
invention.

Fig. 9(a) iz an electron microscope photograph of a cross section of & surface



layer in an example, and Fig. 9(b) is an electron microscope photograph of a cross
section of a surface laver in Comparative Example 1, and Fig. 9(c) is an electron
microscope photograph of a cross section of a surface layer in Comparative Example 2.
EMBODIMENTS FOR CARRYING OUT THE INVENTION

[0021] An embodiment of the present invention will be described below with
reference to the drawings.  Fig. I is a schematic view showing such a state that a
transfer arm 2 provided with a spray coating covering member ! according to one
embodiment of the present invention is disposed in a semiconductor manufacturing
device 50, and Fig. 2(a) is a perspective view of the transfer arm 2. As shown in Fig, 1,
an electrostatic chuck 53 for holding a wafer 52 is disposged in a process chamber 51,
When the wafer 532 is lified from the electrostatic chuck 53 by a iifter pin 54, the
transfer arm 2 is put into the chamber below the wafer 52 and then the lifter pin 54 is
lowered to place the wafer 52 on the transfer arm 2, and thereafter the transfer arm 2 is
removed from the process chamber 51 to transfer the wafer 52.

(6022} The transfer arm 2 is made of stainless steel, an aluminum aloy or the like, and
has a long-plate shape as a whole. A concave holding portion 3 for holding the wafer
52 is formed in the transfer arm 2. At both ends of the holding portion 3 are disposed
mounting members 1 as a spray coating covering member of L-shaped cross section
constituting a part of the transfer arm 2, respectively.  The wafer 52 is actually placed
on the mounting members | so as to contact an edge portion 52a and a side surface 52b
of the back surface of the wafer 52 therewith.

[0023] Fig. 2(b) is a schematically sectional view of the mounting member 1 in the
vicimity of its surface. The mounting member 1 is constructed with a base member 4
made of stainiess steel, an aluminum alloy or the like, and a ceramic spray coating 5

coated on & surface 4a of the base member 4 contacting with the wafer 52.  The
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ceramic spray coating 5 of this embodiment is an AlyO3 spray coating 5. The AlbO;
spray coating 5 is formed by roughening the base member 4 through blasting, and then
spraying Al,Os spraying powder onto the roughened surface 4a of the base member 4
through an air plasma spraying method. Moreove:r, the spraving method for obtaining
the Al,O3 spray coating 5 is not limited to the air plasma spraying method, but may be a
reduced pressure plasma spraying method, a water plasma spraying method, ora
high-speed and low-speed flame spraying method. Before the Al,O5 spraying powder
is sprayed, an undercoat for enhancing adhesion to the base member 4 may be appiied to
the base member 4. As a material of the undercoat are used Al and an alloy thereof, Ni
and an alloy thereof, Mo and an alloy thereof, and so on.

[0024] As the Al,O; spraying powder are employed ones having a particle size range
of 5to 80 nm. When the particle size is less than 5 nm, the fluidity of the powder is
deteriorated and the powder cannot be stably supplied, and hence the thickness of the
coating becomes non-uniform, while when the particle size exceeds 80 pm, the coating
is formed before the powder is fully melted, and made excessively porous, leading to
rough coating quality.

[0025] The thickness of the AlyOs spray coating 5 is preferable to be a range of 50 to
2000 pm.  When the thickness is less than 50 um, the uniformity of the spray coating 5
is deteriorated and the coating function cannot be sufficiently developed, while when it
exceeds 2000 wm, the mechanical strength is lowered due to the mfluences of residual
stress in the spray coating.

{0026] The Al,O; spray coating 5 is a porous body, and the average porosity thereof is
preferable to be a range of 5 to 10%.  The average porosity varies depending on &
spraying method and spraying conditions. When the porosity is less than 5%, residual

stress existing in the Al,O; spray coating 5 is increased, leading to reduce the
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rechanical sirength.  When the porosity exceeds 10%, various kinds of gases used in
the semiconductor manufacturing process are easily penetrated into the Al,O4 spray
coating 3, and the durability of the spray coating 5 is deteriorated.

[0027] In this embodiment, Al,Os is employed as a material of the ceramic spray
coating 5, but other oxide-based ceramics, nitride-based ceramics, carbide-based
ceramics, fluoride-based ceramics, boride-based ceramics, and mixtures thereof may be
employed. As a concrete example of other oxide-based ceramics are included TiO,,
810y, Cr203, Zr07, Y205 and MgO.  As the nitride-based ceramics are included TiN,
TaN, AIN, BN, Si3Ny, HfN and NbN.  As the carbide-based ceramics are included TiC,
WC, TaC, B4C, 5iC, HfC, ZrC, VC and Cr;C,.  As the fluoride-based ceramics are
included LiF, CaFs, BaF; and YF;. As the boride-based ceramics are included TiR;,
ZrBa, HiB,, VB,, TaB,, NbBa, WaBs, CrBs and LaBe.

[0028] A densified layer 7 is formed in 2 surface layer 6 of the Al,Os spray coating 5
coated on the mounting member 1. The densified laver 7 is & ceramic recrystallized
maferial formed by modifying porous AlO; in the surface layer 6 of the Al,Os spray
coating 5. The densified layer 7 is an Al,O; recrystallized material formed by
irradiating the AlbO, spray coating 5 with a laser beam as a high-energy beam to heat
porous Al,Ox in the surface layer 6 to its melting point or higher, and remelting and
resolidifying it for modification. The crystal structure of the Al,O4 spray coating 5
before the trradiation of laser beam is in a mixed state of u-type and y-type, and the
crystal structare of the modified Al,Os recrystallized material is almost only o-type.
00291 The Al;O; spray coating 5 is a perous body as described above, and has a
stacked structure of many Al>Os particles, wherein boundaries exist between Al,Os
particies. These boundaries are eliminated by irradiating the laser beam to remelt and

resolidify the surface layer 6 of the AL O; spray coating 5, and the number of pores is
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decreased associated therewith. Therefore, the densified layer 7 made of the AlLOs
recrystailized material has a highly densified layer structure.  Since the densified layer
7 forming the surface laver 6 of the Al;O; spray coating 5 has a very dense structure in
comparison with a surface layer not irradiated with the laser beam, the mechanical
strength of, for exampie, the Al;O; spray coating 5 is improved, and the durability to an
external force acting on the mounting member 1 is remarkably improved.

[0030] In the case of the onginal Al.O; spray coating not irradiated with the laser
beary, if external force is applied, Al,O; particles are detached from each other at
boundaries existing between the particles and hence coating particles easily drop out.
‘When the densified layer 7 is formed in the surface layer 6 of the AL O; spray coating 5
as in this embodiment, the dropout of coating particles due to existence of boundaries
between ALOs particles can bereduced.  Of course, particies generated from the base
member 4 coated with the ALOs spray coating 5 can also bereduced. The effect of
reducing the dropout of coating pariicles and base member particles by the formation of
the densified layer 7 is sufficient for providing the good semiconductor manufacturing
process, and the dropout of the particles can be prevented from affecting the process.
[8031] The thickness of the densified layer 7 is preferable to be not more than 260 um.
When the thickness is more than 200 pm, the residual stress of the remelted and
resolidified surface laver becomes excessively large, and fmpact resistance {o an
external force is deteriorated, leading to rather decrease the mechanical strength. In
addition, i is required to increase the output of the laser beam or take 2 long scanning
time, which is inefficient and brings about the increase of production costs.

[0032] The average porosity of the densified layer 7 is preferably less than 3%, more
preferably less than 2%. That is, it is important that a porous layer having an average

porosity of 5 to 10% in the surface layer 6 of the AlyOs spray coating 5 is made to a

1z



densified layer having an average porosity of less than 5% by the irradiation of laser
beam, whereby there can be obiained the sufficiently densified layer 7 being less in the
boundaries between AlLQs particles,

f0633] Next, a method of forming the densified laver 7 by irvadiating a laser beam to
the AlyOs spray coating 5 coating the mounting member 1 will be deseribed.  Fig. 3 is
an outline view of a laser irradiation apparatus 10 for irradiating the [aser beam to the
A5 O spray coating 5, and Fig. 4 is a schematic view showing sach a state that the
surface 5a of the Al-0Os spray coating 5 1s scanned with the laser beam by using the
method of forming the densified layer in the spray coating according to the first
embodiment of the present invention.  The laser irradiation apparatus 10 is mainly
constructed with a laser oscillator 11, a DOE (Diffractive Optical Blement) 12 as a
diffractive optical element, a light collectior: optical system 13 for coliecting a laser
beam to a predetermined optical path, an adjustment device 14 for adjusting the position
of the light collection optical system 13, an XY stage 15 for moving an object to be
rrradiated in an X direction and a Y direction, a drive portion 16 for doving the XY
stage 13, a;nd a control device 17 for controlling the laser osciliator 11, the adiustment
device 14 and the drive portion 16.

[6034] The laser oscillator 11 emits a laser beam 18 based on a signal sent from the
control device 17. The laser oscillator 11 is controlied by the control device 17,
whereby the intensity, timing and the like of the laser beam 1§ emitted from the laser
osciliator 11 are adjusted. The laser beam 18 can be arbitrarity selected from comrmon
laser beams such as those of YAG laser, CO, laser and an excimer laser depending on
an object to be irradiated and is not limited. The DOE 12 is an optical element for
diffracting the laser beam 18 emitted from the laser oscillator 11 to shape into a

predeternined beam form.  In this embodiment, when the laser beam 18 as a
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high-energy beam emitted from the laser oscillator 11 is scanned over the surface Sa of
the spray coating 5, it is branched by the DOE 12 into a precedent laser beam 20 being
precedently scanned in a scanning direction (X axis direction) and a follow-up laser
beam 21 being scanned following to the same trajectory as in the precedent laser beam
20.

[0035] The adjustment device 14 for adjusting the position of the light coliection
optical system 13 receives a signal from the control device 17 to change the position of
the light collection optical system 13. The drive portion 16 for driving the XY stage
15 receives a signal from the control device 17 to drive the XY stage 15 in an X- axis
direction and a Y-axis direction, whereby the scanning speeds of both the laser beams
20 and 21, timing for starting and ending moverment of an object to be irradiated, and so
on are adjusted.  Thus, the irradiation object fixed on the XY stage 15 is moved toward
the X-axis direction and the Y-axis direction in the horizontal plane, and both the laser
beams 20 and 21 are scanned on the irradiation object. Moreover, the drive portion 16
can move the XY stage 15 not only in the horizontal direction, but also in a height
direction {Z-axis direction} or an oblique direction forming a predetermined angle with
respect to the horizontal direction.

[0636] Since the irradiation of both the laser beams 20 and 21 can be performed in air,
the deoxidation phenomenon of AlO; 1s reduced. Depending on irradiation conditions
of both the laser beams 20 and 21 may be caused deoxidation phenomenon even in air
1o blacken the spray coating. In such a case, deoxidation phenomenon can be avoided
to prevent the blackening by blowing oxygen during the irradiation of both the laser
beams 20 and 21 or by surrounding the periphery with a chamber or the like to create an
atmosphere of high oxygen partial pressure. By adjusting these various conditions can

be lowered the lightness of the Al,O; spray coating 5, or the Al,Os spray coating 5 can
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be kept white.

[6637] The mounting member 1 provided with the Al;Os spray coating 5 is fixed on
the XY stage 15 of the laser irradiation apparatus 10, and the precedent laser beam 20
and the follow-up laser beam 21 are irradiated onto the surface 5a of the spray coating §
while scanning.  Fig. 5(a) is a view showing an arrangement of a beam spot bl of the
precedent iaser beam 20 and a beam spot b2 of the follow-up laser beam 21 on the
surface 5z of the spray coating 5, and intensity distributions of both the laser beams 20
and 21. The ordinate of the intensity distribution represents an intensity and the
abscissa thereof represents a distance in the radial direction.

[8038] The precedent laser beam 20 and the follow-up laser beam 21 are laser beams
having the same intensity, and the beam spots bt and b2 on the surface 5z of the spray
coating 5 have the same size. The precedent laser beam 20 is precedently irradiated
onto the surface 5a of the Al,Os spray coating 5 while scanning, and the follow-up laser
beam 21 subsequent to the precedent laser beam 20 is superimposed irradiated on the
irradiated region 22 scanned with the precedent laser beam 20 while scanning.  As
shown in Fig. 5{(a), the position of the beam spot b2 of the foliow-up laser beam 21 is
close fo the position of the beam spot b1 of the precedent laser beam 20, and the
irradiated region 22 scanned with the precedent laser beam 20 is scanned with the
foliow-up laser beam 21 immediately after the scanning with the precedent laser beam
20.

{60391  Since the follow-up laser beam 21 is scanned on the same trajectory as that of
the precedent laser beam 20 and the beam spot bl of the precedent laser beam 20 and
the heam spot b2 of the follow-up laser beam 21 have the same size, the beam spot b2
of the follow-up laser beam 21 is superimposedly passed over the whole of the

irradiation region 22 afier the passing of the beam spot b1 of the precedent laser beam
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20.

[0040] The scanning of the precedent laser beam 20 and the follow-up laser beam 21
onto the surface 5a of the Al,O spray coating 5 of the mounting member 1 is performed
as follows {see Fig. 4). The XY stage 15 fixed with the mounting member 1 is moved,
for exampie, in the X-axis direction while irradiating both the laser beams 20 and 21
collected by the light collection optical system 13, and the surface 5a of the Al,G; spray
coating 5 is scanned with the precedent laser beam 20 and the follow-up laser beam 21.
After the scanning thercof is temporarily stopped the scanning, and the XY stage 15 is
brought back to the original position along the X-axis direction and moved by a
predetermined distance in the Y-axis direction. Then, the XY stage 15 is moved again
in the X-axis direction while irradiating both the laser beams 20 and 21, whereby a
different part of the surface 3a of the Al,(; spray coating 5 is cenirally scanned with the
precedent laser beam 20 and the follow-up laser beam 21. By repeating the scanning
over the surface 5a of the AlO; spray coating 5 covering the mounting member 1 is
formed the densified layer 7 on the surface layer 6 of the Al,O5 spray coating 5.

[0841] The formation of the densified Iéyer 7 by superimposedly irradiating the
precedent laser beam 20 and the follow-up laser beam 21 on the surface 5a of the AlLG;
spray coating 5 will be deseribed below.  Ceramic materials generally have a low
thermal conductivity, and ceramic spray coatings are still lower in the thermal
conductivity. In a ceramic sintered material are bonded ceramic particies together,
whereas the ceramic spray coating has a stacked structure of many particles as
mentioned above, in which boundaries exist between the particles.  This is considered
o be a cause of lowering the thenmal conductivity.

[0642] On the other hand, the densified layer of the ceramic spray coating is required

10 have a sufficient depth, 2 small ablation amount, a less crack, a high mechanical
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strength, a high smoothness and the like, so that a high-quality spray coating covering
member can be obtained by uniting these requirements.  In order to form 2 densified
layer uniting these regnirements, it is reguired to make optimum morphological change
in plural steps of heating, melting, retaining and deepening of a melted state and cooling
on the way of remelting and resolidifying the coating composition.

[0643] To this end, the intensity of the Iaser beam, the size of the beam spot and the
scanning speed must be adjusted to appropriate conditions to strictly control the energy
density of the laser beam irradiated to the coating composition. However, if itis
actually intended to increase the energy density of the laser beam by enhancing the
intensity of the laser beam or decreasing the size of the beamn spot or delaying the
scanning speed, since the thermal conductivity of the ceramic spray coating is low as
described above, heat is not diffused and hence heat is locally concentrated.  When
heat is locally concentrated, ablation is caused, and not only the coating composition is
not sufficiently melted, but also consicierable thickness reduction occurs. Conversely,
if it is intended to decrease the energy density of the laser beam by decreasing the
intensity of the laser beam or increasing the size of the beam spot or increasing the
scanning speed, thermal expansion of the surface layer is caused by heating a wide area,
leading to cause ruptore of the ceramic spray coating as a fragile material. In addition,
since the light energy absorption rate of the ceramic spray coating rises at a melted state,
even if the heating can be performed initially, non-melting state is continued. Once
melting starts, the coating is rapidlv melted.  Therefore, it 18 very difficult to adjust the
above-described various conditions of the laser beam to make optimuin the
morphological change in plural steps of heating, melting, retaining and deepening of a
melted state and cooling to thereby provide a densified laver satisfying the above

requirements,
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[0044] In this embodiment, each of the precedent laser beam 20 and the follow-up
laser beam 21 superimposedly irradiating the surface Sa of the AloO; spray coating 5
has an energy density appropriate to one or more of the plural steps on the way of
remelting and resolidifying the AL O; composition.  Among the plural steps of heating,
melting, retaining and deepening of a melted state and cooling, the heafing and melting
of the coating composition are performed with the precedent laser beam 20, and the
retaining and deepening of a melted state and the cooling are performed with the
follow-up laser beamn 21. Tt is considered that the morphological change from the
heating to the melting by the precedent laser beam 20 is performed instantaneously at
the time of the irradiation and the retaining and deepening of 2 melted state by the
follow-up laser beam 21 proceeds as long as the irradiation is continued.  As to the
cooling by the follow-up laser beam 21, the intensity of the peripheral part of the beam
spot b2 is lower than the intensity of the central part thereof as shown in Fig. 5(a), and
siow cooling is conducted in the peripheral part finally passing the beam. By
especially conducting slow cooling with the foliow-up laser beam 21 is made low the
solidification speed of the melted coating composition, whereby a good crystal structure
can be formed.

[0045] Since both the laser beams 20 and 21 actally have beam spots bl and b2
having the same intensity and size, the heating and melting are performed with one of
the laser beams having the same energy density, while the retaining and deepening of a
melted state and the cooling are performed with the other. By dividing and assigning
roles o each of both the laser beams 20 and 21 can be optimized the morphological
change in the phural steps of heating, melting, retaiming and deepening of & melted state
and cooling.

[0046] In the method of forming the densified layer in the spray coating according to
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the ahove embodiment, the high-energy beam irradiating to the Al,O; spray coating 5 is
constructed with the precedent laser beam 20 being precedently scanned in the scanning
direction and the follow-up laser beam 21 being subserviently scanned on the same
trajectory as that of the precedent }aser bearn 20, and the precedent laser beam 20 is
irradizted to the surface 5a of the AlL,O; spray coating 5 while scanning and the
follow-up laser beam 21 is superimposedly irradiated onto the irradiation region 22
scanned with the precedent laser beam 20 while scanming to thereby densify the surface
layer 6 of the irradiation region 22.  Accordingly, the densified layer 7 is easily
extended 1o the deeper part, and the sufficient effect of densification is obtained. Also,
it is not necessary to decrease the scanning speeds of both the laser beams 20 and 21, so
that there is not caused the increase of costs due to the prolongation of the treating time.
Since the irradiation region 22 is superimposedly iiradiated with the precedent laser
beam 20 and the follow-up laser beam 21 fo remelt and resolidify the coating
composition of the irradiation region 22, the morphological change of the coating
composition becomes gentle.  Consequently, the generation of excessively large cracks
can be prevented.

[0047] By dividing and assigning steps of melting to cooling of the coating
composition to each of both the laser beams 20 and 21 can be made optimum the
morphological change in the steps.  Since a sufficient thickness of the densified layer 7
is secured, the durability of the AL O3 spray coating 5 is improved, and the ablation
amount of the Al,O, spray coating 5 can be reduced to achieve a high mechanical
strength of the Al,Os spray coafing 5, and further the smooth surface can be formed.
Therefore, the mounting member 1 can be coated with the AlyO; spray coating 5 having
the densified layer 7 of such excellent properties as the surface layer 6.

[0048] The arrangement, size and shape of each of the beam spots bl and b2 of the
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precedent laser beam 20 and the follow-up laser beam 21 scanned on the same trajectory
as in the precedent laser beam are not limited. Figs. 5(b) and 5(c} are views each
showing arrangements of both the beam spots bl and b2 different from those described
above. Asshownin Fig. 5(b), a part of the beam spot b1 of the precedent laser beam
20 and a part of the beam spot b2 of the follow-up laser beam 21 may be overlapped to
each other. In this case, fhe combined intensity distribution of both the laser beams 20
and 21 in the scanning direction is continuous, and the morphological change of the
coating composiiton is fitted to the intensity distribution.

6049} As shown in Fig. 5(c), the beam spot b1 of the precedent laser Bcam 20 may be
made smaller than the beam spot b2 of the follow-up laser beam 21. In this case, the
cornbined intensity distribution of both the laser beams 20 and 21 in a direction
perpendicular to the scanning direction {referred to as a lateral direction hereinafter) is
different from the combined intensity distribution of beam spots having the same size,
Alsoe, the shape of either one or both of the beam spots may be changed. In the above
embodiment, the both beam spots are circular, but both or one of the beam spots may be
made tc have an elliptical shape which is long in the scanning direction, the lateral
direction or any other direction. Further, the both beam spots may have a shape other
than the above circular and elliptical shapes. The intensity distribution from the
central portion to the peripheral portion of the both beam spots bl and b2 may be
changed by changing cutputs or the like of the both laser beams 20 and 21.  In this
embodiment, the heating and melting of the coating composition are performed with the
precedent laser beam 20, and the retaining and deepening of the mehed staie and the
cooling are performed with the follow-up laser beam 21, but steps different from the
above embodiment with the both laser beams 20 and 21 may be performed, for example,

by heating the coating composition with the precedent laser bears 20 and performing the

21



melting, retaining and deepening of the melted state and cooling with the follow-up
laser beam 21,

[0058] When being scanned over the surface 5a of the AL O; spray coating 5, the
high-energy beam may be constituted with a plurality of laser beams forming plural
heam spots arranged in tandem in the scanning direction on the surface 5Sa, in which the
plural laser beams are irradiated onto the surface 5a while scanning so as to sequentially
pass the plural beam spots through the same irradiation region on the surface 5a of the
AlyQ; spray coating 5 to thereby densify a surface layer of the irradiation region. Asa
specific example of irradiating such plural laser beams is mentioned a case that two or
more laser beams are arranged on the same trajectory in the scanning direction or
shifted in the lateral direction thereto, including the case of using the precedent laser
beam 20 and the follow-up laser beam 21 scanned on the same trajectory followed
thereto as in the above embodiment.

[0851] In Fig. 5(d) is shown a specific example that the precedent laser beam and the
follow-up laser beam scanned followed thereio are arranged so as fo be shifted in the
lateral direction. In this example, a part b41 of a beam spot b4 of the follow-up laser
beam among the two laser beams arranged in the scanning direction is superimposedly
passed through a region 23 irradiated by passing a part b31 of a beam spot b3 of the
precedent laser beam. When the two laser beams are arranged so as to be shifted in the
lateral direction, an angle 6 formed by the follow-up laser beam with respect fo the
precedent laser beam is less than 90°.  In this example, the precedent laser beam and
the follow-up laser beam are overlapped to each other over 80% of a spot region in the
lateral direction.

{0052] Fig. 6{a} is a photograph of a cross section of a surface layer when the surface

5a of the AlyO- spray coating 5 is scanned with 2 high-energy beam in the example of
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Fig. 5(d), and Fig, 6(b) is a photograph of a cross section of a surface layer when the
degree of overlapping the precedent laser beam and the follow-up laser beam in the
lateral direction is made smaller than that in the example of Fig. 5(d) (15% of the spot
region), and the illustration on the right side of each photograph is a schematically
sectiopal view thereof.

[0653] When the degree of overlapping the both laser beams is small (Fig. 6(b})), an
undulation is generated at a surface 7a of a densified layer 7 or at a boundary portion 30
between the densified laver 7 and the non-densified laver 3 to mmcrease the variation in
the thickness of the densified layer 7. A mounfain portion 31 of the undulation at the
surface 7a of the densified layer 7 is a portion contacting with a wafer 52, but the
thickness of the densified layer 7 in this portion 31 becomes thin as is apparent from the
schematic view, and it is difficult to obtain a sufficient effect by the formation of the
densified layer 7.  On the other hand, when the degree of overlapping the both laser
beams is large (Fig. 6(a}), an undulation at the swrface 72 of the densified layer 7orat a
poundary portion 32 between the densified layer 7 and the non-densified layer 5 is smali,
and the variation in the thickness of the densified layer 7 is small.  As is apparent from
the schematic view, the thickaess of the mountain portion 33 of the undulation at the
surface 7a of the densified laver 7 is not thin, and a sufficient effect by the formation of
the densified laver 7 is obtained.

{6034] As another configuration, the laser beams may be three, four or more so that
they are arranged on the same trajectory in the scanning direction or arranged so as to be
shified in the lateral direction. When the plural laser beams are arranged so as to be
shifted in the lateral direction, for example, they may be not only arranged in one
direction obliquely but also arranged so as to meander to left and right along the

scanning direction.
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[8055] Even when the plural laser beams are used as described above, the densified
Taver is easily extended to the deeper part, and & sufficient effect by the densification is
obtained. Also, it is not necessary to decrease the scanning speeds of the plural laser
beams, and there is not caused the increase of costs due to the prolongation of the
treating time.  Since the plural laser beams are superimposedly irradiated onto the
trradiation region 23 to remelt and resolidify the coating composition of the #rradiation
region 23, the morphological change of the coating composiiion becomes gentle.
Consequently, the generation of excessively large cracks can be prevented.  Since the
sufficient thickness of the densified 1aver is secured, the durability of the ALO; spray
coating is improved, and the ablation amount of the Al,O; spray coating can be reduced
to achieve a high mechanical strength of the Al»O; spray coating, and further the
smooth surface can be formed.

[0056] Each of the plural laser beams is sufficient fo have an energy density
appropriate to one or more steps among plural steps in the process of remelting and
resolidifying the coating composition.  That is, the heating and melting of the coating
composition among the plural steps comprising the heating, in elting, retaining and
deepening of a melted state and cooling are performed with the precedent laser beam.,
and the retaining and deepening of the melted state and the cooling are performed with
the follow-up laser beam, or the first laser beam, for example, among three laser beams
performs the heating, and the second laser beam performs the melting, retaining and
deepening of the melted state, and the third laser beam performs the cooling. Four
laser beams may be used o further subdivide the plural steps.  Even in this case, the
morphological change in a plurality of steps including the heating, melting, retaining
and deepening of a melted state and cooling can be made optimum by dividing and

assigning roles to each of the plural laser beams.
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[00537] The arrangement, size and shape of beam spots in the plural laser beams are not
limited. The two beam spots adjacent in the scanning direction may be partially
overlapped with each other. In this case, the combined intensity distribution of the
both laser beams in the scanning direction becomes continuous. In the plural laser
beams, the beam spot sizes may be made different.  The shape of the plural beam spots
can be changed into an eliiptical shape being long in the scanning direction, the lateral
direction or any other direction. Further, the plural beam spots may be made to have a
shape other than the circular and elliptical shapes. The intensity disiribution from the
central portion to the peripheral portion in the plural beam spots may he changed by
changing outputs or the like of the plural laser beams.

[0058] Fig. 7 is a view showing an arrangement of seven beam spots when the surface
5a of the spray coating 5 formed on the mounting member 1 is scanned with seven laser
beams by using a method of forming a densified layer in a spray coating according to
the second embodiment of the present invention.  The schematically sectional view of
the mounting member 1 in the vicinity of its surface is similar to Fig. 2(b}. The
method of forming a densified layer in a spray coating according to this embodiment
uses seven laser beams forming firgt to seventh beam spots b5 to bl1 with the same
width in the order from the leftmost end along the scanning direction as shown in Fig. 7.
In this embodiment are generated seven laser beams to form the frst t0 seventh beam
spots b5 to bil, but the number of laser beams and the number of beam spots formed
are not limited.  The seven laser beams form the beam spots b3 to b1 having the same
intensity and same size on the surface 5a of the spray coating 5.

- [0059] When the first fo seventh beam spots bS5 1o b11 are scanned over the surface 5a
of the spray coating 5, they are arranged side by side in the lateral direction on the

surface 5a and shifted one after another rearward in the scanming direction. The
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second beam spot b is shifted in the lateral direction and rearward in the scanming
direction with respect to the first beam spot b5, and subsequently the third beam spot b7
is shified in the lateral direction and rearward in the scanning direction with respect 10
the second beam spot b6, Similarly, each of the fourth, fifth, sixth and seventh beam
spots b8 to b11 is arranged so as to be shifted in the lateral direction and rearward in the
scanning direction with respect {o the previous one.

{60667 The first beam spot b5 and the second beam spot b6, the second beam spot b6
and the third beam spot b7, the third beam spot b7 and the fourth beam spot b§, the
fourth beam spot b8 and the fifth beam spot b9, the fifth beam spot b9 and the sixth
beam spot b10, and the sixth beam spot b10 and the seventh beam spot bl1 overlap with
sach other in the lateral direction over 50% of the spot region, respectively.

[0061] That is, as regards an irradiation region 24 overlapping two adjacent beam
spots in the lateral direction, the first beam spot b5 1s a precedent beam spot preceding
in the scanning direction with respect to the second beam spot b6, and the second beam
spot b6 is a follow-up beam spot followed thereto. At the same time, as regards the
irradiation region 24, the second beam spot b6 is a precedent beam spot with respect to
the third beam spot b7, and the third beam spot b7 is a follow-up beam spot followed
thereto. Similarly, the third, fourth, fifth and sixth beam spots b7 to b10 are precedent
beam spots with respect to the subsequent beam spots b8 to b1, respectively, and at the
same time, the fourth, fifth, sixth and seventh beam spots b8 to bl1 are follow-up beam
spots with respect to the precedent beam spots b7 to b10, respectively.

[0062] Since the precedent beam spot and the follow-up beam spot overlap with each
other over 50% of the spot region in the lateral direction, when the seven laser beams
forming the first to seventh beam spots b5 to bi1 are irradiated on the surface 5a of the

Al;04 spray coating 5 while scanning, the follow-up beam spot subsequent to the
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precedent beam spot can be superimposedly passed through substantially the whole
region 24 nradiated with the seven laser beams.

[0063] The scanning of the seven laser beams on the surface 5a of the Al,O; spray
coating 5 of the mounting member 1 is performed likewise the first embodiment as
follows. The XY stage 15 fixed to the mounting member 1 is moved, for example, in
an X axis direction while irradiating seven laser beams collected by the light collection
optical system 13, whereby the surface 5a of the AL O3 spray coating 5 is scanned with
the seven laser beams, and after the scanning is temporarily stopped, the XY stage 1518
returned to the original position along the X axis direction and moved by 2
predetermined distance in the Y axis direction. Then, the XY stage 15 is moved again
in the X axis direction while irradiating seven laser beams, whereby a different portion
of the surface 5a of the AL O spray coating 5 is focusingly scanned with the seven laser
beams. By repeating the above scanning over the sarface 5a of the Al»Os spray
coating 5 is formed the densified layer 7 on the surface layer 6 of the Al,O; spray
coaling 5.

[0064] Even in this embodiment, each of the precedent laser beam and the folloW-up
laser beam superimposedly iiradiating the surface 5a of the Al,O; spray coating 5 has an
energy density appropriate to one or more steps among the plural steps in the process of
remelting and resolidifying the coating composition. That is, the heating and melting
of the coating composition among the plural steps including the heating, melting,
retaining and deepening of a melted state and cooling are performed with the precedent
{aser beam, and the retaining and deepening of the melted state and the cooling are
performed with the follow-up laser beam.

[0065] Since each laser beam is not only a precedent laser beam but also a follow-up

laser beam, the each laser beam forms beam spots having the same intensity and size on
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the surface 5a of the AlO3 spray coating 5 as in this embodiment.  The heating and
melting are performed with one of laser beams having the same energy deunsity, and the
retaining and deepening of the melted state and the cooling are performed with the other.
By dividing and assigning roles to each of the both Jaser beams as described above can
be made optimum the morphological change in the plural steps including the heating,
melting, retaining and deepening of a melted state and cooling,

[0066] In the method of forming a densified layer in a spray coating according to this
embodiment, the high-energy beam irradiating the AloO; spray coating 5 is constituted
with a plurality of laser beams forming the plural beam spots b5 to b11 with the same
width arranged side by side on the surface 5a of the Al,O, spray coating 5 and shifted
one afier another rearward in the scanning direction.  The plural laser beams are
irradiated on the surface 5a of the AlxO; spray coaiing 5 while scanning at such a state
that mutually adjoining precedent beam spot and follow-up beam spot followed thereto
are overlapped to each other over a half or more of a spot region in the lateral direction,
whereby the precedent laser beam and subsequénﬁy the follow-up laser beam are
superimposedly passed through substantially the whole region 24 irradiated with the
plural laser beams to densify the surface layer 6 of the iradiation region 24.

[0067] Therefore, the densified layer 7 is easily extended to the deeper part, and a
sufficient effect by the densification is obtained. Also, it is not necessary to decrease
the scanning speeds of the plural laser beams, and there is not caused the increase of
costs due to the prolongation of the treating time.  Further, the surface 5a of the AbO;
spray coating 5 is scanned with the plural laser beams forming the beam spots b3 to b1
arranged side by side, so that the treating time can be considerably reduced.  Since the
precedent laser beam and the following laser beam are superimposedly irradiated to

remelt and resolidify the coating composition, the morphological change of the coating
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composition becomes gentle.  Conseguently, the generation of excessively large cracks
can be prevented.

[0068] By dividing and assigning plural steps of from melting to cooling of the coating
composition to each of the two adjoining laser beams among the plural laser beams
arranged side by side can be made optimum the morphological change in the steps.
Since a sufficient thickness of the densified layer 7 is secured, the durability of the
Al,04 spray coating 5 is improved and the ablation amount of the Al;O; spray coating 5
can be reduced. Further, a high mechanical strength of the Al,Os spray coating 5 is
achiseved, and a smooth swface can be formed. Therefore, the mounting member 1 can
be coated with the AL O; spray coating 5 having the densified layer 7 of such excellent
properties as the surface layer.

[0869] In the above embodiment, the precedent beam spot and the follow-up beam
spot are overlapped with each other over 50% of a spot region in the Jateral direction,
but the overlapping degree may be not less than 50% but not more than 100%. When
the overlapping degree 18 less than 50“%, there remains ap arca which cannot be
superimposedly irradiated with the follow-up laser bean:.

[0070] Fig. 8 is a view showing an arrangement of seven beam spots when the surface
5a of the Al,Os spray coating 5 formed on the mounting member 1 is scanned with
seven laser beams by using a method of forming & densified layer in a spray coating
according to the third embodiment of the present invention.  In this embodiment, the
mutual precedent beam spot and follow-up beam spot among seven beam spots b2 to
b18 arranged side by side are at a state of overlapping to each other over 60% of a spot
area in the lateral direction.

[0071] The center-to-center distance r between the precedent beam spot and the

follow-up beam spot in the scanning direction is 2.5 times the diameter of the beam spot.
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In this embodiment, therefore, the overlapping degree between the precedent beam spot
and the follow-up beam spot in the lateral direction is greater than that of the second
enibodiment, and the center-to-center distance r in the scanning direction is larger than
that of the second embodiment.  In this case, the plural steps of from melting to
cooling of the coating composition can be divided and assigned to each of two laser
beams forming the precedent beam spot and the follow-up beam spot as a matter of
course, and the morphological change in the steps can be made different from that of the
second embodiment.
EXASMPLE
[0672] The present invention will be described in detail by way of an example.
Moreover, the present invention is not limited to the following example. Asthe
example, one surface of a flat plate A 6061 of 100 x 100 % 5 mm is coated with an
AlO, spray coating in a thickness of 200 pm with a plasma spraying method and
irradiated with a plurality of CO; laser beams by the method of the second embodiment.
The overlapping degree over a spot region in the lateral direction between the adjoining
precedént beam spot and follow-up beam spot is 66%.  As Comparative Examples 1
and 2, one surface of a flat plate A 6061 of 100 » 100 x 5 mm is coated with an AL O;
spray coating in a thickness of 200 wm with a plasma spraying method and irradiated
with a single CO; laser beam.
H0073) The irradiation conditions in the example and Comparative Examples 1 and 2
are as follows.

(Example) mnumber of beams: 7, laser output: 20 W (2.9 W x 7), laser beam
area; 0.2 mm® (0.029 mm” x 7), treating speed: 10 mm/s.

{Comparative Example 1) number of beams: 1, laser output: 20 W, laser beam

area: (0.2 mm, freating speed: 10 mm/s.

30



(Comparative Example 2} number of beams: 1, laser output: 3 W, laser beam
area: 0.03 mm’, treating speed: 10 mmy/s.
[6074] Fig. 9(a) is an electron microscope photograph of a cross section of a surface
laver in the example, and Fig. 9(b} is an electron microscope photograph of a cross
section of & surface layer in Comparative Example 1, and Fig. 9{c) is an electron
mictoscope photograph of a cross section of a surface layer in Comparative Example 2.
The thickness of a densified layer is 25 wm and the crack depth is 40 pm in the example,
while the thickness of a densified layer i1s 20 to 50 pm and the crack depth is 200 um in
Comparative Example 1, and the thickness of a densified layer is 25 pm and the crack
depth is 200 pm in Comparative Example 2.
[0075] The embodiments disclosed above are iilustrative and not restrictive.  For
example, a plurality of beam spots may be formed from a plurality of laser beams
without using DOE.  In this case, different kinds of laser beams may be used, for
example, 2 COx laser is used as a precedent laser beam and a YAG laser is used as a
foliow-up laser beam depending on the conditions of the coating composition to be
melied and so on.  As to the scanning sysiem with laser beams, the scanning may be
performed by moving the XY stage in one direction (going direction) and then moving
in the opposite direction (returning direction), rather than movement in only one
direction. The XY stage may be moved not only linearly but also rotationally.
Purther, the laser beam side may be moved using a galvano lens rather than moving the
scanning object side with the XY stage. The intensity of the laser beam, the size of the
beam spot, the scanning speed, the intensity distribution of the beam spots, the
irradiation angle of the laser beam and so on can be changed properly.  The spray
coating covering member coated with a spray coating having a densified layer formed

by the method of the present invention is not limited, and may be any of component
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mentbers constituting semiconductor manufacturing devices such as CVD apparatuses,
PVD apparatuses and resist coating apparatuses, and various kinds of members used in
other apparatuses and industrial products.

DESCRIPTION OF REFERENCE SYMBOLS

[0676] 1 Mounting member
2 Transfer arm
4 Base member

Ln

AloOs spray coating

5a Surface

6 Surface layer

7 Densified layer

i0 Laser iradiation apparatus

il Laser osciliator

12 DOE

13 Light collection optical system

15 | XY stage

20 Precedent laser beam

21 Follow-up laser beam
22,23, 24 Trradiation region

bliobl8 Beam spots
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CLAIMS

1. A method of forming a densified layer in a spray coating by forming a
spray coating on a base member and irradiating a surface of the spray coating with a
high-energy beam to remelt and resolidify a coating composition of a surface layer of
the spray coating to thereby densify the surface layer, characterized in that when the
high-energy beam is scanned over the surface of the spray coating, it is constituted with
a plurality of laser beams forming a plurality of beam spots with the same width
arranged side by side in a direction perpendicular to a scanning direction on the surface
and sequentially shifted rearward in the scanning direction, and the plural laser beams
are irradiated onto the surface of the spray coating while scanning at such a state that an
precedent beam spot anteceding toward the scanning direction and a follow-up beam
spot followed thereto in the two adjacent beam spots among the plural beam spots are
overlapped over a half or more of a spot region to each other in the perpendicular
direction and the precedent beam spot and the subsequent follow-up beam spot are
superimposedly paséed through substantially a full region irradiated by the plural laser

beams to densify a surface layer of the irradiation region.
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