EDDY CURRENT SENSOR, POLISHING APPARATUS, AND FILM THICKNESS
DETECTION METHOD

TECHNICAL FIELD

[0001] The present invention relates to an eddy current sensor, and to a polishing
apparatus and a film thickness detection method using the eddy current sensor.
BACKGROUND ART

[0002] Eddy current sensors are used for applications such as film thickness
measurement and displacement measurement. Hereinafter, film thickness measurement will
be taken as an example to describe an eddy current sensor. An eddy current sensor for film
thickness measurement is used in a semiconductor device fabrication step (polishing step),
for example. In the polishing step, the eddy current sensor is used as follows. As the level
of integration in semiconductor devices advances, circuit interconnects are becoming finer,
and spacing between interconnects is becoming narrower. Accordingly, it is necessary to
planarize a surface of a semiconductor wafer, which is a polishing target. It is therefore a
common practice to polish the wafer by a polishing apparatus as a way of planarization.
[0003] A polishing apparatus is provided with a polishing table for holding a polishing
pad for polishing the polishing target and a top ring for holding and pressing the polishing
target against the polishing pad. The polishing table and the top ring are each rotated by a
drive (a motor, for example). A liquid containing a polishing agent (slurry) is made to flow
onto the polishing pad, and by pressing the polishing target held by the top ring against the
polishing pad, the polishing target is polished.

[0004] If the polishing of the polishing target by the polishing apparatus is insufficient,
circuits will not be insulated from each other, possibly leading to a short circuit. On the
other hand, other problems may occur if the polishing target is over-polished, such as a rise in
resistance values because of a decrease in the cross-sectional area of the interconnects, or the

interconnects themselves may be completely removed and the circuit itself may not be
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formed. If the polishing target is a thin polishing target such as, for example, fine copper
(Cu) interconnects rather than what is called bulk, which is widely present on the surface of
the polishing target, detecting a film thickness of the polishing target is difficult.
Consequently, it is desirable to improve detection sensitivity.

[0005] Japanese Patent Laid-Open No. 2011-23579 describes a technology that uses two
sensors A and B with different sensitivities to monitor an output from start of polishing until
the sensitivity of sensor A is lost, and after detecting a polishing endpoint, switches to sensor
B to confirm that there is no residual metal film on a wafer. The sensors A and B are
disposed at different positions on a table. To detect a metal thin film as polishing
progresses, it is necessary to increase the sensor sensitivity (magnitude of a sensor output).
To increase the sensor sensitivity, Japanese Patent Laid-Open No. 2011-23579 proposes
raising an oscillation frequency of an eddy current sensor, increasing an amplification level
of an internal circuit in the eddy current sensor, or raising an excitation voltage of the eddy
current sensor.

[0006] These methods for increasing the sensor sensitivity have the following problems.
The oscillation frequency of the eddy current sensor needs to be set lower than a coil
resonance frequency, which is determined by an inductance and capacitance of a coil itself.
If the oscillation frequency is set close to the resonance frequency, there is a problem with
stability of characteristics. When the amplification level of the internal circuit in the eddy
current sensor is raised, there is a problem of increased circuit noise effects. Furthermore,
when the excitation voltage of the eddy current sensor is raised, there is a problem with the
stability of the characteristics.

[0007] To address these problems, Japanese Patent Laid-Open No.

2013-211354 discloses a configuration formed from an inner sensor coil 60A and an outer
sensor coil 60B arranged concentrically. The outer sensor coil 60B functions as a sensor
with low sensitivity that can accurately detect a residual film on an entire polished surface of
a semiconductor wafer. The sensor coil 60B can stably detect a polishing endpoint.

[0008] The inner sensor coil 60A functions as a sensor with high sensitivity that can
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detect a metal film even when a target metal film is thin or an area of the metal film is small.
The sensor coil 60A can detect a detailed residual film distribution on a polished surface of a
semiconductor wafer WH (substrate) and detect a thin film in an edge portion of the
semiconductor wafer WH (paragraph [0075] in Japanese Patent Laid-Open No.
2013-211354). The sensor coil 60A and the sensor coil 60B are coils wound in a solenoid
or a spiral around a nonmagnetic bobbin. However, the coils indicated in Japanese Patent
Laid-Open No. 2013-211354 have a low detection output for fine copper (Cu) interconnects,
making it difficult to detect fine copper interconnects.

[0009] One aspect of the present invention has been made to address such issues, and an
object thereof is to provide an eddy current sensor with a larger detection output than the
technology of the related art, even when detecting fine metal.

SUMMARY OF INVENTION

[0010] To solve the above problem, a first aspect adopts a configuration of an eddy
current sensor including a first detector that detects an eddy current generated in a detection
target and a second detector that detects the eddy current, wherein the first detector includes a
first exciting coil configured to generate the eddy current and a first detecting coil configured
to detect the eddy current, the first exciting coil and the first detecting coil are air-core coils
or coils with a core of a nonmagnetic material, the second detector includes a second exciting
coil configured to generate the eddy current and a second detecting coil configured to detect
the eddy current, and the second exciting coil and the second detecting coil are coils with a
core of a magnetic material.

[0011] A second aspect adopts the configuration of the eddy current sensor according to
the first aspect, wherein the first detector is located between the detection target and the
second detector.

[0012] A third aspect adopts the configuration of the eddy current sensor according to
the first aspect, wherein the first detector is disposed peripherally around the second detector.
[0013] A fourth aspect adopts the configuration of the eddy current sensor according to

any one of the first to third aspects, wherein a central axis of the first exciting coil, a central
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axis of the first detecting coil, a central axis of the second exciting coil, and a central axis of
the second detecting coil are aligned.

[0014] A fifth aspect adopts the configuration of the eddy current sensor according to
any one of the first to fourth aspects, wherein the first exciting coil and the first detecting coil
are coils obtained by winding a conductor in a single column with multiple layers or in
multiple columns with multiple layers, a column being defined as a direction perpendicular to
the detection target and a layer being defined as a direction parallel to the detection target.
[0015] A sixth aspect adopts the configuration of the eddy current sensor according to
any one of the first to fifth aspects, wherein the core of the magnetic material includes a
bottom magnetic material, a central magnetic material provided in a center of the bottom
magnetic material, and a peripheral magnetic material provided on a periphery of the bottom
magnetic material; the second exciting coil includes a second central exciting coil disposed at
the central magnetic material; and the second detecting coil includes a second central
detecting coil disposed at the central magnetic material.

[0016] A seventh aspect adopts the configuration of the eddy current sensor according to
the sixth aspect, wherein the second exciting coil includes a second peripheral exciting coil
disposed at the peripheral magnetic material, and the second detecting coil includes a second
peripheral detecting coil disposed at the peripheral magnetic material.

[0017] An eighth aspect adopts the configuration of the eddy current sensor according to
the sixth or seventh aspect, wherein the bottom magnetic material has a rod shape, and the
peripheral magnetic material is disposed at both ends of the rod shape.

[0018] A ninth aspect adopts the configuration of the eddy current sensor according to
any one of the first to eighth aspects, wherein the first exciting coil and the first detecting coil
are a same coil, or the second exciting coil and the second detecting coil are a same coil.
[0019] A tenth aspect adopts a configuration of a polishing apparatus including: a
polishing table to which a polishing pad for polishing the detection target can be attached; a
drive configured to rotationally drive the polishing table; a holder configured to hold and

press the detection target against the polishing pad; the eddy current sensor according to any
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one of the first to ninth aspects, the eddy current sensor being disposed inside the polishing
table and configured to detect by the first detecting coil or the second detecting coil, the eddy
current being formed in the detection target by the first exciting coil or the second exciting
coil in association with the rotation of the polishing table; and an endpoint detector
configured to detect, from the detected eddy current, a polishing endpoint that indicates an
end of polishing of the polishing target.
[0020] An eleventh aspect adopts a configuration of a film thickness detection method
using the eddy current sensor according to any one of the first to ninth aspects, the film
thickness detection method including: obtaining a film thickness by detecting the eddy
current with the first detector when an electrical resistance of the detection target is less than
a predetermined value; and obtaining the film thickness by detecting the eddy current with
the second detector when the electrical resistance of the detection target is greater than the
predetermined value.
[0021] A twelfth aspect adopts a configuration of a film thickness detection method
using the eddy current sensor according to any one of the first to ninth aspects, the film
thickness detection method including: obtaining a film thickness by detecting the eddy
current with the first detector when the film thickness of the detection target is greater than a
predetermined value; and obtaining the film thickness by detecting the eddy current with the
second detector when the film thickness of the detection target is less than the predetermined
value.
BRIEF DESCRIPTION OF DRAWINGS
[0022] Fig. 1 is a schematic diagram illustrating an overall configuration of a polishing
apparatus according to an embodiment of the present invention;

Fig. 2 is a plan view illustrating a relationship among a polishing table, an eddy
current sensor, and a semiconductor wafer;

Figs. 3A and 3B are diagrams illustrating a configuration of an eddy current
sensor assembly, in which Fig. 3A is a block diagram illustrating the configuration of the

eddy current sensor assembly and Fig. 3B is an equivalent circuit diagram of the eddy current



sensor assembly;

Fig. 4 is a schematic diagram illustrating an exemplary configuration of the eddy
current sensor of the present embodiment;

Fig. 5 is a schematic diagram illustrating an exemplary connection of exciting
coils in a second detector;

Fig. 6 is a diagram illustrating a magnetic field by the second detector;

Fig. 7A is a plan view of the second detector and Fig. 7B is a cross section of the
second detector;

Fig. 8 is a schematic diagram illustrating an exemplary configuration of a first
detector in the eddy current sensor of the present embodiment;

Figs. 9A to 9C are schematic diagrams illustrating an exemplary connection of
each coil in the first detector of the eddy current sensor;

Fig. 10 is a schematic diagram illustrating an exemplary connection of each coil
in the second detector of the eddy current sensor;

Fig. 11 is a diagram illustrating connections between the entire eddy current
sensor and bridge circuits;

Fig. 12 is a diagram illustrating a magnetic field generated by the eddy current
Sensor;

Fig. 13 illustrates an output of the first detector and an output of the second
detector after processing in the bridge circuit;

Fig. 14 is a block diagram illustrating an output signal processing circuit of the
eddy current sensor;

Fig. 15 illustrates an example in which a peripheral magnetic material is not a
wall part provided on a periphery of a floor part to enclose a magnetic core part;

Fig. 16 illustrates an example in which the peripheral magnetic material is not the
wall part provided on the periphery of the floor part to enclose the magnetic core part; and

Fig. 17 illustrates an example in which the peripheral magnetic material is not the

wall part provided on the periphery of the floor part to enclose the magnetic core part.



DESCRIPTION OF EMBODIMENTS

[0023] Hereinafter, embodiments of the present invention will be described with
reference to the drawings. Note that in the following embodiments, identical or
corresponding members are denoted with the same signs, and a duplicate description may be
omitted. Also, features indicated in each embodiment are also applicable to other
embodiments insofar as the embodiments do not contradict each other.

[0024] Fig. 1 is a schematic diagram illustrating an overall configuration of a polishing
apparatus to which an eddy current sensor 50 according to an embodiment of the present
invention is applied. As illustrated in Fig. 1, the polishing apparatus is provided with a
polishing table 100 and a top ring 1 (holder) that holds a substrate to be polished, such as a
semiconductor wafer WH, against a polishing surface on the polishing table.

[0025] A polishing pad 101 for polishing a detection target can be attached to the
polishing table 100. The top ring 1 is configured to hold and press the detection target
against the polishing pad 101. The eddy current sensor 50 is disposed inside the polishing
table 100 and is configured to detect, by a first detecting coil or a second detecting coil, an
eddy current formed in the detection target by a first exciting coil or a second exciting coil as
the polishing table 100 rotates. An endpoint detector is configured to detect, from the
detected eddy current, a polishing endpoint that indicates an end of polishing of the polishing
target.

[0026] The polishing table 100 is coupled to a motor (not illustrated) that acts as a drive
disposed underneath through a table spindle 170, and is capable of rotating about the table
spindle 170. The drive is configured to rotationally drive the polishing table. The
polishing pad 101 is affixed to a top face of the polishing table 100, and a surface 101a of the
polishing pad 101 forms a polishing surface that polishes the semiconductor wafer WH. A
polishing liquid supply nozzle 102 is installed above the polishing table 100, such that a
polishing liquid Q is supplied onto the polishing pad 101 on the polishing table 100 by the
polishing liquid supply nozzle 102.  As illustrated in Fig. 1, the eddy current sensor 50 is
embedded inside the polishing table 100.
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[0027] The top ring 1 basically includes a top ring body 142 that presses the
semiconductor wafer WH against the polishing surface 101a and a retainer ring 143 that
holds outer peripheral edges of the semiconductor wafer WH such that the semiconductor
wafer WH does not fly off the top ring.

[0028] The top ring 1 is connected to a top ring shaft 111, and the top ring shaft 111 is
configured to move up and down with respect to a top ring head 110 by a raising/lowering
mechanism 124. By the up and down movement of the top ring shaft 111, the entire top
ring 1 is raised or lowered and positioned with respect to the top ring head 110. Note that a
rotary joint 125 is attached to a top end of the top ring shaft 111.

[0029] The raising/lowering mechanism 124 that moves the top ring shaft 111 and the
top ring 1 up and down is provided with a bridge 128 that rotatably supports the top ring shaft
111 through a bearing 126, a ball screw 132 attached to the bridge 128, a support stand

129 supported by a support column 130, and a servo motor 138 provided on the support stand
129. The support stand 129 that supports the servo motor 138 is secured to the top ring
head 110 through the support column 130.

[0030] The ball screw 132 is provided with a screw shaft 132a coupled to the servo
motor 138 and a nut 132b with which the screw shaft 132a engages. The top ring shaft

111 is configured to move up and down as one with the bridge 128. Consequently, when
the servo motor 138 is driven, the bridge 128 moves up and down through the ball screw 132,
thereby causing the top ring shaft 111 and the top ring 1 to move up and down.

[0031] Additionally, the top ring shaft 111 is coupled to a rotating cylinder 112 through a
key (not illustrated). The rotating cylinder 112 is provided with a timing pulley 113 on an
outer periphery thereof. A top ring motor 114 is secured to the top ring head 110, and the
timing pulley 113 is connected to a timing pulley 116 provided in the top ring motor

114 through a timing belt 115. Consequently, by rotationally driving the top ring motor 114,
the rotating cylinder 112 and the top ring shaft 111 rotate as one through the timing pulley
116, the timing belt 115, and the timing pulley 113, and the top ring 1 rotates. Note that the

top ring head 110 is supported by a top ring head shaft 117 rotationally supported by a frame



(not illustrated).

[0032] In the polishing apparatus configured as illustrated in Fig. 1, the top ring 1 is
capable of holding a substrate such as the semiconductor wafer WH on a bottom face thereof.
The top ring head 110 is capable of turning about the top ring head shaft 117, and the turning
of the top ring head 110 causes the top ring 1 holding the semiconductor wafer WH on the
bottom face to move from a semiconductor wafer WH receiving position to above the
polishing table 100. Thereafter, the top ring 1 is lowered to press the semiconductor wafer
WH against the surface (polishing surface) 101a of the polishing pad 101. At this time, the
top ring 1 and the polishing table 100 are each made to rotate, and the polishing liquid Q is
supplied onto the polishing pad 101 from the polishing liquid supply nozzle 102 provided
above the polishing table 100. In this way, a surface of the semiconductor wafer WH is
polished by causing the semiconductor wafer WH to slide against the polishing surface 101a
of the polishing pad 101.

[0033] Fig. 2 is a plan view illustrating a relationship among the polishing table 100, the
eddy current sensor 50, and the semiconductor wafer WH.  As illustrated in Fig. 2, the eddy
current sensor 50 is installed at a position that passes through a center Cw of the
semiconductor wafer WH being polished that is held by the top ring 1.  The polishing table
100 rotates about a rotation center 170. For example, the eddy current sensor 50 is
configured to detect a metal film (conductive film) such as a Cu layer of the semiconductor
wafer WH continuously on a passage trajectory (scan line) while passing under the
semiconductor wafer WH.

[0034] Next, the eddy current sensor 50 provided in the polishing apparatus according to
the present invention will be described in further detail using the attached drawings. Figs.
3A and 3B are diagrams illustrating a configuration of an eddy current sensor assembly
including the eddy current sensor 50, in which Fig. 3A is a block diagram illustrating the
configuration of the eddy current sensor assembly, and Fig. 3B is an equivalent circuit
diagram of the eddy current sensor assembly. As illustrated in Fig. 3A, the eddy current

sensor 50 is disposed near a metal film (or conductive film) mf to be detected, and an
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alternating-current (AC) signal source 52 is connected to an exciting coil of the eddy current
sensor 50. Here, the metal film (or conductive film) mf to be detected is a thin film of a
material such as Cu, Al, Au, or W formed on the semiconductor wafer WH, for example.

The eddy current sensor 50 is disposed near the metal film (or conductive film) to be detected
at a distance of approximately 1.0 mm to 4.0 mm for example. The coil is normally wound
around a magnetic material such as ferrite (not illustrated).

[0035] Types of eddy current sensors include a frequency type that generates an eddy
current in the metal film (or conductive film) mf to cause a change in an oscillating frequency
and detects the metal film (or conductive film) from the frequency change, and an impedance
type that generates an eddy current in the metal film (or conductive film) to cause a change in
an impedance and detects the metal film (or conductive film) from the impedance change.

In other words, with the frequency type, changing an eddy current I, causes an impedance Z
to change in the equivalent circuit illustrated in Fig. 3B, and if the oscillating frequency of
the signal source (a variable frequency oscillator) 52 changes, the change in the oscillating
frequency can be detected by an output signal processing circuit 54, and a change in the
metal film (or conductive film) can be detected. With the frequency type, the sensor may
simply be an exciting coil only, and a detecting coil is unnecessary. Accordingly, the first
exciting coil and the first detecting coil are the same coil, or the second exciting coil and the
second detecting coil are the same coil.

[0036] With the impedance type, changing the eddy current I> causes the impedance Z to
change in the equivalent circuit illustrated in Fig. 3B, and if the impedance Z as seen from
the signal source (a fixed frequency oscillator) 52 changes, the change in the impedance Z
can be detected by the output signal processing circuit 54, and a change in the metal film (or
conductive film) can be detected.

[0037] In an eddy current sensor of the impedance type, it is possible to extract signal
outputs X and Y, a phase, and the combined impedance Z (= X +1Y). From impedance
components X, Y, and the like, measurement information about a thickness of the metal film

(or conductive film) of Cu, Al, Au, or W is obtained.  As illustrated in Fig. 1, the eddy
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current sensor 50 can be built into the polishing table 100 at a position near the surface and
positioned to face the semiconductor wafer to be polishing through the polishing pad, such
that changes in the metal film (or conductive film) can be detected from an eddy current
flowing through the metal film (or conductive film) on the semiconductor wafer.

[0038] For the frequency of the eddy current sensor, a single radio wave, AM-modulated
radio waves, a sweep output from a function generator, or the like can be used, and it is
preferable to select an oscillating frequency and a modulation method with good sensitivity
to match the type of metal film.

[0039] Hereinafter, an eddy current sensor of the impedance type will be described
specifically. The AC signal source 52 includes an oscillator (not illustrated) of a fixed
frequency approximately from 2 MHz to 30 MHz. The oscillator is a quartz oscillator, for
example. Additionally, a current I; flows through the eddy current sensor 50 due to an AC
voltage supplied by the AC signal source 52. By causing a current to flow through the eddy
current sensor 50 positioned near the metal film (or conductive film) mf, a magnetic flux
links with the metal film (or conductive film) mf to form a mutual inductance M between the
two, and an eddy current I, flows through the metal film (or conductive film) mf. Here,

R1 is an equivalent resistance on a primary side that includes the eddy current sensor, and

L1 is a self-inductance on the primary side that similarly includes the eddy current sensor.
On a metal film (or conductive film) mf side, R2 is an equivalent resistance corresponding to
eddy current loss, and L2 is a self-inductance thereof. The impedance Z seen on an eddy
current sensor side from terminals a and b of the AC signal source 52 changes depending on
a magnitude of the eddy current loss formed in the metal film (or conductive film) mf.
[0040] Fig. 1 also illustrates the output signal processing circuit 54 of the eddy current
sensor 50. As illustrated in Fig. 2, the polishing table 100 of the polishing apparatus is
capable of rotating about an axis 170, as indicated by an arrow. The AC signal source

52 and the output signal processing circuit 54 are embedded inside the polishing table 100.
The eddy current sensor 50 may also be integrated with the AC signal source 52 and the

output signal processing circuit 54. An output signal 172 from the output signal processing
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circuit 54 enters the table spindle 100a of the polishing table 100, passes through a rotary
joint (not illustrated) provided on an axial end of the table spindle 100a, and is output to an
endpoint detection controller 246 (endpoint detector). Note that at least one of the AC
signal source 52 and the output signal processing circuit 54 may also be disposed outside the
polishing table 100. The endpoint detection controller 246 is configured to detect, from the
detected eddy current, a polishing endpoint that indicates the end of polishing of the
polishing target.

[0041] Fig. 4 is a schematic diagram illustrating an exemplary configuration of the eddy
current sensor 50 of the present embodiment. The eddy current sensor 50, which is
disposed near a substrate on which a conductive film has been formed (the detection target,
which is the semiconductor wafer WH, for example), includes a first detector 180 that detects
an eddy current generated in the substrate and a second detector 182 that detects the eddy
current. The first detector 180 includes a first exciting coil 72 configured to generate the
eddy current, a first detecting coil 73 configured to detect the eddy current, and a first dummy
coil 74.

[0042] The first exciting coil 72, the first detecting coil 73, and the first dummy coil

74 are air-core coils. The first exciting coil 72, the first detecting coil 73, and the first
dummy coil 74 may also be coils with a core of a nonmagnetic material. The first exciting
coil 72, the first detecting coil 73, and the first dummy coil 74 are obtained by forming a
conductor in a helical shape on a thin resin substrate. In the drawing, the substrate is not
illustrated.

[0043] The second detector 182 includes second exciting coils 860 and 862 configured to
generate an eddy current, second detecting coils 864 and 866 configured to detect an eddy
current, and second dummy coils 868 and 870. The second exciting coils 860 and 862, the
second detecting coils 864 and 866, and the second dummy coils 868 and 870 are coils with a
magnetic pot core 60.

[0044] In the present embodiment, the first exciting coil and the first detecting coil are

air-core coils or coils with a core of a nonmagnetic material, while the second exciting coil
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and the second detecting coil are coils with a core of a magnetic material. Thus, when
detecting fine metal, a detection output of the second detector is large, making it possible to
provide an eddy current sensor with a large detection output even when detecting fine metal.
In some cases, the second detector having a core of a magnetic material may have a smaller
detection output than that of the first detector with respect to metal such as bulk, which is not
fine metal. According to the present embodiment, it is possible to provide an eddy current
sensor with a large detection output from the first detector at such times.

[0045] The first detector 180 is disposed between the semiconductor wafer WH and the
second detector 182. Note that the first detector 180 may also be disposed peripherally
around the second detector 182. In this case, it is preferable to provide a hole in the center
of the first exciting coil 72, the first detecting coil 73, and the first dummy coil 74, and
dispose the second detector 182 in the hole portion. In the drawing, the central axis 184 of
the first exciting coil 72, the central axis 184 of the first detecting coil 73, the central axes
184 of the second exciting coils 860 and 862, and the central axes 184 of the second detecting
coils 864 and 866 are aligned.

[0046] It is preferable to disposed the coils so that the central axis 184 of the first
exciting coil 72, the central axis 184 of the first detecting coil 73, the central axes 184 of the
second exciting coils 860 and 862, and the central axes 184 of the second detecting coils

864 and 866 are aligned. The reason why is that when the central axes 184 are aligned, the
first detector 180 and the second detector 182 measure the film thickness at the same point on
the semiconductor wafer WH, which makes control of polishing accurate and easy. When
the central axes 184 are not aligned, that is, when the first detector 180 and the second
detector 182 are disposed at different points inside the polishing table 100, it is necessary to
consider that the film thickness of the semiconductor wafer WH varies depending on the
location. The central axes 184 are not required to be aligned perfectly. A degree of
alignment of the central axes 184 can be determined with consideration for the accuracy of
film thickness measurement and the like.

[0047] In the drawing, the first detector 180 and the second detector 182 are disposed
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near each other, but the first detector 180 and the second detector 182 may also be disposed
at distant positions. For example, the first detector 180 and the second detector 182 may be
disposed at symmetric positions with respect to the rotation center 170 on the polishing table
100.

[0048] The first exciting coil 72, the first detecting coil 73, and the first dummy coil

74 in the drawing are coils obtained by winding a conductor in a single column with multiple
layers, a column being defined as a direction perpendicular to the semiconductor wafer WH,
a layer being defined as a direction parallel to the semiconductor wafer WH. Note that the
first exciting coil 72, the first detecting coil 73, and the first dummy coil 74 may also be coils
obtained by winding a conductor in multiple columns with multiple layers, in a single column
with a single layer, or in multiple columns with a single layer. Among these, coils obtained
by winding a conductor in a single column with multiple layers are preferable. This is
because thin (that is, flat) coils without a magnetic core are capable of detection over a wide
range. Note that the second exciting coils 860 and 862, the second detecting coils 864 and
866, and the second dummy coils 868 and 870 are coils obtained by winding a conductor in
multiple columns with multiple layers.

[0049] The pot core 60 is a magnetic material and has a floor part 61a (bottom magnetic
material), a magnetic core part 61b (central magnetic material) provided in the center of the
floor part 61a, and a surrounding wall part 61c (peripheral magnetic material) provided on a
periphery of the floor part 61a. The surrounding wall part 61c is a wall provided on the
periphery of the floor part 61a so as to surround the magnetic core part 61b. In the present
embodiment, the floor part 61a has a circular disc shape, the magnetic core part 61b has a
solid circular columnar shape, and the surrounding wall part 61¢ has a cylindrical shape
surrounding the floor part 61a. The second exciting coil includes a second central exciting
coil 860 disposed at the magnetic core part 61b, and the second detecting coil includes a
second central detecting coil 864 disposed at the magnetic core part 61b. The second

dummy coil includes a second central dummy coil 868 disposed at the magnetic core part

61b.
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[0050] The second exciting coil includes a second peripheral exciting coil 862 disposed
at the surrounding wall part 61c. The second detecting coil includes a second peripheral
detecting coil 866 disposed at the surrounding wall part 61c. The second detecting coil
includes a second peripheral dummy coil 870 disposed at the surrounding wall part 61c.
Note that the second peripheral exciting coil 862, the second peripheral detecting coil 866,
and the second peripheral dummy coil 870 disposed at the surrounding wall part 61¢ may
also be absent. In this case, the second detector 182 is a conventional coil with a pot-type
core. Furthermore, the second detector 182 may include only the second peripheral exciting
coil 862, the second peripheral detecting coil 866, and the second peripheral dummy coil

870 disposed at the surrounding wall part 61c, while the second central detecting coil 864,
the second central exciting coil 860, and the second central dummy coil 868 disposed at the
magnetic core part 61b may be absent.

[0051] The second detector 182 illustrated in the drawing will be described further. Of
the six coils 860, 862, 864, 866, 868, and 870, the coils 860 and 862 in the center are exciting
coils connected to the AC signal source 52. The exciting coils 860 and 862 form an eddy
current in the metal film (or conductive film) mf on the semiconductor wafer WH disposed
nearby due to a magnetic field formed by the voltage supplied by the AC signal source 52.
The detecting coils 864 and 866 are disposed on the metal film side of the exciting coils

860 and 862, and detect the magnetic field generated by the eddy current formed in the metal
film. The dummy coils 868 and 870 are disposed on the opposite side from the detecting
coils 864 and 866 with the exciting coils 860 and 862 in between.

[0052] The exciting coil 860 is an inner coil disposed peripherally around the magnetic
core part 61b, is configured to generate a magnetic field, and forms an eddy current in a
conductive film. The exciting coil 862 is an outer coil disposed peripherally around the
surrounding wall part 61c, is configured to generate a magnetic field, and forms an eddy
current in a conductive film. The detecting coil 864 is disposed peripherally around the
magnetic core part 61b, is configured to detect a magnetic field, and detects an eddy current

formed in a conductive film. The detecting coil 866 is disposed peripherally around the



- 16 -

surrounding wall part 61c, is configured to detect a magnetic field, and detects an eddy
current formed in a conductive film.

[0053] The eddy current sensor includes the dummy coils 868 and 870 that detect an
eddy current formed in a conductive film. The dummy coil 868 is disposed peripherally
around the magnetic core part 61b, and is configured to detect a magnetic field. The
dummy coil 870 is disposed peripherally around the surrounding wall part 61c, and is
configured to detect a magnetic field. In the present embodiment, the detecting coils and
the dummy coils are disposed peripherally around the floor part 61a and peripherally around
the surrounding wall part 61c, but the detecting coils and the dummy coils may also be
disposed on only one of either peripherally around the floor part 61a or peripherally around
the surrounding wall part 61c.

[0054] An axial direction of the magnetic core part 61b is orthogonal to the conductive
film on the substrate, the detecting coils 864 and 866, the exciting coils 860 and 862, and the
dummy coils 868 and 870 are disposed at different positions in the axial direction of the
magnetic core part 61b, and additionally, the detecting coils 864 and 866, the exciting coils
860 and 862, and the dummy coils 868 and 870 are disposed in the above order in the axial
direction of the magnetic core part 61b proceeding from a position close to the conductive
film on the substrate to a position farther away. A lead line (not illustrated) for connecting
to the outside extends from each of the detecting coils 864 and 866, the exciting coils 860 and
862, and the dummy coils 868 and 870.

[0055] Fig. 4 is a cross section of the eddy current sensor 50 in a plane passing through a
central axis 872 of the magnetic core part 61b. The pot core 60 is a magnetic material and
has a circular floor part 61a, a circular columnar magnetic core part 61b provided in the
center of the floor part 61a, and a cylindrical surrounding wall part 61¢ provided on the
circumference of the floor part 61a. As one example of the dimensions of the pot core 60, a
diameter T1 of the floor part 61a is approximately from 1 cm to 5 cm, and a height T2 of the
pot core 60 is approximately from 1 cm to 5 cm. An outer diameter of the surrounding wall

part 61c has the same cylindrical shape in a height direction in Fig. 4, but the outer diameter
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may also have a converging shape (tapered shape) that narrows in a direction going away
from the floor part 61a, or in other words, narrows toward a tip.  Also, the magnetic core is
not limited to a circular shape, and may also be elliptical or rectangular. The magnetic core
likewise is not limited to a circular column, and may also be an elliptical column or a
rectangular column.

[0056] The conducting wire used in the detecting coils 864 and 866, the exciting coils
860 and 862, and the dummy coils 868 and 870 is copper, Manganin wire, or nichrome wire.
As a result of using Manganin wire or nichrome wire, there are fewer temperature changes
due to electrical resistance and the like, and the temperature properties are improved.

[0057] In the present embodiment, wire rod is wrapped around the outside of the
magnetic core part 61b and the outside of the surrounding wall part 61c made of ferrite or the
like to form the exciting coils 860 and 862, and therefore the eddy current density flowing
through the measurement target can be raised. Additionally, because the detecting coils
864 and 866 are also formed on the outside of the magnetic core part 61b and the outside of
the surrounding wall part 61c, the generated reverse magnetic field (interlinkage flux) can be
collected efficiently.

[0058] To raise the eddy current density flowing through the measurement target, in the
present embodiment, the exciting coil 860 and the exciting coil 862 are additionally
connected in parallel, as illustrated in Fig. 5. Fig. 5 is a schematic diagram illustrating an
exemplary connection of exciting coils in the second detector 182. In other words, the inner
coil and the outer coil are electrically connected in parallel. The reasons for connecting in
parallel are as follows. When connected in parallel, the voltage that can be applied to the
exciting coil 860 and the exciting coil 862 is increased and the current flowing through the
exciting coil 860 and the exciting coil 862 is increased over the case of connecting in series.
Consequently, the magnetic field is larger. Also, when connected in series, the inductance
of the circuit increases, and the frequency of the circuit falls. This makes it difficult to
apply the necessary high frequency to the exciting coils 860 and 862. An arrow

874 indicates a direction of current flowing through the exciting coil 860 and the exciting coil
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862.

[0059] As illustrated in Fig. 5, the exciting coil 860 and the exciting coil 862 are
connected such that the exciting coil 860 and the exciting coil 862 have the same magnetic
field direction. In other words, current flows in different directions in the exciting coil

860 and the exciting coil 862. A magnetic field 876 is a magnetic field generated by the
exciting coil 860 on the inner side, while a magnetic field 878 is a magnetic field generated
by the exciting coil 862 on the outer side. As illustrated in Fig. 6, the magnetic field
directions of the exciting coil 860 and the exciting coil 862 are the same. Fig. 61isa
diagram illustrating a magnetic field by the second detector 182. In other words, the
direction of the magnetic field that the inner coil (second central exciting coil 860) generates
inside the magnetic core part 61b is the same as the direction of the magnetic field that the
outer coil (second peripheral exciting coil 862) generates inside the magnetic core part 61b.
[0060] Because the magnetic field 876 and the magnetic field 878 illustrated in a region
880 that is an upper part of the second detector 182 have the same orientation, the two
magnetic fields are added together and become larger. Compared to the case where only the
magnetic field 876 generated by the exciting coil 860 exists like in the related art, in the
present embodiment, the magnetic field is larger by the extent of the magnetic field

878 generated by the exciting coil 862. Fig. 7A illustrates a plan view of the second
detector 182. Fig. 7B is a cross section of the second detector 182 in Fig. 4.

[0061] Fig. 8 is a schematic diagram illustrating an exemplary configuration of the first
detector 180 in the eddy current sensor 50 of the present embodiment. As illustrated in the
drawing, the first detector 180 includes the first exciting coil 72 for forming an eddy current
in the metal film (or conductive film) on the semiconductor wafer WH, and the first detecting
coil 73 for detecting the eddy current of the metal film (or conductive film). The first
dummy coil 74 is disposed on the side of the first exciting coil 72 opposite the first detecting
coil 73. The first detecting coil 73, the first exciting coil 72, and the first dummy coil 74 are
formed on substrates 186, 188, and 190, respectively. A resin protective layer 192 is

provided on top of the first detecting coil 73. The protective layer 192 may also be absent.
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The first detecting coil 73, the first exciting coil 72, and the first dummy coil 74 may also be
ordinary solenoid coils wound around a resin bobbin.

[0062] The first exciting coil 72 in the drawing is an oscillating coil connected to the
signal source 52. The oscillating coil 72 forms an eddy current in the metal film (or
conductive film) mf on the semiconductor wafer WH located nearby due to a magnetic field
formed by the voltage supplied by the AC signal source 52. The first detecting coil 73 is
disposed on the upper side (the metal film (or conductive film) side) of the first exciting coil
72, and detects the magnetic field generated by the eddy current formed in the metal film (or
conductive film).

[0063] Figs. 9A to 9C are schematic diagrams illustrating an exemplary connection of
each coil in the first detector 180 of the eddy current sensor 50. In this example, a
resistance bridge circuit 77 is used. As illustrated in Fig. 9A, the detecting coil 73 and the
dummy coil 74 are connected in reverse phase with each other. The detecting coil 73 and
the dummy coil 74 form a reverse-phase series circuit, both ends of which are connected to
the resistance bridge circuit 77 including a variable resistance 76.

[0064] Specifically, a signal line 731 of the detecting coil 73 is connected to a terminal
773 of the resistance bridge circuit 77, and a signal line 732 of the detecting coil 73 is
connected to a terminal 771 of the resistance bridge circuit 77. A signal line 741 of the
dummy coil 74 is connected to a terminal 772 of the resistance bridge circuit 77, and a signal
line 742 of the dummy coil 74 is connected to the terminal 771 of the resistance bridge circuit
77. The terminal 771 is grounded. A terminal 774 of the resistance bridge circuit 77 is a
sensor output. The detecting coil 73, the exciting coil 72, and the dummy coil 74 have
inductances L1, Lo, and L3, respectively.

[0065] By connecting the exciting coil 72 to the AC signal source 52 and generating
alternating flux, an eddy current is formed in the metal film (or conductive film) mf located
nearby. By adjusting a resistance value of the variable resistance 76, the output voltage of
the series circuit containing the detecting coil 73 and the dummy coil 74 is adjustable so as to

be zero when a metal film (or conductive film) is not present. L; and L3 signals are adjusted
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to be in the same phase with each other by the variable resistance 76 (VR and VR») inserted
in parallel with each of the detecting coil 73 and the dummy coil 74. In other words, in the
equivalent circuit in Fig. 9B, variable resistances VR (= VRi.1+ VRi2) and VR (= VR2.1 +
VR2.,) are adjusted such that

VRi.1 x (VR22+ jolsz) = VRi2x (VR2.1 + joLi) (1)
With this arrangement, as illustrated in Fig. 9C, the L1 and L3 signals before adjustment
(indicated by the dashed lines in the diagram) are set to signals having the same phase and
the same amplitude (indicated by the solid line in the diagram).
[0066] Fig. 10 is a schematic diagram illustrating an exemplary connection of each coil
in the second detector 182 of the eddy current sensor 50. An example of the output signal
processing circuit 54 corresponding to the eddy current sensor of Fig. 10 is illustrated in Fig.
14. Fig. 10 illustrates a perspective view of the second detector 182 illustrated in Fig. 4.
In Fig. 10, a top face 218 is illustrated above a top face 220 for easier understanding, but the
top face 218 and the top face 220 are in a same horizontal plane as illustrated in Fig. 6. In
Fig. 10, there are two coil assemblies, but there may also be three or more coil assemblies.
In the case where there are two or more coil assemblies, the measurement accuracy (S/N
ratio) is improved because of the increased number of film thickness measurements
compared to the case of a single coil assembly.
[0067] In the second detector 182, a detecting coil 864 of an inner eddy current sensor
286 and a detecting coil 866 of an outer eddy current sensor 288 are connected in series. A
dummy coil 868 of the inner eddy current sensor 286 and a dummy coil 870 of the outer eddy
current sensor 288 are connected in series. The exciting coil 860 and the exciting coil
862 of the inner and outer eddy current sensors are connected in parallel to the signal source
52. Note that the detecting coil 864 and the detecting coil 866 may also be connected in
parallel, and the dummy coil 868 and the dummy coil 870 may also be connected in parallel.
[0068] In Fig. 10, one bridge circuit 77 is used, but two bridge circuits 77 may also be
used. In other words, the detecting coil 864 and the detecting coil 866 may be respectively

connected to two bridge circuits 77 independently, and the dummy coil 868 and the dummy
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coil 870 may be respectively connected to the two bridge circuits 77 independently. From
the perspective of frequency characteristics, independent connections to separate bridge
circuits 77 are preferable. Note that a bridge circuit may also not be used. In other words,
it is also possible for the output of the eddy current sensor 50 to be input directly into the
output signal processing circuit 54 and processed, without going through a bridge circuit.
When not using a bridge circuit, the dummy coils 74, 868, and 870 are unnecessary.

[0069] The specific connections in Fig. 10 are as follows. In the inner eddy current
sensor 286, the detecting coil 864 includes signal lines 8641 and 8642. The exciting coil
860 includes signal lines 8601 and 8602. The dummy coil 868 includes signal lines

8681 and 8682. In the outer eddy current sensor 288, the detecting coil 866 includes signal
lines 8661 and 8662. The exciting coil 862 includes signal lines 8621 and 8622. The
dummy coil 870 includes signal lines 8701 and 8702.

[0070] The signal line 8641 of the detecting coil 864 of the inner eddy current sensor
286 is connected to the terminal 773 of the resistance bridge circuit 77. The signal line
8642 of the detecting coil 864 is connected to the signal line 8661 of the detecting coil 866 of
the outer eddy current sensor 288. The signal line 8662 of the detecting coil 866 is
connected to the terminal 771 of the resistance bridge circuit 77. The signal line 8681 of the
dummy coil 868 of the inner eddy current sensor 286 is connected to the terminal 772 of the
resistance bridge circuit 77. The signal line 8642 of the dummy coil 868 is connected to the
signal line 8701 of the dummy coil 870 of the outer eddy current sensor 288. The signal
line 8702 of the dummy coil 870 is connected to the terminal 771 of the resistance bridge
circuit 77.

[0071] In the drawing, the output of detecting coil 864 of the inner eddy current sensor
286 and the output of the detecting coil 866 of the outer eddy current sensor 288 are in series,
and consequently there is an effect of increased output compared to the case of a single
detecting coil. The terminal 774 of the bridge circuit 77 is connected to the output signal
processing circuit 54 (detector circuit). The output of the output signal processing circuit

54 is the output signal 172, and is connected to the endpoint detection controller
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246 illustrated in Fig. 1.

[0072] Fig. 11 illustrates connections between the entire eddy current sensor 50 and the
bridge circuits 77. This drawing summarizes the exemplary connections described using
Figs. 8 to 10. Connections between the eddy current sensor 50 and the bridge circuits 77 are
simplified to avoid complexity. As described above, the eddy current sensor 50 includes
different types of coils. Namely, the first exciting coil and the first detecting coil are
air-core coils or coils with a core of a nonmagnetic material, while the second exciting coil
and the second detecting coil are coils with a core of a magnetic material. In the present
embodiment, different types of coils are selected according to the application.

[0073] By combining a core coil (second detector 182) with a magnetic material such as
ferrite with a coil (first detector 180) that is flatter than the core coil, the sensitivity,
resolution, and spot diameter can be improved. In other words, the second detector 182 and
the first detector 180 have different merits. The second detector 182 has the merits of a
small range (referred to as the spot diameter) in which to detect an eddy current and high
resolution for thin films. Here, resolution refers to a ratio of the change in the output of the
eddy current sensor to the change in film thickness. On the other hand, the second detector
182 has low resolution for thick films compared to the first detector 180.

[0074] The reasons for the small spot diameter of the second detector 182 are as follows.
The second detector 182, having a magnetic core, can form a magnetic field over a narrow
range, and thus can detect magnetic flux efficiently over a narrow range. Accordingly, the
spot diameter is reduced. In the case in which the first detector 180 is a flat coil or the like,
the diameter needs to be greater than that of the second detector 182, which is a core coil, to
obtain the same output as the core coil. Accordingly, to obtain a small spot diameter, the
second detector 182 needs to be a core coil.

[0075] The first detector 180, being a flat coil or a solenoid coil, has the merits of good
frequency characteristics and high resolution for thick films. Here, frequency
characteristics refer to whether the resonance point of the coil (the frequency at which the

coil resonates) is high or low. Good frequency characteristics mean that the coil has a high
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resonance point. If the coil has a high resonance point, a high frequency can be applied to
the coil, thereby heightening the sensitivity of the sensor. On the other hand, when
compared to the second detector 182, the first detector 180 is characterized by having low
resolution for thin films and a large spot diameter.

[0076] Fig. 12 illustrates a magnetic field 202 generated by the eddy current sensor 50.
Fig. 13 illustrates an output 194 of the first detector 180 and an output 196 of the second
detector 182. The output 194 is a signal output by the terminal 774 of the bridge circuit

77 after the processing, by the bridge circuit 77, of the output of the first detecting coil 73 and
the first dummy coil 74 of the first detector 180. The output 196 is a signal output by the
terminal 774 after the processing, by the bridge circuit 77, of the output of the second
detecting coils 864 and 866 and the second dummy coils 868 and 870 of the second detector
182. A horizontal axis of the diagram is the film thickness (in units of nanometers (nm)),
and a vertical axis is the voltage (in units of millivolts (mV)).

[0077] As Fig. 13 demonstrates, when the film thickness is thin, the output 196 of the
second detector 182 is larger than the output 194 of the first detector 180, and when the film
thickness is thick, the output 196 of the second detector 182 is smaller than the output 194 of
the first detector 180. In regard to a difference in resolution with respect to film thickness,
the diagram also demonstrates that the second detector 182 has high resolution for thin films
while the first detector 180 has high resolution for thick films.

[0078] The diagram indicates that the output of the sensor depends on the film thickness,
but more precisely, the output of the sensor depends on the resistance value of the film. In
other words, in the case of a metal with a high resistance value (for example, titanium or
ruthenium), the output of the sensor will be small because the resistance value is high, even
for a thick film. On the other hand, in the case of a metal with a low resistance value, such
as gold, the output of the sensor will be large because the resistance value is low, even for a
thin film. Fig. 13 illustrates measurement values for a metal with a relatively low resistance
value, such as copper.

[0079] Fig. 14 is a block diagram illustrating the output signal processing circuit
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54 (synchronous detector circuit) of the eddy current sensor 50. This diagram illustrates an
example of a circuit for measuring an impedance Z seen on the eddy current sensor 50 side
from the AC signal source 52 side. In the circuit for measuring the impedance Z illustrated
in the diagram, a resistance component (R), a reactance component (X), an amplitude output
(Z), and a phase output (tan"'R/X) associated with changes in film thickness can be extracted.
The diagram illustrates a processing circuit of the first detector 180 or the second detector
182. In other words, the diagram illustrates one of the two bridge circuits 77 in Fig. 11.
The output signals of the two bridge circuits 77 are each processed by the similar output
signal processing circuit 54.

[0080] As described above, the signal source 52, which supplies an AC signal to the
eddy current sensor 50 disposed near the semiconductor wafer WH on which the metal film
(or conductive film) mf to be detected is formed, is an oscillator of fixed frequency
containing a crystal oscillator, and supplies a voltage at a fixed frequency of 2 MHz, 8§ MHz,
or 16 MHz, for example. The AC voltage formed by the signal source 52 is supplied to the
eddy current sensor 50 through a bandpass filter 82. A signal detected at the terminal of the
eddy current sensor 50 passes through the bridge circuit 77, and a cos component and a sin
component of the detection signal are extracted by a synchronous detector containing a cos
synchronous detector circuit 85 and a sin synchronous detector circuit 86. Here, the
oscillation signal formed by the signal source 52 is used by a phase shift circuit 84 to form
two signals of an in-phase component (0°) and an orthogonal component (90°) of the signal
source 52, which are introduced into the cos synchronous detector circuit 85 and the sin
synchronous detector circuit 86 respectively to perform the synchronous detection described
above.

[0081] In the synchronously detected signals, an unwanted high-frequency component
above the signal component is removed by low-pass filters 87 and 88 to extract the resistance
component (R) output as a cos synchronous detection output and the reactance component
(X) output as a sin synchronous detection output, respectively. Additionally, the amplitude

output (R?+ X?)!2is obtained from the resistance component (R) output and a reactance
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component (X) output by a vector operator circuit 89. Also, the phase output (tan”'R/X) is
obtained similarly from the resistance component output and the reactance component output
by a vector operator circuit 90.

[0082] Next, Figs. 15 to 17 will be used to describe an example in which the peripheral
magnetic material is not the wall part 61c (see Fig. 7A) provided on the periphery of the floor
part 61a to enclose the magnetic core part 61b.  Figs. 15 and 16 illustrate the eddy current
sensor 50 in which the floor part 61a has a rod shape, and the wall part 61c is disposed at
both ends of the rod shape. Fig. 151s atop view. Fig. 16 1s an AA cross section of Fig. 15.
Two pieces of the peripheral magnetic material 61d are provided on the periphery of the floor
part 61a. The eddy current sensor 50 has an E-shaped magnetic core, as seen from Fig. 16.
Fig. 17 is a top view of an eddy current sensor 50 in which four pieces of the peripheral
magnetic material 61d are provided on the periphery of the floor part 61a. The peripheral
magnetic material 61d may also be five or more pieces. Note that in Figs. 4, 15, and 17, the
coil may also be on the outside only (in other words, only the wall part 61¢ or the peripheral
magnetic material 61d) or on the inside only (in other words, only the magnetic core part
61b). In such cases, inside only is better. Note that providing the coil on both the outside
and the inside is more preferable than providing the coil on only one of either the outside or
the inside. The above describes the case in which the magnetic material of the second
detector 182 is a pot-type core, E-type core, or the like, but the magnetic material of the
second detector 182 may also be a bar core.

[0083] As illustrated in Fig. 4, the eddy current sensor 50 may have a housing 198. In
this case, the first detector 180 and the second detector 182 are disposed inside the metal
housing 198. The housing 198 can reduce the electrical influence that the eddy current
sensor 50 is subjected to from the outside. The first detector 180 and the second detector
182 are secured inside the housing 198 by, for example, filling gaps in the housing 198, such
as gaps between coils, with resin 200 such as epoxy resin.

[0084] A method of controlling each unit of the polishing apparatus on the basis of the

film thickness obtained by the eddy current sensor 50 is described hereinafter. As
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illustrated in Fig. 1, the eddy current sensor 50 is connected to the endpoint detection
controller 246 via the output signal processing circuit 54. The endpoint detection controller
246 is connected to an equipment controller 248.  Consequently, the output signal from the
eddy current sensor 50 is sent to the endpoint detection controller 246. The endpoint
detection controller 246 performs necessary processing (arithmetic processing and
correction) on the output signal 172 from the output signal processing circuit 54 to generate a
monitoring signal (film thickness data). The equipment controller 248 controls components
such as the top ring motor 114 and a motor for the polishing table 100 (not illustrated) on the
basis of the film thickness data.

[0085] Next, the control of the polishing apparatus as a whole by the equipment
controller 248 will be described. The equipment controller 248, which is a main controller,
includes a CPU, a memory, a recording medium, and software or the like recorded to the
recording medium. The equipment controller 248 performs monitoring and control of the
polishing apparatus as a whole, exchanging signals, recording information, and performing
computations for this purpose. The equipment controller 248 has a built-in program to
function as control means for controlling polishing by the polishing apparatus. The
endpoint detection controller 246 can also include a CPU, a memory, a recording medium,
and software or the like recorded to the recording medium. The endpoint detection
controller 246 has a built-in program to function as endpoint detecting means for detecting a
polishing endpoint that indicates an end of polishing. Note that program may be partially or
fully built into the equipment controller 248. The program is updatable. Note that the
program does not have to be updatable.

[0086] Next, a method of detecting a film thickness using the eddy current sensor 50 will
be described. In this method, when the electrical resistance of the semiconductor wafer WH
(detection target) is determined to be less than a predetermined value, the equipment
controller 248 detects an eddy current with the first detector 180 to obtain the film thickness
(step 1). When the electrical resistance of the semiconductor wafer WH is determined to be

greater than the predetermined value, the equipment controller 248 detects an eddy current



-7 -

with the second detector 182 to obtain the film thickness (step 2). The equipment controller
248 determines whether the electrical resistance of the semiconductor wafer WH is greater
than the predetermined value according to the following method, for example. (1) The
electrical resistance is determined to be less than the predetermined value until the polishing
time has elapsed for a predetermined time, and/or (2) the electrical resistance is determined to
be less than the predetermined value until the output of the first detector 180 falls to or below
a predetermined value, and/or (3) the electrical resistance is determined to be less than the
predetermined value until the output of the second detector 182 falls to or below a
predetermined value, and/or (4) the electrical resistance is determined to be less than the
predetermined value when the film thickness is less than a predetermined value on the basis
of film thickness data generated by the endpoint detection controller 246.

[0087] Next, a different method of detecting a film thickness using the eddy current
sensor 50 will be described. In this method, when the film thickness of the semiconductor
wafer WH (detection target) is determined to be greater than a predetermined value, the
equipment controller 248 detects an eddy current with the first detector 180 to obtain the film
thickness (step 11). When the film thickness of the semiconductor wafer WH is determined
to be less than a predetermined value, the equipment controller 248 detects an eddy current
with the second detector 182 to obtain the film thickness (step 12). The equipment
controller 248 determines whether the film thickness of the semiconductor wafer WH is
greater than the predetermined value according to the following method, for example. (1)
The film thickness is determined to be greater than the predetermined value until the
polishing time has elapsed for a predetermined time, and/or (2) the film thickness is
determined to be greater than the predetermined value until the output of the first detector
180 falls to or below a predetermined value, and/or (3) the film thickness is determined to be
greater than the predetermined value until the output of the second detector 182 falls to or
below a predetermined value, and/or (4) the film thickness is determined to be greater than
the predetermined value on the basis of film thickness data generated by the endpoint

detection controller 246.
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[0088] The foregoing describes exemplary embodiments of the present invention, but the
embodiments described above are for facilitating the understanding of the present invention,
and do not limit the present invention. The present invention may be modified and
improved without departing from the scope of the invention, and any equivalents obtained
through such modification and improvement are obviously included in the present invention.
Furthermore, any combination or omission of the components described in the claims and the
specification is possible insofar as at least one or some of the problems described above can
be addressed, or insofar as at least one or some of the effects are exhibited.
[0089] This application claims priority under the Paris Convention to Japanese Patent
Application No. 2022-208003 filed on December 26, 2022. The entire disclosure of
Japanese Patent Laid-Open Nos. 2011-23579 and 2013-211354 including specification,
claims, drawings and summary is incorporated herein by reference in its entirety.
REFERENCE SIGNS LIST
[0090] 50 eddy current sensor

54 output signal processing circuit

60 pot core

72 first exciting coil

73 first detecting coil

74  first dummy coil

77 bridge circuit

100 polishing table

101 polishing pad

110 top ring head

180 first detector

182 second detector

246 endpoint detection controller

6la floor part

61b magnetic core part



6lc
6ld
860
862
864
866
868
870

-29.

wall part

peripheral magnetic material
second central exciting coil
second peripheral exciting coil
second central detecting coil
second peripheral detecting coil
second central dummy coil

second peripheral dummy coil
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WHAT IS CLAIMED IS:

I. An eddy current sensor comprising a first detector that detects an eddy current
generated in a detection target and a second detector that detects the eddy current, wherein

the first detector includes a first exciting coil configured to generate the eddy
current and a first detecting coil configured to detect the eddy current,

the first exciting coil and the first detecting coil are air-core coils or coils with a
core of a nonmagnetic material,

the second detector includes a second exciting coil configured to generate the
eddy current and a second detecting coil configured to detect the eddy current, and

the second exciting coil and the second detecting coil are coils with a core of a
magnetic material.
2. The eddy current sensor according to claim 1, wherein

the first detector is disposed between the detection target and the second detector.
3. The eddy current sensor according to claim 1, wherein

the first detector is disposed peripherally around the second detector.
4. The eddy current sensor according to any one of claims 1 to 3, wherein

a central axis of the first exciting coil, a central axis of the first detecting coil, a
central axis of the second exciting coil, and a central axis of the second detecting coil are
aligned.
5. The eddy current sensor according to any one of claims 1 to 4, wherein

the first exciting coil and the first detecting coil are coils obtained by winding a
conductor in a single column with multiple layers or in multiple columns with multiple layers,
a column being defined as a direction perpendicular to the detection target, a layer being
defined as a direction parallel to the detection target.
6. The eddy current sensor according to any one of claims 1 to 5, wherein

the core of the magnetic material includes

a bottom magnetic material,
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a central magnetic material provided in a center of the bottom
magnetic material, and
a peripheral magnetic material provided on a periphery of the bottom

magnetic material,

the second exciting coil includes a second central exciting coil disposed at the
central magnetic material, and

the second detecting coil includes a second central detecting coil disposed at the
central magnetic material.
7. The eddy current sensor according to claim 6, wherein

the second exciting coil includes a second peripheral exciting coil disposed at the
peripheral magnetic material, and

the second detecting coil includes a second peripheral detecting coil disposed at
the peripheral magnetic material.
8. The eddy current sensor according to claim 6 or 7, wherein

the bottom magnetic material has a rod shape, and the peripheral magnetic
material is disposed at both ends of the rod shape.
9. The eddy current sensor according to any one of claims 1 to 8, wherein

the first exciting coil and the first detecting coil are a same coil, or the second
exciting coil and the second detecting coil are a same coil.
10. A polishing apparatus comprising:

a polishing table to which a polishing pad for polishing the detection target can be
attached;

a drive configured to rotationally drive the polishing table;

a holder configured to hold and press the detection target against the polishing
pad;

the eddy current sensor according to any one of claims 1 to 9, the eddy current
sensor being disposed inside the polishing table and configured to detect by the first detecting

coil or the second detecting coil, the eddy current being formed in the detection target by the
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first exciting coil or the second exciting coil in association with the rotation of the polishing
table; and

an endpoint detector configured to detect, from the detected eddy current, a
polishing endpoint that indicates an end of polishing of the polishing target.
11. A film thickness detection method using the eddy current sensor according to any
one of claims 1 to 9, the film thickness detection method comprising:

obtaining a film thickness by detecting the eddy current with the first detector
when an electrical resistance of the detection target is less than a predetermined value; and

obtaining the film thickness by detecting the eddy current with the second
detector when the electrical resistance of the detection target is greater than the
predetermined value.
12. A film thickness detection method using an eddy current sensor according to any
one of claims 1 to 9, the film thickness detection method comprising:

obtaining a film thickness by detecting the eddy current with the first detector
when the film thickness of the detection target is greater than a predetermined value; and

obtaining the film thickness by detecting the eddy current with the second

detector when the film thickness of the detection target is less than the predetermined value.



