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(57) ABSTRACT

A stage device includes a stage configured to hold a target
substrate 1n a vacuum chamber, a chiller having a cold head
maintained at an extremely low temperature and a cold heat
transfer body fixed in contact with the cold head and
disposed below a bottom surface of the stage with a gap
between the stage and the cold heat transter body. The stage
device further includes a heat 1nsulating structure unit hav-
ing a vacuum insulated structure and configured to surround
at least the cold head and a connection portion between the
cold head and the cold heat transfer body, cooling fluid
supplied to the gap to transfer cold heat of the cold heat
transfer body to the stage, and a stage support rotated by a
driving mechanism and configured to rotatably support the
stage.
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STAGE DEVICE AND PROCESSING
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Japanese Patent
Application No. 2018-200492, filed on Oct. 25, 2018, the
entire contents of which 1s incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a stage device and
a processing apparatus.

BACKGROUND

[0003] An apparatus for processing a substrate, e.g., a
semiconductor substrate or the like, such as a film forming
apparatus, performs an extremely low-temperature process.
For example, there 1s known a technique for forming a
magnetic film 1n environment of ultra-high vacuum and an
extremely low temperature to obtain a magneto-resistance
clement having a high magneto-resistance ratio.

[0004] As an example of a technique for processing a
substrate at an extremely low temperature, Japanese Patent
Application Publication No. 2015-226010 discloses a tech-
nique for cooling a substrate to an extremely low tempera-
ture by a cooling apparatus and forming a magnetic film at
an extremely low temperature on the cooled substrate by a
film forming apparatus separately provided from the cooling
apparatus.

[0005] Japanese Patent Application Publication No. 2006-
73608 discloses a technique for forming a thin film while
cooling a substrate on a cooling stage serving as a wafer
support for supporting the substrate to an extremely low
temperature. The cooling stage 1s fixed to a cooling head
provided 1n a vacuum chamber, and the cooling head 1s
cooled by a chiller.

[0006] The present disclosure provides a stage device
capable of cooling a substrate mounted on a stage to an
extremely low temperature with high cooling performance
and rotating the substrate in a state where the substrate 1s
cooled to the extremely low temperature, and a processing
apparatus including the stage device.

SUMMARY

[0007] In accordance with an aspect of the present disclo-
sure, there 1s provided a stage device including: a stage
configured to hold a target substrate 1n a vacuum chamber;
a chiller having a cold head maintained at an extremely low
temperature; a cold heat transfer body fixed in contact with
the cold head and disposed below a bottom surface of the
stage with a gap between the stage and the cold heat transfer
body; a heat insulating structure umt having a vacuum
msulated structure and configured to surround at least the
cold head and a connection portion between the cold head
and the cold heat transfer body; cooling tluid supplied to the
gap to transier cold heat of the cold heat transier body to the
stage; and a stage support rotated by a driving mechanism
and configured to rotatably support the stage.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The objects and features of the present disclosure
will become apparent from the following description of
embodiments, given in conjunction with the accompanying
drawings, in which:

[0009] FIG. 1 1s a schematic cross-sectional view showing
an example of a processing apparatus including a stage
device according to an embodiment;

[0010] FIG. 2 schematically shows another shape of a
comb-teeth shaped portion in the stage device according to
the embodiment;

[0011] FIG. 3 1s a cross-sectional view showing an
example of a first heat insulating body of a heat insulating
structure unit;

[0012] FIG. 4 1s a cross-sectional view showing another
example of the first heat isulating body of the heat 1nsu-
lating structure unit;

[0013] FIG. § 1s a cross-sectional view showing still
another example of the first heat insulating body of the heat
insulating structure unit;

[0014] FIG. 6 1s a cross-sectional view showing further
still another example of the first heat insulating body of the
heat insulating structure unit; and

[0015] FIG. 7 1s a cross-sectional view showing an
example of a second heat insulating body of the heat
insulating structure unit.

DETAILED DESCRIPTION

[0016] Heremnafter, embodiments will be described 1n
detail with reference to the accompanying drawings.
[0017] <Processing Apparatus>

[0018] First, an example of a processing apparatus includ-
ing a stage device according to an embodiment will be
described. FIG. 1 1s a schematic cross-sectional view show-
ing an example of the processing apparatus.

[0019] As shown in FIG. 1, a processing apparatus 1
includes a vacuum chamber 10, a target 30, and a stage
device 50. The processing apparatus 1 1s configured as a film
forming apparatus capable of forming a magnetic film by
sputtering on a semiconductor wafer (hereinafter, simply
referred to as “waler”) W that 1s a target substrate in
environment of ultra-high vacuum and an extremely low
temperature 1n the vacuum chamber 10. The magnetic film
1s used for, e.g., a tunneling magneto-resistance (ITMR)
clement.

[0020] The vacuum chamber 10 1s a processing chamber
for processing the wafer W that 1s the target substrate. The
vacuum chamber 10 1s connected to a gas exhaust unit (not
shown) such as a vacuum pump capable of depressurizing
the 1nside of the vacuum chamber 10 to ultra-high vacuum
(e.g., 107 Pa or less). A gas supply line (not shown) is
connected from the outside to the vacuum chamber 10. A
sputtering gas for sputtering film formation (e.g., nitrogen
gas or rare gas such as argon (Ar) gas, krypton (Kr) gas,
neon (Ne) gas or the like) 1s supplied through the gas supply
line. A loading/unloading port (not shown) for the water W
1s formed at a sidewall of the vacuum chamber 10, and can
be opened and closed by a gate valve (not shown).

[0021] The target 30 1s disposed at an upper portion of the
vacuum chamber 10 to face the wafer W held on the stage
device 50. An AC voltage 1s applied from a plasma genera-
tion power supply (not shown) to the target 30. When the AC
voltage 1s applied from the plasma generation power supply
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to the target 30 1n a state where the sputtering gas 1s
introduced into the vacuum chamber 10, plasma of the
sputtering gas 1s generated in the vacuum chamber 10 and
the target 30 1s sputtered by 1ons in the plasma. Atoms or
molecules of the sputtered target material are deposited on
the surface of the water W held on the stage device 50.
Although the number of targets 30 1s not particularly limited,
it 1s preferable to provide a plurality of targets 30 so that
films of different materials can be formed by one processing
apparatus 1. For example, in the case of depositing a
magnetic film (film containing a ferromagnetic material such
as N1, Fe, Co, or the like), the target 30 may be made of, e.g.,
CoFe, FeNi1, NiFeCo, or the like. Alternatively, the target 30
may be made of other materials 1n addition to those mate-
rials.

[0022] As will be described later, the stage device 50 cools
the wafter W held on the stage 56 to an extremely low
temperature while rotating the wafer W.

[0023] The processing apparatus 1 further includes an
clevation mechamism 74 for vertically moving the entire
stage device 50 with respect to the vacuum chamber 10.
Therefore, the distance between the target 30 and the wafer
W can be controlled. Specifically, the stage device 50 1s
vertically moved by the elevation mechanism 74, so that the
stage 56 can be moved between a transfer position for
mounting the waler W on the stage 56 and a processing
position for forming a film on the wafer W mounted on the
stage 36.

[0024] <Stage Device>

[0025] Next, the stage device 50 according to the embodi-
ment will be described 1n detail.

[0026] As shown in FIG. 1, the stage device 50 includes a
chuller 52, a cold heat transfer body 34, and a stage 56, a
stage support 58, a heat insulating structure unit 60, a seal
rotation mechanism 62, and a driving mechanism 68.
[0027] The chiller 52 supports the cold heat transfer body
54 and cools an upper surface of the cold heat transfer body
54 to an extremely low temperature (e.g., =30° C. or lower).
The chiller 52 has a cold head 52a at an upper portion
thereot, and cold heat 1s transferred from the cold head 524
to the cold heat transfer body 54. The chiller 52 preferably
uses Giflord-McMahon (GM) cycle 1n view of cooling
performance. In the case of forming a magnetic film used for
a TMR element, 1t 1s preferable to cool the cold heat transfer
body 54 to a temperature 1n a range from —123° C. to -223°

C. (150K to 50K) by the chiller 52.

[0028] The cold heat transier body 54 1s fixed onto the
chiller 52 and has a substantially cylindrical shape. The cold
heat transfer body 54 i1s made of a material having high
thermal conductivity, such as pure copper (Cu) or the like.
An upper part of the cold heat transfer body 34 1s disposed
in the vacuum chamber 10.

[0029] The cold heat transter body 54 1s disposed below
the stage 56 such that the center thereof coincides with the
central axis C of the stage 56. A first cooling gas supply line
(first cooling gas channel) 54a through which a first cooling
gas flows 1s formed 1n the cold heat transfer body 54 along
the central axis C. The first cooling gas 1s supplied from a
gas supply source (not shown) to the first cooling gas supply
line 54a. It 1s preferable to use helium (He) gas having high
thermal conductivity as the first cooling gas.

[0030] The stage 56 1s separated from the upper surface of
the cold heat transter body 54 by a gap G (e.g., 2 mm or
less). The stage 56 1s made of a material having high thermal
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conductivity such as pure copper (Cu) or the like. The gap
G communicates with the first cooling gas supply line 54a
formed 1n the cold heat transter body 54. Therefore, the first
cooling gas cooled to an extremely low temperature by the
cold heat transfer body 54 1s supplied to the gap G through
the first cooling gas supply line 54a. Accordingly, the cold
heat of the chiller 52 1s transferred to the stage 56 by the first
cooling gas supplied to the cold heat transfer body 54 and
the gap G, thereby cooling the stage 56 to an extremely low
temperature (e.g., —30° C. or lower). The cooling medium 1s
not limited to the first cooling gas, and the gap G may be
filled with another fluid having good thermal conductivity,
e.g., thermal grease having good thermal conductivity. In
this case, 1t 1s not necessary to provide the first cooling gas
supply line 54a and, thus, the structure of the cold heat
transfer body 54 can be simplified.

[0031] The stage 56 includes an electrostatic chuck 56a.
The electrostatic chuck 56a has a dielectric film, and a chuck
clectrode 566 1s embedded therein. A predetermined DC
voltage 1s applied to the chuck electrode 5656 through a
wiring L. Accordingly, the water W can be electrostatically
attracted and held by an electrostatic force.

[0032] The stage 56 has a first heat transier portion 56¢
below the electrostatic chuck 56a. A protrusion 564 protrud-
ing toward the cold heat transfer body 54 1s formed on a
bottom surface of the first heat transfer portion 56c¢. In the
illustrated example, the protrusion 564 has two annular parts
surrounding the central axis C of the stage 56. The height of
the protrusion 564 may be set to be, e.g., 1n a range from 40
mm to 50 mm. The width of the protrusion 564 may be set
to be, e.g., 1n a range from 6 mm to 7 mm. The shape and
the number of the protrusions 564 are not particularly
limited. However, it 1s preferable to set the shape and the
number of the protrusions 564 such that the surface area
where heat exchange can be sufliciently performed can be
obtained 1n view of improvement of the heat transfer efh-

ciency between the protrusion 564 and the cold heat transfer
body 54.

[0033] The cold heat transfer body 54 has a second heat
transfer portion 345 on an upper surface of a main body
thereof, 1.e., on the surface facing the first heat transier
portion 56¢. A recess 54¢ into which the protrusion 56d 1s
fitted with the gap G therebetween 1s formed at the second
heat transter portion 54b. In the illustrated example, the
recess 34¢ has two annular parts surrounding the central axis
C of the stage 56. The height of the recess 54¢ may be equal
to that of the protrusion 564, and may be, €.g., 1n a range
from 40 mm to 50 mm. The width of the recess 54c¢ may be
slightly greater than that of the protrusion 56d, and 1s
preferably, e.g., in a range from 7 mm to 9 mm. The shape
and the number of the recesses 54c¢ are determined to
correspond to those of the protrusion 56d.

[0034] The protrusion 564 of the first heat transfer portion
56c and the recess 54c¢ of the second heat transfer portion
54b are fitted with the gap G therebetween, thereby forming
a comb-teeth shaped portion. Since the gap G 1s bent to have
a concave-convex pattern due to the comb-teeth shaped
portion, the heat transfer efliciency of the first cooling gas
between the first heat transier portion 56c¢ of the stage 56 and
the second heat transier portion 545 of the cold heat transter
body 55 can be increased.

[0035] As shown in FIG. 2, the protrusion 564 and the
recess 34¢ may have corrugated shapes corresponding to
cach other. Each of the surfaces of the protrusion 564 and the
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recess 34¢ may have an uneven pattern by blasting or the
like. Accordingly, the surface area for the heat transfer can
be increased, and the heat transfer efliciency can be further
improved.

[0036] It 1s also possible to form the recess at the first heat
transier portion 56¢ and form the protrusion at the second
heat transfer portion 54b.

[0037] In the stage 56, the electrostatic chuck 56a and the
first heat transtfer portion 56c¢ may be formed as one unit, or
may be formed separately and adhered to each other. The
main body of the cold heat transfer body 54 and the second
heat transfer portion 345 may be formed as one unit, or may
be molded separately and adhered to each other.

[0038] A through-hole 56e¢ 1s formed through the stage 56

in a vertical direction. A second cooling gas supply line
(second cooling gas channel) 57 1s connected to the through-
hole 56e. A second cooling gas for heat transfer 1s supplied
from the second cooling gas supply line 57 to the backside
of the water W through the through-hole 56e. It 1s preferable
to use He gas having high thermal conductivity as the second
cooling gas, as in the case of the first cooling gas. By
supplying the second cooling gas to the backside of the
waler W, 1.e., to the gap between the water W and the
electrostatic chuck 56a, the cold heat of the stage 56 can be
elliciently transferred to the water W by the second cooling
gas. One through-hole 56¢ may be provided. However, 1t 1s
preferable to form a plurality of through-holes 56¢ 1n order
to efliciently transfer the cold heat of the cold heat transter

body 54 to the wafer W.

[0039] By separating the gas channel of the second cool-
ing gas to be supplied to the backside of the water W from
the gas channel of the first cooling gas to be supplied to the
gap @, 1t 1s possible to supply the cooling gas to the backside
of the water W at a desired pressure and at a desired tlow
rate, regardless of the supply of the first cooling gas. It 1s also
possible to continuously supply cooling gas having a high
pressure and an extremely low temperature to the gap G,
regardless of the pressure, the flow rate, and the supply

timing of the gas to be supplied to the backside of the water
W

[0040] Further, a through-hole connected from the gap G
may be formed in the stage 56 so that a part of the first
cooling gas as the cooling gas can be supplied to the

backside of the water W.

[0041] The stage support 58 1s disposed at an outer side of
the cold heat transfer body 54, and the stage 56 1s rotatably
supported by the stage support $8. In the illustrated example,
the stage support 58 has a main body 58a having a substan-
tially cylindrical shape, and a flange portion 5856 extending
outward at a bottom surface of the main body 58a. The main
body 38a 1s disposed to surround the gap G and the upper
outer peripheral surface of the cold heat transier body 54.
Accordingly, the stage support 38 can block the gap G that
1s the connection portion between the cold heat transter body
54 and the stage 56. The stage support 58 preferably has a
vacuum 1nsulated structure. The main body 58a has a
diameter-reduced section 58¢ at an axially central portion
thereof. The main body 58a and the flange portion 585 are
made of a metal, e.g., stainless steel or the like.

[0042] The heat insulating structure unmit 60 1s disposed to
surround at least the cold head 52a of the chiller 52 and the
connection portion between the cold head 52a and the cold
heat transfer body 54, and has a vacuum 1nsulated structure.
Accordingly, the heat insulating structure unit 60 suppresses
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the deterioration of the cooling performance of the cold head
52a due to heat input from the outside. The heat insulating
body of the heat insulating structure unit 60 preferably
insulates the other part of the cold heat transier body 54.
[0043] In the present embodiment, the heat insulating
structure unit 60 1ncludes a first heat insulating body 70 and
a second heat msulating body 71. The first heat insulating
body 70 1s disposed to surround the cold head 52a of the
chuller 52 and the connection portion (lower part of the cold
heat transfer body 54) between the cold head 52a and the
cold heat transfer body 54. The second heat insulating body
71 1s disposed to surround substantially the entire cold heat
transier body 354. These structures will be described later in
detail.

[0044] The seal rotation mechanism 62 1s disposed below
the bottom surface of the flange portion 585 of the stage
support 58 via a heat insulating member 61. The heat
insulating member 61 has an annular shape that i1s coaxial
with the flange portion 58b. Further, the heat insulating
member 61 1s fixed to the flange portion 585, and 1s made of
ceramic such as alumina or the like.

[0045] The seal rotation mechanism 62 includes a rotating
part 62a, an 1nner {ixing part 625, an outer fixing part 62c,
and a heating member 62d.

[0046] Therotating part 62a has a substantially cylindrical
shape and extends downward coaxially with the heat insu-
lating member 61. Further, the rotating part 62a 1s rotated by
the driving mechanism 68 while being hermetically sealed
with magnetic fluid with respect to the inner fixing part 6256
and the outer fixing part 62¢. Since the rotating part 62a 1s
connected to the stage support 58 via the heat insulating
member 61, the transfer of the cold heat from the stage
support 58 to the rotating part 62a 1s blocked by the heat
insulating member 61. Therefore, 1t 1s possible to suppress
the deterioration of the sealing performance or the occur-
rence of condensation due to a decrease 1n the temperature
of the magnetic fluid of the seal rotation mechanism 62.
[0047] The inner fixing part 6256 has a substantially cylin-
drical shape having an inner diameter greater than an outer
diameter of the cold heat transifer body 54 and an outer
diameter smaller than an inner diameter of the rotating part
62a. The mner fixing part 625 1s disposed between the cold
heat transfer body 354 and the rotating part 62a through
magnetic fluid.

[0048] The outer fixing part 62¢ has a substantially cylin-
drical shape having an inner diameter greater than an outer
diameter of the rotating part 62a. The outer fixing part 62¢
1s disposed at an outer side of the rotating part 62a through
magnetic fluid.

[0049] The heating member 624 1s embedded 1n the 1nner

fixing part 625 to heat the entire seal rotation mechanism 62.
Accordingly, it 1s possible to suppress the deterioration of
the sealing performance or the occurrence of condensation
due to the decrease 1n the temperature of the magnetic fluid.

[0050] With this configuration, the seal rotation mecha-
nism 62 can rotate the stage support 38 in a state where the
region communicating with the vacuum chamber 10 1s
hermetically sealed with magnetic fluid and maintained 1n a
vacuum state.

[0051] Abellows 64 1s disposed between the upper surface
of the outer fixing part 62¢ and the bottom surface of the
vacuum chamber 10. The bellows 64 has a metal bellows
structure that can be expanded and contracted in a vertical
direction. The bellows 64 surrounds the cold heat transfer



US 2020/0131625 Al

body 354, the stage support 38, and the heat insulating
member 61, and separates the space 1n the vacuum chamber
10 and the vacuum space communicating therewith from the
space of an atmospheric atmosphere.

[0052] A slip ring 66 1s disposed below the seal rotation
mechanism 62. The slip ring 66 includes a rotating body 664
having a metal ring, and a fixed body 666 having a brush.
The rotating body 66a 1s fixed to the bottom surface of the
rotating part 62a of the seal rotation mechamism 62. Further,
the rotating body 66a has a substantially cylindrical shape
and extends downward coaxially with the rotating part 62a.
The fixed body 666 has a substantially cylindrical shape
having an inner diameter slightly greater than an outer
diameter of the rotating body 66a.

[0053] The slip ring 66 1s electrically connected to a DC
power supply (not shown), and transmits a voltage supplied
from the DC power supply to the wiring L via the brush of
the fixed body 6656 and the metal ring of the rotating body
66a. Accordingly, the voltage can be applied from the DC
power supply to the chuck electrode without causing, e.g.,
torsion of the wiring L. The rotating body 66a of the slip ring
66 1s rotated via the driving mechanism 68.

[0054] The driving mechanism 68 1s a direct driving motor
having a rotor 68a and a stator 685. The rotor 68a has a
substantially cylindrical shape and extends coaxially with
the rotating body 66a of the slip ring 66. The rotor 68a 1s
fixed to the rotating body 66a. The stator 685 1s formed 1n
a substantially cylindrical shape having an inner diameter
greater than an outer diameter of the rotor 68a. When the
driving mechanism 68 1s driven, the rotor 68a rotates. The
rotation of the rotor 68a 1s transterred to the stage 56 via the
rotating body 66a, the rotating part 62a, and the stage
support 38. Accordingly, the stage 56 and the wafter W
thereon rotate with respect to the cold heat transfer body 54.
In FIG. 1, the rotating members are 1llustrated with dots for
the sake of convenience.

[0055] Although the direct driving motor has been
described as an example of the driving mechanism 68, the
driving mechanism 68 may be driven via a belt or the like.

[0056] A sealing member 81 1s disposed between the
second heat insulating body 71 and the lower end of the
diameter-reduced section 58¢ of the main body 58a of the
stage support 38. A space S sealed with the sealing member
81 1s defined by the main body 58a of the stage support 58,
the second heat transfer portion 545 of the cold heat transter
body 54, and the upper part of the second heat insulating
body 71. The first cooling gas leaked from the gap G flows
into the space S. A gas channel 72 1s connected to the space
S through the sealing member 81. The gas channel 72
extends downward from the space S. A gap between the
upper surface of the second heat mnsulating body 71 and the
second heat transfer portion 545 of the cold heat transfer
body 54 1s sealed with a sealing member 82. The sealing
member 82 suppresses the supply of the first cooling gas
leaked 1nto the space S to the main body of the cold heat
transfer body 54.

[0057] The gas channel 72 may discharge the gas in the
space S and/or supply the cooling gas to the space S. In any
of cases of discharging the gas in the space S and supplying
the cooling gas to the space S using the gas channel 72, 1t 1s
possible to prevent the deterioration of the sealing perfor-
mance due to the decrease 1n the temperature of the magnetic
fluid by the first cooling gas flowing into the seal rotation
mechanism 62. In other words, when the gas channel 72 has
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a gas discharge function, the first cooling gas leaked into the
space S can be discharged betore 1t reaches the seal rotation
mechanism 62. When the gas channel 72 has a cooling gas
supply function, the third cooling gas 1s supplied as coun-
tertlow to the first cooling gas leaked from the gap G. In
order to enhance the function of the third cooling gas as the
countertlow, the supply pressure of the third cooling gas is
preferably substantially equal to or slightly higher than that
of the first cooling gas.

[0058] When the gas channel 72 has the gas discharge
function, the discharge of the first cooling gas from the gap
G 1s promoted, which makes 1t possible to supply the fresh
first cooling gas from the first cooling gas supply line 54a to
the gap G.

[0059] When the gas channel 72 has the gas supply
function, a gas such as argon (Ar) gas or neon (Ne) gas
having low thermal conductivity compared to that of the first
cooling gas 1s supplied as the third cooling gas to prevent
condensation.

[0060] Since the diameter-reduced section 58¢ 1s disposed
at the main body 58a of the stage support 58, the volume of
the space S can be reduced, and the amount of the first
cooling gas leaked 1nto the space S can be reduced. There-
fore, the amount of heat exchange with the first cooling gas
can be reduced, and the increase 1n the temperature of the
stage support 38 can be suppressed.

[0061] The stage device 50 may include a temperature
sensor for detecting the temperature of the cold heat transfer
body 354, the gap G, and the like. As an example of the
temperature sensor, it 1s possible to use, e.g., a low-tem-
perature sensor such as a silicon diode temperature sensor,
a platinum resistance temperature sensor, or the like.
[0062] <Heat Insulating Structure Unit>

[0063] Next, the heat insulating structure unit 60 of the
stage device 50 will be described 1n detail.

[0064] As described above, 1n the stage device 50, the cold
heat of the extremely low-temperature chiller 52 1s trans-
terred to the stage 56 through the cold heat transter body 54,
thereby cooling the water W on the stage 56 to an extremely
low temperature of, e.g., —30° C. or lower. Therefore, the
cold head 52a of the chiller 52 and the connection portion
between the cold heat transfer body 54 and the cold head 52a
are the most significant parts 1n cooling the water W through
the stage 56. The other part of the cold heat transier body 54
1s also the significant part in view of transferring the cold
heat to the stage 56.

[0065] However, the heat source such as the drniving
mechanmism 68 or the magnetic tluid seal exists around the
cooling body such as the cold head 52a. Therefore, if the
heat 1s directly transferred to the cold head 52a and its
vicinity, the cooling performance of the cold head 52a
deteriorates.

[0066] Accordingly, the heat insulating structure unit 60 1s
provided to suppress the heat input from the outside to at
least the cold head 52a of the chiller 52 and the connection

portion between the cold head 52a and the cold heat transter

body 54. Preferably, the other part of the cold heat transter
body 54 1s also insulated in the same manner.

[0067] Generally, a member made of a material having
low thermal conductivity 1s selected to increase a heat
insulating property thereof. However, 1n an extremely low-
temperature environment of the present embodiment, the
material having low thermal conductivity quickly reaches a
temperature of the extremely low-temperature environment
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and, thus, a desired heat insulating effect cannot be obtained.
Theretfore, 1n the present embodiment, the heat insulating
structure umt 60 having a vacuum insulated structure 1s
provided.

[0068] In the present embodiment, the heat insulating
structure unit 60 includes a heat msulting body having a
vacuum 1nsulated structure (double-walled vacuum pipe
structure) that 1s formed 1n a cylindrical shape of a double-
walled pipe structure inside of which 1s maintained 1n a
vacuum state. Accordingly, it 1s possible to eflectively
suppress the deterioration of the cooling performance due to
the heat input from the outside to the cold head 52a.
[0069] Specifically, the heat insulating structure unit 60
includes a first heat isulating body 70 and a second heat
insulating body 71. The first heat isulating body 70 has a
cylindrical shape and 1s disposed to surround the cold head
52a of the chiller 52 and the connection portion (lower part
of the cold heat transfer body 54) between the cold head 52a
and the cold heat transfer body 54. The second heat 1nsu-
lating body 71 1s formed in a cylindrical shape and 1is
disposed to surround substantially the entire cold heat trans-
fer body 54. Each of the first heat insulating body 70 and the
second heat insulating body 71 has the double-walled
vacuum pipe structure.

[0070] With the first heat insulating body 70, 1t 1s possible
to suppress the deterioration of the cooling performance due
to the heat input from the external component such as the
driving mechanism 68 to the cold head 52a and the con-
nection portion between the cold head 52a and the cold heat
transier body 54, which are the most significant parts in view
of the cooling performance. Further, with the second heat
insulating body 71, it 1s possible to suppress the deteriora-
tion of the cooling performance due to the heat input from,
e.g., the magnetic fluid, the first cooling gas tlowing 1n the
space S, or the like provided outside thereof to the cold heat
transfer body 54.

[0071] The second heat msulating body 71 1s disposed at
an 1inner side of the first heat insulating body 70 such that the
second heat mnsulating body 71 1s partially overlapped with
the first heat insulating body 70. Specifically, the first heat
insulating body 70 and the second heat insulating body 71
are overlapped at the lower part of the cold heat transfer
body 54. With such configuration, it 1s possible to insulate
the cold heat transfer body 34 entirely and improve the heat
insulation at the cold head 52a and its vicinity.

[0072] Further, with the first heat insulating body 70 and

the second heat insulating body 71, 1t 1s also possible to
suppress the cold heat of the chiller 52 and the cold heat
transier body 54 from being transferred to the outside.

[0073] Next, a specific structure of the heat insulating
structure unit 60 will be described by illustrating the first
heat msulating body 70 as an example.

[0074] FIG. 3 1s a cross-sectional view showing the first
heat msulating body 70.

[0075] The first heat insulating body 70 1s formed i a
cylindrical shape and has an inner pipe 701 and an outer pipe
702 that form a double-walled pipe structure. Further, an
inner space 703 between the mner pipe 701 and the outer
pipe 702 1s maintained 1n a vacuum state, thereby forming
a double-walled vacuum pipe structure having a vacuum
insulated structure. Flanges 704 and 705 are disposed at an
upper end and a lower end of the double pipe, respectively.
With this configuration, high heat insulation can be obtained
by the mner vacuum space. As the inner pipe 701 and the

Apr. 30, 2020

outer pipe 702 become thinner, the thermal resistance can be
increased, which results 1n the improvement of the heat
insulating effect. Each of the nner pipe 701 and the outer
pipe 702 has a thickness of, e.g., 0.3 mm.

[0076] A method for forming the double-walled vacuum
pipe structure 1s not particularly limited. For example, the
inner space 703 between the nner pipe 701 and the outer
pipe 702 may be evacuated and sealed to constantly serve as
a vacuum layer. At this time, a getter material may be
inserted into the inner space 703 in order to prevent the
decrease 1n the vacuum level. For example, as shown 1n FIG.
4, a pipeline 83 connected to a vacuum pump for evacuating
the vacuum chamber 10 may be connected to the inner space
703, and a pressure gauge 84 and a valve 85 may be disposed
at the pipeline 83. Accordingly, even 1f the vacuum level of
the 1nner space 703 decreases, the mner space 703 can be
evacuated again to increase the vacuum level. Alternatively,
only the pressure gauge may be provided to monitor the
vacuum level.

[0077] The inner pipe 701 and the outer pipe 702 are
provided with bellows 706 and 707, respectively. Each of the
bellows 706 and 707 may have a thin-walled heat 1insulating
structure (e.g., about 0.15 mm) with a high thermal resis-
tance. The bellows 706 and 707 have a function of allevi-
ating thermal stress caused by thermal contraction/expan-
sion within a temperature range from a room temperature to
an extremely low temperature and a function of absorbing
stress of the difference between internal pressure and the
external pressure. Further, even 1f the dimensions of the first
heat insulating body 70 are within the tolerance, the first heat
insulating body 70 may not be attached as a rigid structure
due to assembly stack-up tolerance. However, the assembly
stack-up tolerance can be absorbed by providing the bel-
lows. In addition, the assembly can be easier by providing
the bellows.

[0078] The bellows 706 and 707 are pretferably disposed at
positions separated from each other as shown in FIG. 3. IT
the bellows 706 and 707 are positioned to be close to each
other, the vacuum 1nsulation layer becomes narrower, so that
the heat 1mnsulating function may deteriorate. Further, since
the bellows 1s easily deformable, the ease of assembly
deteriorates when the bellows 706 and 707 are positioned to
be close to each other. Preferably, one of the bellows 706 and
707 1s provided near by one of the flanges 704 and 705 and
the other bellows 1s provided near by the other flange
without being overlapped with each other. Further, by pro-
viding the bellows 706 at the height position of the cold head
52a, the heat msulating eflect can be further improved.

[0079] As the bellows 706 and 707, a molded bellows 1s
preferably used. However, a welded bellows or a formed
bellows produced by deep drawing may also be used as long
as the above-described functions can be realized.

[0080] When 1t 1s only necessary to alleviate thermal
stress, the bellows may be provided only at the inner pipe
701. When the above-described functions are not necessary,
the bellows may not be provided.

[0081] In addition, as shown 1n FIG. 5, the first heat
insulating body 70 may have a radiant heat shielding plate
708 at an 1nner side of the inner pipe 701. Therefore, the
radiant heat transferred from the double-walled vacuum pipe
to the cold head 52a or the cold heat transfer body 54 can be
suppressed. The radiant heat shielding plate 708 1s made of
a material having a low emissivity, such as aluminum or the
like. The radiant heat shielding plate 708 may have difierent



US 2020/0131625 Al

emissivities on the front side and the backside thereof. The
radiant heat shielding plate 708 1s not limited to a simple
plate, and may be a multilayer plate, a corrugated plate, or
the like. Alternatively, the radiant heat shielding plate 708
may have holes for discharging gas.

[0082] Alternatively, the first heat insulating body 70 may
have a radiant heat shielding film 709 at the inner side of the
inner pipe 70, e.g., on the mner side surface of the inner pipe
701. The radiant heat shielding film 709 i1s made of a
material having a high heat shielding property, such as
aluminum or the like.

[0083] The second heat msulating body 71 basically has
the same double-walled vacuum pipe structure as that of the
first heat insulating body 70. Similarly to the first heat
insulating body 70, the second heat insulating body 71 may
include bellows, a radiant heat shielding plate, and/or a
radiant heat shielding film. Since, however, absorption of the
assembly stack-up tolerance may not be necessary for the
second heat insulating body 71, 1t may be suflicient to
provide the bellows only at the iner pipe to absorb the
thermal stress.

[0084] As shown in FIG. 7, the second heat insulating
body 71 may extend upto the second heat transier portion
54b forming the comb-teeth shaped portion. Accordingly,
the heat insulating effect for the cold heat transfer body 54
can be further improved.

[0085] In the present embodiment, the heat insulating
structure unit 60 1s divided into the first heat insulating body
70 and the second heat insulating body 71 in view of
assemblability or the like. However, the first heat insulating
body 70 and the second heat insulating body 71 may be
integrally formed to entirely insulate the cold head 52a of
the chiller 52 and the cold heat transfer body 54.

[0086] <Operation of the Processing Apparatus and Effect
of the Stage Device>

[0087] In the processing apparatus 1, the vacuum chamber
10 1s evacuated to be 1n a vacuum state and the chiller 52 of
the stage device 50 1s operated. The first cooling gas 1s

supplied to the gap G through the first cooling gas supply
line 54a.

[0088] Then, the stage device 50 1s moved (lowered) by
the elevation mechanism 74 to allow the stage 56 to reach
the transfer position. The wafter W 1s transferred from a
vacuum transier chamber (not shown) into the vacuum
chamber 10 and mounted on the stage 56 by a transfer device
(not shown). Next, a DC voltage 1s applied to the chuck
clectrode 565, and the water W 1s electrostatically attracted
and held by the electrostatic chuck 5.

[0089] Thereatter, the stage device 50 1s moved (lifted) by
the elevation mechanism 74 to allow the stage 56 to reach
the processing position. At the same time, a pressure in the
vacuum chamber 10 1s adjusted to ultra-high vacuum (e.g.,
10~ Pa or less) that is a processing pressure. Then, the
driving mechanmism 68 1s driven, and the rotation of the rotor
68a 1s transierred to the stage 56 through the rotating body
66a, the rotating part 62a, and the stage support 58. Accord-
ingly, the stage 56 and the wafer W mounted thereon are
rotated with respect to the cold heat transfer body 34.

[0090] At this time, 1n the stage device 50, the stage 56 1s
separated from the fixed cold heat transfer body 54, and thus
can be rotated by the driving mechanism 68 via the stage
support 58. Further, the cold heat transtferred from the chiller
52 maintained at an extremely low temperature to the cold
heat transier body 54 1s transierred to the stage 56 by the first
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cooling gas supplied to the narrow gap G of 2 mm or less.
Then, the water W 1s attracted to and held on the electro-
static chuck 56a while the second cooling gas 1s supplied to
the backside of the water W, so that the water W can be
elliciently cooled by the cold heat of the stage 56. Accord-
ingly, 1t 1s possible to rotate the water W together with the
stage 56 while maintaining the temperature of the water W
at an extremely low level, e.g., =30° C. or lower.

[0091] At this time, the gap G 1s bent to have a concave-
convex pattern due to the comb-teeth shaped portion formed
between the first heat transier portion 56c¢ of the stage 56 and
the second heat transier portion 545 of the cold heat transter
body 54. Therelore, the heat 1s efliciently transferred from
the cold heat transfer body 54 to the stage 56.

[0092] While rotating the wafer W, a voltage 1s applied
from a plasma generation power supply (not shown) to the
targets 30 while introducing the sputtering gas into the
vacuum chamber 10. Accordingly, plasma of the sputtering
gas 1s generated, and the targets 30 are sputtered by 10ns 1n
the plasma. Atoms or molecules of the sputtered targets are
deposited on the surface of the water W maintained at an
extremely low temperature on the stage device 50, thereby
forming a desired film, e.g., a magnetic film for a TMR
clement having a high magneto-resistance ratio.

[0093] In the conventional case where the cooling appa-
ratus and the film forming apparatus are provided separately
as described in Japanese Patent Application Publication No.
2015-226010, 1t 1s dificult to maintain high cooling perfor-
mance and the number of apparatuses increases. In the
conventional technique disclosed 1n Japanese Patent Appli-
cation Publication No. 2006-73608, the substrate can be
cooled to an extremely low temperature using the cooling
head cooled by the chiller 1n the film forming chamber.
Since, however, the stage 1s fixed, 1t 1s dithicult to perform
uniform film formation.

[0094] On the other hand, 1n the present embodiment, the
stage 26 and the cold heat transter body 54 for transferring
the cold heat of the chiller 52 maintained at an extremely
low temperature are separately disposed with the gap G
therebetween. Further, the cooling gas 1s supplied to the gap
G, and the stage can be rotated via the stage support 58.
Accordingly, 1t 1s possible to achieve both of the high
cooling performance for the water W and the uniform film
formation.

[0095] For example, when a magnetic film for a TMR
clement 1s formed, the water W may be transferred at a high
temperature of 100° C. to 400° C. to the stage 56. Since 1t
1s required to cool such a high-temperature water W to an
extremely low temperature of 50K to 150K (-223° C. to
-123° C.), e.g., 100K (-173° C.), the high cooling perfor-
mance of the chiller 52 should be maintained to cool the
waler W to a desired cooling temperature.

[0096] Therefore, 1n the present embodiment, the heat
insulating structure unit 60 having the vacuum insulated
structure 1s provided to surround at least the outer peripheral
surface of the cold head 52a of the chiller 52 and the
connection portion between the cold head 52a and the cold
heat transfer body 54 which directly aflfects the cooling
performance. Accordingly, the heat input from the outside to
at least the cold head 52a and the connection portion
between the cold head 52a and the cold heat transier body
54 can be suppressed, and the high cooling performance can
be maintained.
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[0097] Further, the heat input from the outside to the other
part of the cold heat transter body 54 in addition to the part
corresponding to the connection portion can be suppressed
by allowing the heat insulating structure unit 60 to surround
the outer peripheral surface of the other part of the cold heat
transfer body 54. This makes it possible to suppress the
deterioration of the cooling performance due to the heat
input from the outside to the cold heat transfer body 54.
Hence, the cooling temperature thereto from the cold head
52a of the chiller 52 can be maintained at a low level, and
the cooling efliciency of the cold heat transfer body 54 1s
improved. Accordingly, the cooling time can be shortened,
and the consumption amount of the first cooling gas can be
reduced, which makes 1t possible to realize film formation at
an extremely low temperature with a low cost while ensur-
ing a high throughput.

[0098] Further, the high heat insulating effect can be
obtained by allowing the heat insulating structure unit 60 to
have the above-described double-walled vacuum pipe struc-
ture. Furthermore, by allowing the heat insulating structure
unit 60 to include the first heat insulating body 70 and the
second heat insulating body 71 each of which has the
double-walled vacuum pipe structure, the heat input to the
cold head 52a of the chiller 52 and the cold heat transfer
body 54 can be efliciently suppressed. Accordingly, the
cooling performance can be improved.

[0099] In addition, by providing the bellows at the 1nner
pipe and the outer pipe of the double-walled vacuum pipe
structure, the heat insulating structure having a high thermal
resistance can be obtained. Further, by providing the bel-
lows, it 1s possible to realize the function of alleviating the
thermal stress caused by thermal contraction/expansion
within a temperature range from a room temperature to an
extremely low temperature, the function of absorbing the
stress of the difference between internal pressure and the
external pressure, the function of absorbing the assembly
stack-up tolerance, and the function of facilitating assembly.

[0100] Further, by disposing the radiant heat shield such as
the radiant heat shielding plate 708, the radiant heat shield-
ing film 709, or the like at the inner side of the double-walled
vacuum pipe structure, the radiant heat transferred from the
double-walled vacuum pipe to the cold head 52a and/or the
cold heat transter body 54 can be suppressed. Accordingly,
the deterioration of the cooling performance can be sup-
pressed more eflectively.

[0101] Since the stage support 58 that 1s 1n direct contact
with the stage 56 and receives heat from the heat generating
part such as magnetic fluid seal or the like has a vacuum
insulated structure, it 1s possible to suppress the heat input
from the heat generating part such as the magnetic fluid seal
or the like to the stage 56 via the stage support $8. Accord-
ingly, the cooling performance can be further improved.

[0102] <Other Applications>

[0103] The above-described embodiments are considered
to be illustrative 1n all aspects and not restrictive. The
above-described embodiments may be omitted, replaced, or
changed variously without departing from the scope and the
gist of the following claims.

[0104] For example, the configuration of the heat insulat-
ing structure unit 60 1s merely an example. As described
above, the heat insulating structure unit 60 may be integrally
formed to surround over the cold head 52a and the cold heat
transfer body 54. Further, the heat insulating structure unit
60 may include only the first heat insulating body 70.
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Although the above-described embodiments have described
the case where the present disclosure 1s applied to the
sputtering film formation of the magnetic film used for the
TMR element as an example, the present disclosure 1s not
limited thereto as long as a uniform process 1s required at an
extremely low temperature.

[0105] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limait the scope of the disclo-
sures. Indeed, the embodiments described herein may be
embodied 1n a variety of other forms. Furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made departing from
the spirit of the disclosures. The accompanying claims and
their equivalents are intended to cover such forms or modi-
fications as would fall within the scope and spirit of the
disclosures.

1. A stage device comprising:

a stage configured to hold a target substrate 1n a vacuum
chamber;

a chiller having a cold head maintained at an extremely
low temperature;

a cold heat transfer body fixed in contact with the cold
head and disposed below a bottom surface of the stage
with a gap between the stage and the cold heat transfer
body;

a heat insulating structure unit having a vacuum insulated
structure and configured to surround at least the cold

head and a connection portion between the cold head
and the cold heat transfer body;

cooling fluid supplied to the gap to transier cold heat of
the cold heat transfer body to the stage; and

a stage support rotated by a driving mechanism and
configured to rotatably support the stage.

2. The stage device of claim 1, wherein the heat insulating
structure unit has a double-walled vacuum pipe structure
including an 1nner pipe and an outer pipe, wherein an inner
space between the inner pipe and the outer pipe 1s main-
tained 1n a vacuum state.

3. The stage device of claim 2, wherein the double-walled
vacuum pipe structure has a bellows disposed at least at the
inner pipe.

4. The stage device of claim 3, wherein the double-walled
vacuum pipe structure has the bellows disposed at the inner
pipe and the outer pipe.

5. The stage device of claim 4, wherein one of the bellows
disposed at the inner pipe and the outer pipe 1s disposed at
one end of the double-walled vacuum pipe structure, and the
other bellows 1s disposed at the other end of the double-
walled vacuum pipe structure.

6. The stage device of claim 2, wherein the heat insulating
structure unit has a radiant heat shield at an 1nner side of the

double-walled vacuum pipe structure.

7. The stage device of claim 2, further comprising a
vacuum-evacuable pipeline connected to the inner space and
a pressure gauge and a valve connected to the pipeline,
wherein the inner space 1s evacuated through the pipeline
when a vacuum level 1n the 1nner space 1s reduced.

8. The stage device of claim 2, wherein the heat insulating
structure unit includes a first heat insulating body having a
double-walled vacuum pipe structure disposed to surround
the cold head and the connection portion between the cold
head and the cold heat transfer body, and a second heat



US 2020/0131625 Al

isulating body having a double-walled vacuum pipe struc-
ture disposed to surround substantially the entire cold heat
transier body.

9. The stage device of claim 8, wherein the second heat
insulating body 1s disposed to surround a connection portion
between the cold heat transfer body and the stage.

10. The stage device of claim 1, wherein the stage support
1s rotated via a rotating part that 1s rotated by a dniving
mechanism while being sealed with magnetic fluid.

11. The stage device of claim 2, wherein the stage
includes an electrostatic chuck configured to attract and hold
the target substrate.

12. The stage device of claim 11, wherein the cooling fluid
supplied to the gap 1s a first cooling gas, and the first cooling
gas 1s supplied to the gap through a first cooling gas channel
formed 1n the cold heat transfer body.

13. The stage device of claiam 12, wherein a second
cooling gas for heat transter 1s supplied to a gap between the
target substrate and the electrostatic chuck through a second
cooling gas channel different from the first cooling gas
channel.

14. The stage device of claim 12, wherein the first cooling
gas 1s supplied to a gap between the target substrate and the
electrostatic chuck through a gas channel communicating
with the first cooling gas channel.

15. The stage device of claim 12, wherein a space 1s
formed between the stage support and the double-walled
vacuum pipe structure of the heat insulating structure unit
and the first cooling gas leaked from the gap tlows into the
space, the space being sealed with a sealing member, and

a gas channel 1s connected to the space to discharge the

first cooling gas 1n the space or supply a second cooling
gas as counterflow to the first cooling gas into the
space.

16. The stage device of claim 1, wherein the stage support
has a vacuum 1nsulated structure.
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17. The stage device of claim 1, wherein a connection
portion between the stage and the cold heat transfer body has
a comb-teeth shaped portion such that the gap between the
stage and the cold heat transfer body has a concave-convex
pattern.

18. A processing apparatus comprising:

a vacuum chamber;

a stage device configured to rotatably support a target
substrate 1n the vacuum chamber, the stage devic
comprising:

a stage configured to hold the target substrate in a
vacuum chamber,

a chiller having a cold head maintained at an extremely
low temperature,

a cold heat transfer body fixed in contact with the cold
head and disposed below a bottom surface of the
stage with a gap between the stage and the cold heat
transfer body,

a heat msulating structure unit having a vacuum 1nsu-
lated structure and configured to surround at least the
cold head and a connection portion between the cold
head and the cold heat transfer body,

cooling fluid supplied to the gap to transfer cold heat of
the cold heat transfer body to the stage, and

a stage support rotated by a driving mechanism and
configured to rotatably support the stage; and

a processing mechanism configured to process the target
substrate 1n the vacuum chamber.

19. The processing apparatus of claim 18, wherein the
processing mechanism includes a target for sputtering film
formation, the target being disposed above the stage in the
vacuum chamber.

20. The processing apparatus of claim 19, wherein the
target 1s made of a material forming a magnetic film used for
a tunneling magneto-resistance element.
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