US 20160281263A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2016/0281263 A1

OKI et al. 43) Pub. Date: Sep. 29, 2016
(54) CHAMBER COMPONENTS FOR EPITAXIAL (52) US.CL
GROWTH APPARATUS CPC ... C30B 25/14 (2013.01); C23C 16/45565
(2013.01); C23C 16/4558 (2013.01); F24C
(71) Applicant: Applied Materials, Inc., Santa Clara, 15/10 (2013.01)
CA (US)
(72) Inventors: Shinichi OKI, Chiba-Ken (JP);
Yoshinobu MORI, Ohmura-shi (JP) 7 ABSTRACT
(21) Appl. No.: 15/077,336
Chamber components for an epitaxial growth apparatus are
(22) Filed: Mar. 22,2016 disclosed. A reaction chamber defined and formed by a ceil-
Related U.S. Application Data ing plate. A reactant gas is rectified in a reactant gas supply
path disposed in the side wall, so that a horizontal component
(60)  Provisional application No. 62/138,365, filed on Mar. in a flow direction of the reactant gas in the reaction chamber
25, 2015. corresponds to a horizontal component in a direction extend-
Publication Classification ing from the center of an opening of the reactant gas supply
path. Improvements to the upper side wall, susceptor and
(51) Int.CL rectification plate of the epitaxial growth apparatus have
C30B 25/14 (2006.01) resulted in improvements to the uniformity and formation
F24C 15/10 (2006.01) speed of the epitaxial layer formed on substrates resulting in
C23C 16/455 (2006.01) higher throughput and lower defects.
DISCHARGE GAS FLOW

et

REACTANT GAS FLOW

(%)

P



Patent Application Publication  Sep. 29, 2016 Sheet 1 of 30 US 2016/0281263 A1

26 1 26
23 y 23
% 5 %
31 4, 1 { oa 25
56\ i 321w 2 44 //39
546N /7| I VLA 5
3 %\: — SRR e P
e N 3 5 i3 R 57
56a/ 35(41) 38(42)”‘4% 1 ——P2
52 64 ~51
5734 32 T 4537 53
6
61
63
62 45 52 o

Fig. 1



Patent Application Publication  Sep. 29, 2016 Sheet 2 of 30 US 2016/0281263 A1

O
)




Patent Application Publication  Sep. 29, 2016 Sheet 3 of 30 US 2016/0281263 A1




Patent Application Publication  Sep. 29, 2016 Sheet 4 of 30 US 2016/0281263 A1

22

)
21 25

Fig. 4



Patent Application Publication  Sep. 29, 2016 Sheet S of 30 US 2016/0281263 A1

DISCHARGE GAS FLOW

Pretted

REACTANT GAS FLOW

Fig. 5



Patent Application Publication  Sep. 29, 2016 Sheet 6 of 30

ZZYQ 12 f W
( [

31—\ ——

\I xpm
NN

74(75)~ M” &\
s 1 A\ 1)1 \\
U 13 ]
71 s,
/)
72 73

US 2016/0281263 Al



Patent Application Publication  Sep. 29, 2016 Sheet 7 of 30 US 2016/0281263 A1

81(82) 81 81(83)
Fig. 7A

15

Fig. 7B



Patent Application Publication  Sep. 29, 2016 Sheet 8 of 30 US 2016/0281263 A1

Fig. 8B



Patent Application Publication  Sep. 29, 2016 Sheet 9 of 30 US 2016/0281263 A1

32 91

SN G
%\\\\\\\ s

13

L

Fig. 9



Patent Application Publication  Sep. 29,2016 Sheet 10 of 30 US 2016/0281263 A1

/1A
91A
32A 19A ,
QI’///V//,I— ‘

\ \

13A

.~

64A

Fig. 10



Patent Application Publication  Sep. 29,2016 Sheet 11 of 30 US 2016/0281263 A1

110A

110A 110A

Fig. 11



Patent Application Publication  Sep. 29,2016 Sheet 12 of 30 US 2016/0281263 A1

302

110B(2)



3¢l Old d4¢l Old

US 2016/0281263 Al

(2)z18 alil

(2a0LL

(Z)aoLL

(e)g01L

Sep. 29, 2016 Sheet 13 of 30

(1)g0l1

(1)aoL

(Lzie

a¢ coe 66¢
66¢

d¢

Patent Application Publication



US 2016/0281263 Al

Sep. 29,2016 Sheet 14 of 30

Patent Application Publication

110B(1)

—m H

L]
®
.
°
.
.
»

A XXX

FIG. 12G



Patent Application Publication  Sep. 29,2016 Sheet 15 of 30 US 2016/0281263 A1

T

—— 111B
1282 ] o1 1250
302

L 111B
1252 < |) / Al | 1250

FIG. 12H

____ 111B

1252 —{ 7 U] 1250




Patent Application Publication  Sep. 29,2016 Sheet 16 of 30 US 2016/0281263 A1

e
N
.
3 9
L
o
(o]
™
(o)}
N
(e}
-
N
b v
5 O
@ © TH
[yp]

302




Patent Application Publication  Sep. 29,2016 Sheet 17 of 30 US 2016/0281263 A1

\./\w

121

123 123

™ 122

Fig. 13



Patent Application Publication  Sep. 29,2016 Sheet 18 of 30 US 2016/0281263 A1

Fig. 14



Patent Application Publication  Sep. 29, 2016 Sheet 19 of 30 US 2016/0281263 A1

Fig. 15



Patent Application Publication  Sep. 29, 2016 Sheet 20 of 30 US 2016/0281263 A1

/"58

Fig. 16



Fig. 17



Patent Application Publication  Sep. 29, 2016 Sheet 22 of 30 US 2016/0281263 A1




Patent Application Publication

Sep. 29, 2016 Sheet 23 of 30

US 2016/0281263 Al

7.00

6.50 | === == m oo PR Y

EXAMPLE 1
5,00 F-=—=

GROWTH RATE { z m/min)

]
| COMPARATIVE EXAMPLE 1
1 1 ]

6.00 f ——~=——-—-

5.50 | ——-~-—=--

450 [f-~----=~

400"~

EXAMPLE 2

COMPARATIVE
EXAMPLE 2

1 1 L

EXAMPLE 3

COMPARATIVE
EXAMPLE 3

3.00
8.0

9.0 100 11.0

120 13.0 140 15.0 160 170

18.0

AMOUNT OF FIRST SOURCE GAS (sim)

Fig. 19



Patent Application Publication  Sep. 29, 2016 Sheet 24 of 30 US 2016/0281263 A1

199 ,/
202 36
A
204
37

200

202

7 g
N

~— 205A

202

Fig. 20E




Patent Application Publication  Sep. 29, 2016 Sheet 25 of 30 US 2016/0281263 A1

Fig. 21



Patent Application Publication  Sep. 29,2016 Sheet 26 of 30 US 2016/0281263 A1

Fig. 22



Patent Application Publication  Sep. 29,2016 Sheet 27 of 30 US 2016/0281263 A1

Fig. 23



Patent Application Publication  Sep. 29, 2016 Sheet 28 of 30 US 2016/0281263 A1

212

210
214 56"
A
e B
209 216A 216B 216C /
K( —— 5 N 5 210
4 N
[+} 000 0C¢C o 0@0 o 0 0o O O € 0o ¢ 0 0 0@0 00 00 0 0 OC o 9
232A 2328
Fig. 24B
209 ,/56'
L 212
[N ]
\210

Fig. 24C



US 2016/0281263 Al

4

Sep. 29, 2016 Sheet 29 of 30

Patent Application Publication

m
—
N
N

5
221A

u.a«.“ﬁ@

224

226(3)

m
-—
N
™~

Fig. 25B



Patent Application Publication  Sep. 29,2016 Sheet 30 of 30 US 2016/0281263 A1

Fig. 25C




US 2016/0281263 Al

CHAMBER COMPONENTS FOR EPITAXIAL
GROWTH APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from U.S. Provi-
sional Application Ser. No. 62/138,365, filed Mar. 25, 2015,
which is hereby incorporated by reference in its entirety.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to a film forming
method using epitaxial growth and an epitaxial growth appa-
ratus, and more specifically to chamber components for such
epitaxial growth apparatus that enable the method.

BACKGROUND

[0003] At present, as an epitaxial growth apparatus for
causing an epitaxial film to grow on a substrate using epitaxial
growth, an apparatus including a process chamber and a rotat-
able substrate support disposed in the process chamber and
configured to rotate a substrate about a rotation axis is known
in which a reactant gas is introduced to the substrate in a
direction parallel to the substrate to form a film on the sub-
strate on the substrate support.

[0004] In such an epitaxial growth apparatus, there is cur-
rently a need for an increase in growth rate. However, it is not
preferable that a large amount of source gas is included in the
reactant gas so as to further increase the growth rate, for
example, because an increase in the film formation cost or an
increase in the number of particles is caused.

[0005] In epitaxial growth, when the thickness of'a bound-
ary layer (at a position at which the flow rate is 99% of the
flow rate of the main stream of the reactant gas flow) on the
surface of a substrate decreases, it is known that an increase in
growth rate is expected. On the other hand, when the thick-
ness of the boundary layer simply decreases, a flow in which
the reactant gas escapes toward the circumferential edge of
the substrate on the surface of the substrate is formed and it is
thus difficult to adjust a film thickness distribution or a resis-
tivity distribution.

SUMMARY OF THE DISCLOSURE

[0006] In one embodiment, an upper side wall for an epi-
taxial growth apparatus is disclosed herein. The upper side
wall includes a body. The body includes an upper surface, a
bottom surface, and a first and second convex portions. The
upper surface has an annular shape configured to form an
abutment with a ceiling plate. The annular shape is disposed
about a center axis. The bottom surface includes abutment
surface and flow guiding surface. The abutment surfaces are
configured to form an abutment with a lower side wall sup-
porting the upper side wall. The flow guiding surfaces are
configured to direct precursor gases to and from a substrate.
The first and second convex portions each extend from the
bottom surface. The flow guiding surfaces are disposed
between the first and second convex portions.

[0007] In another embodiment, a rectification plate is dis-
closed herein. The rectification plate includes an elongated
body, a plurality of through holes, and fastener holes. The
elongated body includes a first surface and a second surface.
The second surface is opposite the first surface. The plurality
of through holes extends from the first surface to the second
surface. The plurality of through holes is allocated into at least
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three groups. The fastener holes are disposed between adja-
cent through holes of the at least three groups. The fastener
holes extend from the first surface to the second surface.
[0008] Inanother embodiment, a susceptor for supporting a
substrate within an epitaxial growth apparatus is disclosed
herein. The susceptor includes an annular body and a plurality
of'through holes. The annular body extends to an outer radius
from a center axis. The annular body includes a top surface
and a bottom surface opposite the top surface. The top surface
includes a concave portion, a non-concave portion, and a
transition portion. The concave portion is disposed at the
center axis and extending to an inner radius. The non-concave
portion is disposed along the circumference of the annular
body. The transition portion connects the concave portion to
the non-concave portion. The transition portion is configured
to form an abutment with the substrate and support the sub-
strate. The transition portion is at a higher elevation than the
non-concave portion when the top surface is facing upward
and the center axis is disposed vertically. The plurality of
through holes extends from the top surface to the bottom
surface. The plurality of through holes is positioned within
the concave portion and the non-concave portion. The density
of'the plurality of through holes in the concave portion and the
non-concave portion is at least 5.0 through holes per square
centimeters.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a cross-sectional view illustrating the
entire configuration of an epitaxial growth apparatus accord-
ing to an embodiment of the present disclosure.

[0010] FIG. 2 is an exploded perspective view illustrating
the configuration of a reaction chamber according to the
embodiment of the present disclosure.

[0011] FIG. 3 is an exploded perspective view illustrating
the outer configuration of the reaction chamber according to
the embodiment of the present disclosure.

[0012] FIG. 4isa perspective cross-sectional view illustrat-
ing the configuration of a ceiling portion according to the
embodiment of the present disclosure.

[0013] FIG. 5 is a diagram schematically illustrating the
inner configuration of a side wall according to the embodi-
ment of the present disclosure.

[0014] FIG. 6 is a cross-sectional view illustrating a reac-
tant gas supply path according to the embodiment of the
present disclosure.

[0015] FIGS. 7A and 7B are diagrams schematically illus-
trating the reactant gas supply path according to the embodi-
ment of the present disclosure.

[0016] FIGS. 8A and 8B are perspective views illustrating
an example of a rectification plate according to the embodi-
ment of the present disclosure.

[0017] FIG. 9 is a partial cross-sectional view illustrating
an example of a susceptor ring according to the embodiment
of the present disclosure.

[0018] FIG. 10 is a partial cross-sectional view illustrating
another example of the susceptor ring according to the
embodiment of the present disclosure.

[0019] FIG. 11 is a top plan view illustrating an example of
a susceptor according to the embodiment of the present dis-
closure.

[0020] FIGS. 12A through 12] are a top perspective view, a
bottom perspective view, a top view, and a bottom view,
respectively, of another embodiment of the susceptor of FI1G.
11.
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[0021] FIG. 13 is a diagram schematically illustrating the
configuration of a susceptor support according to the embodi-
ment of the present disclosure.

[0022] FIG.14isaperspective view illustrating a susceptor
shaft according to the embodiment of the present disclosure.
[0023] FIG.151saperspective view illustrating an example
of'a substrate lift according to the embodiment of the present
disclosure.

[0024] FIG.161s aperspective view illustrating an example
of a gas discharge tube according to the embodiment of the
present disclosure.

[0025] FIG.17isaperspective view illustrating an example
of an upper reflector according to the embodiment of the
present disclosure.

[0026] FIG. 18 is a plan view illustrating an example of a
lower reflector according to the embodiment of the present
disclosure.

[0027] FIG. 19 is a graph illustrating results of examples
and comparative examples.

[0028] FIGS. 20A through 20F are a top perspective view,
a bottom perspective view, a bottom view, a left side view, and
a left cross-sectional view of the upper side wall of FIG. 1.
[0029] FIG. 21 is an exploded perspective view illustrating
the outer configuration of a reaction chamber of the epitaxial
growth apparatus according to the related art.

[0030] FIG.22 is a plan view illustrating an example of an
upper reflector of the epitaxial growth apparatus according to
the related art.

[0031] FIG. 23 is a plan view illustrating an example of a
lower reflector of the epitaxial growth apparatus according to
the related art.

[0032] FIGS. 24A through 24C are a top front perspective
view, a front view, and a top view, respectively, of another
embodiment of the rectification plate of FIGS. 8A and 8B.
[0033] FIGS. 25A and 25B are a front bottom perspective
view and a rear bottom perspective view, respectively, of a
reactant gas introducing portion upstream of the rectification
plate of FIG. 24A.

[0034] FIG.25C is a partial top perspective exploded view
of an example of the epitaxial growth apparatus of FIG. 1
depicting the rectification plate of FIG. 24A and the reactant
gas introducing portion of FIG. 25A.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0035] The present disclosure is made in consideration of
the above-mentioned circumstances to provide a film forming
method using epitaxial growth and an epitaxial growth appa-
ratus, which can achieve a stable and high growth rate while
guaranteeing film quality from the viewpoint of a film thick-
ness distribution or a resistivity distribution. More specifi-
cally, the present disclosure describes chamber components
for such epitaxial growth apparatus that enable the film form-
ing method. Exemplary chamber components include upper
side wall, susceptor and rectification plate, improvements
thereof have resulted in improvements to the uniformity and
speed of the epitaxial layer formed on substrates resulting in
higher throughput and lower defects.

[0036] According to an embodiment of the present disclo-
sure, an upper side wall for an epitaxial growth apparatus is
disclosed. The upper side wall includes a body comprising an
upper surface including an annular shape configured to form
an abutment with a ceiling plate, wherein the annular shape is
disposed about a center axis. The upper side wall further
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includes a bottom surface including abutment surfaces and
flow guiding surfaces. The abutment surfaces are configured
to form an abutment with a lower sidewall supporting the
upper side wall, and the flow guiding surface are configured to
direct precursor gases to and from a substrate. The upper side
wall further includes first and second convex portions each
extending from the bottom surface, wherein the flow guiding
surfaces are disposed between the first and the second convex
portions. In this manner the precursor gases may be directed
to and from the substrate with greater uniformity.

[0037] According to another embodiment of the present
disclosure, a precursor gas subsystem for an epitaxial growth
apparatus is disclosed. The precursor gas subsystem includes
a reactant gas introducing portion comprising an output sur-
face, and a plurality of output channels configured to deliver
at least one precursor gas to the output surface. The precursor
gas subsystem further includes a rectification plate. The rec-
tification plate including a first surface, a second surface
opposite the first surface, fastener holes, and a plurality of
through holes extending from the first surface to the second
surface and allocated into a plurality of groups. The plurality
of groups are respectively associated with plurality of output
channels, and the fastener holes are configured for fasteners
to be inserted therethrough to attach the rectification plate to
the reactant gas introduction portion. In this manner, a more
uniform epitaxial layer may be formed on a substrate as cross
flow leakage between the plurality of output channels is
reduced.

[0038] According to another embodiment of the present
disclosure, a susceptor for supporting a substrate within an
epitaxial growth apparatus is disclosed. The susceptor
includes an annular body extending to an outer radius from a
center axis. The annular body includes a top surface and a
bottom surface opposite the top surface. The top surface
includes a concave portion disposed at the center axis and
extending to an inner radius. The top surface further includes
a non-concave portion disposed along the circumference of
the annular body. The top surface further includes a transition
portion connecting the concave portion to the non-concave
portion. The transition portion is configured to form an abut-
ment with the substrate and support the substrate, wherein the
transition portion is at a higher elevation than the concave
portion and at a lower elevation than the non-concave portion
when the top surface is facing upward and the center axis is
disposed vertically. The susceptor further includes a plurality
of'through holes extending from the top surface to the bottom
surface, wherein the plurality of through holes is positioned
within the concave portion and the non-concave portions. The
density of the plurality of through holes in the concave por-
tion and the non-concave portion is at least 5.0 through holes
per square centimeters. In this manner, the substrate may be
supported within the epitaxial growth apparatus with more
homogeneous thermal characteristics to improve epitaxial
layer formation uniformity.

[0039] Here, it is preferable that the ceiling plate be sup-
ported by the support so that a distance between the ceiling
plate and the top surface of the substrate is equal to or less than
a predetermined value.

[0040] Thereactant gas supply path may be formed in a step
shape ascending from an entrance of the reactant gas to an exit
connected to the reaction chamber. In this case, plural source
gases, which are raw materials of the reactant gas, are mixed
in the reactant gas supply path of the step shape.
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[0041] The gas discharge path may be connected to a gas
discharge portion disposed outside the side wall and the gas
discharge portion may be formed to have an opening narrow-
ing from the inside connected to the gas discharge path to the
outside.

[0042] A susceptor ring may be disposed on the outer cir-
cumference of the substrate mounting portion so as to pre-
heat the reactant gas. The susceptor ring may include two
members of an outer ring portion mounted on a flange portion
disposed in the side wall and an inner ring portion mounted on
aconcave portion disposed on the top surface of the outer ring
portion, and the inner ring portion may have such an inner
diameter to reduce a gap between the circumferential edge of
the substrate mounting portion and the inner circumferential
edge of the substrate mounting portion and the inner circum-
ferential edge of the outer ring portion. In this case, the
reactant gas is prevented from flowing from the circumferen-
tial edge of the substrate mounting portion to the bottom
surface of the substrate mounting portion by the use of the
inner ring portion.

[0043] The substrate mounting portion may have plural
through-holes.
[0044] First heating means for heating the reaction cham-

ber to a predetermined growth temperature may be disposed
above the reaction chamber, a first reflector may be disposed
above the first heating means, second heating means for heat-
ing the reaction chamber to a predetermined growth tempera-
ture may be disposed below the reaction chamber, and a
second reflector may be disposed below the second heating
means. In this case, it is preferable that the first reflector
include a first slope portion reflecting heat waves from the
first heating means to the center of the reaction chamber and
a first flat portion reflecting heat waves from the first heating
means in a vertically-falling direction, and the first slope
portion and the first flat portion be arranged so that an area
ratio of the first slope portion and the first flat portion is a
predetermined ration and a distribution of the first slope por-
tion and the first flat portion is not biased. In addition, it is
preferable that the second reflector include a second slope
portion reflecting heat waves from the second heating means
to the center of the reaction chamber and a second flat portion
reflecting heat waves from the second heating means in a
vertically-rising direction, and the second slope portion and
the second flat portion be arranged so that an area ratio of the
second slope portion and the second flat portion is a prede-
termined ratio and a distribution of the second slope portion
and the second flat portion is not biased.

[0045] In the film forming method using epitaxial growth
and the epitaxial growth apparatus according to the present
disclosure, since the support supports the ceiling plate from
the outer and upper sides of the ceiling plate, the distance
between the top of the substrate and the ceiling plate is small
and it is possible to satisfactorily support the ceiling plate
even when a thermal stress is high. Therefore, it is possible to
reduce the thickness of the boundary layer, thereby contrib-
uting to an increase in growth rate. On the other hand, before
the reactant gas is introduced into the reaction chamber, the
reactant gas is rectified in the reactant gas supply path dis-
posed in the side wall so that a horizontal component in a flow
direction of the reactant gas in the reaction chamber corre-
sponds to a horizontal component in a direction extending
from the center of an opening of the reactant gas supply path
facing the reaction chamber to the center of the reaction
chamber. Accordingly, it is possible to suppress an increase of
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the flow in which the reactant gas escapes toward the circum-
ferential edge of the substrate on the surface of the substrate
in the reaction chamber with a decrease in thickness of the
boundary layer, thereby contributing to stabilization of the
reactant gas flow. As a result, it is possible to achieve a stable
and high growth rate while guaranteeing the film quality from
the view point of a film thickness distribution or a resistivity
distribution.

[0046] Hereinafter, an epitaxial growth apparatus accord-
ing to an embodiment of the present disclosure and a film
forming method using epitaxial growth, which is performed
using the epitaxial growth apparatus, will be described. Also
described are chamber components for such epitaxial growth
apparatus that are particularly beneficial to obtaining the
advantages of the film forming method.

Configuration of Epitaxial Growth Apparatus

[0047] First, the configuration of an epitaxial growth appa-
ratus 1 according to the embodiment of the present disclosure
will be schematically described. FIG. 1 is a cross-sectional
view illustrating the entire configuration of the epitaxial
growth apparatus 1. FIG. 2 is an exploded perspective view
illustrating the configuration of a reaction chamber 2 of the
epitaxial growth apparatus 1. FIG. 3 is an exploded perspec-
tive view illustrating the outer configuration of the reaction
chamber 2 of the epitaxial growth apparatus 1.

[0048] The epitaxial growth apparatus 1 is a film forming
apparatus that enables, for example, a film of silicon to epi-
taxially grow on a substrate W.

[0049] The epitaxial growth apparatus 1 includes a reaction
chamber 2. The reaction chamber 2 includes a susceptor 3 on
which the substrate W is mounted, a side wall 4, and a ceiling
5.

[0050] The susceptor 3 is a plate-like member having a
circular shape when seen from the upper side and has a size
slightly larger than the substrate W. The susceptor 3 is pro-
vided with a substrate concave portion 3a on which the sub-
strate W is mounted. The susceptor 3 is supported by a sus-
ceptor support 6 having plural arms.

[0051] The susceptor support 6 lifts up and down the sus-
ceptor 3 while supporting the susceptor 3. The lifting range of
the surface of the susceptor 3 on which the substrate W is
mounted ranges from a film-forming position P1 at which a
film is formed on the substrate W on the susceptor 3 to a
substrate-carrying position P2 at which the substrate W is put
in and out of the epitaxial growth apparatus 1. The susceptor
support 6 is configured to enable the susceptor 3 and the
substrate W to rotate by rotating about the axis of the suscep-
tor support 6 at the film-forming position P1.

[0052] An annular susceptor ring 7 is disposed around the
susceptor 3 at the film-forming position P1. Although details
will be described later, the susceptor ring 7 includes a first
ring 11 and a second ring 12 placed on the first ring 11. The
susceptor ring 7 is supported by a flange portion 13 disposed
in the side wall 4 of the reaction chamber 2.

[0053] The ceiling portion 5 includes a ceiling plate 21 and
a support 22 supporting the ceiling plate 21. The ceiling plate
21 has permeability and is configured to heat the inside of the
reaction chamber 2 by transmitting heat from heating means
23 (for example, a halogen lamp) disposed above the outside
of the ceiling plate 21 and an upper reflector 26. That is, the
epitaxial growth apparatus 1 according to this embodiment is
a cold wall type epitaxial growth apparatus. In this embodi-
ment, the ceiling plate 21 is formed of quartz.
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[0054] The support 22 supporting the ceiling plate 21 has
anannular shape. The ceiling plate 21 is fixed to an end, which
is close to the substrate W, of an opening 24 inside the inner
edge of the support 22. An example of the fixing method is a
welding method.

[0055] The side wall 4 includes an annular upper side wall
31 and an annular lower side wall 32. The flange portion 13 is
disposed on the inner circumference of the lower side wall 32.
A substrate carrying port 30 is disposed below the flange
portion 13. The upper side wall 31 has a slope portion corre-
sponding to a slope portion outside of a protrusion 25 of the
support 22 on the top surface thereof. The support 22 is
disposed on the slope of the upper side wall 31.

[0056] Inthe top surface of the lower side wall 32, a part of
the outer circumference thereof’is cut out of a region, in which
the cutout is not formed, serves as a mounting surface 33 on
which the upper side wall 31 is mounted. A first concave
portion 34 is formed in the lower side wall 32 by the cutout of
the lower side wall 32. That is, the first concave portion 34 is
a concave portion formed in a part, in which the mounting
surface 33 is not formed, of the top surface of the lower side
wall 32. In the upper side wall 31, a first convex portion 36 is
formed at the position corresponding to the first concave
portion 34 at the time of mounting the upper side wall on the
lower side wall 32 so as to correspond to the shape of the first
concave portion 34 and to form a gap 35 between the first
concave portion 34 and the first convex portion. The gap 35
between the first convex portion 36 and the first concave
portion 34 serves as a reactant gas supply path 41 (supply
path). Details of the reactant gas supply path 41 will be
described later.

[0057] Intheregion opposed to the first concave portion 34
of the lower side wall 32, a part of the outer circumferential
portion of the top surface of the lower side wall 32 is cut out
to form a second concave portion 37. In the upper side wall
31, a second convex portion 39 is formed at the position
corresponding to the second concave portion 37 at the time of
mounting the upper side wall on the lower side wall 32 so as
to correspond to the shape of the second concave portion 37
and to form a gap 38 between the second concave portion 37
and the second convex portion. A gas discharge path 42 is
formed by the second concave portion 37 and the second
convex portion 39 of the upper side wall 31.

[0058] In this way, the reactant gas supply path 41 and the
gas discharge path 42 face each other in the reaction chamber
2 and the reactant gas in the reaction chamber 2 flows over the
substrate W in the horizontal direction.

[0059] A purge hole 44 through which a purge gas is dis-
charged is formed in a wall surface 43 constituting the second
concave portion 37 of the lower side wall 32. The purge hole
44 is formed below the flange portion 13. In that the purge
hole 44 is formed in the wall surface 43 constituting the
second concave portion 37, the purge hole 44 communicates
with the gas discharge path 42. Therefore, both the reactant
gas and the purge gas are discharged through the gas dis-
charge path 42.

[0060] An annular platform 45 is disposed on the bottom
surface side of the lower side wall 32 of the side wall 4 and the
side wall 4 is placed on the platform 45. The platform may be
disposed within the annular clamping portion 51 (see FIG. 1).
[0061] An annular clamping portion 51 is disposed on the
outer circumference sides of the ceiling portion 5, the side
wall 4, and the platform 45, and the annular clamping portion
51 clamps and supports the ceiling portion 5, the side wall 4,
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and the platform 45. The clamping portion 51 is provided with
a supply-side communication path 52 communicating with
the reactant gas supply path 41 and a discharge-side commu-
nication path 53 communicating with the gas discharge path
42. A gas introduction tube 55 is inserted into the supply-side
communication path 52. A gas discharge tube 58 is inserted
into the discharge-side communication path 53.

[0062] A reactant gas introducing portion 54 is disposed
outside the clamping portion 51, and the reactant gas intro-
ducing portion 54 and the supply-side communication path
52 communicate with each other. In this embodiment, a first
source gas and a second source gas are introduced from the
reactant gas introducing portion 54. The second source gas
also serves as a carrier gas. A mixture of three or more types
of gases may be used as the reactant gas. A rectification plate
56 is disposed in the joint of the supply-side communication
path 52 and the reactant gas introducing portion 54, so as to be
perpendicular to the gas flow channel. The rectification plate
56 is provided with plural holes 56a in a line along the
circumferential direction, and the first source gas and the
second source gas are mixed and rectified by causing the
reactant gas to pass through the holes 56a. A gas discharge
portion 57 is disposed outside the clamping portion 51. The
gas discharge portion 57 is disposed at a position facing the
reactant gas introducing portion 54 with the center of the
reaction chamber 2 interposed therebetween.

[0063] An apparatus bottom portion 61 is disposed in the
lower part of the inner circumference side of the platform 45.
Another heating means 62 and a lower reflector 65 are dis-
posed outside the apparatus bottom portion 61 and the sub-
strate W can be heated from the lower side.

[0064] The center of the apparatus bottom portion 61 is
provided with a purge gas introducing portion (not shown)
through which the axis portion 63 of the susceptor support 6
is inserted and the purge gas is introduced. The purge gas in
introduced into a lower reaction chamber part 64 formed by
the apparatus bottom portion 61, the lower side wall 32, and
the platform 45 from purge gas introducing means not shown
and disposed in the purge gas introducing portion. The purge
hole 44 communicates with the lower reaction chamber part
64.

Summary of Film Forming Method Using Epitaxial Growth

[0065] A film forming method using the epitaxial growth
apparatus according to this embodiment will be described
below.

[0066] First, the susceptor 3 is moved to the substrate-
carrying position P2, a substrate W is put in from the substrate
carrying port 30, and the susceptor 3 is moved to the film-
forming position P1. For example, a silicon substrate with a
diameter of 200 mm is used as the substrate W. Then, the
substrate is heated from the standby temperature (for
example, 800° C.) to the growth temperature (for example,
1100° C.) by the use of the heating means 23 and 62. The
purge gas (for example, hydrogen) is introduced into the
lower reaction chamber part 64 from the purge gas introduc-
ing portion. The reactant gas (for example, trichlorosilane as
the first source gas and hydrogen as the second source gas) is
introduced into the reaction chamber 2 through the reactant
gas supply path 41 from the reactant gas introducing portion
54. The reactant gas forms a boundary layer on the surface of
the substrate W and a reaction occurs in the boundary layer.
Accordingly, a silicon film is formed on the substrate W. The
reactant gas is discharged from the gas discharge path 42



US 2016/0281263 Al

communicating with the reaction chamber 2. The purge gas is
discharged to the gas discharge path 42 through the purge hole
44. After the epitaxial growth ends in this way, the tempera-
ture falls to the standby temperature and the substrate W is
taken out and is moved to another chamber of a semiconduc-
tor manufacturing apparatus.

Details of Film Forming Method Using Epitaxial Growth
Apparatus

[0067] Details of the constituent members of the epitaxial
growth apparatus 1 according to this embodiment and details
of'the film forming method according to this embodiment will
be described below.

[0068] FIG.4isaperspective cross-sectional view illustrat-
ing the configuration of the ceiling portion 5 in this embodi-
ment. As shown in the drawing, the inner edge of the support
22 supporting the ceiling plate 21 has a diameter slowing
decreasing toward the substrate. The ceiling plate 21 is fixed
to an end portion of the inner edge facing the substrate W.
When the support 22 is viewed from the rear side (bottom
side), the inner circumferential portion protrudes to form a
protrusion 25. The protrusion 25 is formed to have a diameter
slowly decreasing in the protruding direction. In this way, the
support 22 includes two slope portions. That is, the support 22
supports the ceiling plate 21 from the upper side and the outer
side of the circumferential edge at the circumferential edge of
the ceiling plate 21. The protrusion 25 prevents thermally
induced stress cracks from developing in the support 22 by
thickening the support 22 at an interface with the ceiling plate
and thereby avoiding a stress concentration that would be
otherwise formed in the support 22 without the protrusion 25.
[0069] FIG. 20A through 20F are a top perspective view, a
bottom perspective view, a bottom view, a left side view, and
a left cross-sectional view of the upper side wall 31 of FIG. 1.
Theupper side wall 31 includes a body 199 having top surface
200, which is configured to abut against the protrusion 25 of
the support 22. The top surface 200 may be formed with a
curved annular shape having a center axis Al. The curved
annular shape may be uniform along the circumference of the
upper side wall. The uniformity enables the support 22 to
efficiently form an interface with the upper side wall 31.
Further, the q, angle of the top surface may be angled at least
eighteen degrees relative to a direction normal to the center
axis Al to enable the protrusion 25 to extend through the
upper side wall 31 or substantially through the upper side wall
31 in order to dispose the ceiling plate 21 lower when the
abutment interface is formed and thereby reduce the distance
H between the substrate W and the ceiling plate 21.

[0070] The upper side wall 31 further includes the first and
second convex portions 36, 37 that extend parallel to the
center axis Al from the bottom surface 202 of the upper side
wall 31. The first and second convex portions 36, 37 may
respectively include inner surfaces 205A, 205B which face
each other and may be disposed equidistant from the center
axis Al. The first and the second convex portions 36, 37
correspond to the shapes of the first and second concave
portions 34, 39 of the lower side wall 32 wherein the gaps 35,
38 disposed respectively therebetween serve as the reactant
gas supply 41 and the gas discharge path 42. The first and
second convex portions 36, 37 may each extend along a
circumference of the upper side wall 31 according to respec-
tive angular lengths q,, q,. The angular lengths are in a range
from seventy-five (75) degrees to one-hundred ten (110)
degrees. The angular lengths q,, q, enable the precursor gases
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to provide uniform coverage over the substrate W and to exit
the reaction chamber 2 (FIG. 1) after traversing the substrate
W. The angular lengths q;, q, may be different from each
other to account for the temperature changes and mass
changes of the precursor gases as they enter and depart the
reaction chamber 2, but preferably they are the same. The
bottom surface 202 of the upper side wall may include flow
guiding surfaces 204 A, 204B disposed between the first and
second convex portions 36, 37. The flow guiding surfaces
204 A, 204B are used to guide the reactant gas supply 41 to
and from the reaction chamber 2 respectively. The flow guid-
ing surface 204A may be disposed parallel to or substantially
parallel to the substrate W (or orthogonal to the center axis
A1) to facilitate the formation of a uniform boundary layer of
the precursor gases at the substrate W. The flow guiding
surface 204B may be disposed at a non-orthogonal angle
relative to the center axis A1 to facilitate an efficient removal
of'the precursor gases from the substrate W after the precursor
gases have traversed the substrate W. In this manner, the upper
side wall 31 may direct the precursor gases to and from the
substrate W to enhance uniformity.

[0071] It is noted that the bottom surface 202 of the upper
side wall 31 also includes abutment surfaces 206A, 2068
arranged to form an abutment against the lower side wall 32.
The abutment surfaces 206A, 206B may be disposed orthogo-
nal to the center axis A1 to facilitate efficient installation upon
the lower side wall 32. The body of the upper side wall 31 may
also comprise quartz for low thermal expansion and high
temperature resistance during operation. The body of the
upper side wall 31 may be formed integrally to minimize the
opportunity for thermal stress cracking during operation.

[0072] Inthis way, in this embodiment, since the support 22
is formed in such a shape on which a stress is less concen-
trated than that in the related art, the distance H between the
substrate W and the ceiling plate 21 can be reduced, that is,
less than 10 mm.

[0073] Specifically, most infrared rays from the heating
means 23 passes through the ceiling plate 21, but the ceiling
plate 21 absorbs radiant heat from the susceptor 3 or the
substrate W. The absorbed heat is input to the support 22
through the joint with the support 22 from the ceiling plate 21.
Here, when the distance H between the substrate W and the
ceiling plate 21 is reduced, the amount of radiant heat
absorbed increases and the amount ofheat input to the support
22 increases. Therefore, when the support 22 has a substan-
tially rectangular corner 25' as in the ceiling portion 5' in the
related art, a stress may be concentrated on the corner 25' to
generate cracks or the like.

[0074] On the other hand, in this embodiment, by forming
the protrusion 25 in the support 22 and supporting the ceiling
plate 21 from the upper side and the outer side of the circum-
ferential edge at the circumferential edge of the ceiling plate
21, the ceiling plate 21 can be supported to the substrate side
without forming the corner (25') on which a stress is easily
concentrated as small as possible.

[0075] In this embodiment, since the distance between the
ceiling plate 21 and the substrate W is reduced to narrow the
boundary layer as described above, the reactant gas is likely to
escape to the outside of the substrate W and the film thickness
distribution of the substrate may not be uniformized well,
which should be preferably prevented. Accordingly, in this
embodiment, a guide portion is disposed in the reactant gas
supply path 41 to uniformize the gas flow, as described below.
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[0076] The guide portion disposed in the reactant gas sup-
ply path 41 will be described below in detail with reference to
FIGS. 5 to 7B. As described above, the reactant gas supply
path 41 is formed by the first concave portion 34 of the lower
side wall 32 and the first convex portion 36 of the upper side
wall 31 and communicates with the reactant gas introducing
portion 54 through the gas introducing tube 55 in the supply-
side communication path 52. The reactant gas supply path 41
includes a first supply path 71 extending in the direction
(horizontal direction) corresponding to the gas introduction
direction from the reactant gas introducing portion 54, a
second supply path 72 communicating with the first supply
path 71 and extending the direction (vertical direction) per-
pendicular to the gas introduction direction, and a third sup-
ply path 73 communicating with the second supply path 72
and extending in the direction (horizontal direction) parallel
to the gas introduction direction. The third supply path 73
communicates with the reaction chamber 2. That is, the reac-
tant gas supply path 41 is formed in a step shape ascending
from the supply-side communication path 52, which is the
entrance of the reactant gas to the exit, which is the exit of the
reactant gas and is connected to the reaction chamber 2.

[0077] Here, since the second supply path 72 extends in the
vertical direction as described above, the gas introduced from
the reactant gas introducing portion comes in contact with a
wall surface 74 of the second supply path 72 facing the
reactant gas introducing portion 54. Accordingly, the reactant
gas is diffused and the mixing property of the reactant gas is
improved. That is, the second supply path 72 serves as a
mixing chamber of the reactant gas. In this case, a groove 75
extending in the vertical direction is formed in the wall sur-
face 74 of the second supply path 72 in this embodiment so as
for the reactant gas no to stay in the second supply path 72,
and the groove 75 serves as a guide portion. Since the groove
75 is formed in this way, the gas diffused by contact with the
wall surface 74 of the second supply path 72 can easily flow
into the third supply path 73, can be rectified along the groove
75 to improve the rectilinear flowing property of the reactant
gas, thereby suppressing diffusion of the reactant gas when
the reactant gas flows in the reaction chamber 2.

[0078] The groove 75 will be described below in detail.
Plural grooves 75 are continuously formed as a concave por-
tion in the entire surface of the wall surface 74 of the second
supply path 72. As shown in FIG. 7B, the grooves 75 as the
concave portion are curved in the width direction of the
groves in this embodiment, each groove 75 as an arc shape
when viewed from the top side. Since the groove 75 is curved
in the width direction, the reactant gas is not likely to be
diffused (is likely to be concentrated) when the reactant gas
comes in contact with the bottom of the grooves 75 of the wall
surface 74, and is not likely to be diftused to the outside of the
substrate W when the reactant gas flows in the reaction cham-
ber 2. When the depth of the grooves 75 is excessively large,
the diffusion can be suppressed but the first source gas and the
second source gas in the reactant gas is not likely to be mixed.
In an embodiment of the present disclosure, that the depth of
the grooves 75 is preferably set to a range of 1 mm to 5 mm
and more preferably 3 mm.

[0079] The grooves 75 are formed toward the center ¢ in the
in-plane direction of the lower side wall 32. That is, the
grooves 75 are arranged along the circumferential direction of
the lower side wall 32. By arranging the grooves in this way,
the rectification property can be enhanced so that the hori-
zontal component in the flow direction of the reactant gas
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guide by the grooves 75 and introduced into the reaction
chamber 2 corresponds to the horizontal component in the
direction extending from the center of the opening of the
reactant gas supply path 41 facing the reaction chamber 2 to
the center of the reaction chamber 2, thereby suppressing
diffusion of the reactant gas in the reaction chamber 2.
[0080] The grooves 75 are formed at positions at which the
center in the width direction of each groove 75 substantially
agrees (corresponds) to the center of each hole 56a of the
rectification plate 56 disposed in the reactant gas introducing
portion 54. That is, in this embodiment, the number of
grooves 75 in the wall surface 74 is equal to the number of
holes 56a. Accordingly, since the reactant gas rectified by the
rectification plate 56 flows in the grooves 75, the rectification
performance is further enhanced to improve the rectilinear
flowing property of the reactant gas.

[0081] In this embodiment, the grooves 75 are formed in
the entire surface of the wall surface 74 of the second supply
path 72, but may be formed at least in an end portion of the
wall surface 74 of'the second supply path 72. The end portion
means a portion corresponding to the extreme end region of
plural regions into which the holes of the rectification plate 56
are divided. For example, in the example shown in FIGS. 7A
and 7B, the rectification plate 56 are divided into three regions
81 and the grooves 75 have only to be formed to correspond
to the holes of the extreme end regions 82 and 83. Since the
reactant gas is likely to escape to the outside of the substrate
W as described above, it is particularly preferable that the
grooves 75 are formed to enhance the rectilinear flowing
property of the reactant gas in the end portions of the reactant
gas supply path 41. In this case, by forming the grooves 75
serving as a guide in the form of a concave portion, it is
possible to easily obtain such an effect. For example, when a
rectifying member is separately disposed in the second sup-
ply path 72, a problem may occur in the mixing property of
the reactant gas or the manufacturing cost. However, such as
problem is solved by forming the grooves 75 as a concave
portion as in this embodiment.

[0082] FIGS. 8A and 8B are perspective views illustrating
an example of the rectification plate 56. As shown in the
drawings, the through holes of the rectification plate 56 are
configured to follow the pattern of the grooves 75. The open-
ing ratio of the rectification plate 56 is preferably determined
to be an optimal value in consideration of incidental equip-
ment such as a scrubber or the shape, the length, and the like
of an external pipe, as well as the viewpoint of growth rate.
[0083] FIGS. 24A through 24C are a top front perspective
view, a front view, and a top view, respectively, of a rectifi-
cation plate 56' that is another embodiment of the rectification
plate of FIGS. 8A and 8B. It has been observed that the
rectification plate 56' results in a higher degree of control of
the precursor gases during entry into the reaction chamber 2,
which facilitates better uniformity. The rectification plate 56
comprises an elongated body 209 including a first surface 210
and a second surface 212 opposite the first surface 210 and
separated by less than five (5) millimeters. The rectification
plate 56' includes through holes 214 having circular cross-
sections extending from the first surface 210 to the second
surface 212. The through holes 214 may have diameters less
than 3.5 millimeters for precise flow control. The center axes
of the through holes 214 may be disposed orthogonal or
non-orthogonal to the first surface 210 and the second surface
212, but preferably orthogonal and parallel to each other to
direct the precursor gases through the rectification plate 56' to
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facilitate more uniform flow. The through holes 214 may be
allocated into a plurality of groups 216 A, 216B, 216C corre-
sponding to the three regions 81, 81(82), 81(83). As the
grooves 75 of the lower side wall 32 may be disposed at the
same elevation, the through holes 214 may open to the first
surface 210 at positions aligned along the first surface 210. In
this manner, the through holes 214 may direct the precursor
gases to the grooves 75 of the lower side wall 32.

[0084] The location and size of each of the through holes
214 of'the rectification plate 56' may be configured to provide
a predetermined distribution of the precursor gases to the
grooves 75 and thereby may be unequally spaced within the at
least three groups 216 A, 216B, 216C. The rectification plate
56' operates in coordination with a gasket 220, the reactant
gas introducing portion 54, and the annular clamping portion
51. In this regard, FIGS. 25A and 25B are a back bottom
perspective view and a front bottom perspective view, respec-
tively, of the reactant gas introducing portion 54 upstream of
the rectification plate of FIG. 24 A. The reactant gas introduc-
ing portion 54 may include one or more flow inlet units 221A,
221B to receive the precursor gases into a gas mixing plenum
224. The reactant gas introducing portion 54 includes three
output channels 226(1)-226(3) corresponding respectively to
the regions 81, 81(82), 81(83) of the rectification plate 56'.
The reactant gas introducing portion 54 includes an output
surface 228 where the reactant gases exit the three output
channels 226(1)-226(3) at a location upstream of the rectifi-
cation plate 56'. As depicted in FIG. 25C, the reactant gas
introducing portion 54 may be fastened, for example with one
or more fasteners 230, to the annular clamping portion 51 and
sealed thereto with the gasket 220 therebetween. It has been
found that flow rates of the precursor gas flowing through the
three output channels 226(1)-226(3) has not in some cases
been observed in corresponding respective ones of the
regions 81, 81(82), 81(83) of the rectification plate 56' result-
ing in non-uniformity of the flow of the precursor gas over the
substrate W.

[0085] In order to fix this non-uniformity, modifications
have been incorporated into the rectification plate 56'. In this
regard, unlike the rectification plate 56 of FIG. 8A, the recti-
fication plate 56' of FIG. 24A includes fastener holes 232A,
232B configured for fasteners 234A, 234B to more securely
attach the rectification plate 56' to the reactant gas introducing
portion 54 at securing holes 235A, 2358 disposed at output
surface 228. Diameters of the fastener holes 232A, 232B may
be larger than those of the through holes 214 to enable suffi-
cient sized fasteners, for example greater than 3.5 millimeters
diameter, to securely attach the rectification plate 56' to the
reactant gas introducing portion 54. The fasteners 234A,
234B help prevent flow exchange (or leakage) of the precur-
sor gases between the three output channels 226(1)-226(3)
and upstream of the rectification plate 56'. The fastener holes
232A, 232B may be disposed between or substantially
between each adjacent pairs of the plurality of groups 216A,
216B, 216C, and the securing holes 235A, 235B may be
disposed between each adjacent pairs of the three output
channels 226(1)-226(3). The fastener holes 232A, 232B may
also be aligned with the through holes 214. In this manner,
flow exchange between the three output channels 226(1)-226
(3) and upstream of the rectification plate 56' is prevented.
The flow rates of the precursor gases at the three output
channels 226(1)-226(3) better correspond with the flow rates
of the respective regions 81, 81(82), 81(83) of the rectifica-
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tion plate 56' resulting in a high level of flow uniformity ofthe
precursor gases over the substrate W.

[0086] Uniformity and boundary layer control are only two
factors to consider when facilitating uniformity and growth
rate of the epitaxial layer upon the substrate W. In this
embodiment, since the distance between the ceiling plate 21
and the substrate W is reduced to narrow the boundary layer
as described above, the reactant gas may easily flow into the
lower part of the reaction chamber 2 and the temperature
distribution of the substrate W may not be likely to be uni-
formized. As a result, the degradation in the film thickness
distribution or the film quality at the time of forming a thick
film (for example, distribution of resistivity or occurrence of
crystal defects) may be caused. In this embodiment, in order
to prevent these problems, the susceptor ring 7 is formed by
two members. This point will be described below.

[0087] As enlarged in FIG. 9, the first ring 11 of the sus-
ceptor ring 7 is disposed spaced apart from the outer circum-
ference of the susceptor and a stepped portion 91 having a low
top surface is formed in the inner circumference of the first
ring. The second ring 12 is placed on the stepped portion 91
and the second ring 12 is formed to face a clearance portion 92
formed between the first ring 11 and the susceptor 3, thatis, to
protrude to the clearance portion 92. The second ring 12 is
disposed so that the top surface thereof is flush with the top
surface of the susceptor 3. By making the top surface of the
second ring 12 flush with the top surface of the susceptor 3 in
this way, the reactant gas which is maintained in a state mixed
and rectified in the reactance gas supply path 41 or the like can
be smoothly supplied to the substrate W without lowering the
flow rate as much as possible. The top surface of the susceptor
3 mentioned herein means a top surface of the susceptor 3 in
aregion in which the substrate concave portion 3a (see FIGS.
1, 2, 11, and 12) is not formed. The second ring 12 in this
embodiment is formed of silicon carbide in consideration of
thermal conductivity.

[0088] By forming the second ring 12 and the first ring 11
out of different members in this way, the susceptor ring 7 can
be constructed with more accuracy. That is, the distance
between the susceptor ring 7 and the susceptor 3 can be
reduced to the limit and it is thus possible to reduce flowing of
the reactant gas to the rear side of the substrate W, that is, to
the bottom side 64 of the reaction chamber and to uniformize
the temperature distribution of the substrate W. As a result,
according to this embodiment, the film thickness distribution
of the film quality distribution of the formed film is uni-
formized.

[0089] By providing two members of the first ring 11 and
the second ring 12, the conduction of heat between the first
ring 11 and the second ring 12 can be suppressed more than
the case where the first ring 11 and the second ring 12 are
formed of a single member.

[0090] By causing the second ring 12 to face the clearance
portion 92 in this way, it is possible to reduce leakage of the
reactant gas from between the susceptor ring 7 and the sus-
ceptor 3 toward the lower side at the time of forming a film
and thus the flow of the reactant gas is not likely to be dis-
turbed. Since leakage of the reactant gas to the lower side can
be reduced, it is possible to reduce particles.

[0091] In this case, the second ring 12 is thinner than the
first ring 11. Accordingly, it is possible to suppress heat loss
from the susceptor 3 by radiation. Since the second ring 12 is
thinner, it is possible to reduce the amount of heat for main-
taining (pre-heating) the second ring 12 at a predetermined
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high temperature. In another embodiment, when the first ring
11 is formed of a material having small thermal conductivity,
the first ring 11 serves as a thermal insulator, thereby further
enhancing the above-mentioned effect.

[0092] Inthis embodiment, the second ring 12 is configured
to face the clearance portion 92, but the disclosure is not
limited to this configuration. The susceptor ring 7 can be
constructed with high precision as long as the second ring 12
is placed at least on the stepped portion 91 of the first ring 11.
Accordingly, the distance between the susceptor ring 7 and
the susceptor 3 can be reduced to the limit and it is thus
possible to reduce flowing of the reactant gas to the rear side
of the substrate W and to uniformize the temperature distri-
bution of the substrate.

[0093] In this embodiment, since the distance between the
ceiling plate 21 and the substrate W is reduced to narrow the
boundary layer, the ceiling surface of the ceiling plate 21 can
be easily coated with the reactant gas. When the ceiling sur-
face is coated, the ceiling surface is bedimmed and thus a film
may not be satisfactorily formed using a cold wall type epi-
taxial growth apparatus that is heated using heating means 23
via the ceiling plate 21. On the contrary, in this embodiment,
by forming the grooves 75 in the wall surface of the reactant
gas supply path 41 and forming the susceptor ring 7 out of two
members as described above, the reactant gas is not likely to
stay in the reaction chamber 2 and it is thus possible to
suppress attachment of a coating material. As a result, it is
possible to form a film continuously and satisfactorily.
[0094] FIG. 10 shows a modification example of the sus-
ceptor ring 7. This modification example is different from the
embodiment shown in FIG. 9, in that a second ring 12A is
disposed to cover a clearance portion 92A. In this modifica-
tion example, a first ring 11A is placed on a flange portion
13A of a side wall 32A. The second ring 12A is placed on a
stepped portion 91A of the first ring 11A and the inner cir-
cumference faces the outer circumference of the susceptor
3A.

[0095] In this modification example, since the second ring
12A is disposed to cover the clearance portion 92A, it is
possible to further suppress flowing of the reactant gas flow-
ing into the reaction chamber 2A to the lower reaction cham-
ber part 64A. Here, in order to prevent the second ring 12A
from blocking heating of the susceptor 3A from the heating
means 23 not shown in FIG. 10, it is preferable that the
overlap area of the second ring 12A and the susceptor 3A be
small.

[0096] In this modification example, the thickness of the
second ring 12A is preferably set to, for example, a range of
0.5 mm to 2 mm and more preferable about 0.8 mm. By
setting this thickness, it is possible to suppress heat loss due to
radiation from the susceptor 3A to the second ring 12A as
much as possible.

[0097] FIGS. 11 and 12A-121] are top plan views illustrat-
ing examples of the susceptor 3A and 3B, respectively,
according to two embodiments of the present disclosure. As
shown in the drawings, susceptors 3A and 3B are provided
respectively with lift-pin through-holes 110A and 110B(1)-
110B(3) through which lift pins 123 (see FIG. 13) pass. As
shown in FIG. 12A, plural through-holes 111B may be
formed. A problem may occur in some cases where gas may
become trapped between the substrate W and the susceptor
3B. If left trapped, the trapped gas may change the thermal
transfer characteristics between the susceptor 3B and the
substrate W causing observable non-uniformity in the epi-
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taxial layer being formed on the substrate W. The trapped gas
may be released via the through-holes 111B when the sub-
strate W is placed on the susceptor 3B and the substrate W
undergoes minor sliding in a horizontal direction. When the
susceptor 3B including the through-holes 111B is used, the
film thickness uniformity distribution or resistivity distribu-
tion upon the substrate W is superior to the case where the
susceptor 3A is used. This superiority appears to occur when
diameters of the through-holes 111B become smaller and a
quantity of the through-holes 111B becomes larger. It is
believed that having a density of the through-holes 111B of at
least about 5.0 through-holes 111B per square centimeter, and
for example more than about 5.1 through-holes 111B per
square centimeter, is associated with the superior uniformity.
It is preferable that the opening ratio is more than four (4)
percent and it is more preferable that the through-holes 111B
be formed around the concave portion 3Ba of the susceptor as
well as in the non-concave portion 3Bb. In one embodiment,
the through-holes 111B may have a diameter of about 1 mm.
In the embodiment shown in FIGS. 12E-12H, the through-
holes 111B may be arranged in a staggered pattern. A stag-
gered pattern means that a first group of through-holes 111B
aligned on a first common radius are not radially aligned
(essentially) with a through-hole 111B that is part of a second
group of through-holes 111B aligned on a second common
radius, wherein there are no holes aligned on a common
radius that is between the common radii of the first and second
groups of holes. In this embodiment, the through-holes 111B
may have a density of at least 5.0 through-holes 111B per
square centimeter, such as at least 5.1 through-holes 111B per
square centimeter or at least 5.2 through-holes 111B per
square centimeter. As shown in FIG. 12H, the through-holes
111B may include one or both of a first chamfer 1250 and a
second chamfer 1252. The first chamfer 1250 is positioned at
the top surface 300 of the susceptor 3B. The second chamfer
1252 is positioned at the bottom surface 302 of the susceptor
3B. The chamfers 1250, 1252 aid in strengthening the sus-
ceptor 3B by preventing crack formations.

[0098] In the embodiment shown in FIGS. 121-12] the
through-holes 111B may be arranged in a radially aligned
pattern. In this embodiment, the through-holes 111B may
have a density of at least 5.0 through-holes 1115 per square
centimeter, such as at least 5.2 through-holes per square cen-
timeter or at least 5.1 through-holes 111B per square centi-
meter. The higher hole density improves substrate backside
purge gas flow uniformity and substrate backside outgas flow
away from the substrate. This aids in reducing substrate back-
side defects. The higher hole density also reduces side wall
coating by evenly distributing the purge gas to ceiling portion
5.

[0099] With continued reference to the susceptor 3B of
FIGS. 12A-12], the susceptor 3B includes an annular body
299 having a top surface 300 and a bottom surface 302 oppo-
site the top surface 300. The annular body 299 may extend
from the center axis A, to an outer radius R, for a distance in
a range from one-hundred (100) to one-hundred fifty (150)
millimeters. The susceptor 3B may be integrally formed and
comprise a strong and temperature resistant material, for
example, carbon graphite. In one embodiment, the susceptor
3B may also include a silicon carbide coating. The silicon
carbide coating may be deposited through a chemical vapor
deposition (CVD) process or through other suitable pro-
cesses. In one embodiment, the silicon carbide coats the
inside diameter of the through-holes 111B. The top surface
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300 is configured to form an abutment with the substrate W
and thereby support the substrate W. A maximum thickness of
the susceptor 3B may be less than five (5) millimeters to
minimize the thermal energy retention of the susceptor and
thereby minimize the thermal transients between the suscep-
tor 3B and the substrate W that may result in non-uniformity
of the epitaxial layer being formed on the substrate W.

[0100] The concave portion 3Ba of the top surface 300 may
be disposed at a center axis A, of the susceptor 3B and extend
to aninner radius R, in a range from fifty (50) to one-hundred
(100) millimeters. The susceptor non-concave portion 3Bb of
the top surface 300 may be disposed along a circumference of
the annular body 299 and be connected to the concave portion
3Ba with a transition portion 3Bc. The transition portion 3Bc
may solely support a planar-shaped bottom of the substrate W
by forming an abutment therewith and may be elevated above
the concave portion 3Ba by less than 0.2 millimeters during
operation of the epitaxial growth apparatus 1 (FIG. 1). The
transition portion 3Bc may be free of the through-holes 111B
to prevent peripheral corners associated with the through-
holes 111B from contacting the substrate W and generating
particulates. The transition portion 3Bc of the top surface 300
may be at an elevation at least a half a millimeter below the
non-concave portion 3Bb during operation of the epitaxial
growth apparatus 1 (FIG. 1) to form an annular retainment
surface 304 which may prevent horizontal movement of the
substrate W during rotation of the susceptor 3B during opera-
tion of the epitaxial growth apparatus 1 (FIG. 1). The retain-
ment surface 304 may be orthogonal or substantially orthogo-
nal to at least one of the non-concave portion 3Bb or the
concave portion 3Ba of the top surface 300 of the susceptor
3B. In this manner, the substrate W may be supported by the
susceptor 3B.

[0101] The substrate W is placed on the susceptor 3B and
removed from the susceptor 3B using at least three (3) lift pins
(not shown) of a susceptor support 6 (discussed later relative
to FIGS. 13 to 16). The susceptor 3B facilitates use of the
three (3) lift pins by including three (3) lift-pin through-holes
110B(1)-110B(3) which may be disposed concentrically
about the center of the susceptor 3B and separated by one-
hundred twenty (120) degrees. The lift-pin through-holes
110B(1)-110B(3) may be configured to allow the lift pins of
the susceptor support 6 to travel through the susceptor 3B to
lift and lower the substrate W from and upon the transition
portion 3Bc. The lift-pin through-holes 110B(1)-110B(3)
may be disposed to not extend into any of the through-holes
111B to prevent the formation of sharp corners which may
cause particulates. Once lifted, the substrate W may acces-
sible to a robot for movement into and out of the reaction
chamber 2.

[0102] The susceptor 3B is also supported by three arms of
the susceptor support 6 (discussed later relative to FIGS. 13 to
16). The three arms may contact and support the bottom
surface 302 of the susceptor 3B at support positions 312(1)-
312(3). The support positions 312(1)-312(3) may be disposed
on the bottom surface 302 and directly opposite to the non-
cavity portion 3Bb. The support positions 312(1)-312(3) may
be free of the through-holes 111B to minimize an opportunity
that particulates from the three arms may reach a top surface
of the substrate W. The support positions 312(1)-312(3) may
each have dimensions of at least two (2) millimeters by at
least five (5) millimeters. The support positions 312(1)-312
(3) may also each respectively include recessed surfaces 314
(1)-314(3) which may be elevated at least 0.7 millimeters
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from the immediate surrounding portion of the bottom sur-
face 302 in order to contain particulates from the three arms
and prevent these particulates from reaching the substrate W.
FIGS. 13 to 16 show examples of the susceptor support 6 as
briefly mentioned above relative to the susceptor 3B. As
shown in FIG. 13, the susceptor support 6 includes a suscep-
tor shaft 121, a substrate lift 122, and lift pins 123. The
susceptor 3 is supported by three arms of the susceptor shaft
121. Three arms of the substrate lift 122 are provided with
pedestals 124 having a concave portion on which the lower
end of the corresponding lift pin 123 is placed, respectively.
The axis portion of the substrate lift 122 is formed in a
cylindrical shape, and the axis portion of the susceptor shaft
121 can be inserted into the axis portion of the substrate lift
122.

[0103] In this embodiment, the arms in the susceptor sup-
port 6 have a thickness smaller than in the related art. Accord-
ingly, since the influence of the susceptor support 6 can be
reduced at the time of heating the substrate W on the susceptor
3 by the use of the heating means 62, it is possible to uni-
formize the temperature distribution of the susceptor 3. The
detailed configuration and the lifting operation of the suscep-
tor support 6 in the embodiment are the same as in the sus-
ceptor apparatus described in Pamphlet of International Pub-
lication W0O2013/005481 filed by the applicant of the present
disclosure. However, the susceptor apparatus described the
Pamphlet of International Publication includes a single sus-
ceptor shaft (platform shaft), but the susceptor support 6 in
this embodiment includes three susceptor shafts (arms) 121.
[0104] FIG. 16 is a perspective cross-sectional view illus-
trating an example of the gas discharge tube 58 in this
embodiment. As shown in the drawing, the gas discharge tube
58 is formed so that the opening is narrowed toward the center
from the reaction chamber 2 to the gas discharge portion 57.
Accordingly, exhaust is rectified at the center, thereby
improving the exhaust efficiency.

[0105] FIG. 21 is an exploded perspective view illustrating
an annular clamping portion 51' of the outer configuration of
the reaction chamber 2 in the epitaxial growth apparatus
according to the related art. As shown in the drawing, com-
paring the gas introduction tube 55 and the gas discharge tube
58 with the gas introduction tube 55' and the gas discharge
tube 58', finished portions at the central portions thereof are
removed in this embodiment. Accordingly, the flow of gas
affecting the film thickness distribution is smoothed.

[0106] The reactant gas flows into the lower reaction cham-
ber part 64 when the opening ratio of the gas discharge path 42
and the purge hole 44 is excessively large, and the purge gas
affects the film forming process in the reaction chamber 2
when the opening ratio is excessively small. Accordingly, the
openings thereof are formed so that the opening ratios have
the optimal values.

[0107] FIG. 17 is a perspective view illustrating an example
of the upper reflector 26 according to the embodiment of the
present disclosure. As shown in drawing, the upper reflector
26 includes slope portions 26a reflecting heat waves from the
heating means 23 to the center of the reaction chamber 2 and
flat portions 264 reflecting heat waves from the heating means
23 in the vertically-falling direction. On the other hand, FIG.
22 is a perspective view illustrating an example of the upper
reflector 26' in the epitaxial growth apparatus according to the
related art. As shown in the drawing, the upper reflector 26' in
the related art includes slope portions 264" and flat portions
264", but is different from the upper reflector 26 according to
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the embodiment of the present disclosure in the arrangement
of'the slope portions 26a. Specifically, the upper reflector 26
according to the embodiment of the present disclosure has an
arrangement in which a slope portion is added to the center of
a flat portion 264' of the upper reflector 26' in the related art.
In this way, by arranging the slope portions 26a and the flat
portions 265 so that the area ratio of the slope portions 26a
and the flat portions 265 is a predetermined ratio and the
distribution of the slope portions 26a and the flat portions 265
is not biased, the uniformization of the temperature distribu-
tion of the substrate W is achieved.

[0108] FIG.181isaperspective view illustrating an example
of the lower reflector 65 according to the embodiment of the
present disclosure. FIG. 23 is a perspective view illustrating
an example of the lower reflector 65' in the epitaxial growth
apparatus according to the related art. Similarly to the upper
reflector 26, the lower reflector 65 includes slope portions 65a
reflecting heat waves from the heating means 62 to the center
of'the reaction chamber 2 and flat portions 655 reflecting heat
waves from the heating means 62 in the vertically-rising
direction, and has an arrangement in which a slope portion
65¢' is added to the center of a flat portion 654" of the lower
reflector 65' according to the related art. In this way, by
arranging the slope portions 65a and the flat portions 655 so
that the area ratio of the slope portions 65a and the flat
portions 656 is a predetermined ratio and the distribution of
the slope portions 65a and the flat portions 654 is not biased,
the uniformization of the temperature distribution of the sub-
strate W is achieved.

[0109] In the epitaxial growth apparatus according to this
embodiment, since the support 22 supports the ceiling plate
21, the distance H between the ceiling surface of the central
portion of the ceiling surface of the central portion of the
ceiling plate 21 facing the reaction chamber and the substrate
W can be set to be less than 10 mm. Accordingly, the epitaxial
growth apparatus 1 according to this embodiment can prevent
the boundary layer formed by the reactant gas flowing
between the ceiling plate 21 and the susceptor 3 from spread-
ing toward the ceiling and thus the boundary layer is nar-
rowed. Then, since the gas flow rate in the boundary layer
increases, the gas density increases as a result and it is thus
possible to enhance the reaction efficiency on the surface of
the substrate W. Accordingly, in the epitaxial growth appara-
tus 1, it is possible to enhance the growth rate.

[0110] In the embodiment of the present disclosure, the
distance H between the ceiling plate 21 and the substrate W is
less than 10 mm, and it is preferable that the distance H
between the ceiling plate 21 and the substrate W be less than
10 mm and the distance from the film formed on the substrate
W to the ceiling plate 21 be equal to or more than 1 mm. By
setting this range, it is possible to smooth the gas flow of the
reactant gas while forming the boundary layer.

[0111] That is, in the reaction chamber 2 of this embodi-
ment, by setting the distance between the substrate W and the
ceiling plate 21 to be smaller than that in the related art (about
20 mm in the related art), it is possible to narrow the boundary
layer to enhance the reaction efficiency on the surface of the
substrate and thus to raise the growth rate.

EXAMPLES

[0112] Thedisclosure will be described below in detail with
reference to examples.
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Example 1

[0113] Epitaxial growth was carried out under the follow-
ing growth conditions by the use of an epitaxial growth appa-
ratus 1A (in which the distance H between the surface the
substrate W and the ceiling plate 21 is 9.27 mm) employing
the susceptor ring shown in FIG. 10.

[0114] Amount of first source gas (trichlorosilane): 8.5
SLM
[0115] Amount of purge gas (hydrogen): 15.0 SLM
[0116] Growth time: 600.0 seconds
[0117] Growth temperature: 1100.0° C.
[0118] Rotation speed: 20.0 RPM
Example 2
[0119] Epitaxial growth was carried out under the same

conditions as in Example 1, except that the amount of the first
source gas was changed to 13.5 SLM.

Example 3

[0120] Epitaxial growth was carried out under the same
conditions as in Example 1, except that the amount of the first
source gas was changed to 17.0 SLM.

Comparative Example 1

[0121] Epitaxial growth was carried out under the same
conditions as in Example 1 using an epitaxial growth appa-
ratus (in which the distance H between the surface of a sub-
strate W and the ceiling plate 21 was 20 mm, there was no
groove 75, and the susceptor ring was formed of a single
member) according to the related art, except the rotation
speed was changed to 35.0 RPM.

Comparative Example 2

[0122] Epitaxial growth was carried out under the same
conditions as in Example 2 using an epitaxial growth appa-
ratus (in which the distance H between the surface of a sub-
strate W and the ceiling plate 21 was 20 mm, there was no
groove 75, and the susceptor ring was formed of a single
member) according to the related art, except the rotation
speed was changed to 35.0 RPM.

Comparative Example 3

[0123] Epitaxial growth was carried out under the same
conditions as in Example 3 using an epitaxial growth appa-
ratus (in which the distance H between the surface of a sub-
strate W and the ceiling plate 21 was 20 mm, there was no
groove 75, and the susceptor ring was formed of a single
member) according to the related art, except the rotation
speed was changed to 35.0 RPM.

[0124] The film growth rate in the examples and the com-
parative examples was detected. The relationship between the
detected growth rates and the first source gas is shown in FIG.
19.

[0125] As shown in FIG. 19, by employing the epitaxial
growth apparatus 1A according to the embodiment of the
present disclosure, the growth rate was improved by 50% and
the improvement of the growth rate increased when the
amount of the first source gas increased. Therefore, the
growth rate was enhanced by using the epitaxial growth appa-
ratus according to this embodiment.
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What is claimed is:

1. A rectification plate, comprising:

an elongated body including a first surface and a second

surface opposite the first surface;

aplurality of through holes extending from the first surface

to the second surface and allocated into at least three
groups; and

fastener holes disposed between adjacent ones of the at

least three groups, and the fastener holes extend from the
first surface to the second surface.

2. The rectification plate of claim 1, wherein the through
holes open to the first surface at positions aligned along the
first surface.

3. The rectification plate of claim 1, wherein the fastener
holes and the through holes open to the first surface at posi-
tions aligned along the first surface.

4. The rectification plate of claim 1, wherein the plurality of
through holes are parallel to each other.

5. The rectification plate of claim 1, wherein each of the
plurality of through holes includes a circular cross-section.

6. The rectification plate of claim 5, wherein diameters of
the circular cross-sections of the plurality of through holes are
smaller than a diameter of each of the fastener holes.

7. The rectification plate of claim 5, wherein diameters of
the circular cross-sections are less than 3.5 millimeters.

8. The rectification plate of claim 1, wherein the plurality of
through holes are unequally spaced within the at least three
groups.

9. The rectification plate of claim 1, wherein the first sur-
face and the second surface are separated by less than five (5)
millimeters.
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