
Description Title of Invention: ELECTROSTATIC CHUCK DEVICE AND METHOD
FOR DETERMINING ATTRACTED STATE OF WAFER Technical Field [0001]The
present invention relates to an electrostatic chuck device and a
method of determining an attracted state of a substrate, and more
particularly, to an electrostatic chuck device, which includes
attraction determining means for determining an attracted state of a
substrate, and a method of determining an attracted state of a
substrate, which employs the electrostatic chuck device. Background
Art 



[0002]In a semiconductor manufacturing process, an electrostatic
chuck device is used for attracting and holding a semiconductor
substrate in various apparatuses such as an ion implantation
apparatus, an ion doping apparatus, a plasma immersion apparatus, a
lithographic apparatus using, for example, an electron beam or
extreme ultraviolet (EUV) lithography, and a wafer inspection
apparatus for silicon wafers or the like. In addition, in the field
of liquid crystal manufacturing, the electrostatic chuck device is
used for attracting and holding an insulating substrate in a
substrate laminating apparatus, which is used for injecting liquid
crystal between glass substrates, or in an ion doping apparatus.
[0003] The electrostatic chuck device is generally formed by
stacking, on an upper surface side of a metal base, an electrostatic
chuck for attracting a semiconductor substrate, a glass substrate, or
the like. Then, when a predetermined voltage is applied to an
attraction electrode included in the electrostatic chuck, an electric
charge and an electric field are formed on a surface of the
electrostatic chuck, thereby attracting such substrates with
electrical force. When such an electrostatic chuck device is used in
processing a substrate, the temperature of the substrate increases
due to plasma processing, ion implantation, and the like . For
example, in a case in which a silicon wafer is subjected to etching
by a plasma apparatus, the temperature of the substrate reaches to
approximately 200C. In many cases, the substrate is partially masked
by using a resist or the like at the time of the ion implantation or
the plasma processing. However, if the resist becomes such a
high-temperature state, the resist hardens more than necessary, which
causes a problem in a subsequent removal process. [0004]To address
this, in the metal base, a liquid conduit for circulating a liquid
coolant such as pure water is formed, thereby keeping the substrate
at an appropriate temperature. However, there is a case in which a
part of the substrate is not properly attracted because foreign
matter, such as particles, is trapped when the electrostatic chuck is
caused to hold the substrate, or because the substrate is not
completely planarized in the first place. Moreover, there is a case
in which the substrate fails to be attracted because of, for example,
partial disconnection of the attraction 



electrode included in the electrostatic chuck or partial damage of an
insulating layer covering the attraction electrode. In particular, in
recent years, the upsizing of the semiconductor substrate and the
glass substrate has made complete planarization of the substrate even
more difficult, and has also required further improvement in
attraction force of the electrostatic chuck device for attracting
such substrates. For those reasons, the pattern of the attraction
electrode is becoming more complicated, and the insulating layer is
becoming thinner, resulting in an increased risk of such problems as
described above. In a portion where the substrate is not properly
attracted, the above-mentioned cooling effect does not function
sufficiently, and hence the temperature of the substrate increases
abnormally, causing a problem of a hardened resist. In addition,
there is a fear that elements and the like formed on the substrate
are affected. [0005]In such circumstances, it is very important to
recognize the attracted state of the substrate quickly and accurately
in the electrostatic chuck device, and various studies thereon have
been conducted so far. For example, there is proposed a method of
determining an attracted state of a substrate based on a change in
capacitance, which utilizes the fact that an electric line of force,
which is generated by voltage application to the attraction electrode
of the electrostatic chuck, reaches the substrate held by the
electrostatic chuck (for example, see Patent Literature 1 and Patent
Literature 2). Specifically, because the existence of  a substrate,
which has a higher dielectric constant than a vacuum, causes the
capacitance to increase, a difference in capacitance occurs depending
on whether or not the substrate exists, and this difference is
detected to determine the attracted state of the substrate. Further,
there is proposed a method of determining an attracted state of a
substrate, in which a through-hole extending from a lower surface
side of the metal base to a back surface of the substrate attracted
onto the electrostatic chuck is provided, and the temperature of the
substrate is directly measured with a thermometer (thermocouple or
radiation thermometer) disposed within the through-hole (for example,
see Patent Literature 3 and Patent Literature 4). This method relates
to a technology in which a temperature profile of the substrate is
created according to a contact state between the substrate and the
electrostatic chuck, to thereby determine the attracted state based
on an actually-measured temperature of the substrate and the
temperature profile. 



[0006]However, in the determination method performed based on the
change in capacitance, a difference in capacitance is small between a
state in which the substrate is attracted to the electrostatic chuck
and a state in which the substrate is lifted up with no attraction
force, and hence it is difficult to accurately determine an
attached/detached state of the substrate. If a false determination is
made regarding the attached/detached state of the substrate, for
example, there arises a fear that the substrate fails to be released
when a lifting pin is pushed upward from the lower  surface side of
the metal base to lift the substrate, or that excessive force is
exerted on the substrate to cause a damage. On the other hand, in the
determination method performed based on the temperature profile of
the substrate, while the temperature of the substrate is measured
when the substrate is processed using the electrostatic chuck device,
the attracted state of the substrate is determined based on the
temperature profile obtained in advance, and hence it is necessary to
monitor a predetermined temperature change for the determination. For
this reason, it takes some time for the determination. Further, the
attracted state of the substrate is determined retroactively when the
device is actually used, and hence , for example, in determining
whether or not the substrate has failed to be attracted by using this
method, considerable damage is already inflicted on the substrate
when an abnormality is detected.  [0007]In addition, in both the
determinationmethods described above, it is necessary to externally
connect certain attraction determining means to the electrostatic
chuck device (in the former determination method, at least
capacitance measuring instrument and a determination circuit are
necessary, whereas in the latter determination method, at least a
radiation thermometer and a determination circuit are necessary), and
hence large-scale equipment is required to determine the attracted
state of the substrate. 



Citation List  Patent Literature [0008]Patent Literature 1: JP
07-7074 A Patent Literature 2: JP 2000-228440 A Patent Literature 3:
JP 10-150099 A 



Patent Literature 4: JP 2004-47512 A Summary of Invention Technical
Problem [0009]In view of the above, the inventor of the present
invention and others have conducted intensive studies on the method
of determining an attracted state of a substrate which is used in the
electrostatic chuck device. As a result, it has been found that, by
obtaining a heat flux from the substrate when the electrostatic chuck
device is in use, that is, when the substrate side has higher
temperature than the metal base, it is possible to determine the
attracted state of the substrate quickly and accurately while
overcoming the above-mentioned problems, which eventually lead to the
completion of the present invention. [0010]Therefore, an object of
the present invention is to 



provide an electrostatic chuck device including attraction
determining means, which enables quick and accurate recognition of an
attracted state of a substrate in the electrostatic chuck device.
[0011]Further, another object of the present invention is to provide
a method of determining an attracted state of a substrate,  which
enables quick and accurate recognition of an attracted state of a
substrate in the electrostatic chuck device. Solution to Problem 



[0012]Specifically, the present invention provides an electrostatic
chuck device including: an electrostatic chuck for attracting a
substrate, the electrostatic chuck being provided on an upper surface
side of a metal base; and attraction determining means for
determining an attracted state of the substrate.  [0013]Further, the
present invention provides a method of determining an attracted state
of a substrate, which is used for an electrostatic chuck device
including an electrostatic chuck for attracting the substrate, the
electrostatic chuck being provided on an upper surface side of a
metal base, the method including obtaining, by a heat flux sensor, a
flow of heat transferred from the substrate via the electrostatic
chuck, to thereby determine the attracted state of the substrate.
[0014]The electrostatic chuck device of the present invention
includes the attraction determining means for determining the
attracted state of the substrate that is attracted to the
electrostatic chuck. According to a preferred mode of the present
invention, it is desired that a heat flux sensor be used as the
attraction determining means. Similarly to physical energy in
general, heat flows from a higher-temperature side to a
lower-temperature side, and thermal energy passing through a unit 



area can be understood as a heat flux (in W/m2). The inventor of the
present invention and others focused on the fact that, when the
substrate is processed using the electrostatic chuck device, a
temperature gradient is formed with the substrate having higher
temperature than the metal base side, and have configured the present
invention such that the attracted state of the substrate is
determined by obtaining a flow of heat (heat flux) from the substrate
on the lower-temperature side. [0015]Part of this configuration is
described with reference to FIG. 1 and FIGS. 2. When voltage is
applied to attraction electrodes 4 included in an electrostatic chuck
6 to attract a substrate w onto a substrate attracting surface 6a of
the electrostatic chuck 6, and the substrate w is processed by, for
example, an ion implantation apparatus (not shown), the implanted
ions or the like decelerate and release kinetic energy in the
substrate, which accordingly causes the temperature of the substrate
w to rise. On this occasion, in a metal base 1, cooling is performed
by, for example, circulating a coolant through a liquid conduit 2,
and a temperature gradient is thus formed between a temperature Tw of
the substrate w and a temperature Tb on the metal base side. As
illustrated in FIG. 2(A), a flow of heat occurs in a direction from
the substrate w to the metal base 1 side via the electrostatic chuck
6. However, if a gap d is generated between part or the whole of the
substrate w and the substrate attracting surface 6a for some reason,
such as a case in which partial disconnection or the like  of the
attraction electrode included in the electrostatic chuck has caused
the attraction failure, the heat of the substrate w is not
transferred to the electrostatic chuck 6 side (usually, the ion
implantation or the like is processed in a vacuum, and hence there is
no or extremely few substances that transfer the heat of the
substrate w to the electrostatic chuck 6 side), and hence, as
illustrated in FIG. 2(B), the flow of heat from the substrate w to
the metal base 1 side via the electrostatic chuck 6 is stopped in the
part or the whole of the substrate. By detecting such a change as a
heat flux on the downstream side of the flow of heat, it is possible
to determine the attached/detached state of the substrate w instantly
and accurately with respect to the substrate attracting surface 6a. 



[0016]As for a heat flux sensor 7 for obtaining the flow of heat
transferred from the substrate w via the electrostatic chuck, it is
only necessary that the heat flux sensor 7 be installed on the
downstream side of the flow of heat, and also that the heat flux
sensor 7 be installed in one of the electrostatic chuck 6 and the
metal base 1 or in both thereof. Preferably, the heat flux sensor 7
is disposed so as to avoid such a portion that the heat flux sensor 7
interferes with the flow of heat from the substrate w . For example,
the liquid conduit 2 through which a liquid coolant is caused to flow
and the like are formed in the metal base 1, and if those portions
are included in a path of the flow of heat from the substrate w, the
heat is absorbed. This poses a fear that the attracted state  of the
substrate w is not determined properly. Further, taking into account
the drawing of a signal wire from the heat flux sensor 7 and such
other aspect, the heat flux sensor 7 is preferably disposed on the
metal base side from the point of workability . More preferably, the
heat flux sensor 7 is disposed so as to be flush with an upper
surface of the metal base 1. There is no particular limitation on the
type, the shape, etc. of the heat flux sensor 7, and thus the heat
flux sensor 7 may have a thin, flat sheet-like shape or a cylindrical
shape. To give a specific example, there are enumerated a series of
products manufactured by Vatell Corporation, USA, including heat flux
microsensors (HFM series ) , a sheet-like BF sensor, Thermogage,
Schmidt Boelter Gage, and the like. [0017]In the present invention, a
plurality of the heat flux sensors 7 may be provided to obtain the
heat flux at a plurality of locations with respect to a planar area
of the substrate w. If the heat flux is obtained at a plurality of
locations of the substrate w, the attracted state of the substrate
can be recognized in more detail. For example, if the heat flux is
not detected at some of the heat flux sensors 7, it is possible to
determine that a gap has been generated between the substrate w and
the substrate attracting surface 6a at least at positions of the
substrate wwhich correspond to those heat flux sensors 7 due to
occurrence of the attraction failure. Further, if the heat flux is
not detected at all of the heat flux sensors 7, it is possible to
determine that the attraction failure has occurred at positions
corresponding to 



those heat flux sensors 7, or that lifting of the substrate w has
been completed by a lifting pin or the like. Here, as causes of the
failure of substrate attraction, for example, the following cases are
conceivable: a case in which normal attraction cannot be performed
because foreign matter, such as particles, has entered the back
surface of the substrate; a case caused by unevenness of the
substrate itself; and a case in which partial disconnection of the
attraction electrode, partial damage of an insulating layer covering
the attraction electrode, or the like has occurred in the
electrostatic chuck. Further, conceivable examples of the case in
which the heat flux is not detected at all of the heat flux sensors
include a case in which the detachment of the substrate has been
completed and a case in which the electrostatic chuck is not properly
operating due to, for example, an abnormality of a power supply for
supplying voltage to the attraction electrode or a failure of a
voltage supply connector. Note that, FIGS. 3 illustrate examples of
layout of a plurality of the heat flux sensors 7. As the number of
sensors increases, it is possible to acquire a more detailed
recognition of the state. However, taking into account the time and
difficulty expected for the processing, an increase in cost, and such
other factor, the number of sensors may be set as appropriate
according to the size of the substrate w, and it is needless to say
that the present invention is not limited to those examples. [0018]
Further, in the present invention, a predetermined threshold may be
set for a value to be detected by the heat flux  sensor 7, to thereby
determine the attracted state of the substrate w. Specifically, if
the heat flux measured when the electrostatic chuck device is in use
falls below the threshold, as described above, it is possible to
determine that a gap has been generated between the substrate w and
the substrate attracting surface 6a for some reason, or that the
substrate w has been released. On the other hand, as for a case in
which the heat flux exceeds the threshold, conceivable factors are,
for example, a case in which increased attraction voltage has
increased the attraction, and a case in which water or the like has
attached to the whole of the back surface of the substrate w or the
substrate attracting surface 6a for some reason. [0019]Further, in
the present invention, the heat flux obtained from the heat flux
sensor 7 may be used in the following manner. For example, by
multiplying the heat flux (W/m2) obtained from the heat flux sensor 7
by a thermal resistance per unit area (C.m2/W) of a material through
which the heat flux has been transferred, the temperature can be
estimated. Here, the thermal resistance per unit area (0.m2/W) of a
material refers to "thickness of material (m) / thermal conductivity
of material (W/mC)". Accordingly, if the heat flux obtained from the
heat flux sensor 7 is sampled at fixed intervals in accordance with
program processing by, for example , a personal computer, and is
monitored while being converted into temperature information, process
monitoring of the electrostatic chuck device can be performed. In
addition, based on the sampled 



temperature information, it is possible to acquire a real-time heat
flux (that is, flux of ions) of the plasma apparatus. Further, a
comparison with temperature data or the like, which is obtained
separately by sampling when the attracted state of the substrate w is
normal , may be performed to determine whether or not the attracted
state of the substrate w is appropriate. Then, when an abnormality is
confirmed, for example, a warning signal may be transmitted to a
control system of a processing apparatus side that processes the
substrate w, to thereby perform a display of warning, or may be used
as an interlock for stopping the processing. Still further, by
employing a plurality of heat flux sensors 7, the electrostatic chuck
device may be provided with a self-diagnosis (failure diagnosis)
function that enables estimation of causes for the attraction
failure. Specifically, for example, when an abnormality has been
confirmed at some of the sensors, in addition to a case in which the
attraction cannot be performed properly because there exists foreign
matter, such as particles, on the back surface of the substrate w,
the following cases are conceivable. Those are abnormalities on the
electrostatic chuck side, including partial disconnection of the
attraction electrode and partial damage of an insulating layer
covering the attraction electrode, which occur in the electrostatic
chuck, and abnormalities on the substrate processing apparatus side,
including ununiformity in ion implantation dosage. On the other hand,
when an abnormality has been confirmed at all of the sensors, the
following cases are  conceivable. Those are abnormalities on the
power supply side , which may occur in voltage value and current
value supplied to the attraction electrode of the electrostatic
chuck, and in voltage supply, abnormalities in the cooling water
flowing through the metal base, and abnormalities on the substrate
processing apparatus side, including failure in current value and
energy. Advantageous Effects of Invention [0020]According to the
electrostatic chuck device of the 



present invention, it is possible to determine the attracted state of
the substrate quickly and accurately. In addition, the electrostatic
chuck device of the present invention includes the attraction
determining means therein, and hence there is no large-scale
equipment or the like required, which thus provides remarkable
usability from the industrial perspective. Further, according to the
method of determining an attracted state of a substrate of the
present invention, it is possible to determine the
attachment/detachment of the substrate instantly and accurately, the
attraction failure of the substrate, and the like. Brief Description
of Drawings [0021][FIG. 1] FIG. 1 is an explanatory sectional view of
an electrostatic chuck device according to the present invention.
[FIGS. 2] FIGS. 2 are explanatory sectional views in which part of
the electrostatic chuck device according to the present invention  is
enlarged. 



[FIGS. 3] FIGS. 3 are examples of layout drawings of heat flux
sensors. [FIG. 4] FIG. 4 is an explanatory sectional view of an
electrostatic chuck device provided with a failure diagnosis
function. [FIG. 5] FIG. 5 is a flow chart of failure diagnosis.
Reference Signs List [0022]1: metal base la: mount surface  2: liquid
conduit 



3: lower insulating layer 4: attraction electrode 5: upper insulating
layer  6: electrostatic chuck 6a: substrate attracting surface  7:
heat flux sensor (attraction determining means)  8: amplifier 



9: A/D converter  10: personal computer w: substrate Description of
Embodiment [0023]Hereinafter, with reference to the attached
drawings, a preferred embodiment of the present invention is
specifically described. Note that, the present invention is not
limited to the 



description below. [0024][Manufacture of Electrostatic Chuck Device]
FIG. 1 is an explanatory sectional view of an electrostatic chuck
device according to the present invention, which includes an
electrostatic chuck 6 on an upper surface side of a metal base 1. The
metal base 1 is made of aluminum, copper, stainless steel, or the
like, and has a mount surface la that varies depending on the type
and the size of a substrate w, such as a semiconductor substrate or a
glass substrate, which is to be attracted and held. For example, the
metal base 1 suitable for attraction of a silicon substrate having a
diameter of 300 mm has the mount surface la having a diameter of
approximately 298 mm. Further, the metal base 1 has a liquid channel
2 formed therein, through which a liquid coolant is caused to flow.
The liquid coolant supplied from the outside is circulated via a heat
exchanger (not shown) or the like in the metal base, thereby cooling
the substrate w. Further, the metal base 1 may be provided with a gas
supply path so that the substrate w is cooled by supplying a coolant
gas such as helium, which is supplied from a lower surface side of
the metal base 1, to a back surface of the substrate w through a gas
supply orifice (not shown) formed in the electrostatic chuck 6. Note
that, the upper surface side of the metal base 1, unless otherwise
specified, refers to a side on which the substrate w is located, and
the lower surface side thereof refers to a side opposite to the
substrate w. [0025]Further, the metal base 1 is provided with two
heat flux  



sensors 7 (manufactured by Vatell Corporation, USA: HFM-7E/L) on the
upper surface side thereof. The heat flux sensors 7 are each disposed
such that the top of the sensor (portion from which heat flux is
captured) is flush with the mount surface la, and, through wiring
paths (not shown), signal wires or the like are drawn to the lower
surface side of the metal base 1. FIG. 1 illustrates an example in
which two heat flux sensors 7 are mounted. However, as illustrated in
FIGS. 3, the number of sensors may be increased/decreased as
appropriate depending on the shape, the size, etc. of the substrate
w, and it is needless to say that other numbers, layouts, etc. than
the case of FIGS. 3 may be employed for the sensors. [0026] On the
upper surface side of the metal base 1, there is formed the
electrostatic chuck 6 including a lower insulating layer 3,
attraction electrodes 4, and an upper insulating layer 5. As for the
electrostatic chuck 6, there is no particular limitation thereon, and
thus a publicly-known electrostatic chuck maybe used. For example,
for the lower insulating layer 3 and the upper insulating layer 5, a
material having a predetermined shape and a predetermined film
thickness may be used, including an insulating film made of , for
example, polyimide, and a ceramic plate. Further, the lower
insulating layer 3 and the upper insulating layer 5 may be formed by
spraying ceramic powder, such as alumina (Al203) powder, aluminum
nitride (A1N) powder, or zirconia (Zr02) powder. For example, in a
case in which the lower insulating layer 3 and the upper insulating
layer 5 are both formed of a layer sprayed  with the ceramic powder,
each of the layers has a film thickness of, though there is no
particular limitation, approximately 20 to 300 pm. On the other hand,
in a case in which the lower insulating layer 3 and the upper
insulating layer 5 are formed of an insulating film made of, for
example, polyimide, the film thickness thereof is generally
approximately 20 to 300 m. Note that, an upper surface side of the
upper insulating layer 5 forms a substrate attracting surface 6a for
attracting the substrate w, and thus may be subjected to a
planarization process, such as polishing, if necessary. [0027] As for
the attraction electrode 5, apart frommetal foil, a metal film formed
by a sputtering method, an ion plating method, or the like maybe
subjected to etching into a predetermined shape, to thereby form the
attraction electrode. Alternatively, the attraction electrode maybe
obtained by, for example, the spraying of a conductive metal or the
printing of a conductive metal paste. For example, in the case of
forming a metal film by the sputtering method, the ion plating
method, or the like, the film thickness of the attraction electrode 5
is generally approximately 0.1 to 3pm, whereas the film thickness of
the attraction electrode 5 formed by the spraying of a conductive
metal is generally approximately 10 to 50 pm. If the attraction
electrode 5 has such a film thickness as described above, there
occurs no particular problem in detecting the heat flux from the
substrate w with the heat flux sensor provided to the mount surface
la of the metal base 1. However, the attraction electrode 5 may be
formed in such a manner that the attraction  electrode 5 is not
formed in a portion corresponding to a path for capturing the heat
flux from the substrate w. Further, the shape of the attraction
electrode 5 is not particularly limited, and thus may be set as
appropriate depending on the type, the size, etc. of the substrate w
to be attracted . Further, the attraction electrode 5 may constitute



6 may be bonded to the upper surface side of the metal base 1 by
using an adhesive or the like, to thereby obtain the electrostatic
chuck device. [0028][Determination regarding Attracted State of
Substrate]        Hereinafter, description is given of an example in
which the electrostatic chuck device of the present invention
illustrated in FIG. 1 was used to determine the attracted state of a
silicon wafer w when ions were implanted into the silicon wafer w
having a diameter of 300 mm by an ion implantation apparatus. In the
electrostatic chuck device, as illustrated FIG. 3(A), the heat flux
sensors 7 (manufactured by Vatell Corporation, USA: HFM-7E/L) are
mounted at two positions on the upper surface side of the metal base
1 made of aluminum and having the mount surface la having a diameter
of 298 mm, and the heat flux sensors 7 are both disposed such that
the top of the sensor is flush with the mount surface la. Further, on
the mount surface la of the metal base 1, the electrostatic chuck 6
is stacked, the electrostatic chuck 6 including: the lower insulating
layer 3 having a diameter of 298 mm and a film thickness of 100 pm,
which is formed by spraying alumina powder having a purity of 99.99%;
the attraction electrodes 4 having a film thickness of 30 pm, which
are formed using a mask such that two semicircles having a diameter
of 294 mm face each other with a distance between the electrodes
being 2mm; and further the upper insulating layer 5 having a diameter
of 298 mm and a film thickness of 50 pm, which is formed by spraying
alumina powder having a purity of 99.99%. [0029]The above-mentioned
electrostatic chuck device was set 



for the ion implantation apparatus (not shown), and the silicon wafer
w having a diameter of 300 mm was placed on the electrostatic chuck
6. Further, voltage of 2 kV was applied between the two attraction
electrodes 4, to thereby attract the silicon wafer w onto the
substrate attracting surface 6a. Then, while pure water having a
temperature of 20C was caused to circulate through the liquid conduit
2 of the metal base 1 at a flow rate of 2 liters per minute, ions
were implanted on the condition that the energy  of the ion beam was
100 kV, the current of the ion beam was 3 mA, and the average power
of the ion beam per unit area was 0.3 W/cm2. During this period, the
values obtained from the two heat flux sensors 7 were both 0.25
W/cm2. In addition, as far as a check was conducted by a visual
observation, there was no particular abnormality with the attracted
state of the silicon wafer w. [0030]After the ion implantation
process was finished, the application of voltage to the attraction
electrodes 4 was stopped, and further, a plasma gun was turned ON, to
thereby sufficiently remove residual electric charge on the substrate
attracting surface 6a of the electrostatic chuck 6. Further, when the
silicon wafer w was lifted by using a push-up pin (not shown)
included in the electrostatic chuck device during the ion beam
irradiation, the values obtained from the two heat flux sensors 7 at
the same time were both 0.01 W/cm2. On this occasion, the attracted
state of the silicon wafer w was actually checked by a visual
observation and an infrared proximity sensor, and it was found that
the silicon wafer w was in a detached state by being completely
separated from the substrate attracting surface 6a. Therefore, it has
been confirmed that the attracted state of the substrate can be
determined by using the heat flux sensors 7 included in the
electrostatic chuck device according to the present invention.
[0031][Electrostatic Chuck Device having Failure Diagnosis 



Function] FIG. 4 illustrates an example in which the electrostatic
chuck  device of the present invention is provided with a failure
diagnosis function. In the same manner as described above , the ion
implantation apparatus was used to implant ions into the silicon
wafer w having a diameter of 300 mm. During this period, signals
obtained from the heat flux sensors 7 were amplified by signal
amplifiers 8 to a voltage level of the order of 10 V at maximum, at
which noise influences became negligible, and were then input to a
personal computer 10 through an A/D (analog to digital) converter 9.
An outline of processing performed on the personal computer 10 is as
illustrated in a flow chart of FIG. 5. The amplified signals obtained
from the heat flux sensors 7 were sampled at fixed intervals in
accordance with program processing performed on the personal computer
10. A processing time required for the substrate w ranges
approximately from 1 second to 1 hour depending on the details of the
processing even if the same ion implantation apparatus is used, and
hence the processing time may be determined by taking into account
the capacity of a magnetic disk (for example, 300 GB) included in the
personal computer 10. In this embodiment, a minimum sampling interval
was set to 10 ms. Considering that a physical quantity to be measured
is heat, which changes relatively slowly, there is no need to perform
a measurement too frequently. [0032]The sampled values are subjected
to such data processing as smoothing and noise removal before being
stored in the magnetic 



disk. Further, the temperature and the flow rate of the cooling water
flowing in the metal base 1 are monitored as well, and, based  on the
sampling data stored in the above-mentioned magnetic disk and the
heat transfer coefficients of the lower insulating layer 3 and the
upper insulating layer 5 of the electrostatic chuck 6, the
temperature on the substrate attracting surface 6a of the
electrostatic chuck 6 is calculated (estimated value) according to
the following equation (1):        temperature of substrate
attracting surface (C) =temperature of cooling water (C) + [1/average
heat transfer coefficient of cooling water (WP0.m2) + thermal
resistance of electrostatic chuck (0.m2/W)] x average incident power
(W/m2) ... equation (1). where "temperature of cooling water (C)"
represents "the temperature of the cooling water flowing in the metal
base (C)", "heat transfer coefficient of cooling water" represents
"heat transferability of water, which is the function of the
temperature and the flow rate thereof", and "thermal resistance of
electrostatic chuck (C.m2/W)" represents "the sum of all thermal
resistances from an upper portion of the liquid channel 2 to the back
surface of the substrate w". Further, "average incident power (W/m2)"
represents the heat flux, and is expressed by "the power per unit
area flowing in the substrate w". For example, in the case of the ion
implantation apparatus, "the average beam power of the ion beam"
corresponds the average incident power, and, in the case of a plasma
processing apparatus, "average incident power of ions + 



high-frequency power" corresponds to the average incident power.
[0033] Then, the calculated temperature is compared with, for
example, previous data or a standard value obtained when there is no
problem with the attracted state of the substrate w. When it is
determined that there is no abnormality, a display reporting a normal
state is performed, whereas when it is determined that there is an
abnormality, a display of warning is performed. This warning signal
may be used as an interlock for stopping the processing through
transmission thereof to a control system on the ion implantation
apparatus side. Further, in this embodiment, the plurality of heat
flux sensors 7 are provided, and hence it is possible to perform a
diagnosis by dividing causes for an attraction failure depending on
the number of sensors that have detected an abnormal value. If
signals obtained from a plurality of heat flux sensors show abnormal
values, for example, the following are conceivable: 1) an abnormality
in an attraction power supply connected to the attraction electrodes
4 of the electrostatic chuck 6; 2) an abnormality in voltage value;
3) an abnormality of a voltage supply portion of the electrostatic
chuck 6; 4) an abnormality in current value or energy of processed
ions; and 5) an abnormality in the cooling water (temperature rise or
shortage of cooling water). In other words, such problems that are
recognized in common in the electrostatic chuck device as a whole are
conceivable as the causes. On the other hand, if a signal obtained
from a single heat flux sensor shows an abnormal value, for example,
the following local  problems are conceivable as the causes: 1)
existence of foreign matter such as particles between the substrate w
and the electrostatic chuck 6; 2) an abnormality in uniformity of
processed ions ; 3) partial disconnection of the attraction electrode
4 included in the electrostatic chuck; and 4) partial damage of the
upper insulating layer 5 and/or the lower insulating layer 3 included
in the electrostatic chuck. Industrial Applicability [0034]The
electrostatic chuck device of the present invention 



is applicable as various electrostatic chuck devices used in, for
example, a semiconductor manufacturing process or a liquid crystal
manufacturing process, and enables determining the attracted state of
a processing-target substrate accurately and instantly, such as a
semiconductor substrate or a glass substrate. In particular,
according to the method of determining an attracted state of a
substrate, which employs the heat flux sensor, it is possible to
quickly determine the attached/detached state of the substrate with
respect to the substrate attracting surface based on a change in heat
flux. Therefore, the present invention is remarkably effective in a
case in which, for example, continuous processing is required, such
as the semiconductor manufacturing process.  Claims [Claim 1] An
electrostatic chuck device, comprising:        an electrostatic chuck
for attracting a substrate, the electrostatic chuck being provided on
an upper surface side of a metal base; and        attraction
determining means for determining an attracted state of the
substrate. 



[Claim 2 ] An electrostatic chuck device according to claim 1 ,
wherein the attraction determining means comprises a heat flux
sensor, and determine the attracted state of the substrate based on a
flow of heat transferred from the substrate via the electrostatic
chuck.  [Claim 3 ] An electrostatic chuck device according to claim
2, wherein the heat flux sensor is disposed on a metal base side.
[Claim 4 ] An electrostatic chuck device according to claim 3,
wherein the heat flux sensor is disposed so as to be flush with an
upper surface of the metal base. [Claim 5] An electrostatic chuck
device according to any one of claims 2 to 4, wherein a heat flux is
obtained at a plurality of locations with respect to a planar area of
the substrate. [Claim 6] A method of determining an attracted state
of a substrate,  



which is used for an electrostatic chuck device comprising an
electrostatic chuck for attracting the substrate, the electrostatic
chuck being provided on an upper surface side of a metal base,
the method comprising obtaining, by a heat flux sensor, a flow of
heat transferred from the substrate via the electrostatic chuck, to
thereby determine the attracted state of the substrate.  [Claim 7] A
method of determining an attracted state of a substrate according to
claim 6, wherein the heat flux sensor is disposed on a metal base
side.  [Claim 8] A method of determining an attracted state of a
substrate according to claim 7, wherein the heat flux sensor is
disposed so as to be flush with an upper surface of the metal base.
[Claim 9] A method of determining an attracted state of a substrate
according to anyone of claims 6 to 8, wherein a heat flux is obtained
at a plurality of locations with respect to a planar area of the
substrate. 




