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ELECTROSTATIC CHUCKING STAGE AND
SUBSTRATE PROCESSING APPARATUS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates to an electrostatic chucking (ESC)
stage for holding a board-shaped object such as a substrate,
and a substrate processing apparatus comprising the ESC
stage.

2. Description of the Related Art

The ESC stages for chucking substrates by electrostatic
force are used widely 1n the field of substrate processing. In
manufacturing electronic devices such as LSIs (Large-Scale
Integrate circuits) and display devices such as LCDs (Liqud
Crystal Displays), for example, there are many steps of pro-
cessing substrates that are bases for products. In these steps,
ESC stages are used for securing process uniformity and
process reproducibility. Taking the plasma etching as an
example, a substrate 1s etched, utilizing functions of 1ons and
activated species produced 1n plasma. In this, an ESC stage
1s used for holding the substrate at an optimum position
against the plasma.

Generally, an ESC stage comprises a chucking electrode
to which voltage for chucking i1s applied, and a dielectric
plate that 1s polarized by the voltage applied to the chucking
clectrode. The held substrate 1s 1n contact with the dielectric
plate, and chucked by static electricity induced on the sur-
face of the dielectric plate.

ESC stages are demanded to chuck substrates with mak-
ing them stable. If a substrate 1s displaced or changes the
posture on an ESC stage while a process 1s carried out, 1t
might bring the problem of degrading the process uniformity
and the process reproducibility. Thermal transtormation and
thermal expansion of an ESC stage could be critical in sub-
strate processing 1n view ol process homogeneity and pro-
cess reproducibility. Temperatures of substrates during pro-
cesses are often higher than room temperature. This 1s
usually from process conditions, otherwise because of envi-
ronments 1n process chambers 1n which processes are carried
out. Anyway, when temperature of a substrate rises up, tem-
perature of the ESC stage rises up as well. If thermal trans-
formation or thermal expansion of the ESC stage takes place
from the temperature rise, the held substrate might be trans-
formed or displaced.

SUMMARY OF THE INVENTION

The mvention of this application 1s to solve the above
described subjects, and has the advantage of presenting a
high-performance ESC stage capable of preventing transior-
mation and displacement of a held substrate. Concretely, the
invention presents the structure of an ESC stage where a
chucking electrode 1s sandwiched by a moderation layer and
a covering layer. The moderation layer and the covering
layer have the thermal expansion coelficient between the
dielectric plate and the chucking electrode. The invention
also presents the structure of another ESC stage where a
chucking electrode 1s sandwiched by a moderation layer and
a covering layer, which have internal stress directed oppo-
sitely to that of the chucking electrode. This ivention also
presents a substrate processing apparatus for carrying out a
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2

process onto a substrate as the substrate 1s maintained at a
temperature higher than room temperature, comprising an
ESC stage for holding the substrate during the process.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic front cross-sectional view of the
ESC stage as the embodiment of the invention.

FIG. 2 schematically explains the advantage of the ESC
stage shown 1n FIG. 1.

FIG. 3 1s a schematic front cross-sectional view of the
substrate processing apparatus as the embodiment of the
invention.

FIG. 4, FIG. §, FIG. 6 and FIG. 7 schematically show the

result of an experiment for confirming the effect obtained
from the structure of the embodiment.

DETAILED DESCRIPTION OF THE PR.
EMBODIMENTS

L1
]

ERRED

The preferred embodiments of this mvention will be
described as follows. First, the ESC stage of the embodiment
will be described. FIG. 1 1s a schematic front cross-sectional
view of the ESC stage of the embodiment. The ESC stage
comprises a main body 41, a dielectric plate 42 on which an
object 9 1s chucked, and a chucking electrode 43 to which
voltage for chucking 1s applied.

The ESC stage 1s table-like as a whole, and holds the
board-shaped object 9 on the top surface. The main body 41
1s made of metal such as aluminum or stainless-steel. The
main body 41 1s low column shaped. The chucking electrode
43 1s fixed on the main body 41. As shown 1n FIG. 1, the
chucking electrode 43 has a flange-shaped part 431 at bot-
tom end. This part 431 1s hereinafter called “electrode
flange”. The chucking electrode 43 1s fixed on the main body
41 at the electrode flange 431 by screwing. The chucking
clectrode 43 1s electrically shorted with the main body 41.

A protection ring 49 1s provided, surrounding the screwed
clectrode flange 431. The protection ring 49 1s made of 1nsu-
lator such as silicon oxide. The protection ring 49 1s to pro-
tect the side of the chucking electrode 43 and the electrode
flange 431 by covering them.

The dielectric plate 42 1s located at the upside of the
chucking electrode 43. As shown 1n FIG. 1, the chucking
clectrode 43 1s formed of an upward convex part and a
flange-like part surrounding the convex part. The dielectric

plate 42 1s almost the same 1 diameter as the chucking
clectrode 43.

A chucking power source 40 1s connected with the above-
described ESC stage. The type of the chucking power source
40 depends on that of the electrostatic chucking. The ESC
stage of this embodiment 1s the mono-electrode type. A posi-
tive DC power source 1s adopted as the chucking power
source 40. The chucking power source 40 1s connected with
the main body 41, applying the positive DC voltage to the
chucking electrode 43 via the main body 41. The applied
voltage to the chucking electrode 43 causes dielectric
polarization, which enables to chuck the object 9. In this
embodiment, because the positive DC voltage 1s applied,
positive charges are induced on the surface of the dielectric
plate 42, thereby chucking the object 9 electro-statically.

Two mechanisms of the electro-static chucking have been
known. One 1s by Coulomb force, and the other one 1s by
Johnson-Rahbeck force. Johnson-Rahbeck force 1s the
chucking force generated by convergence of currents at
micro-regions. The surfaces of the dielectric plate 42 and the
objects 9 are microscopically uneven. Micro-protrusions on
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the both surfaces contact with each other. When the electro-
static charges are induced by the chucking power source 40,
the flowing currents converge at the protrusions contacting,
with each other, thereby generating the Johnson-Rahbeck
force. The Johnson-Rahbeck force 1s dominant 1n such an
ESC stage as this embodiment. Still, the present invention 1s
not limited to the one where the Johnson-Rahbeck force 1s
dominant.

One of points greatly characterizing the ESC stage of this
embodiment 1s 1n the structure where thermal displacement
and thermal transformation of the object 9 are effectively
prevented. This point will be described as follows. The ESC
stage of this embodiment 1s supposedly used at a hot tem-
perature environment. This would happen in case, for
example, the object 9 1s subjected to a test under a hot tem-
perature environment, other than the case that the object 9 1s
a substrate to be processed, as described later. In the ESC
stage of this embodiment, thermal displacement and thermal
transformation are prevented even 1f 1t 1s used at a high-
temperature environment.

Concretely, as shown 1n FIG. 1, a moderation layer 44 1s
provided between the dielectric plate 42 and the chucking
clectrode 43. The moderation layer 44 moderates difference
of the thermal expansion coelficients between the dielectric
plate 42 and the chucking electrode 43 so that thermal dis-
placement and thermal transtormation of the object 9 can be
prevented. More concretely, the moderation layer 44 has an
intermediate value of the thermal expansion coelficient
between that of the dielectric plate 42 and that of the chuck-
ing electrode 43. “Intermediate value of the thermal expan-
s1on coelficient” just means: 1f the thermal expansion coelli-
cient of the chucking electrode 43 1s higher than the
dielectric plate 42, then 1t 1s lower than the chucking elec-
trode 43 and higher than the dielectric plate 42; and 1t the
thermal expansion coellicient of the dielectric plate 42 1s
higher than the chucking electrode 43, then it 1s lower than
the dielectric plate 42 and higher than the chucking electrode
43.

In this embodiment, specifically, the chucking electrode
43 1s made of aluminum, and the dielectric plate 42 1s made
of magnesia (MgQO). The moderation layer 44 1s made of
composite of ceramic and metal. As composite having the
thermal expansion coelficient between aluminum and
magnesia, we can name composite of silicon carbide and
aluminum, which hereinatter called “S1C—Al composite”.
The thermal expansion coellicient of aluminum 1s 0.237x
10~*/K, and that of magnesia is 14x107°/K. In this case, the
S1C—AIl composite having the thermal expansion coelll-
cient of about 10x107°/K is preferably chosen as material of
the moderation layer 44. This kind of SiC—Al composite 1s
manufactured by poring melting aluminum nto porous SiC
bulk and fill out 1t. The porous Si1C bulk 1s prepared by the
hot-temperature high-pressure sinter-molding of S1C pow-
der. After cooling pored aluminum, the moderation layer 44
shaped as 1n Fin. 1 1s obtained by such machine work as
cutting. The volume opening ratio of the porous S1C—Al
bulk 1s adjusted by choosing an adequate temperature and an
adequate pressure 1n the sinter-molding, which enables to
adjust the volume of filled aluminum. The volume opening
ratio 1s obtained by comparing density of the porous bulk
with that of a non-porous one of the same size. The thermal
expansion coellicient of the S1C—AIl composite manufac-
tured in the described manner depends on the component
ratio of aluminum against S1C. The described thermal
expansion coefficient of 10x107°/K is obtained by adjusting
the component ratio.

In addition 1n the ESC stage of this embodiment, a cover-
ing layer 45 1s provided on the chucking electrode 43 at the
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opposite side to the moderation layer 44. In other words, the
ESC stage has the structure where the chucking electrode 43
1s sandwiched by the moderation layer 44 and the covering
layer 45. The covering layer 45 1s inserted between the
chucking electrode 43 and the main body 41. This covering
layer 45 1s also made of material of which thermal expansion
coellicient 1s between the dielectric plate 42 and the chuck-
ing electrode 43. This 1s enabled by adopting the same mate-
rial as of the moderation layer 44. Still, different material

may be adopted for the covering layer 45.

The structure where the chucking electrode 43 1s sand-
wiched by the moderation layer 44 and the covering layer 45
having the in-between thermal-expansion-coellicient
enables to prevent displacement and transformation of the
chucked objected 9. This point will be described 1n detail as
tollows, referring FI1G. 2. FIG. 2 schematically explains the
advantage of the ESC stage shown 1n FIG. 1.

Generally, there 1s large difference of the thermal expan-
s10n coelficients between material of the chucking electrode,
1.e. metal, and material of the dielectric plate 42, 1.e. dielec-
tric. In the prior-art structure where the dielectric plate 42 1s
fixed on the chucking electrode 43, when the ESC stage is
heated up to a hot temperature, large transformation of the
chucking electrode 43 would take place easily from 1ts ther-
mal expansion difference from the dielectric plate 42. As a
result, the dielectric plate 42 would be also transtormed to be
convex as shown 1n FIG. 2(1), or to be concave as shown 1n
FIG. 2(2). Such a transformation of the dielectric plate 42
would bring displacement or transformation of the object 9
being chucked.

In the prior-art structure where the moderation layer 44
having the in-between thermal-expansion-coellicient is
inserted between the dielectric plate 42 and the chucking
clectrode 43, the difference of the thermal expansion coedli-
cients 1s moderated, thereby suppressing transformation of
the dielectric plate 42. From the research by the inventors, 1t
has turned out that transformation of the dielectric plate 42 1s
turther suppressed when a layer similar to the moderation
layer 44 1s provided at the opposite side 1n addition, as
shown 1n FIG. 2(4). Though the reason of this has not been
clanfied completely, 1t 1s considered that thermal expansion
at the both sides of the chucking electrode 43 would be 1n a
balanced state when 1t 1s sandwiched by the layers having
the m-between thermal-expansion-coetlicients. It 1s further
considered that internal-stress of the chucking electrode 43
would be balanced by the both-sides layers having the simi-
lar thermal expansion coellicients.

Respecting to thermal stress, 1t also could be considered
that thermal stress within the moderation layer 44 and the
covering layer 45 would function so as to restrain the trans-
formation of the chucking electrode 43. For example, when
the chucking electrode 43 would be transformed to be con-
vex upward, internal thermal stress of the moderation layer
44 and the covering layer 45 could function so as to trans-
form it 1n the opposite way, 1.e. making 1t convex downward.
In addition, 1t could take place that when compression stress
1s produced within the chucking electrode 43, tensile stress
1s produced within the moderation layer 44 and the covering
layer 45. Inversely, compression stress could be produced
within the moderation layer 44 and the covering layer 45
when tensile stress 1s produced within the chucking elec-
trode 43. Generally, 1t can be expressed that the moderation
layer 44 and the covering layer 45 could have stress opposite
against stress within the chucking electrode 43. “Opposite”
in this does not always mean that stress 1s directed com-
pletely to an opposite direction. Expressing by vectors, vec-
tors of stress within the moderation layer 44 and the cover-
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ing layer 45 make an angle over 90 degrees against the
vector of stress within the chucking layer 43.

Anyway, provision of the covering layer 45 further
restrains transformation of the chucking electrode 43 and the
consequent transformation of the dielectric plate 42. As a
result, displacement and transformation of the object 9 can
be restrained as well. The point that the covering layer 45 has
a similar thermal-expansion-coelilicient does not means
complete correspondence of the thermal expansion
coellicient, but just means that the covering layer 43 1s simi-
lar to the moderation layer 44 in view of having the
in-between thermal-expansion-coellicient. Although, the
same ceramic-metal composite as of the moderation layer
44, e.g. S1C-Al composite, may be employed as material of
the covering layer 45. The composite for the covering layer
435 1s conductive, having suilicient metal content. This 1s not
to 1sulate the chucking electrode 43 from the main body 41.

Structure for fixing the dielectric plate 42 1s also signifi-
cant 1n view of restraining transformation of the dielectric
plate 42. If the dielectric plate 42 1s fixed locally, e.g. by
screwing, thermal transformation of the dielectric plate 42
would be aggravated because 1t 1s 1n a state pinched at the
fixation points and thermal conductivity 1s enhanced locally
at the fixation points. In this embodiment, the dielectric plate
42 1s 1in junction with the chucking electrode 43 by such
brazing material as one of which main component 1s alumi-
num or indium. “Main component” here implies pure alumi-
num or pure indium, in addition to one including some addi-
tive. For example, the junction 1s performed by whole-
surface brazing. Concretely, a thin sheet made of aluminum
or indium 1s iserted between the dielectric plate 42 and the
moderation layer 44. By cooling them after heating them up
a required hot temperature, the dielectric plate 42 1s fixed
with the moderation layer 44. In this blazing, it 1s preferable
that pressure ranging from 1 MPa to 2 MPa 1s mechanically
applied with the heating at a temperature ranging from 570°
C. to 590° C., 1n view of enhancing the thermal contact and
the mechanical strength. Such the junction by brazing
restrains transformation of the dielectric plate 42 further
elfectively. It 1s also practical to braze the moderation layer
44 and the chucking electrode 43, and to braze the chucking
clectrode 43 and the covering layer 45, 1n the same way. The
dielectric plate 42 and the moderation layer 44 may be sol-
dered by solder of which main component 1s tin or lead.

Next will be described the embodiment of the substrate
processing apparatus of the invention. The apparatus of the
present invention 1s to process a substrate, maintaining 1t at a
temperature higher than room temperature. In the following
description, a plasma etching apparatus 1s adopted as an
example of substrate processing apparatuses. Also in the fol-
lowing description, “object” 1s replaced with “substrate” that
1s the sub-concept of 1t.

FIG. 3 1s a schematic front cross-sectional view of the
substrate processing apparatus as the embodiment of the
invention. The apparatus shown 1 FIG. 3 comprises a pro-
cess chamber 1n which plasma etching 1s carried out onto the
substrate 9, a process-gas introduction line 2 to introduce a
process gas 1nto the process chamber 1, a plasma generator 3
to generate plasma in the process chamber 1 by applying
energy to the introduced process gas, and an ESC stage 4 to
hold the substrate 9 by chucking it electro-statically at a
position where the substrate 9 can be etched by a function of
the plasma. The ESC stage 4 1s almost the same as the
described embodiment.

The process chamber 1s the air-tight vacuum vessel, which
1s pumped by a pumping line 11. The process chamber 1 1s
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made of metal such as stain-less steel and electrically
grounded. The pumping line 11 comprises a vacuum pump
111 such as dry pump and a pumping speed controller 112,
thereby being capable of maintaining pressure 1n the process
chamber 1 at 10-3 Pa to 10 Pa.

The process-gas introduction line 2 1s capable of introduc-
ing the process gas for the plasma etching at a required tlow-
rate. In this embodiment, such a reactive gas as CHEF3 1s
introduced into the process chamber 1 as the process gas.
The process-gas mtroduction line 2 comprises a gas bomb
filled with the process gas, and a feeding pipe interconnect-
ing the gas bomb and the process chamber 1.

The plasma generator 3 generates the plasma by applying

radio-frequency (RF) energy to the introduced process gas.
The plasma generator 3 comprises an opposed electrode 30
facing to the ESC stage 4, and an RF power source 31 to
apply RF voltage to the opposed electrode 30. The RF power
source 31 1s hereinafter called “plasma-generation source”.
Frequency of the plasma-generation source 31 ranges from
100 kHz to several tens MHz. The plasma-generation source
31 1s connected with the opposed electrode 30 interposing a
matching circuit (not shown). Output of the plasma-
generation source 31 may range from 300 W to 2500 W. The
opposed electrode 30 1s mstalled air-tightly with the process
chamber 1, mnserting an msulator 32.

When the plasma-generation source 31 applies the RF
voltage to the opposed electrode 30, an RF discharge 1s
ignited with the introduced process gas by RF field provided
in the process chamber 1. Through the discharge, the process
gas transits to the state of plasma. In case the process gas 1s
fluoride, 10ns and activated species of fluorine or fluoride are

profusely produced in the plasma. Those 10ns and species
reach the substrate 9, thereby etching the surface of the sub-
strate 9.

Another RF power source 6 1s connected with the ESC
stage 4, interposing a capacitor. This RF power source 6 1s to
make 1ons 1ncident onto the substrate 9 efficiently. This RF
power source 6 1s hereinafter called “1on-incidence source™.
When the 10n-1ncidence source 6 1s operated 1n the state the
plasma 1s generated, self-biasing voltage 1s provided to the
substrate 9. The self biasing voltage 1s negative DC voltage
that 1s generated through the mutual reaction of the plasma
and the RF wave. The self-biasing voltage makes 1ons 1nci-
dent onto the substrate 9 efficiently, thereby enhancing the
ctching rate.

In this embodiment, a correction ring 46 1s provided with
the ESC stage 4. The correction ring 46 is installed on the
flange part of the dielectric plate 42, being flush with the
substrate 9. The correction ring 46 1s made of the same or
similar material as the substrate 9, e.g. silicon mono-crystal.
The correction ring 46 is to prevent non-uniformity or non-
homogeneity of the process at the periphery on the substrate
9. Temperature on the substrate 9 tends to be lower at the
periphery 1n comparison with the center, because of heat
dissipation from the edge of the substrate 9. For solving this
problem, the correction ring 46 made of the same or similar
maternal as the substrate 9 1s provided surrounding the sub-
strate 9 to compensate the heat dissociation. The plasma 1s
sustained by 10ns and electrons released from the substrate 9
during the etching as well. The plasma density tends to be
lower at the space facing to the periphery of the substrate 9,
because a less number of 10ons and electrons are released,
compared to the center. When the correction ring 46 made of
the same or similar material as the substrate 9 i1s provided
surrounding it, amount of ions and electros supplied to the
space facing the periphery of the substrate 9 1s increased,
thereby making the plasma more uniform and more homoge-
neous.
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As described above, the ESC stage 4 comprises the pro-
tection ring 49. The protection ring 49 protects the side of
the chucking electrode 43 and the electrode flange from the
damage by the plasma or discharge. In case the substrate 9 1s
made of silicon, the silicon-oxide-made protection ring 49

reduces probability to contaminate the substrate 9 even 1f it

1s etched.

The ESC stage 4 1s installed with the process chamber 1,
iserting an sulator 47. The mnsulator 47 1s made of mate-
rial such as alumina, insulating the main body 41 from the
process chamber 1 as well as protecting the main body 41
from the plasma. For preventing leakage of vacuum from the
process chamber 1, vacuum seals such as O-rings are pro-
vided between the ESC stage 4 and the insulator 47, and

between the process chamber 1 and the insulator 47.

The apparatus of this embodiment comprises a tempera-
ture controller 5 for controlling temperature of the substrate
9 during the process. As described, temperature of a sub-
strate to be kept during a process, which 1s hereinafter called
“optimum temperature”, 1s often higher than room tempera-
ture. In the plasma etching, however, temperature of the sub-
strate 9 easily exceeds the optimum temperature by recerv-
ing heat from the plasma. For solving this problem, the
temperature controller 5 cools the substrate 9 and controls
temperature of 1t at the optimum value during the etching.

As shown 1n FIG. 3, the chucking electrode 43 has a cav-
ity 1n 1itself. The temperature controller 5 circulates coolant
through the cavity to cool the chucking electrode 43, thereby
cooling the substrate 9 indirectly. The cavity preferably has a
complex configuration so that area for heat exchange by the
coolant can be enlarged. For example, a cavity having com-
plex uneven walls 1s formed by making a couple of cooling
fin-plates face to each other with each fin staggered. The
temperature controller 51 comprises a coolant feeding pipe
51 to feed the coolant 1nto the cavity, a coolant drainage pipe
52 to drain the coolant out of the cavity, and a circulator 53
to circulate the coolant controlled at a required low tempera-
ture. As the coolant, Fluorinate (trademark of 3M
Corporation) 1s employed, for example. The temperature
controller 51 cools the substrate 9 at a temperature ranging
from 80° C. to 90° C. by circulating the coolant of 30° C. to
40° C.

The substrate processing apparatus comprises a heat-
transier gas introduction line (not shown) to itroduce a gas
between the chucked substrate 9 and the dielectric plate 42.
The heat-transier gas introduction is to enhance heat transfer
elficiency between the chucked substrate 9 and the dielectric
plate 42. The back surface of the substrate 9 and the top
surtace of the dielectric plate 42 are not completely planar,
but rough microscopically. Heat transter efficiency 1s poor at
spaces formed of the micro roughness on the surfaces,
because those are at a vacuum pressure. The heat-transier
gas introduction line introduces a gas of high thermal
conductivity, e.g. helium, into the spaces, thereby improving
heat transier efficiency.

The ESC stage 4 comprises lift pins 48 1n the inside for
accepting and releasing the substrate 9. The lift pins 48 are
clevated by an elevation mechanism (not shown). Though
only one lift pin 48 appears 1n FIG. 3, three lift pins 48 are
provided actually.

Next will be described operation of the substrate process-
ing apparatus of this embodiment. After a transfer mecha-
nism (not shown) transiers the substrate 9 into the process
chamber 1, the substrate 9 1s placed on the ESC stage 4 by
operation of the lift pins 48. With operation of the chucking
power source 40, the substrate 9 1s chucked on the ESC stage
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4. The process chamber 1 has been pumped at a required
vacuum pressure in advance. In this state, the process-gas
introduction line 2 1s operated to introduce the process gas at
a required flow-rate. Then, the plasma-generation source 31
1s operated, thereby generating the plasma. The etching i1s
performed utilizing the plasma as described. The tempera-
ture controller 5 cools the substrate 9 at an optimum tem-
perature. During the etching, the 1on-incidence source 6 1s
operated for enhancing the etching efficiency. After perform-
ing the etching for a required period, operations of the
process-gas introduction line 2, the plasma-generation
source 31, and the 1on-1ncidence source 6 are stopped. Then,
operation of the chucking power source 40 1s stopped, dis-
solving the chucking of the substrate 9. After the process
chamber 1 1s pumped again, the substrate 9 1s transierred out

of the process chamber 1 by the transfer mechanism.

In the substrate processing apparatus, though the chuck-
ing electrode 43 1s heated higher than room temperature, 1ts
transformation 1s restrained by the moderation layer 44 and
the covering layer as described. Therefore, transformation of
the dielectric plate 42, and displacement or transiformation
of the substrate 9 caused thereby are restramned as well,
Accordingly, the process uniformity and the process homo-
genelty are enhanced.

The advantage of the moderation layer 44 and the cover-
ing layer 45 to restrain the transformation 1s greatly remark-
able 1n the structure where the correction ring 46 1s provided.
This point will be described in detail as follows. The correc-
tion ring 46 has the configuration essentially equivalent to
extending the substrate 9 outward. Material of the correction
ring 46 1s the same as or similar to the substrate 9. The
correction ring 46 1s provided on the flange part of the
dielectric plate 42, and chucked on it as well as the substrate
9. Probability and volume of transformation of the dielectric
plate 42 would be greater at the flange part comparatively,
because the flange part 1s thin and peripheral. I displace-
ment or transformation of the correction ring 46 takes place
from transformation of the dielectric part 42, the function to
compensate heat dissociation from the edge of the substrate
9 would become out of uniform. Moreover, heat contact of
the correction ring 46 onto the dielectric plate 42 would be
worsened by the displacement or the transformation, result-
ing in that temperature of the correction ring 46 rises higher
than the substrate 9. What is particularly serious 1s that the
heat-contact deterioration of the correction ring 46 onto the
dielectric plate happens randomly. The function of the cor-
rection ring 46 to heat the substrate 9 compensatively also
becomes random when the heat-contact deterioration of the
correction ring 46 becomes random. This leads to much
deteriorating reproducibility of the temperature condition on
the substrate 9 during the process.

In this embodiment, however, the correction ring 46 1s
hard to be transformed or displaced, because transiformation
and displacement of the dielectric plate 42 are restrained by
suppressing transiformation of the chucking electrode 43.
Therefore, this embodiment is free from such the problems
as non-uniformity and non-reproducibility of the substrate
temperature.

Next will be described the result of an experiment for
confirming the effect obtained from the structure of the
embodiment. FIGS. 4 to 7 schematically show the result of
this experiment. In this experiment, transformation and dis-
placement of the surface of the dielectric plate 42 were mea-
sured under conditions of different temperatures or difierent
temperature histories on the ESC stages. The transiformation
and the displacement are measured by a distance meter. Set-
ting a reference level above the ESC stage, distance from
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cach point on the surface of the dielectric plate 42 to the
reference level 1s measured by the distance meter for detect-
ing height of each point.

FIG. 4 and FIG. 5§ both show heights of points on the
surface of the convex part of the dielectric plate 42. FIG. 4
shows the heights 1n case of the prior-art ESC stage without
the moderation layer 44 and the covering layer 45. FIG. 5
shows the heights in case of the ESC stage of the described
embodiment with the moderation layer 44 and the covering
layer 45. FIG. 6 and FIG. 7 both show heights of points on
the surface of the flange part of the dielectric plate 42. FI1G. 6
shows the heights 1n case of the prior-art ESC stage without
the moderation layer 44 and the covering layer 45. FIG. 7
shows the heights 1n case of the ESC stage of the described
embodiment with the moderation layer 44 and the covering

layer 45. Location of each point on the flange part desig-
nated by ®j @j @j @ in FIG. 6 and FIG. 7 1s shown 1n

FIG. 1 by the same @, @j @j @ respectively.

The experiment was carried out, varying temperature of
the ESC stages. Temperature of an ESO stage 1s hereimafter
called “stage temperature”. In FIGS. 4 to 7, “A” designates
data measured at the stage temperature of 20° C. after leav-
ing the ESC stage at 20° C. for all night long. “B”” designates
data measured, keeping the stage temperature at 5° C. “C”
designates data measured at the stage temperature of 20° C.
after cooling the ESC stage at 5° C. “D” designates data
measured, keeping the stage temperature at 50° C. “E” des-
ignates data measured, forcedly cooling the ESC stage at 20°
C. after making the stage temperature 50° C. Though the
ESC stage 4 comprises openings for interior members such

as the lift pins 48, data at those openings are omitted 1n
FIGS. 410 7.

Commonly i FIGS. 4 to 7, level of the dielectric plate 42
1s higher when the stage temperature 1s higher. This results
from thermal expansion of the whole ESC stage 4, being
natural 1n a sense. What 1s the problem 1is that displacement
or transformation of the dielectric plate 42 depends on val-
ues of the stage temperature or histories of the stage tem-
perature.

Specifically, each line appearing i FIG. 5 1s drawn
through points on the surface of the dielectric plate 42,
which 1s hereinaiter called “surface level distribution”. As
shown 1n FIG. 5, the surface level distribution 1s elevated up
and down, depending on the stage temperature or the history
ol the stage temperature, as 1t keeps the same figure. In short,
it 1s displaced 1n parallel. This supposedly demonstrates the
dielectric plate 42 has not been transformed and has per-
formed the umiform thermal expansion. In FIG. 4, contrarily,
the surface level distribution 1s elevated up and down as it
changes the figure, depending on the stage temperature or
the history of the stage temperature. In short, 1t 1s not dis-
placed 1n parallel. This supposedly demonstrates transior-
mation of the dielectric plate 42 has taken place. What 1s the
problem in particular that the surface level distribution
changes the figure, depending on the history of the stage
temperature. As shown 1n FIG. 4, even in the measurements
at the same stage temperature 20° C., the surface level distri-
bution draws different curves 1n case 1t was lett at 20° C. all
night long and 1n case i1t was decreased by the forced cooling,

from 50° C.

The same analysis 1s applicable to the result at the flange
part. As shown 1n FIG. 6, 1n case that the moderation layer
44 and the covering layer 45 are provided, the surface level
distribution 1s elevated up and down, keeping the same fig-
ure. Contrarily, as shown 1n FIG. 7, 1n case that the modera-
tion layer 44 and the covering layer 45 are not provided, the
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surface level distribution 1s elevated, changing the figure.
Also at each different history of the stage temperature, the
surtace level distribution draws a different curve in FIG. 7.

The point that the surface level distribution depends on the
temperature histories would bring a serious problem with
respect to reproducibility of the substrate processing. Sub-
strate processing apparatuses lfabricated at manufactures’
factories are installed into production lines and used after
such works as delivery mspections. However, the tempera-
ture histories of the apparatuses until actual substrate pro-
cesses are mitially started are not the same among the appa-
ratuses. Even the apparatuses performing the same processes
almost always submit the different temperature histories
through works such as delivery ispections 1n the manufac-
tures’ factories and test operations at the users’ lines.
Moreover, considering each by-piece process of substrates, a
temperature history that the ESO stage has submitted until
the process for a substrate 1s carried may differ from another
temperature history that the ESO stage has submitted until
the process for another substrate 1s carried out. For example,
a temperature history that the ESC stage has submitted while
the by-piece processes are continuingly carried out differs
from another temperature history of the ESC stage that 1s
initially used for the process of the first substrate. Such a
situation happens, for example, when operation of the appa-
ratus 1s resumed after suspension for the maintenance.

The point that the surface level distribution depends on the
history of the stage temperature means that the substrate 9
would be transtormed or displaced depending on the history,
even 1f the ESC stage 4 1s controlled at a constant tempera-
ture by the temperature controller 5. This could be the seri-
ous problem with respect to the process reproducibility. In
case the moderation layer 44 and the covering layer 45 are
provided, however, the surface level distribution does not
depend on the history of the stage temperature, with no
transformation and no displacement of the substrate 9.
Therefore, processes with high reproducibility are enabled

only by maintaining the ESC stage 4 at a required tempera-
ture.

More-detalled examples belonging to the embodiment
will be described as follows.

EXAMPLE 1

Material of Chucking Flectrode 43: Aluminum

Material of Dielectric Plate 42: Magnesia (MgO)
Fixation of Dielectric Plate 42: Brazing by Al at 550° C.
Material of Moderation Layer 44: S1C—Al composite

Thickness of Moderation Layer 44: 1.2 mm
Material of Covering Layer 45: S1C—Al composite

Thickness of Covering Layer 45: 1.2 mm
Chucking Voltage: 500V

EXAMPLE 2

Material of Chucking Flectrode 43: Aluminum

Material of Dielectric Plate 42: Alumina (Al,O,)
Fixation of Dielectric Plate 42: Brazing by In at 120° C.
Material of Moderation Layer 44: S1C—Cu composite

Thickness of Moderation Layer 44: 1.2 mm
Material of Covering Layer 45: S1C—Cu composite

Thickness of Covering Layer 45: 1.2 mm

Chucking Voltage: 500V
In the EXAMPLE 2, “S1C—Cu composite means com-
posite” made of silicon carbide and cupper. Manufacture of
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this composite may be the same process as of the described
S1C—Al composite. Magnesia 1s superior to alumina in ero-
sion resistance. In case an erosive gas 1s used as in the
ctching, the dielectric plate 42 made of magnesia 1s more
preferable. Size of the substrate 9 chucked by any one of the
examples 1s, for example, 300 mm diameter.

Material of the moderation layer 44 and the covering layer

45 1s not limited to described S1C—Al composite or SiIC—
Cu composite. It may be another composite of ceramic and
metal. For instance, it may be composite of silicon carbide
and nickel, composite of silicon carbide and Fe—Ni—Co
alloy, composite of silicon carbide and Fe—Ni alloy, com-
posite of silicon nitride (S1;N,) and nickel, or composite of
s1licon nitride and Fe—Ni1 alloy. Moreover, material of mod-
cration layer 44 and the covering layer 43 1s not limited to
composite of ceramic and metal. What 1s required 1s only
that 1t has the thermal expansion coellicient between the
chucking electrode 43 and the dielectric plate 42.

There are several types of electrostatic chucking such as
the bi-electrode type and the multi-electrode type, 1 addi-
tion to the described mono-electrode type. The bi-electrode
type comprises a couple of chucking electrodes, to which
voltages of opposite polarity to each other are applied. The
multi-electrode type comprises multiple couples of chucking,
clectrodes, applying voltages of opposite polarity to each
clectrode of each couple. In these types, the chucking elec-
trodes may be buried within the dielectric plate 42. In case of
the mono-electrode type, negative DC voltage may be
applied for chucking. The present mnvention 1s also enabled
in these types. Though the described ESC stage chucks the
object or substrate 9 on the top surface, 1t may be overturned,
1.¢. chucking the object or substrate 9 at the bottom surface.
Moreover, the ESC stage may chuck the object or substrate 9
on the side surface, making it uprightly.

Though the plasma etching apparatus was adopted as the
example of substrate processing apparatuses in the above
description, the present invention 1s enabled for other appa-
ratuses such as plasma chemical vapor deposition (CVD)
apparatuses and sputtering apparatuses. The temperature
controller 5 may heat the substrate 9 and maintain it at a
required temperature. There are many other applications of
the ESC stage than substrate processing, for example a test
of an object such as an environmental testing apparatus.

What 1s claimed 1s:

1. An electrostatic chucking stage for electro-statically
chucking an object, comprising:

a dielectric plate on which the object 1s chucked;

a chucking electrode to which voltage for dielectrically
polarizing the dielectric plate 1s applied;

a moderation layer provided between the dielectric plate
and the chucking electrode, and having a thermal
expansion coelficient between a thermal expansion
coellicient of the dielectric plate and a thermal expan-
sion coellicient of the chucking electrode;

a covering layer provided on the chucking electrode at a
side opposite to the dielectric plate so that the chucking
clectrode 1s sandwiched by the moderation layer and
the covering layer, said covering layer having a thermal
expansion coellicient between the thermal expansion
coellicient of the dielectric plate and the thermal expan-
sion coellicient of the chucking electrode; and

wherein the moderation layer and the covering layer have
structures comprising metal filled mto porous bulks
made of ceramic,

wherein the thermal expansion coetlicients of the modera-
tion layer and the covering layer are obtained by adjust-
ing volume opening ratios of the porous bulks,
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wherein the chucking electrode has a flange part at a
periphery thereof and 1s fixed to a metallic main body
by screwing at the flange part, and the covering layer 1s
inserted between the chucking electrode and the main
body 1n an interfacial recess mner to the flange part,

wherein the moderation layer and the covering layer are
separated so as not to cover an end of the electrode, and

wherein the electrode and the metallic main body are elec-
trically conducted through the metal filled mto the
porous ceramic of the covering layer to apply the volt-
age for chucking without a connecting line through the
covering layer.

2. An electrostatic chucking stage for electro-statically
chucking an object as claimed 1n claim 1, wherein the dielec-
tric plate 1s made of magnesia, the chucking electrode 1s
made of aluminum, and the moderation layer and the cover-
ing layer are made of composite of aluminum and ceramic.

3. An electrostatic chucking stage for electro-statically
chucking an object as claimed 1n claim 2, wherein the dielec-
tric plate and the moderation layer are brazed with a brazing
material containing aluminum as a main component.

4. An electrostatic chucking stage for electro-statically
chucking an object as claimed 1n claim 2, wherein the dielec-
tric plate and the moderation layer are soldered with solder
containing tin as a main component.

5. An electrostatic chucking stage for electro-statically
chucking an object as claimed 1n claim 2, wherein the dielec-
tric plate and the moderation layer are soldered with solder
containing lead as a main component.

6. An clectrostatic chucking stage for electro-statically
chucking an object as claimed 1n claim 1, wherein the dielec-
tric plate 1s made of alumina, the chucking electrode 1s made
of aluminum, and the moderation layer and the covering
layer are made of composite of aluminum and ceramic.

7. An electrostatic chucking stage for electro-statically
chucking an object as claimed 1n claim 6, wherein the dielec-
tric plate and the moderation layer are brazed with a brazing
material containing indium as a main component.

8. A substrate processing apparatus for processing onto a
substrate as the substrate 1s maintained at a temperature
higher than room temperature, comprising an electrostatic
chucking stage as claimed 1n claim 1 for holding the sub-
strate during process.

9. A substrate processing apparatus as claimed in claim 8,
comprising a plasma generator for generating plasma at a
space facing the substrate, wherein the process utilizes the
plasma.

10. An electrostatic chucking stage for electro-statically
chucking an object, comprising:

a dielectric plate on which the object 1s chucked;

a chucking electrode to which voltage for dielectrically
polarizing the dielectric plate 1s applied;

a moderation layer provided between the dielectric plate
and the chucking electrode, and having a thermal
expansion coelficient between a thermal expansion
coellicient of the dielectric plate and a thermal expan-
sion coetficient of the chucking electrode, said modera-
tion layer having a peripheral side open for thermal
expansion without being covered by the dielectric
plate;

a covering layer provided on the chucking electrode at a
side opposite to the moderation layer so that the chuck-
ing electrode 1s sandwiched by the moderation layer
and the covering layer, said covering layer having a
thermal expansion coelflicient between the thermal
expansion coellicient of the dielectric plate and the
thermal expansion coellicient of the chucking elec-
trode; and




US RE42,175 E

13

a protection ring surrounding a peripheral side of the
chucking electrode, and being provided separately from
the dielectric plate and the moderation layer, wherein

the moderation layer and the covering layer have struc-
tures comprising metal filled into porous bulks made of
ceramic,

wherein the thermal expansion coetlicients of the modera-
tion layer and the covering layer are obtained by adjust-

ing volume opening ratios of the porous bulks,

wherein the chucking electrode has a flange part at a
periphery thereof and 1s fixed to a metallic main body
by screwing at the flange part, and the covering layer 1s
iserted between the chucking electrode and the main
body 1n an 1nterfacial recess mner to the flange part,

wherein the moderation layer and the covering layer are
separated so as not to cover an end of the electrode and
so as to allow the electrode thermally expand at the end
thereol,

and wherein the electrode and the metallic main body are
clectrically conducted through the metal filled into the
porous ceramic of the covering layer to apply the volt-
age for chucking without a connecting line through the
covering layer.

11. An electrostatic chucking stage for electro-statically
chucking an object as claimed in claim 10, wherein the
dielectric plate 1s made of magnesia, the chucking electrode
1s made of aluminum, and the moderation layer and the cov-
ering layer are made of composite of aluminum and ceramic.

12. An electrostatic chucking stage for electro-statically
chucking an object as claimed in claim 11, wherein the
dielectric plate and the moderation layer are brazed with a
brazing material containing aluminum as a main component.

13. An electrostatic chucking stage for electro-statically
chucking an object as claimed in claim 11, wherein the
dielectric plate and the moderation layer are soldered with
solder containing tin as a main component.

14. An electrostatic chucking stage for electro-statically
chucking an object as claimed in claim 11, wherein the
dielectric plate and the moderation layer are soldered with
solder containing lead as a main component.

15. An electrostatic chucking stage for electro-statically
chucking an object as claimed in claim 10, wherein the
dielectric plate 1s made of alumina, the chucking electrode 1s
made of aluminum, and the moderation layer and the cover-
ing layer are made of composite of aluminum and ceramic.

16. An electrostatic chucking stage for electro-statically
chucking an object as claimed in claim 15, wherein the
dielectric plate and the moderation layer are brazed with a
brazing material containing indium as a main component.

17. A substrate processing apparatus for processing a sub-
strate as the substrate 1s maintained at a temperature higher
than room temperature, comprising an electrostatic chucking,
stage as claimed 1n claim 10 for holding the substrate during
process.

18. A substrate processing apparatus as claimed in claim
17, comprising a plasma generator for generating plasma at a
space facing the substrate, wherein the process utilizes the
plasma.

19. An electrostatic chucking stage for electro-statically
chucking an object, the stage comprising:

a dielectric plate for chucking the object;

a chucking electrode for receiving a voltage for dielectri-
cally polarizing the dielectric plate;

a first layver provided between the dielectric plate and the
chucking electrode, and having a thermal expansion
coefficient between a thermal expansion coefficient of
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the dielectric plate and a thermal expansion coefficient
of the chucking electrode;

a second layer provided on the chucking electrode so that
the chucking electrode is sandwiched by the first layer
and the second layer, the second layer having a thermal
expansion coefficient between the thermal expansion
coefficient of the dielectric plate and the thermal expan-
sion coefficient of the chucking electrode; and

a main body supporting the second layer,

wherein the first and second lavers and the main body are
electroconductive, and

wherein for connecting electrical power to the chucking
electrode, an electrical power providing portion is con-
nected to the main body, which conducts to the chuck-
ing electrode through the second layer.

20. An electrostatic chucking stage for electro-statically
chucking an object according to claim 19, wherein the
dielectric plate is made of magnesia, the chucking electrode
is made of aluminum, and each of the first layer and the
second layer is made of a composite of aluminum and
ceramic.

21. An electrostatic chucking stage for electro-statically
chucking an object according to claim 20, wherein the
dielectric plate and the first layver ave brazed with a brazing
material containing aluminum as a main component.

22. An electrostatic chucking stage for electro-statically
chucking an object according to claim 20, wherein the
dielectric plate and the first layver are soldered with solder
containing tin as a main component.

23. An electrostatic chucking stage for electro-statically
chucking an object according to claim 20, wherein the
dielectric plate and the first layver are soldered with solder
containing lead as a main component.

24. An electrostatic chucking stage for electro-statically
chucking an object according to claim 19, wherein the
dielectric plate is made of alumina, the chucking electrode is
made of aluminum, and each of the first layer and the second
laver is made of a composite of aluminum and ceramic.

25. An electrostatic chucking stage for electro-statically
chucking an object according to claim 24, wherein the
dielectric plate and the first layver ave brazed with a brazing
material containing indium as a main component.

206. An electrostatic chucking stage for electro-statically
chucking an object, the stage comprising:

a dielectric plate for chucking the object;

a chucking electrode for receiving a voltage for dielectri-
cally polarizing the dielectric plate;

a first layer provided between the dielectric plate and the
chucking electrode, and having a thermal expansion
coefficient between a thermal expansion coefficient of
the dielectric plate and a thermal expansion coefficient
of the chucking electrode;

a second layer provided on the chucking electrode so that
the chucking electrode is sandwiched by the first layer
and the second layer, the second layer having a thevmal
expansion coefficient between the thermal expansion
coefficient of the dielectric plate and the thermal expan-
sion coefficient of the chucking electrode; and

a main body supporting the second layer,

wherein the first layver and the second laver have struc-
tures comprising metal filled into porous bulks made of

ceramic,

wherein the thermal expansion coefficients of the first
laver and the second layer ave obtained by adjusting

volume opening ratios of the porvous bulks,
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wherein the first and second layers and the main body are nected to the main body, which conducts to the chuck-
electroconductive, and ing electrode through the second layer.

whevrein for connecting electrical power to the chucking
electrode, an electrical power providing portion is con- I
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