SUBSTRATE STAGE, SUBSTRATE PROCESSING APPARATUS, AND TEMPERATURE

CONTROL METHOD

CROSS-REFERENCE TO RELATED APPLICATION(S)
[0001] This application is based upon and claims the benefit of priority from Japanese Patent
Application No. 2019-128029, filed on July 10, 2019, the entire contents of which are

incorporated herein by reference.

TECHNICAL FIELD
[0002] The present disclosure relates to a substrate stage, a substrate processing apparatus, and a

temperature control method.

BACKGROUND
[0003] Patent Document 1 discloses a substrate stage, which is provided with a circular partition
wall on a substrate mounting surface side and configured such that a heat transfer gas circulates

below a substrate.

[Prior Art Document]
[Patent Document]

[0004] Patent Document 1: Japanese laid-open publication No. 2012-129547

SUMMARY
[0005] An aspect of the present disclosures provides a substrate stage including: a base portion
having a mounting surface on which a substrate is mounted; an annular support provided on the
base portion and configured to support the substrate along an outer peripheral side of the
substrate; an annular partition wall provided on the mounting surface and configured to divide
the mounting surface into an outer region and an inner region in a radial direction of the substrate

mounted on the mounting surface; a plurality of protrusions provided on the mounting surface in
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the outer region and the inner region and configured to support the substrate with a gap left
between an upper end surface of the partition wall and the substrate; an outer flow path provided
in the base portion and in communication with the outer region, and configured to allow a heat
transfer gas supplied to a space between the substrate and the mounting surface to flow through
the outer flow path; an inner flow path provided in the base portion and in communication with
the inner region, and configured to allow the heat transfer gas to flow through the inner flow path;
and an annular diffusion portion provided in the base portion and configured to diffuse the heat

transfer gas along a circumferential direction of the partition wall.

BRIEF DESCRIPTION OF DRAWINGS
[0006] The accompanying drawings, which are incorporated in and constitute a part of the
specification, illustrate embodiments of the present disclosure, and together with the general
description given above and the detailed description of the embodiments given below, serve to
explain the principles of the present disclosure.
[0007] FIG. 1 is a schematic diagram showing the entirety of a substrate processing apparatus
according to a first embodiment.
[0008] FIG. 2 is a schematic diagram for explaining a flow of a heat transfer gas in the substrate
processing apparatus according to the first embodiment.
[0009] FIG. 3 is a plan view showing a substrate stage according to the first embodiment.
[0010] FIG. 4 is a vertical sectional view showing the substrate stage according to the first
embodiment.
[0011] FIG. 5 is an enlarged vertical sectional view showing a main portion of the substrate
stage according to the first embodiment.
[0012] FIG. 6 is a plan view showing a substrate stage according to a second embodiment.
[0013] FIG. 7 is a vertical sectional view showing the substrate stage according to the second
embodiment.
[0014] FIG. 8 is a horizontal sectional view showing a main part of the substrate stage according

to the second embodiment.



[0015] FIG. 9 is an enlarged sectional view showing a main part of the substrate stage according

to the second embodiment.

DETAILED DESCRIPTION
[0016] Reference will now be made in detail to various embodiments, examples of which are
illustrated in the accompanying drawings. In the following detailed description, numerous
specific details are set forth in order to provide a thorough understanding of the present
disclosure. However, it will be apparent to one of ordinary skill in the art that the present
disclosure may be practiced without these specific details. In other instances, well-known
methods, procedures, systems, and components have not been described in detail so as not to
unnecessarily obscure aspects of the various embodiments.
[0017] In the subject specification and the drawings, substantially the same components are
denoted by like reference numerals, and duplicate descriptions thereof will be omitted. In the
following descriptions, when a wafer as a substrate is mounted on a substrate stage of a substrate
processing apparatus, the stage side as viewed from the wafer will be referred to as a lower side

and the opposite side will be referred to as an upper side.

(First Embodiment)

[0018] FIG. 1 is a schematic diagram showing the entirety of a substrate processing apparatus
according to a first embodiment. As shown in FIG. 1, a substrate processing apparatus 1
includes a substrate stage 5 on which a substrate 3 is mounted, a processing chamber 6 in which
the substrate stage 5 is provided, a processing gas supplier 7 configured to supply a processing
gas for processing the substrate 3, a heat transfer gas supplier 8 configured to supply a heat
transfer gas to a closed space (heat transfer gas space) between the substrate 3 and the substrate
stage 5, and a processing gas discharger 9 configured to discharge the processing gas from the
interior of the processing chamber 6.

[0019] A gas supply pipe 6a connected to the processing gas supplier 7 is provided in an upper

portion of the processing chamber 6, and a shower plate 10 having a plurality of gas supply holes
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10a is provided at a position facing the gas supply pipe 6a. A gas discharge pipe 6b connected
to the processing gas discharger 9 is provided in a lower portion of the processing chamber 6.
As the processing gas, for example, a fluorine-containing gas or an oxygen-containing gas may
be used. A compound containing hydrogen, nitrogen, chlorine, or the like may be added to the
processing gas.

[0020] FIG. 2 is a schematic diagram for explaining a flow of the heat transfer gas in the
substrate processing apparatus 1 according to the first embodiment. As shown in FIG. 2, the
substrate stage 5 of the substrate processing apparatus 1 is connected to the heat transfer gas
supplier 8.  The heat transfer gas supplier 8 includes a heat transfer gas source 11, a vacuum
pump 12, and first and second pipes 13 and 14 configured to connect the heat transfer gas source
11 and the vacuum pump 12 in parallel.  An inner heat transfer gas supplier 8a configured to
supply the heat transfer gas to an inner region F2 of a mounting surface 21a of the substrate stage
5 is provided on the side of the first pipe 13. An outer heat transfer gas supplier 8b configured
to supply the heat transfer gas to an outer region F1 of the mounting surface 21a of the substrate
stage 5 is provided on the side of the second pipe 14.

[0021] In each of the first pipe 13 and the second pipe 14, a gas pressure controller 15, a gas
flow rate controller 16, and a supply valve V1 are provided in this order from the side of the heat
transfer gas source 11. In each of the first pipe 13 and the second pipe 14, an exhaust valve V3
is provided on the side of the vacuum pump 12, and an exhaust valve V2 and an orifice 18 are
provided in parallel with the exhaust valve V3 via a bypass pipe 17. The first pipe 13 is
connected to the inner region F2 of the mounting surface 21a in the radial direction of the
substrate 3 mounted on the substrate stage 5, which will be described later, via connection pipes
13a. The second pipe 14 is connected to the outer region F1 of the mounting surface 21a in the
radial direction of the substrate 3 mounted on the mounting surface 21a of the substrate stage 5
via connection pipes 14a. The heat transfer gas is used to control a temperature of the
substrates 3 placed on five substrate stage 5. For example, a helium gas or an argon gas is used
as the heat transfer gas.

[0022] When correcting a temperature distribution unintentionally generated in the outer region
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F1 and the inner region F2 of the mounting surface 21a of the substrate stage 5, or when
generating a temperature distribution in the outer region F1 and the inner region F2, for example,
the heat transfer gas supplier 8 configured as described above makes a pressure in the inner
region F2 higher than a pressure in the outer region F1. Thus, since the inner region F2 of the
mounting surface 21a is relatively largely deprived of heat by the high-pressure heat transfer gas,
the inner region F2 is more cooled than the outer region F1. When cooling the inner reaction
gas F2 of the mounting surface 21a more than the outer region F1, the pressure of the heat
transfer gas supplied from the heat transfer gas source 11 to the inner region F2 via the first pipe
13 and the connection pipes 13a is set to a high pressure, for example, about 50 Torr, and the
pressure of the heat transfer gas supplied from the heat transfer gas source 11 to the outer region
F1 via the second pipe 14 and the connection pipes 14a is set to a low pressure, for example,
about 40 Torr. Due to the pressure difference between the outer region F1 and the inner region
F2, the heat transfer gas flows from the high-pressure inner region F2 toward the low-pressure
outer region F1 via a gap G between a below-described conductance band 23 and the substrate 3.
The heat transfer gas flowing to the low-pressure outer region F1 passes through the second pipe
14 via the connection pipes 14a, and is discharged by the vacuum pump 12 via the exhaust valve
V2 and the orifice 18 in the second pipe 14. At this time, in the second pipe 14, the exhaust
valve V2 is opened and the exhaust valve V3 is closed. When the inner region F2 of the
mounting surface 21a is set to a high pressure and the outer region F1 is set to a low pressure as
described above, the exhaust valves V2 and V3 in the first pipe 13 are closed, and the heat
transfer gas is not discharged via the valves V2 and V3 in the first pipe 13.

[0023] On the other hand, when cooling the outer region F1 of the mounting surface 21a of the
substrate stage 5 more than the inner region F2, the high pressure side and the low pressure side
are reversed as compared with the above-described case. In this case, the pressure of the heat
transfer gas supplied from the heat transfer gas source 11 to the inner region F2 via the first pipe
13 and the connection pipes 13a is set to a low pressure, for example, about 40 Torr, and the
pressure of the heat transfer gas supplied from the heat transfer gas source 11 to the outer region

F1 via the second pipe 14 and the connection pipes 14a is set to a high pressure, for example,
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about 50 Torr. Due to the pressure difference between the outer region F1 and the inner region
F2, the heat transfer gas flows from the high-pressure outer region F1 toward the low-pressure
inner region F2 via the gap G between the below-described conductance band 23 and the
substrate 3. The heat transfer gas from the low-pressure inner region F2 passes through the first
pipe 13 via the connection pipes 13a, and is discharged by the vacuum pump 12  via the valve
V2 and the orifice 18 in the first pipe 13. At this time, in the first pipe 13, the exhaust valve V2
is opened and the exhaust valve V3 is closed. When the outer region F1 of the mounting
surface 21a is set to a high pressure and the inner region F2 is set to a low pressure as described
above, the exhaust valves V2 and V3 in the second pipe 14 are closed, and the heat transfer gas
Is not discharged via the valves V2 and V3 in the second pipe 14.

[0024] By the way, when a fluid flows from a high-pressure place to a low-pressure place, a
pressure difference inversely proportional to a conductance of a fluid path is generated at every
point in the fluid path. In a case where portions of the fluid path differing in conductance are
connected in series, a total pressure difference is distributed at a ratio of reciprocals of the
conductances of the respective portions of the fluid path.  While applying this principle to the
mounting surface 21a of the substrate stage 5 in the present embodiment, a fluid flow path in
which the heat transfer gas supplied from an outer flow path 26 to the outer region F1 reaches an
inner flow path 27 of the inner region F2 is considered. In this case, the fluid path is considered
as a series connection of 1) a path extending from a hole of the outer flow path 26 in the outer
region F1 to the conductance band 23, 2) a path passing through the gap G between the
conductance band 23 and the substrate 3, and 3) a path extending from the conductance band 23
to a hole of the inner flow path 27 in the inner region F2. The conductances of the respective
portions are calculated as 1) 6x10 ° m¥/sec, 2) 1x10°° m%/sec, and 3) 1x10* m*/sec. The total
pressure difference is 50 Torr — 40 Torr = 10 Torr.  Since the pressure difference is distributed
at the ratio of the reciprocals of the conductances, a pressure difference of 8.5 Torr
corresponding to 85% of the total pressure difference is generated in the outer periphery and the
inner periphery of the conductance band 23 of the present embodiment. At this time, a flow

rate of the heat transfer gas generated by the total pressure difference of 10 Torr is 0.67 cc per
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minute under the standard atmospheric pressure.

[0025] For example, by setting the pressure of the heat transfer gas in the inner region F2
separated by the conductance band 23 to be higher than that in the outer region F1, it possible to
cool a central portion of the substrate 3 more than an outer peripheral portion of the substrate 3
by the heat transfer gas. In the present embodiment, as an example, the pressure of the heat
transfer gas in the inner region F2 is set to be 10 Torr higher than that in the outer region F1.
However, the pressure difference, the pressure range, and the like are not limited, and may be
changed by setting the heat transfer gas supplier 8. A distribution of cooling efficiency in the
substrate 3 can be controlled by using the conductance band 23 as a boundary. Thus, it is
possible to control process characteristics dependent on the temperature of the substrate 3, for

example, a distribution of an etching rate on the surface of the substrate 3.

(Structure of Substrate Stage)

[0026] FIG. 3 is a plan view showing the substrate stage 5 according to the first embodiment.
FIG. 4 is a vertical sectional view showing the substrate stage 5 according to the first
embodiment, and illustrates a vertical sectional view taken along line A-A in FIG. 3. As shown
in FIGS. 3 and 4, the substrate stage 5 includes a base portion 21 having the mounting surface
21a on which the substrate 3 is mounted, a seal band 22 as an annular support member
configured to support the substrate 3 along an outer periphery of the substrate 3, and the
conductance band 23 as an annular partition configured to divide the mounting surface 21a into
the outer region F1 and the inner region F2 in the radial direction of the substrate 3 mounted on
the mounting surface 21a (hereinafter, also simply referred to as the radial direction of the
substrate 3). The substrate stage 5 further includes a plurality of first protrusions 24 and a
plurality of second protrusions 25 configured to support the substrate 3 with the gap G left
between an upper end surface 23a of the conductance band 23 and the substrate 3.

[0027] The mounting surface 21a of the base portion 21 is a surface facing the substrate 3, and is
a surface on which the substrate 3 is mounted via the seal band 22, the first protrusions 24 on the

conductance band 23, and the second protrusions 25 on the mounting surface 21a. The seal
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band 22 is provided on the mounting surface 21a of the base portion 21, and is formed to have a
height of 15 um from the mounting surface 21a. The conductance band 23 is provided on the
mounting surface 21a of the base portion 21, and is arranged concentrically with the seal band 22.
[0028] The conductance band 23 is formed to have a height of 12 um from the mounting surface
21a. The gap G of 3 um is secured between the substrate 3 supported by the seal band 22 and
the upper end surface 23a of the conductance band 23.  Furthermore, the conductance band 23
is formed to have a width of 10 mm in the radial direction of the substrate 3, i.e., in the radial
direction of the conductance band 23. The conductance band 23 is a structural portion that
becomes a resistance against a flow of the heat transfer gas between the outer region F1 and the
inner region F2 of the mounting surface 21a of the base portion 21.

[0029] The first protrusions 24 are formed in a columnar shape and are provided on the upper
end surface 23a of the conductance band 23.  The first protrusions 24 are formed to have a
height of 3 um from the upper end surface 23a of the conductance band 23. The first
protrusions 24 are arranged at predetermined intervals along the circumferential direction of the
conductance band 23, and are arranged in two rows concentrically with respect to the center of
the substrate 3.  The first protrusions 24 may be arranged in a staggered pattern with positions
of the first protrusions 24 in the rows alternately shifted with respect to the circumferential
direction of the conductance band 23.

[0030] The second protrusions 25 are formed in a columnar shape and are provided on the
mounting surface 21a in the outer region F1 and the inner region F2. The second protrusions
25 are formed to have a height of 15 um from the mounting surface 21a, which is equal to the
height of the seal band 22. As shown in FIG. 3, the second protrusions 25 are arranged radially
from the center of the mounting surface 21a.

[0031] The substrate 3 mounted on the mounting surface 21a is supported by the seal band 22,
the first protrusions 24, and the second protrusions 25. At this time, the gap G of 3 um is
secured between the upper end surface 23a of the conductance band 23 and the substrate 3 in a
vertical direction of the base portion 21, i.e., in a thickness direction of the substrate 3.  Since

the upper end surface 23a of the conductance band 23 and the substrate 3 is not in contact with
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each other by securing the gap G as described above, it is possible to suppress heat transfer
between the substrate 3 and the conductance band 23. Therefore, it is possible to prevent
generation of a temperature singular point, which has a locally reduced temperature, in a portion
of the substrate 3 directly above the conductance band 23.

[0032] Furthermore, the substrate stage 5 includes the outer flow path 26 through which the heat
transfer gas supplied to the closed space between the substrate 3 and the mounting surface 21a
flows, the inner flow path 27 through which the heat transfer gas flows, and an electrostatic
chuck (not shown) configured to hold the substrate 3 mounted on the mounting surface 21a.
Furthermore, the substrate stage 5 includes a coolant flow path (not shown) for circulating a
coolant inside the substrate stage 5. The coolant flow path is connected to an external chiller
(not shown) via a hose for supplying the coolant. Heat from plasma generated in the processing
chamber 6 during the processing of the substrate 3 is introduced into the substrate 3 and the
substrate stage 5. By circulating the coolant inside the substrate stage 5, the heat introduced
from the plasma is removed, and the temperature of the substrate 3 under processing and the
temperature of the substrate stage 5 are controlled to a predetermined temperature.

[0033] The outer flow path 26 is provided in the base portion 21 and in communication with the
outer region F1. The outer flow path 26 penetrates the base portion 21 along the vertical
direction of the base portion 21. A plurality of outer flow paths 26 is arranged at predetermined
intervals in the circumferential direction of the conductance band 23. For example, six outer
flow paths 26 are provided at rotational angle intervals of 60 degrees about the center of the
mounting surface 21a. The outer flow paths 26 are connected to the connection pipes 14a of
the heat transfer gas supplier 8 (see FIG. 2).

[0034] The inner flow path 27 is provided in the base portion 21 and in communication with the
inner region F2. The inner flow path 27 penetrates the base portion 21 along the vertical
direction of the base portion 21. A plurality of inner flow paths 27 is arranged at predetermined
intervals in the circumferential direction of the conductance band 23. For example, six inner
flow paths 27 are provided at rotation angle intervals of 60 degrees about the center of the

mounting surface 21a. As shown in FIG. 3, the inner flow paths 27 have the same positions as
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the outer flow paths 26 in the circumferential direction of the conductance band 23. The inner
flow paths 27 are connected to the connection pipes 13a of the heat transfer gas supplier 8 (see
FIG. 2).

[0035] Although not shown, the electrostatic chuck includes an insulator and an electrode, and is
disposed on the base portion 21. The electrostatic chuck holds the substrate 3 mounted on the
mounting surface 21a as a voltage is applied to the electrode. A chuck for holding the substrate
3 on the substrate stage 5 is not limited to the electrostatic chuck, and a chuck for mechanically

holding the substrate 3 may be used.

(Structure of Diffusion Portion)

[0036] As shown in FIGS. 3 and 4, the substrate stage 5 includes an annular diffusion portion 28
configured to diffuse the heat transfer gas along the circumferential direction of the conductance
band 23. The diffusion portion 28 is provided as a recess opened on the mounting surface 21a
of the base portion 21, and is formed to have a rectangular groove-shaped cross section. The
diffusion portion 28 includes an outer diffusion portion 28a in communication with the outer
region F1 and an inner diffusion portion 28b in communication with the inner region F2.

[0037] The outer diffusion portion 28a causes the heat transfer gas flowing from the outer flow
path 26 into the outer region F1 to be diffused along the circumferential direction on the outer
peripheral side of the conductance band 23.  The inner diffusion portion 28b causes the heat
transfer gas flowing from the inner flow path 27 into the inner region F2 to be diffused along the
circumferential direction on the inner peripheral side of the conductance band 23.

[0038] FIG. 5 is an enlarged vertical sectional view showing a main part of the substrate stage 5
according to the first embodiment.  As shown in FIGS. 4 and 5, the outer diffusion portion 28a
includes a first outer diffusion portion 28al opened on the mounting surface 21a and provided
along the outer circumferential surface of the conductance band 23, and a second outer diffusion
portion 28a2 opened on the mounting surface 21a and provided at the end portion of the outer
flow path 26. As shown in FIG. 3, the second outer diffusion portion 28a2 is disposed at a

distance from the inner circumferential surface of the seal band 22 in the radial direction of the
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substrate 3.

[0039] As shown in FIGS. 4 and 5, the inner diffusion portion 28b includes a first inner diffusion
portion 28b1 opened on the mounting surface 21a and provided along the inner circumferential
surface of the conductance band 23, and a second inner diffusion portion 28b2 opened on the
mounting surface 21a and provided at the end portion of the inner flow path 27.  As shown in
FIG. 3, the second inner diffusion portion 28b2 is disposed substantially in the middle between
the center of the mounting surface 21a and the inner circumferential surface of the conductance
band 23 in the radial direction of the substrate 3.

[0040] In the base portion 21, connection paths 29a configured to bring the first outer diffusion
portion 28al and the second outer diffusion portion 28a2 into communication with each other are
provided to extend along the radial direction of the substrate 3 mounted on the mounting surface
21a. The connection paths 29a are provided as recesses opened on the mounting surface 21a.
The heat transfer gas flowing along the first outer diffusion portion 28al and the second outer
diffusion portion 28a2 flows between the first outer diffusion portion 28al and the second outer
diffusion portion 28a2 via the connection paths 29a.  The first outer diffusion portion 28al, the
second outer diffusion portion 28a2, and the connection paths 29a are arranged so as to surround
the outer region F1.  As a result, the conductance of the entire outer region F1 is improved, and
the pressure in the outer region F1 is made uniform.

[0041] In addition, in the base portion 21, connection paths 29b configured to bring the first
inner diffusion portion 28b1 and the second inner diffusion portion 28b2 into communication
with each other are provided to extend along the radial direction of the substrate 3 mounted on
the mounting surface 21a. The connection paths 29b are provided as recesses opened on the
mounting surface 21a and are formed to have a rectangular groove-shaped cross section. The
heat transfer gas flowing along the first inner diffusion portion 28b1 and the second inner
diffusion portion 28b2 flows between the first inner diffusion portion 28b1 and the second inner
diffusion portion 28b2 via the connection paths 29b.  The first inner diffusion portion 28b1, the
second inner diffusion portion 28b2, and the connection paths 29b are arranged so as to surround

the inner region F2.  As a result, the conductance of the entire inner region F2 is improved, and
11



the pressure in the inner region F2 is made uniform.

[0042] In addition, as shown in FIG. 3, a plurality of third protrusions 31 configured to support
the substrate 3 is provided on bottom surfaces of the connection paths 29a and 29b.  The third
protrusions 31 are formed to have a height of 65 um from the bottom surfaces of the connection
paths 29a and 29b, and positions of distal ends of the third protrusions 31 are flush with the
upper end surface of the seal band 22 and distal ends of the first protrusions 24 and the second
protrusions 25. The substrate stage 5 is not limited to the structure having the third protrusion
31.

[0043] The cross-sectional shape of the diffusion portion 28 is not limited to the rectangular
groove shape, and may be, for example, a V-groove shape or a cross-sectional shape that has a
tapered surface having a width in the radial direction of the substrate 3 gradually increasing
toward the mounting surface 21a. Furthermore, although the connection paths 29a and 29b are
formed so as to be opened on the mounting surface 21a, the connection paths 29a and 29b may
be provided as internal spaces of the base portion 21.

[0044] As shown in FIGS. 3 and 4, a flange-shaped fixing portion 30 is formed on the outer
peripheral portion of the base portion 21. A plurality of fixing holes 30a through which fixing
members (not shown) such as bolts or the like pass is provided at intervals in the circumferential

direction of the fixing portion 30.

(Diffusion Action by Diffusion Portion)

[0045] As described above, the conductance in the outer region F1 is improved by the first outer
diffusion portion 28al, the second outer diffusion portion 28a2, and the connection paths 29a.
Therefore, pressure gradient of the heat transfer gas in the outer region F1 is suppressed, and the
pressure of the heat transfer gas in the outer region F1 is made uniform. Similarly, the
conductance in the inner region F2 is improved by the first inner diffusion portion 28b1, the
second inner diffusion portion 28b2, and the connection paths 29b.  Therefore, pressure
gradient of the heat transfer gas in the inner region F2 is suppressed, and the pressure of the heat

transfer gas in the inner region F2 is made uniform.
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[0046] Furthermore, the height of the upper end surface 23a of the conductance band 23 may
vary in the circumferential direction of the conductance band 23 due to a manufacturing error of
the substrate stage 5, over-time abrasion of the substrate stage 5, and the like. In this case, the
heat transfer gas easily intrudes from a position where the gap G between the substrate 3 and the
upper end surface 23a of the conductance band 23 is relatively large (a position where the height
of the conductance band 23 is low) in the circumferential direction of the conductance band 23.
Therefore, pressure gradient of the heat transfer gas may occur in the circumferential direction of
the conductance band 23 even in portions other than the conductance band 23 (in the outer
region F1 and the inner region F2).  Accordingly, when pressure gradient is generated toward
the position where the heat transfer gas easily intrudes in the circumferential direction of the
conductance band 23, the pressure distribution becomes axially asymmetric with respect to a
central axis of the substrate 3. Thus, an axially asymmetric distribution is also generated in
etching characteristics.

[0047] Even in this case, the heat transfer gas locally intruding from a portion in the
circumferential direction of the conductance band 23 passes through the first outer diffusion
portion 28al extending along the outer circumferential surface of the conductance band 23 and
the first inner diffusion portion 28b1 extending along the inner circumferential surface of the
conductance band 23, and flows along the circumferential direction of the conductance band 23.
Therefore, even when a flow rate concentration occurs on the conductance band 23, pressure
gradient of the heat transfer gas in the circumferential direction of the conductance band 23 is
restrained from occurring in portions other than the conductance band 23.  Also in this case, the
heat transfer gas locally intruding from a portion in the circumferential direction of the
conductance band 23 passes through the second outer diffusion portion 28a2 and the second
inner diffusion portion 28b2, and flows along the circumferential direction of the conductance
band 23. Therefore, pressure gradient of the heat transfer gas in the circumferential direction of

the conductance band 23 is further suppressed.

(Temperature Control Method)
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[0048] A temperature control method according to an embodiment includes: supporting the
substrate 3 along the outer peripheral side of the substrate 3 by the annular seal band 22, which is
provided on the base portion 21 having the mounting surface 21a on which the substrate 3 is
mounted; and supporting the substrate 3 by the first protrusions 24 provided on the conductance
band 23 with the gap G left between the upper end surface 23a of the conductance band 23 and
the substrate 3, while dividing the mounting surface 21a into the outer region F1 and the inner
region F2 in the radial direction of the substrate 3 mounted on the mounting surface 21a by the
annular conductance band 23 provided on the mounting surface 21a. The temperature control
method further includes: diffusing the heat transfer gas supplied to the space between the
substrate 3 and the mounting surface 21a via the outer flow path 26 and the inner flow path 27,
which are provided in the base portion 21 and in communication with the outer region F1 and the
inner region F2, respectively, along the circumferential direction of the conductance band 23 by

the annular diffusion portion 28 provided in the base portion 21.

(Effects of First Embodiment)

[0049] The substrate stage 5 according to the first embodiment includes the seal band 22
configured to support the substrate 3, the conductance band 23 configured to divide the mounting
surface 21a into the outer region F1 and the inner region F2, the plurality of second protrusions
25 configured to support the substrate 3 with the gap G left between the conductance band 23
and the substrate 3, the outer flow path 26 and the inner flow path 27 through which the heat
transfer gas flows, and the annular diffusion portion 28 configured to diffuse the heat transfer gas
along the circumferential direction of the conductance band 23.  Since the heat transfer gas is
smoothly diffused in the circumferential direction of the conductance band 23 by the diffusion
portion 28, the conductance of the outer region F1 and the conductance of the inner region F2 are
improved and make relatively large conductance ratios with respect to the conductance band 23.
Therefore, it is possible to secure a large pressure difference between the outer region F1 and the
inner region F2 divided by the conductance band 23. As a result, the temperature distribution

(pressure distribution) of the substrate 3 having a temperature controlled by the heat transfer gas
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can be controlled so as to change sharply between the outer region F1 and the inner region F2.
Accordingly, it is possible to increase accuracy of controlling the temperature of the substrate 3
using the heat transfer gas. In particular, when controlling the process characteristics of the
substrate 3, it may be necessary to control the local temperature distribution of the substrate 3.
Therefore, by making it possible to generate a steep pressure difference using the conductance
band 23 as a boundary, it is possible to expand a range of controlling the process characteristics.
[0050] Furthermore, the diffusion portion 28 of the substrate stage 5 according to the first
embodiment includes the outer diffusion portion 28a provided in communication with the outer
region F1 and configured to diffuse the heat transfer gas along the circumferential direction on
the outer peripheral side of the conductance band 23, and the inner diffusion portion 28b
provided in communication with the inner region F2 and configured to diffuse the heat transfer
gas along the circumferential direction on the inner peripheral side of the conductance band 23.
When the heat transfer gas passing through the gap G between the conductance band 23 and the
substrate 3 flows locally in a large flow rate from a portion of the conductance band 23 in the
circumferential direction, even when one of the outer region F1 and the inner region F2 is the
low pressure side, the heat transfer gas can be caused to flow along the circumferential direction
of the conductance band 23 by either the outer diffusion portion 28a or the inner diffusion
portion 28b.  Therefore, it is possible to suppress the pressure gradient of the heat transfer gas
from occurring in the outer region F1 and the inner region F2.

[0051] In addition, the outer diffusion portion 28a of the substrate stage 5 according to the first
embodiment includes the first outer diffusion portion 28al opened on the mounting surface 21a
and provided along the outer circumferential surface of the conductance band 23, and the second
outer diffusion portion 28a2 opened on the mounting surface 21a and provided at the end portion
of the outer flow path 26. Accordingly, the heat transfer gas in the outer region F1 can be
smoothly diffused in the circumferential direction of the conductance band 23 by the first outer
diffusion portion 28al and the second outer diffusion portion 28a2. Therefore, the pressure of
the heat transfer gas in the outer region F1 can be made more uniform, and the accuracy of

controlling the temperature distribution of the substrate 3 can be improved. Since the first outer
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diffusion portion 28al and the second outer diffusion portion 28a2 are opened on the mounting
surface 21a, it is possible to ensure good machinability of the first outer diffusion portion 28al
and the second outer diffusion portion 28a2.

[0052] Moreover, the inner diffusion portion 28b of the substrate stage 5 according to the first
embodiment includes the first inner diffusion portion 28b1 opened on the mounting surface 21a
and provided along the inner circumferential surface of the conductance band 23, and the second
inner diffusion portion 28b2 opened on the mounting surface 21a and provided at the end portion
of the inner flow path 27.  Accordingly, the heat transfer gas in the inner region F2 can be
smoothly diffused in the circumferential direction of the conductance band 23 by the first inner
diffusion portion 28b1 and the second inner diffusion portion 28b2. Therefore, the pressure of
the heat transfer gas in the inner region F2 can be made more uniform, and the accuracy of
controlling the temperature distribution of the substrate 3 can be improved. Since the first inner
diffusion portion 28b1 and the second inner diffusion portion 28b2 are opened on the mounting
surface 21a, it is possible to ensure good machinability of the first inner diffusion portion 28b1
and the second inner diffusion portion 28b2.

[0053] Furthermore, the base portion 21 of the substrate stage 5 according to the first
embodiment is provided with the connection paths 29a that bring the first outer diffusion portion
28al and the second outer diffusion portion 28a2 into communication with each other. Thus, in
the outer region F1, the heat transfer gas flowing through the first outer diffusion portion 28al
and the second outer diffusion portion 28a2 can flow between the first outer diffusion portion
28al and the second outer diffusion portion 28a2 via the connection paths 29a.  Therefore, the
pressure of the heat transfer gas in the outer region F1 can be made more uniform, and the
accuracy of controlling the temperature distribution of the substrate 3 can be improved.

[0054] Moreover, the base portion 21 of the substrate stage 5 according to the first embodiment
is provided with the connection paths 29b that bring the first inner diffusion portion 28b1 and the
second inner diffusion portion 28a2 into communication with each other. Thus, in the inner
region F2, the heat transfer gas flowing through the first inner diffusion portion 28b1 and the

second inner diffusion portion 28b2 can flow between the first inner diffusion portion 28b1 and
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the second inner diffusion portion 28b2 via the connection paths 29b.  Therefore, the pressure
of the heat transfer gas in the inner region F2 can be made more uniform, and the accuracy of
controlling the temperature distribution of the substrate 3 can be improved.

[0055] Furthermore, in the substrate stage 5 according to the first embodiment, the conductance
band 23 is provided with the plurality of first protrusions 24 that supports the substrate 3 with the
gap G left between the conductance band 23 and the substrate 3. By supporting the substrate 3
with the first protrusions 24 as described above, it is possible to enhance stability of the support
state of the substrate 3 mounted on the mounting surface 21a.

[0056] The first embodiment is not limited to include both the outer diffusion portion 28a and
the inner diffusion portion 28b.  The diffusion portion 28 may be provided only in the outer
region F1 or the inner region F2, whichever has a lower pressure (higher temperature). For
example, in a case where the substrate stage 5 is used to perform a control to obtain a
temperature distribution in which the inner region F2 has a low temperature and the outer region
F1 has a high temperature, only the outer diffusion portion 28a may be provided. By omitting
the inner diffusion portion 28b, it possible to simplify the structure of the substrate stage 5 and to

reduce a manufacturing cost of the substrate stage 5.

(Second Embodiment)

[0057] FIG. 6 is a plan view showing a substrate stage according to a second embodiment. FIG.
7 is a vertical sectional view showing the substrate stage according to the second embodiment
and illustrates a vertical sectional view taken along line B-B in FIG. 6. The second

embodiment differs from the first embodiment in that the diffusion portion is provided inside the
base portion 21.

[0058] As shown in FIGS. 6 and 7, a substrate stage 35 includes an annular diffusion portion 38
configured to diffuse the heat transfer gas along the circumferential direction of the conductance
band 23. The diffusion portion 38 is provided as an internal space of the base portion 21 and is
formed to have a rectangular cross section.  The diffusion portion 38 may be formed to have,

for example, a circular cross section.  The diffusion portion 38 includes an outer diffusion
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portion 38a in communication with the outer region F1 and an inner diffusion portion 38b in

communication with the inner region F2.

(Structure of Diffusion Portion)

[0059] FIG. 8 is a horizontal sectional view showing a main part of the substrate stage according
to the second embodiment, and illustrates a sectional view taken along line C-C in FIG. 7. FIG.
9 is an enlarged sectional view showing the main part of the substrate stage according to the
second embodiment.  As shown in FIGS. 7 and 9, the outer diffusion portion 38a is provided
inside the base portion 21 and in communication with the outer flow path 26. The inner
diffusion portion 38b is provided inside the base portion 21 and in communication with the inner
flow path 27.

[0060] As shown in FIGS. 7 and 8, the outer flow path 26 includes a main flow path 26a
extending from the outer diffusion portion 38a to the bottom surface of the base portion 21.

The main flow path 26a is connected to the connection pipe 14a of the heat transfer gas supplier
8 (see FIG. 2). The inner flow path 27 includes a main flow path 27a extending from the inner
diffusion portion 38b to the bottom surface of the base portion 21. The main flow path 27a is
connected to the connection pipe 13a of the heat transfer gas supplier 8 (see FIG. 2). One main
flow path 26a of the outer flow path 26 is provided at a predetermined position in the
circumferential direction of the conductance band 23.  Similarly, one main flow path 27a of the
inner flow path 27 is provided at a predetermined position in the circumferential direction of the
conductance band 23.

[0061] The outer flow path 26 further includes an outer branch flow path 26b extending from the
outer peripheral side of the outer diffusion portion 38a to the mounting surface 21a in the radial
direction of the substrate 3 mounted on the mounting surface 21a, and an inner branch flow path
26¢ extending from the inner peripheral side of the outer diffusion portion 38a to the mounting
surface 21a. The inner branch flow path 26¢ of the outer flow path 26 is provided adjacent to
the outer circumferential surface of the conductance band 23, such that the heat transfer gas

flowing into the outer region F1 from the side of the upper end surface 23a of the conductance
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band 23 is smoothly guided into the outer diffusion portion 38a via the inner branch flow path
26c. Therefore, the heat transfer gas flowing from the inner branch flow path 26¢ into the outer
diffusion portion 38a smoothly flows along the circumferential direction of the conductance
band 23 through the outer diffusion portion 38a.

[0062] The inner flow path 27 further includes an outer branch flow path 27b extending from the
outer peripheral side of the inner diffusion portion 38b to the mounting surface 21a in the radial
direction of the substrate 3 mounted on the mounting surface 21a, and an inner branch flow path
27¢ extending from the inner peripheral side of the inner diffusion portion 38b to the mounting
surface 21a. The outer branch flow path 27b of the inner flow path 27 is provided adjacent to
the inner circumferential surface of the conductance band 23, such that the heat transfer gas
flowing into the inner region F2 from the side of the upper end surface 23a of the conductance
band 23 is smoothly guided into the inner diffusion portion 38b through the outer branch flow
path 27b. Therefore, the heat transfer gas flowing from the outer branch flow path 27b into the
inner diffusion portion 38b smoothly flows along the circumferential direction of the

conductance band 23 through the inner diffusion portion 38b.

(Diffusion Action by Diffusion Portion)

[0063] In the second embodiment as well, just like the diffusion portion 28 of the first
embodiment, the outer diffusion portion 38a is formed along the circumferential direction of the
conductance band 23. Therefore, the heat transfer gas supplied to the outer region F1 through
the outer flow path 26 flows in the circumferential direction of the conductance band 23 through
the outer diffusion portion 38a and smoothly spreads in the outer region F1 via the outer branch
flow path 26b and the inner branch flow path 26¢c.  Thus, the pressure gradient of the heat
transfer gas in the outer region F1 is suppressed, and the pressure of the heat transfer gas in the
outer region F1 is made uniform. Similarly, the inner diffusion portion 38b is formed along the
circumferential direction of the conductance band 23. Therefore, the heat transfer gas supplied
to the inner region F2 through the inner flow path 27 flows in the circumferential direction of the

conductance band 23 through the inner diffusion portion 38b and smoothly spreads in the inner
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region F2 via the outer branch flow path 27b and the inner branch flow path 27c. Thus, the
pressure gradient of the heat transfer gas in the inner region F2 is suppressed, and the pressure of
the heat transfer gas in the inner region F2 is made uniform.

[0064] Furthermore, even when the height of the conductance band 23 varies in the
circumferential direction of the conductance band 23, the heat transfer gas locally intruding from
a portion of the conductance band 23 in the circumferential direction flows along the
circumferential direction of the conductance band 23 through the outer diffusion portion 38a in
communication with the outer region F1 and the inner diffusion portion 38b in communication
with the inner region F2.  Therefore, the pressure gradient of the heat transfer gas in the
circumferential direction of the conductance band 23 is suppressed, and the pressures of the heat

transfer gas in the outer region F1 and the inner region F2 are made uniform.

(Effects of Second Embodiment)

[0065] The substrate stage 35 according to the second embodiment is provided with the diffusion
portion 38. Therefore, as in the first embodiment, it is possible to secure a large pressure
difference between the outer region F1 and the inner region F2 divided by the conductance band
23. Thus, it is possible to control the temperature distribution of the substrate 3 so as to be
changed sharply between the outer region F1 and the inner region F2. Therefore, it is possible
to enhance the accuracy of controlling the temperature of the substrate 3 using the heat transfer
gas.

[0066] In addition, the diffusion portion 38 of the substrate stage 35 is provided inside the base
portion 21 without being opened on the mounting surface 21a. Therefore, it is possible to
suppress influence of the diffusion portion 38 on the process characteristics when the substrate 3
is processed with the processing gas. Presence of recess opened on the mounting surface 21a
may affect the process characteristics when processing the substrate 3, depending on a width and
depth of the recess. However, the second embodiment is advantageous in that the pressure
gradient in the outer region F1 and the inner region F2 can be suppressed without affecting the

mounting surface 21a.
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[0067] Furthermore, the substrate stage 35 can secure a large space that functions as the
diffusion portion 38, as compared with the diffusion portion 28 according to the first
embodiment. Thus, fluidity of the heat transfer gas in the circumferential direction of the
conductance band 23 is increased. Therefore, for example, even when the heat transfer gas
locally flows between the outer region F1 and the inner region F2 from a portion of the
conductance band 23 in the circumferential direction due to a manufacturing variation of the
conductance band 23, the pressure gradient of the heat transfer gas in the circumferential
direction of the conductance band 23 is suppressed, and the pressures of the heat transfer gas in
the outer region F1 and the inner region F2 are made uniform.

[0068] The substrate stages 5 and 35 according to the first and second embodiments,
respectively, includes one conductance band 23. However, the substrate stages 5 and 35 may
include a plurality of conductance bands. In this case, the conductance bands are arranged
concentrically with respect to the center of the mounting surface 21a. Furthermore, if necessary,
the first embodiment and the second embodiment may be combined with each other.  For
example, the substrate stage may include the outer diffusion portion 38a and the inner diffusion
portion 38b according to the second embodiment, and the second outer diffusion portion 28a2
and the second inner diffusion portion 28b2 according to the first embodiment.

[0069] According to the present disclosure in some embodiments, it is possible to control a
temperature distribution of a substrate so as to be sharply changed inside and outside a partition
wall.

[0070] While certain embodiments have been described, these embodiments have been presented
by way of example only, and are not intended to limit the scope of the disclosures. Indeed, the
embodiments described herein may be embodied in a variety of other forms.  Furthermore,
various omissions, substitutions and changes in the form of the embodiments described herein
may be made without departing from the spirit of the disclosures. The accompanying claims
and their equivalents are intended to cover such forms or modifications as would fall within the

scope and spirit of the disclosures.
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WHAT IS CLAIMED IS:

1. A substrate stage, comprising:

a base portion having a mounting surface on which a substrate is mounted;

an annular support provided on the base portion and configured to support the
substrate along an outer peripheral side of the substrate;

an annular partition wall provided on the mounting surface and configured to divide
the mounting surface into an outer region and an inner region in a radial direction of the
substrate mounted on the mounting surface;

a plurality of protrusions provided on the mounting surface in the outer region and the
inner region and configured to support the substrate with a gap left between an upper end
surface of the partition wall and the substrate;

an outer flow path provided in the base portion and in communication with the outer
region, and configured to allow a heat transfer gas supplied to a space between the substrate
and the mounting surface to flow through the outer flow path;

an inner flow path provided in the base portion and in communication with the inner
region, and configured to allow the heat transfer gas to flow through the inner flow path; and

an annular diffusion portion recessed downward from the mounting surface of the
base portion and configured to diffuse the heat transfer gas along a circumferential direction

of the partition wall.

2. The substrate stage of Claim 1, wherein the annular diffusion portion includes an outer
diffusion portion in communication with the outer region and configured to diffuse the heat

transfer gas along the circumferential direction on an outer peripheral side of the partition
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wall, and an inner diffusion portion in communication with the inner region and configured to
diffuse the heat transfer gas along the circumferential direction on an inner peripheral side of

the partition wall.

3. The substrate stage of Claim 2, wherein the outer diffusion portion includes a first outer
diffusion portion opened on the mounting surface and provided along an outer circumferential
surface of the partition wall, and a second outer diffusion portion opened on the mounting

surface and provided at an end portion of the outer flow path.

4. The substrate stage of Claim 2, wherein the inner diffusion portion includes a first inner
diffusion portion opened on the mounting surface and provided along an inner circumferential
surface of the partition wall, and a second inner diffusion portion opened on the mounting

surface and provided at an end portion of the inner flow path.

5. The substrate stage of Claim 3, wherein the base portion is provided with a connection path
configured to bring the first outer diffusion portion and the second outer diffusion portion into

communication with each other.

6. The substrate stage of Claim 4, wherein the base portion is provided with a connection path
configured to bring the first inner diffusion portion and the second inner diffusion portion into

communication with each other.

7. A substrate stage, comprising:
a base portion having a mounting surface on which a substrate is mounted;
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an annular support provided on the base portion and configured to support the
substrate along an outer peripheral side of the substrate;

an annular partition wall provided on the mounting surface and configured to divide
the mounting surface into an outer region and an inner region in a radial direction of the
substrate mounted on the mounting surface;

a plurality of protrusions provided on the mounting surface in the outer region and the
inner region and configured to support the substrate with a gap left between an upper end
surface of the partition wall and the substrate;

an outer flow path provided in the base portion and in communication with the outer
region, and configured to allow a heat transfer gas supplied to a space between the substrate
and the mounting surface to flow through the outer flow path;

an inner flow path provided in the base portion and in communication with the inner
region, and configured to allow the heat transfer gas to flow through the inner flow path; and
an annular diffusion portion provided in the base portion and configured to diffuse the heat
transfer gas along a circumferential direction of the partition wall,

wherein the annular diffusion portion is provided inside the base portion and in
communication with one of the outer flow path and the inner flow path, and

wherein the one of the outer flow path and the inner flow path includes an outer
branch flow path extending from an outer peripheral side of the annular diffusion portion to
the mounting surface, and an inner branch flow path extending from an inner peripheral side

of the annular diffusion portion to the mounting surface.

8. The substrate stage of any one of Claims 1 to 7, further comprising a plurality of
protrusions provided on the upper end surface of the partition wall and configured to support
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the substrate with the gap left between the upper end surface of the partition wall and the

substrate.

9. A substrate processing apparatus, comprising:

a substrate stage of any one of Claims 1 to 8§;

a processing chamber in which the substrate stage is provided,

a processing gas supplier configured to supply a processing gas for processing the
substrate into the processing chamber; and

a heat transfer gas supplier configured to supply the heat transfer gas.

10. A temperature control method, comprising:

supporting a substrate along an outer peripheral side of the substrate by an annular
support provided on a base portion having a mounting surface on which the substrate is
mounted;

dividing the mounting surface into an outer region and an inner region in a radial
direction of the substrate mounted on the mounting surface by an annular partition wall
provided on the mounting surface, and supporting the substrate by a plurality of protrusions
provided on the mounting surface in the outer region and the inner region with a gap left
between an upper end surface of the partition wall and the substrate; and

diffusing a heat transfer gas supplied to a space between the substrate and the
mounting surface via an outer flow path and an inner flow path, which are provided in the
base portion and in communication with the outer region and the inner region, respectively,
along a circumferential direction of the partition wall by an annular diffusion portion recessed
downward from the mounting surface of the base portion.
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11. The temperature control method of Claim 10, further comprising:
diffusing the heat transfer gas along the circumferential direction of the partition wall
by the annular diffusion portion, which is opened on the mounting surface and provided along

an outer circumferential surface of the partition wall.

12. A temperature control method, comprising:

supporting a substrate along an outer peripheral side of the substrate by an annular
support provided on a base portion having a mounting surface on which the substrate is
mounted;

dividing the mounting surface into an outer region and an inner region in a radial
direction of the substrate mounted on the mounting surface by an annular partition wall
provided on the mounting surface, and supporting the substrate by a plurality of protrusions
provided on the mounting surface in the outer region and the inner region with a gap left
between an upper end surface of the partition wall and the substrate;
diffusing a heat transfer gas supplied to a space between the substrate and the mounting
surface via an outer flow path and an inner flow path, which are provided in the base portion
and in communication with the outer region and the inner region, respectively, along a
circumferential direction of the partition wall by an annular diffusion portion provided in the
base portion;

diffusing the heat transfer gas along the circumferential direction of the partition wall
by the annular diffusion portion, which is provided inside the base portion and in
communication with one of the outer flow path and the inner flow path; and

supplying the heat transfer gas to the space between the substrate and the mounting
surface, by one of the outer flow path and the inner flow path, which includes an outer branch
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flow path extending from an outer peripheral side of the annular diffusion portion to the
mounting surface and an inner branch flow path extending from an inner peripheral side of

the annular diffusion portion to the mounting surface.

13. The substrate processing apparatus of Claim 9, further comprising:
an exhaust mechanism configured to discharge the heat transfer gas;
a first pipe that connects the heat transfer gas supplier and the exhaust mechanism;
a second pipe that connects the heat transfer gas supplier and the exhaust mechanism;
a first valve provided in the first pipe;
a second valve provided in the second pipe;
first connection pipes that connect the first pipe and the inner flow path; and
second connection pipes that connect the second pipe and the outer flow path,
wherein the first valve is provided in the first pipe at a location between a first
connection portion where the first pipe and the first connection pipes are connected to each
other and the exhaust mechanism, and
wherein the second valve is provided in the second pipe at a location between a
second connection portion where the second pipe and the second connection pipes are

connected to each other and the exhaust mechanism.

14. The substrate processing apparatus of Claim 13, further comprising:

a third pipe that connects a portion of the first pipe between the first connection
portion and the first valve and a portion of the first pipe between the first valve and the
exhaust mechanism;

a third valve provided in the third pipe;
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a first orifice provided in the third pipe at a location between the third valve and the
exhaust mechanism;

a fourth pipe that connects a portion of the second pipe between the second
connection portion and the second valve and a portion of the second pipe between the second
valve and the exhaust mechanism,;

a fourth valve provided in the fourth pipe; and

a second orifice provided in the fourth pipe at a location between the fourth valve and

the exhaust mechanism.
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