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EDDY CURRENT SENSOR 

 

TECHNICAL FIELD 

[0001]    The present invention relates to an eddy current sensor. 

BACKGROUND ART 

[0002]    In recent years, as the degree of integration of semiconductor devices has 

increased, wirings of circuits have become finer, and the distance between wirings has 

become smaller, which has made it necessary to flatten the surfaces of substrates 

(semiconductor wafers, etc.) as polishing target objects.  Polishing using a polishing 

apparatus has been performed as one means of this flattening method. 

[0003]    The polishing apparatus includes a polishing table for holding a polishing pad for 

polishing a polishing target object, and a top ring (holder) for pressing the polishing target 

object against the polishing pad while holding the polishing target object.  Each of the 

polishing table and the top ring is rotationally driven by a driver (for example, a motor).  

Liquid containing abrasive (slurry) is caused to flow over the polishing pad and the polishing 

target object held by the top ring is pressed against the polishing pad to polish the polishing 

target object. 

[0004]    With respect to the polishing apparatus, when the polishing target object is 

insufficiently polished, insulation between circuits may not be established, which may cause 

a short circuit.  Further, when the polishing target object is excessively polished, the cross-

sectional area of a wiring is reduced, which causes increase in resistance value or complete 

removal of the wiring itself, so that there occurs a problem that a circuit itself is not formed.  

Therefore, it is required in the polishing apparatus to detect an optimum polishing endpoint. 

[0005]    An eddy current sensor is sometimes used to detect the optimum polishing 

endpoint.  The eddy current sensor can measure the film thickness of a conductive film 

formed on a substrate.  The eddy current sensor is disposed inside a polishing table and 

detects an eddy current which is formed in the conductive film in connection with rotation of 

the polishing table.  Japanese Translation of PCT International Application Publication 
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No. 2007-501509 describes an eddy sensor, and an E type coil is used for the eddy current 

sensor in this technique. 

[0006]    In recent years, in order to reduce a defective product rate in the neighborhood of 

edges of semiconductor wafers, it has been required to measure the film thicknesses at 

portions closer to the edges of semiconductor wafers to control the film thicknesses by in-situ 

closed loop control.  In order to enhance the detection accuracy in edge regions of wafers by 

the eddy current sensor, it is effective to reduce the outer diameter (caliber) of the eddy 

current sensor.  This is because when the sensor enters the inside of a wafer from the outside 

of the wafer (or when the sensor exits from the inside of the wafer to the outside thereof), a 

moving distance of the sensor which is required for the entire sensor to pass over the edge of 

the wafer and have entered the inside of the wafer (or have exited to the outside of the wafer) 

is shortened by reducing the outer diameter of the eddy current sensor.  In the edge region of 

the wafer which corresponds to this moving distance, the film thickness cannot be accurately 

measured because the sensor is not entirely located inside the wafer. 

[0007]    When a coil having a circular cross-section (solenoid type or spiral type coil) is 

used for the sensor, the moving distance which is required for the entire sensor to have 

entered the inside of the wafer is substantially equal to the outer diameter of the coil.  

Therefore, in order to enhance the detection accuracy in the edge region of the wafer by the 

eddy current sensor, it is effective to reduce the outer diameter of the eddy current sensor. 

[0008]    On the other hand, in order to enhance the measurement accuracy of the film 

thickness of a conductive film (for example, plating film) of a wafer by the eddy current 

sensor, it is effective to increase the outer diameter of the eddy current sensor so that a large 

eddy current is generated in the conductive film to increase the detection output of the eddy 

current.  For these conflicting requirements, a ferrite core having an E-shaped cross-section 

is adopted in a conventional sensor described in Japanese Translation of PCT International 

Application Publication No. 2007-501509.  The shape of the E-type ferrite core described in 

Japanese Translation of PCT International Application Publication No. 2007-501509 is an 

elongated rectangle when the core is viewed from an upper side of the core.  One middle leg 
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and two outer legs of the E-shaped ferrite core (these legs correspond to the three 

horizontally extending lines of the letter of E) extend to be long in parallel to the long sides 

of the rectangle.  The short sides of the rectangle, that is, the width of the rectangle is small. 

[0009]    In a prior art, in the edge region of the wafer, the sensor enters the inside of the 

wafer from the outside of the wafer or exits from the inside of the wafer to the outside of the 

wafer such that the long sides of the elongated rectangle are perpendicular to the radial 

direction of the wafer.  Therefore, the length of the sensor in the radial direction of the 

wafer is equal to the width of the rectangle, and the length of the sensor in the radial direction 

of the wafer becomes short.  As a result, the moving distance of the sensor which is required 

for the entire sensor to enter the inside of the wafer (or exit to the outside of the wafer) is 

reduced.  Further, the shape of the sensor is an elongated rectangle, and thus assuming that 

the width is the same, the area of the outer diameter of the sensor increases as the long sides 

are lengthened to be longer and slenderer, so that the detection output of the eddy current can 

be increased. 

[0010]    However, with respect to the polishing apparatus, the size of the polishing 

apparatus is limited, so that the size of the polishing table to which the polishing pad for 

polishing the substrate is attached is also limited.  At this time, as described in Japanese 

Translation of PCT International Application Publication No. 2007-501509, it may be 

actually impossible to cause the elongated rectangular core of the sensor to accurately enter 

the inside of the wafer and exit from the wafer in a direction perpendicular to one diameter 

direction on the wafer in the edge region of the wafer.  For example, as described in 

Japanese Translation of PCT International Application Publication No. 2007-501509, this is 

such a case that the sensor is arranged inside the polishing table and the polishing table is 

rotated. 

[0011]    In this case, the elongated rectangular core enters or exits from the inside of the 

wafer in a direction which is not perpendicular to one diameter direction on the wafer (that is, 

obliquely).  Therefore, a distance which is required for the core to have entirely entered or 

exited from the upper side of the wafer is longer than a distance which is required for the core 
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to have entirely entered or exited from the upper side of the wafer in a direction 

perpendicular to one diameter direction on the wafer.  A detection signal of the sensor is 

inaccurate while the sensor is on a distance until the core has entirely entered or exited from 

the upper side of the wafer, which causes degradation in the detection accuracy of the film 

thickness in the edge region of the wafer. 

[0012]    An aspect of the present invention has been made to solve such a problem, and 

has an object to provide an eddy current sensor that has been improved in the detection 

accuracy of the film thickness in an edge region of a wafer as compared with a prior art. 

CITATION LIST 

PATENT LITERATURE 

[0013]    PTL 1: Japanese Translation of PCT International Application Publication 

No. 2007-501509 

SUMMARY OF INVENTION 

[0014]    In order to attain the above object, a first aspect of the present invention adopts a 

configuration of an eddy current sensor for measuring a film thickness of a conductive film 

formed on a substrate, which comprises: a core made of a magnetic material including a base 

portion, and outer legs that are provided to the base portion at both end portions in a first 

direction of the base portion, respectively; an excitation coil that is arranged on the core and 

forms an eddy current in the conductive film; and a detection coil that is arranged on the core 

and detects the eddy current formed in the conductive film, wherein a length of the base 

portion in the first direction is not less than a length of the base portion in a second direction 

that is substantially orthogonal to the first direction. 

[0015]    A second aspect adopts a configuration of the eddy current sensor described in 

the first aspect in which the core is an E-shaped core having a middle leg that is provided to 

the base portion at a center in the first direction of the base portion, the excitation coil is 

arranged on the middle leg, and the detection coil is arranged on the middle leg.  Note that 

the coil may be provided while the middle leg is omitted.  In other words, the excitation coil 

as an air core coil and the detection coil may be provided at the position of the middle leg. 
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[0016]    A third aspect adopts a configuration of the eddy current sensor described in the 

second aspect in which the core has side legs that are provided to the base portion at both end 

portions in the second direction of the base portion respectively, the side legs are connected 

to the outer legs, and the middle leg is surrounded by the side legs and the outer legs. 

[0017]    A fourth aspect adopts a configuration of the eddy current sensor described in the 

first aspect in which the core is a U-shaped core, the excitation coil is arranged on the outer 

legs, and the detection coil is arranged on the outer legs. 

[0018]    A fifth aspect adopts a configuration of a polishing apparatus comprising: a 

polishing table configured so that a polishing pad for polishing the substrate is attached to the 

polishing table; a driver configured to rotationally drive the polishing table; a holder 

configured to press the substrate against the polishing pad while holding the substrate; the 

eddy current sensor according to any one of the first to fourth aspects that is arranged inside 

the polishing table and configured to detect the eddy current formed in the conductive film as 

the polishing table rotates; and an endpoint detection controller configured to calculate film 

thickness data for the substrate from the detected eddy current. 

BRIEF DESCRIPTION OF DRAWINGS 

[0019]    Fig. 1 is a schematic diagram showing an overall configuration of a polishing 

apparatus according to an embodiment of the present invention; 

 Fig. 2 is a plan view showing a relationship of a polishing table, an eddy current 

sensor, and a semiconductor wafer; 

 Figs. 3A and 3B are diagrams showing a configuration of the eddy current sensor, 

wherein Fig. 3A is a block diagram showing the configuration of the eddy current sensor, and 

Fig. 3B is a diagram showing an equivalent circuit of the eddy current sensor; 

 Fig. 4A is a schematic diagram showing a configuration example of a core of a 

conventional eddy current sensor, and Fig. 4B is a schematic diagram showing a 

configuration example of a core of an eddy current sensor according to an embodiment of the 

present invention; 

 Figs. 5A and 5B are diagrams showing a detailed shape of the eddy current sensor 
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according to the embodiment of the present invention; 

 Fig. 6A shows a positional relationship between the core and the semiconductor 

wafer when the conventional sensor enters and exits from an edge region of the 

semiconductor wafer, and Fig. 6B shows a distance when a sensor output in the edge region 

rises and a distance when the sensor output in the edge region falls; 

 Fig. 7A shows a positional relationship between the core and the semiconductor 

wafer when the sensor according to the embodiment of the present invention enters and exits 

from the edge region of the semiconductor wafer, and Fig. 7B shows a distance when the 

sensor output in the edge region rises and a distance when the sensor output in the edge 

region falls; 

 Figs. 8A and 8B show a modification of Figs. 5A and 5B; and 

 Fig. 9 is a diagram showing a shape of an eddy current sensor according to another 

embodiment of the present invention. 

DESCRIPTION OF EMBODIMENTS 

[0020]    Hereinafter, embodiments of the present invention will be described with 

reference to the drawings.  Note that in each of the following embodiments, the same or 

corresponding members are represented by the same reference signs, and duplicative 

description thereon may be omitted.  Further, the features shown in each embodiment can be 

applied to the other embodiments as long as they do not contradict each other. 

[0021]    Fig. 1 is a schematic diagram showing the overall configuration of a polishing 

apparatus according to the present invention.  As shown in Fig. 1, the polishing apparatus 

includes a polishing table 100, and a top ring (holder) 1 for holding a substrate such as a 

semiconductor wafer as a polishing target object and pressing the substrate against a 

polishing surface on the polishing table. 

[0022]    The polishing table 100 is connected via a table shaft 100a to a motor (not shown) 

as a driver arranged below the polishing table 100, and is rotatable around the table shaft 

100a.  A polishing pad 101 is attached to the upper surface of the polishing table 100, and a 

surface 101a of the polishing pad 101 constitutes a polishing surface for polishing a 
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semiconductor wafer WH.  A polishing liquid supply nozzle 102 is installed above the 

polishing table 100, and a polishing liquid Q is supplied onto the polishing pad 101 on the 

polishing table 100 by the supply nozzle 102.  As shown in Fig. 1, an eddy current sensor 50 

is embedded inside the polishing table 100. 

[0023]    The top ring 1 is basically configured to include a top ring body 142 for pressing 

the semiconductor wafer WH against the polishing surface 101a, and a retainer ring 143 for 

holding an outer peripheral edge of the semiconductor wafer WH so as to prevent the 

semiconductor wafer WH from protruding out from the top ring. 

[0024]    The top ring 1 is connected to a top ring shaft 111, and the top ring shaft 111 is 

vertically moved with respect to a top ring head 110 by a vertically moving mechanism 124.  

By vertically moving the top ring shaft 111, the entire top ring 1 is vertically moved and 

positioned with respect to the top ring head 110.  Note that a rotary joint 125 is secured to 

an upper end of the top ring shaft 111. 

[0025]    The vertically moving mechanism 124 for vertically moving the top ring shaft 

111 and the top ring 1 includes a bridge 128 for rotatably supporting the top ring shaft 111 

via a bearing 126, a ball screw 132 secured to the bridge 128, a support stand 129 supported 

by support poles 130, and an AC servomotor 138 provided on the support stand 129.  The 

support stand 129 for supporting the servomotor 138 is fixed to the top ring head 110 via the 

support poles 130. 

[0026]    The ball screw 132 includes a screw shaft 132a connected to the servomotor 138 

and a nut 132b with which the screw shaft 132a is threadably engaged.  The top ring shaft 

111 is configured to move vertically integrally with the bridge 128.  Therefore, when the 

servomotor 138 is driven, the bridge 128 moves vertically via the ball screw 132, which 

causes the top ring shaft 111 and the top ring 1 to move vertically. 

[0027]    The top ring shaft 111 is connected to a rotary cylinder 112 via a key (not shown).  

The rotary cylinder 112 includes a timing pulley 113 on an outer peripheral portion thereof.  

A top ring motor 114 is fixed to the top ring head 110, and the timing pulley 113 is connected 

to a timing pulley 116 provided to the top ring motor 114 via a timing belt 115.  Therefore, 
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by rotationally driving the top ring motor 114, the rotary cylinder 112 and the top ring shaft 

111 are rotated integrally with each other via the timing pulley 116, the timing belt 115 and 

the timing pulley 113, so that the top ring 1 rotates.  Note that the top ring head 110 is 

supported by a top ring head shaft 117 which is rotatably supported by a frame (not shown). 

[0028]    In the polishing apparatus configured as shown in Fig. 1, the top ring 1 is capable 

of holding a substrate such as a semiconductor wafer WH on the lower surface thereof.  The 

top ring head 110 is configured to be swingable around the top ring head shaft 117, and the 

top ring 1 holding the semiconductor wafer WH on the lower surface thereof is moved from a 

reception position for the semiconductor wafer WH to an upper side of the polishing table 

100 by swinging of the top ring head 110.  Then, the top ring 1 is moved downward 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 respectively rotated, 

and the polishing liquid is supplied onto the polishing pad 101 from the supply nozzle 102 

provided above the polishing table 100.  In this way, the semiconductor wafer WH is 

brought into sliding contact with the polishing surface 101a of the polishing pad 101 to polish 

the surface of the semiconductor wafer WH. 

[0029]    Fig. 2 is a plan view showing the relationship of the polishing table 100, the eddy 

current sensor 50, and the semiconductor wafer WH.  As shown in Fig. 2, the eddy current 

sensor 50 is arranged at a position where it passes through the center Cw of the 

semiconductor wafer WH under polishing which is held by the top ring 1.  The polishing 

table 100 rotates around a rotation center 160.  For example, the eddy current sensor 50 is 

capable of continuously detecting a metal film (conductive film) such as a Cu layer of the 

semiconductor wafer WH on a transit locus (scan line) while passing below the 

semiconductor wafer WH. 

[0030]    Next, the eddy current sensor 50 included in the polishing apparatus according to 

the present invention will be described in more detail with reference to the accompanying 

drawings. 

[0031]    Figs. 3A and 3B are diagrams showing a configuration of the eddy current sensor 
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50, wherein Fig. 3A is a block diagram showing the configuration of the eddy current sensor 

50, and Fig. 3B is an equivalent circuit diagram of the eddy current sensor 50. 

[0032]    As shown in Fig. 3A, the eddy current sensor 50 is arranged in the vicinity of a 

metal film (or conductive film) mf as a detection target, and an AC signal source 52 is 

connected to a coil of the eddy current sensor 50.  Here, the metal film (or conductive film) 

mf as a detection target is, for example, a thin film of Cu, Al, Au, W or the like formed on the 

semiconductor wafer WH.  The eddy current sensor 50 is arranged in the vicinity of, for 

example, at a distance of about 1.0 to 4.0 mm from, the metal film (or conductive film) as the 

detection target. 

[0033]    Examples of the eddy current sensor include a frequency type in which an 

oscillation frequency changes due to generation of an eddy current in the metal film (or 

conductive film) mf and the metal film (or conductive film) is detected from this frequency 

change, and an impedance type in which an impedance changes due to generation of an eddy 

current in the metal film (or a conductive film) mf and the metal film (or conductive film) is 

detected from this impedance change.  In other words, according to the frequency type, 

when an eddy current I2 changes in an equivalent circuit shown in Fig. 3B, an impedance Z 

changes, and an oscillation frequency of a signal source (variable frequency oscillator) 52 

changes.  The change of the oscillation frequency is detected by the detection circuit 54, 

whereby the change in the metal film (or the conductive film) can be detected.  Further, 

according to the impedance type, when the eddy current I2 changes in the equivalent circuit 

shown in Fig. 3B, the impedance Z changes.  When the impedance Z seen from a signal 

source (fixed frequency oscillator) 52 changes, the change of the impedance Z is detected by 

the detection circuit 54, whereby the change of the metal film (or the conductive film) can be 

detected. 

[0034]    In the impedance type eddy current sensor, signal outputs X, Y, a phase, and a 

composite impedance Z are taken out as described later.  Measurement information of the 

metal film (or conductive film) Cu, Al, Au, W can be obtained from the frequency F, the 

impedances X and Y or the like.  The eddy current sensor 50 can be incorporated in the 
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polishing table 100 to be arranged in the polishing table 100 at a position in the vicinity of the 

surface of the polishing table 100 as shown in Fig. 1.  The eddy current sensor 50 is 

positioned so as to face the semiconductor wafer as a polishing target through the polishing 

pad, and can detect a change of the metal film (or conductive film) from an eddy current 

flowing in the metal film (or conductive film) on the semiconductor wafer. 

[0035]    With respect to the frequency of the eddy current sensor, a single radio wave, a 

mixed radio wave, an AM-modulated radio wave, an FM-modulated radio wave, a swept 

output of a function generator, or a plurality of oscillation frequency sources may be used, 

and it is preferable to select an oscillation frequency and a modulation method which are 

excellent in sensitivity in conformity with the film type of the metal film. 

[0036]    The impedance type eddy current sensor will be specifically described below.  

The AC signal source 52 is an oscillator having a fixed frequency of about 2 to 30 MHz, and 

for example, a crystal oscillator is used.  An AC voltage supplied from the AC signal source 

52 causes a current I1 to flow in the eddy current sensor 50.  When a current flows through 

the eddy current sensor 50 arranged in the vicinity of the metal film (or the conductive film) 

mf, a magnetic flux generated by the current interlinks with the metal film (or the conductive 

film) mf to form a mutual inductance M therebetween, so that an eddy current I2 flows in the 

metal film (or conductive film) mf.  Here, R1 represents an equivalent resistor on a primary 

side including the eddy current sensor, and L1 likewise represents a self-inductance on the 

primary side including the eddy current sensor.  On the metal film (or conductive film) mf 

side, R2 represents an equivalent resistor corresponding to an eddy current loss, and L2 

represents a self-inductance thereof.  An impedance Z as viewed from the terminals a and b 

of the AC signal source 52 to the eddy current sensor side changes depending on the 

magnitude of the eddy current loss formed in the metal film (or conductive film) mf. 

[0037]    Figs. 4A and 4B are diagrams showing the core of the conventional eddy current 

sensor and the core of the eddy current sensor of the present embodiment in comparison with 

each other.  Fig. 4A is a schematic diagram showing the configuration of the core of the 

conventional eddy current sensor, and Fig. 4B is a schematic diagram showing the 
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configuration of the core 136 of the eddy current sensor 50 of the present embodiment.  The 

eddy current sensor 50 includes a core 136 which is formed of a magnetic material and has a 

base portion 120 and two outer legs 134 provided to the base portion 120 at both end portions 

in a first direction 122 of the base portion 120, respectively.  The two outer legs 134 face 

each other. 

[0038]    The length W2 of the base portion 120 in the first direction is equal to or more 

than the length L2 of the base portion 120 in a second direction 148 that is substantially 

orthogonal to the first direction.  In other words, the first direction 122 is a longitudinal 

direction of the base portion 120 in this embodiment.  In a core 154 of the conventional 

eddy current sensor shown in Fig. 4A, the length W1 of the base portion 150 in the first 

direction 122 is shorter than the length L1 of the base portion 150 in the second direction 148 

which is substantially orthogonal to the first direction 122.  In other words, the first 

direction 122 is a width direction of the base portion 150 in the prior art. 

[0039]    In the present embodiment, the eddy current sensor includes a core made of a 

magnetic material that has the outer legs provided to the base portion at both the end portions 

in the first direction of the base portion respectively, and the length of the base portion in the 

first direction is not less than the length of the base portion in the second direction 

substantially orthogonal to the first direction.  In other words, when the shape of the base 

portion is, for example, a rectangle, in the present embodiment, the outer legs are provided to 

the base portion at both the end portions in the first direction of the base portion (that is, on 

the short sides of the rectangle), respectively.  In a prior art, the outer legs were provided to 

the long sides of the base portion, respectively.  As the distance between the outer legs is 

shorter, the magnetic field can be intensified.  In order to intensify the magnetic field, the 

distance between the outer legs, that is, the length of the long sides is made as short as 

possible in the present embodiment.  In the prior art, in order to intensify the magnetic field, 

the distance between the outer legs, that is, the length of the short sides is made as short as 

possible. 

[0040]    In the present embodiment, unlike the prior art, it is preferable that the length of 
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the long sides is shorter.  The length of the long sides can be made shorter than that of the 

prior art.  Therefore, when an elongated rectangular core enters or exits from the wafer in a 

direction that is not perpendicular to one diameter direction on the wafer (i.e., obliquely), a 

moving distance of the core until the entire core has entered an upper side of the wafer or 

exited from the upper side is shorter than that of the prior art.  The reason why the length is 

shorter than that of the prior art will be described later.  As a result, a range in which the 

detection signal of the sensor is inaccurate and the detection accuracy of the film thickness in 

the edge region of the wafer is deteriorated is narrower than that in the prior art.  Therefore, 

there can be provided an eddy current sensor in which the detection accuracy of the film 

thickness in the edge region of the wafer is enhanced as compared with the prior art. 

[0041]    With respect to the shape of the core of the present embodiment, when the core is 

viewed from the upper side thereof, in the edge region of the wafer, the length in the radial 

direction of the wafer can be made equal to or shorter than the length in a direction 

perpendicular to the radial direction of the wafer.  By shortening the distance which is 

required for the entire core to have entered the upper side of the wafer, the rise of the 

detection signal of the sensor is made quick, and deterioration of the detection accuracy in the 

edge region of the wafer is reduced as compared with the prior art. 

[0042]    Figs. 5A and 5B are diagrams showing a detailed shape of the eddy current sensor 

50 of the present embodiment.  Fig. 5A is a cross-sectional view taken along a line A-A of 

the eddy current sensor 50 shown in Fig. 4B, and Fig. 5B is a plan view of the eddy current 

sensor 50.  The eddy current sensor 50 includes an excitation coil 62 which is arranged on 

the core 136 and forms an eddy current in a conductive film on a wafer WH, and a detection 

coil 63 which is arranged on the core 136 and detects the eddy current formed in the 

conductive film.  The core 136 is an E-shaped core having a middle leg 144 which is 

provided to the base portion 120 at the center in the first direction 122 of the base portion 120.  

The excitation coil 62 and the detection coil 63 are arranged on the middle leg 144. 

[0043]    The shapes of the outer legs 134 and the middle leg 144 are rectangles in a plan 

view, but they are not limited to rectangles, and may be a square, an ellipse, a polygon, a 
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circle, or the like.  The shape of the base portion 120 is also a rectangle in a plan view, but is 

not limited to a rectangle.  It may be a square, an ellipse, a polygon, a circle, or the like. 

[0044]    The core 154 of the conventional eddy current sensor shown in Fig. 4A includes a 

base portion 150 and outer legs 152 which are provided to the base portion 150 at both ends 

in the first direction 122 of the base portion 150, respectively.  In the following description, 

a width direction means a direction in which the length of the base portion is shorter as 

compared with a longitudinal direction when the shape of the base portion is a rectangle, a 

trapezoid, a parallelogram, a quadrangle, an ellipse or the like.  When the shape of the base 

portion is substantially rectangular, the longitudinal direction and the width direction are 

orthogonal to each other.  There is a difference that the first direction 122 is the longitudinal 

direction in the present embodiment, but the first direction 122 is the width direction in the 

prior art. 

[0045]    The core 154 is made of a magnetic material.  The core 154 is an E-shaped core 

having a middle leg 156 which is provided to the base portion 150 at the center in the first 

direction 122 of the base portion 150.  The excitation coil 62 and the detection coil 63 are 

arranged on the middle leg 156. 

[0046]    In the core 154 of the conventional eddy current sensor shown in Fig. 4A, the 

length W1 in the first direction 122 is shorter than the length L1 in the second direction 148.  

In the core 136 of the eddy current sensor 50 of the present embodiment shown in Fig. 4B, 

the length W2 in the first direction 122 is not less than the length L2 in the second direction 

148.  The difference between the prior art and the present embodiment resides in that the 

outer legs 152 and the middle leg 156 are arranged side by side in the width direction in the 

core 154 of the conventional technology, whereas the outer legs 134 and the middle leg 

144 are arranged side by side in the longitudinal direction in the core 136 of the present 

embodiment.  A difference in effect between the prior art and the present embodiment 

which is caused by the above difference will be described later. 

[0047]    As shown in Figs. 5A and 5B, the eddy current sensor 50 of the present 

embodiment includes the excitation coil 62 for forming an eddy current in the metal film (or 
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conductive film), the detection coil 63 for detecting the eddy current in the metal film, and a 

dummy coil 64 for detecting a magnetic field 208 generated from the excitation coil 62.  

The three coils 62, 63, and 64 are wound around the core 136.  Here, the coil 62 located at 

the center of the three coils 62, 63, and 64 is an excitation coil connected to the AC signal 

source 52.  The excitation coil 62 is supplied with an AC voltage from the AC signal source 

52 to form a magnetic field, and this magnetic field forms an eddy current in the metal film 

mf on the semiconductor wafer WH arranged in the vicinity of the eddy current sensor 50.  

The detection coil 63 is arranged on the metal film side of the core 136, and detects a 

magnetic field generated by the eddy current formed in the metal film.  The dummy coil 64 

is arranged on an opposite side to the detection coil 63 with respect to the excitation coil 62 

which is interposed between the dummy coil 64 and the detection coil 63.  The dummy coil 

64 is connected to a synchronous detection circuit 54 so as to have a phase opposite to that of 

the detection coil 63, and used so as to make the output of the synchronous detection circuit 

54 zero when only the magnetic field 208 generated by the excitation coil 62 is detected by 

the detection coil 63 and the dummy coil 64 in a state where no metal film (or no conductive 

film) exists.  Therefore, the dummy coil 64 is also called a balance coil. 

[0048]    The eddy current sensor 50 includes the detection coil 63 which is arranged on 

the middle leg 144 and detects an eddy current formed in the conductive film.  A vertical 

direction 146 of the middle leg 144 is orthogonal to the conductive film on the semiconductor 

wafer WH.  The detection coil 63, the excitation coil 62, and the dummy coil 64 are 

arranged at different positions in the vertical direction 146 of the middle leg 144.  In the 

vertical direction 146 of the middle leg 144, the detection coil 63, the excitation coil 62, and 

the dummy coil 64 are arranged in this order from a position closer to the conductive film on 

the semiconductor wafer WH to a position farther from the conductive film on the 

semiconductor wafer WH.  Lead wires (not shown) for connection to the outside are 

respectively drawn from the detection coil 63, the excitation coil 62, and the dummy coil 64. 

[0049]     Note that the dummy coil 64 may be omitted.  Further, the detection coil 63, 

the excitation coil 62, and the dummy coil 64 may be arranged at the same position in the 
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vertical direction 146 of the middle leg 144.  Still further, the detection coil 63 and the 

excitation coil 62 may be the same coil.  In other words, it is possible for one coil to have 

the functions of the detection coil 63 and the excitation coil 62. 

[0050]    Figs. 5A and 5B also show the state of a magnetic flux 208 generated by the eddy 

current sensor.  Since the outer leg 134 is made of the magnetic material, the magnetic flux 

208 directing from the middle leg 144 in the first direction 122 is converged into the outer 

legs 134.  Therefore, the spread of the magnetic flux 208 is limited to the first direction 122, 

so that in the first direction 122, the spread of the magnetic flux 208 is reduced and the 

magnetic field intensifies.  In the second direction 148 perpendicular to the first direction 

122, no magnetic material exists on the circumference of the core 136, so that the magnetic 

flux 208 directing from the middle leg 144 in the second direction 148 is not converged.  

Therefore, the magnetic flux 208 spreads more greatly in the second direction 148 than that 

in the first direction 122, and the magnetic field is weaker in the second direction 148 than 

that in the first direction 122. 

[0051]    In the case of the conventional core 154 shown in Fig. 4A, the outer legs 152 are 

also made of a magnetic material, so that the magnetic flux 208 directing from the middle leg 

156 in the first direction 122 is converged into the outer legs 152.  Therefore, the spread of 

the magnetic flux 208 is limited to the first direction 122, and the magnetic field intensifies in 

the first direction 122.  In the second direction 148 perpendicular to the first direction 122, 

no magnetic material exists on the circumference of the core 154, so that the magnetic flux 

208 directing from the middle leg 156 in the second direction 148 is not converged.  

Therefore, the magnetic flux 208 spreads more greatly in the second direction 148 than that 

in the first direction 122, and the magnetic field is weaker in the second direction 148 than 

that in the first direction 122.  Therefore, the prior art has the following problem. 

[0052]    The problem in the prior art will be described with reference to Fig. 6.  Fig. 6 

shows the positional relationship between the core 154 and the semiconductor wafer WH 

when the sensor of the prior art (only the core 154 is shown for clarity of description) enters 

and exits from an edge region 158 of the semiconductor wafer WH.  Since the core 154 is 
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arranged inside the polishing table 100, the core 154 rotates around the rotation center 160 of 

the polishing table 100. 

[0053]    A direction in which the core 154 is arranged inside the polishing table 100 is set 

so that a direction in which the magnetic field of the core 154 intensifies (that is, a direction 

in which the spread of the magnetic flux is little) is coincident with the rotation direction of 

the core 154.  The reason why the core 154 is arranged so that the direction in which the 

magnetic field of the core 154 intensifies is coincident with the rotation direction of the core 

154 is to accelerate the rise of the sensor output in the edge region 158 of the wafer WH.  

Here, the edge region 158 means a period of time (or a moving distance by which the sensor 

has moved for the period of time) from a time when the sensor starts to substantially enter the 

place just under the semiconductor wafer WH ("a state where the sensor output substantially 

starts to detect the metal film of the semiconductor wafer WH") till a time when the entire 

sensor has substantially enter the place just under the semiconductor wafer WH ("a state 

where the sensor output has become substantially maximum"). 

[0054]    Furthermore, the edge region 158 means a period of time (or a moving distance 

by the sensor has moved for the period of time) from a time when the entire sensor has been 

substantially just under the semiconductor wafer WH ("a state where the sensor output has 

been substantially maximum") till a time when the sensor has substantially completely exited 

from the semiconductor wafer WH ("a state where the sensor output does not substantially 

detect the metal film of the semiconductor wafer WH"). 

[0055]    The fact that the sensor output rises quickly in the edge region 158 means that a 

transit time from "the state where the sensor output starts to detect the metal film of the 

semiconductor wafer WH" till "the state where the sensor output has become maximum" is 

short.  This may be rephrased by "a distance by which the sensor has moved from "the state 

where the sensor output starts to detect the metal film of the semiconductor wafer WH" till 

"the state where the sensor output has become maximum" is short".  As the sensor output 

rises more quickly, a range in which the detection signal of the sensor is insufficient (that is, 

a state where the sensor output has not been maximum) and the detection accuracy of the film 
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thickness in the edge region 158 of the wafer is low is narrower. 

[0056]    In the case of the conventional core 154, the direction in which the magnetic field 

of the core 154 intensifies is the first direction 122 shown in Fig. 4A as described above.  

Therefore, in Fig. 6, the first direction 122 and the rotation direction 162 of the core 154 

substantially coincide with each other.  In this case, as shown in Fig. 6, when the core 154 

enters and exits from the edge regions 158, the shape of the sensor is short in radial directions 

170 and 178 (the first direction 122) of the semiconductor wafer WH in the edge regions 158 

of the wafer WH, and is long in a direction (the second direction 148) orthogonal to a radial 

direction 164. 

[0057]    Furthermore, it is necessary to install the core 154 in the polishing table 100 so 

that an incident angle and an exit angle of the core 154 to and from the wafer WH are equal 

to each other.  Here, the incident angle and the exit angle are as follows.  The second 

direction 148 of the core 154 when the core 154 enters the semiconductor wafer WH is 

referred to as a direction 166.  At that time, the core 154 and the semiconductor wafer WH 

first enter the edge region 158 at an entry point 168.  A radial direction of the semiconductor 

wafer WH at the entry point 168 is referred to as a direction 170.  The intersection angle 

between the directions 166 and 170 is referred to as an incident angle 172. 

[0058]    Note that terms such as the entry point 168 and an exit point 176 are used in this 

specification, but these terms do not mean that the core 154 actually enters and exits from the 

edge region 158 of the semiconductor wafer WH.  Actually, the core 154 passes through the 

lower side of the semiconductor wafer WH.  "Enter" means that a part of the core 154 first 

reaches the lower side of the edge of the semiconductor wafer WH, and "exit" means that a 

part of the core 154 finally leaves the lower side of the edge of the semiconductor wafer WH.  

Since these states are illustrated as the semiconductor wafer WH and the core 154 are flush 

with each other in a plan view such as Fig. 6, the terms of "enter and exit from" are used for 

ease of understanding. 

[0059]    The second direction 148 of the core 154 when the core 154 exits from the 

semiconductor wafer WH is referred to as a direction 174.  At that time, the core 154 and 
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the semiconductor wafer WH finally exit from the edge region 158 at the exit point 176.  A 

radial direction of the semiconductor wafer WH at the exit point 176 is referred to as a 

direction 178.  The intersection angle between the direction 174 and the direction 178 is 

referred to as an exit angle 180.  In the case of Fig. 6, the incident angle 172 and the exit 

angle 180 are 90 degrees. 

[0060]    The reason why the incident angle 172 and the exit angle 180 are set to be equal 

to each other is as follows.  When the incident angle 172 and the exit angle 180 are different 

from each other, that is, when the incident angle 172 is not 90 degrees, a transit time at the 

time of the incidence which is taken from "the state where the sensor starts to detect the metal 

film of the semiconductor wafer WH" till "the state where the sensor output has become 

maximum" is different from a transit time at the time of the exit which is taken from "the 

state where the sensor output has been maximum" till "the state where the sensor no longer 

detects the metal film of the semiconductor wafer WH".  In other words, the range in which 

the detection accuracy of the film thickness is deteriorated is different between when the core 

154 enters the semiconductor wafer WH and when the core 154 exits from the semiconductor 

wafer WH, and polishing control based on the measured film thickness is complicated.  For 

example, a method of discriminating invalid data (data measured in the edge region 158) and 

valid data (data measured just under the semiconductor wafer WH and in a region other than 

the edge region 158) is complicated. 

[0061]    When the core 154 is installed in the polishing table 100 so that the incident angle 

172 and the exit angle 180 of the core 154 to and from the wafer WH are set to be equal to 

each other, the following problem occurs.  As can be seen from Fig. 6, the second direction 

148 of the core 154 when a center point 182 of the core 154 contacts (starts to enter) the 

wafer WH and the direction of the diameter 190 of the semiconductor wafer WH are not 

perpendicular to each other.  The second direction 148 of the core 154 when the center point 

182 of the core 154 exits from the wafer WH and the direction of the diameter 190 of the 

semiconductor wafer WH are also not perpendicular to each other. 

[0062]    In order to minimize the distance in the edge region 158, it is necessary that the 
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core 154 moves on the diameter 190 so that the center point 182 of the core 154 moves on the 

diameter 190 and the second direction 148 is always orthogonal to the diameter 190 during a 

period of time when the core 154 enters and exits from the semiconductor wafer WH.  In 

comparison with the above best case, in Fig. 6, a distance which is required for the entire core 

154 to have entered the inside of the wafer WH and a distance which is required for the entire 

core 154 to have exited from the wafer WH are longer.  As a result, there occurs a problem 

that the rise and fall of the sensor output in the edge regions 158 are slow. 

[0063]    Note that the setting of "the core 154 moves on the diameter 190 so that the 

center point 182 of the core 154 moves on the diameter 190 and the second direction 148 is 

always orthogonal to the diameter 190 during a period of time when the core 154 enters and 

exits from the semiconductor wafer WH" is theoretically impossible because the radius of the 

polishing table 100 is finite.  As the radius of the polishing table 100 is larger, the core 154 

can enter and exit more perpendicularly with respect to the diameter 190 of the wafer WH, 

but the radius of the polishing table 100 can only be increased up to a limited value. 

[0064]    Regarding the arrangement of the sensor as shown in Fig. 6A, a distance when the 

sensor output rises and a distance when the sensor output falls in the edge region 158 are 

shown in Fig. 6B.  In Fig. 6B, a horizontal axis represents the moving distance (mm) of the 

sensor, and a vertical axis represents the output of the sensor.  At time t1, the sensor starts to 

detect the metal film of the semiconductor wafer WH, and at time t2, the sensor output 

becomes maximum.  The difference t5 between the time t2 and the time t1 is the transit time 

in the edge region 158 at the time of incidence.  The sensor output is maximum at time t3, 

and immediately after the time t3, a part of the sensor starts to exit from the semiconductor 

wafer WH.  At time t4, the sensor output no longer detects the metal film on the 

semiconductor wafer WH.  The difference t6 between the time t4 and the time t3 is the 

transit time in the edge region 158 at the time of exit.  When the core 154 is installed as 

shown in Fig. 6A, the difference t5 and the difference t6 are equal to each other as shown in 

Fig. 6B. 

[0065]    It will be described with reference to Fig. 7 that the problem with the 
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conventional core 154, that is, the problem that the rise of the sensor output at the wafer edge 

is slow can be overcome by the eddy current sensor 50 of the present embodiment.  Fig. 7 

shows the positional relationship between the core 136 and the semiconductor wafer WH 

when the eddy current sensor 50 of the present embodiment (only the core 136 is shown for 

clarity of description) enters the edge region 158 of the semiconductor wafer WH and when 

the eddy current sensor 50 exits from the edge region 158.  Since the core 136 is arranged in 

the polishing table 100, the core 136 rotates around the rotation center 160 of the polishing 

table 100. 

[0066]    The arrangement direction of the core 136 in the polishing table 100 is set so that 

the direction in which the magnetic field of the core 136 intensifies (that is, the direction in 

which the magnetic flux spreads little) and the rotation direction of the core 136 coincide 

with each other.  The reason why the core 136 is arranged so that the direction in which the 

magnetic field of the core 136 intensifies and the rotation direction of the core 136 coincide 

with each other resides in that the rise of the sensor output in the edge region 158 of the 

wafer WH is made quick. 

[0067]    In the case of the core 136, the direction in which the magnetic field of the core 

136 intensifies is the first direction 122 shown in Fig. 4B as described above.  Therefore, in 

Fig. 7, the first direction 122 and the rotation direction 162 of the core 154 substantially 

coincide with each other.  In this case, as shown in Fig. 7, when the core 136 enters and 

exits from the edge regions 158, the shape of the sensor in the radial directions 170 and 178 

(the first direction 122) of the semiconductor wafer WH is long in the edge region 158 of the 

wafer WH, and the shape of the sensor in the direction (the second direction 148) orthogonal 

to the radial direction 164 is short in the edge region 158 of the wafer WH. 

[0068]     When Fig. 6 and Fig. 7 are compared with each other, in the present 

embodiment of Fig. 7, the shape of the sensor is shortened in the direction (second direction 

148) orthogonal to the radial direction 164.  When Fig. 6 and Fig. 7 are compared with each 

other, the shape of the sensor is substantially identical in the first direction 122 between 

Fig. 6 and Fig. 7. 
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[0069]    Further, as described above, it is necessary to install the core 136 in the polishing 

table 100 so that the incident angle 172 and the exit angle 180 of the core 136 to and from the 

wafer WH are equal to each other.  The definitions of the incident angle 172 and the exit 

angle 180 are the same as in the case of Fig. 6.  As is apparent from the comparison between 

Figs. 6 and 7, when the shape of the sensor is shorter in the direction (second direction 148) 

orthogonal to the radial direction 164, the distance which is required for the sensor to have 

completely entered the inside of the wafer WH and the distance which is required for the 

sensor to have completely exited from the wafer WH, that is, the length of the edge region 

158 is shorter. 

[0070]    In order to compare the sizes of the edge regions 158 in Figs. 6 and 7, an angle 

192 of the edge region 158 around the rotation center 160 in Fig. 6 and an angle 194 of the 

edge region 158 around the rotation center 160 in Fig. 7 are compared with each other.  The 

magnitude of the angle 192 is about twice the magnitude of the angle 194.  According to the 

present embodiment, the edge region 158 is reduced to about half of the conventional one.  

The rising time of the sensor output in the edge region 158 is shortened to about half in this 

embodiment. 

[0071]    With respect to the arrangement of the sensor as shown in Fig. 7A, the distance 

when the sensor output in the edge region 158 rises and the distance when the sensor output 

in the edge region 158 falls are shown in Fig. 7B.  In Fig. 7B, a horizontal axis represents 

the moving distance (mm) of the sensor, and a vertical axis represents the output of the 

sensor.  At time t1, the sensor starts to detect the metal film of the semiconductor wafer WH, 

and at time t2, the sensor output becomes maximum.  The difference t5 between the time t2 

and the time t1 is a transit time in the edge region 158 at the time of incidence.  At time t3, 

the sensor output is maximum, and just after the time t3, a part of the sensor starts to exit 

from the semiconductor wafer WH.  At time t4, the sensor output no longer detects the 

metal film of the semiconductor wafer WH.  The difference t6 between the time t4 and the 

time t3 is a transit time in the edge region 158 at the time of exit.  When the core 154 is 

installed as shown in Fig. 7A, the difference t5 and the difference t6 are equal to each other 
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as shown in Fig. 7B.  Comparing the difference t5 in Fig. 6B with the difference t5 in 

Fig. 7B, the difference t5 in Fig. 6B is about twice as long as the difference t5 in Fig. 7B. 

[0072]    It may be necessary to correct the sensor output in the edge region 158 of the 

wafer WH.  The sensor 50 of the present embodiment which is short in the second direction 

148 makes it possible to narrow a range in which the sensor output is required to be corrected.  

In the edge region 158 of the wafer WH, a range in which accurate measurement can be 

performed without correction is closer to the edge than that in the prior art.  Therefore, the 

detection accuracy in the edge region 158 can be improved as compared with the prior art.  

Note that the fact that the sensor has substantially completely entered the inside of the wafer 

WH does not mean that the outer diameter of the sensor has substantially completely entered 

the inside of the wafer WH, but means that the magnetic field generated by the sensor has 

substantially completely entered the inside of the wafer. 

[0073]    The reason why the conventional sensor is configured to be longer in the second 

direction 148 is to enhance the measurement accuracy of the film thickness of the conductive 

film (for example, plating film) of the wafer by the eddy current sensor.  In order to enhance 

the measurement accuracy, it is effective to increase the outer diameter of the eddy current 

sensor, that is, increase the outer diameter area to generate a large amount of eddy current in 

the conductive film, thereby increasing the detection output of the eddy current by the 

detection coil.  Therefore, the core 154 is configured to be longer in the second direction 

148 in the conventional sensor to increase the outer diameter area.  The eddy current sensor 

50 of the present embodiment has an outer diameter area smaller than that of the 

conventional sensor.  However, the detection output of the eddy current by the detection coil 

can be increased by amplifying the output of the eddy current sensor 50. 

[0074]    Figs. 8A and 8B show a modification of the core shown in Figs. 5A and 5B.  

Figs. 8A and 8B are diagrams showing a detailed shape of the eddy current sensor 50 of the 

present embodiment.  Fig. 8A is a cross-sectional view taken along a line A-A of the eddy 

current sensor 50 shown in Fig. 8B, and Fig. 8B is a plan view of the eddy current sensor 50. 

[0075]    The core 136 shown in Fig. 8 has side legs 184 which are respectively provided to 
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the base portion 120 at both end portions 196 in the second direction 148 of the base portion 

120.  The side legs 184 are connected to the outer legs 134.  The middle leg 144 is 

surrounded by the side legs 184 and the outer legs 134.  In the embodiment of Figs. 5A and 

5B, in order to enhance the rise of the sensor output in the edge region 158, a wall of a ferrite 

core (that is, the side leg 184) is provided in an intrusion direction to the wafer WH (that is, 

the first direction 122) to suppress spread of the magnetic field.  An open space is formed in 

the other directions to form the magnetic field broadly. 

[0076]    On the other hand, in the embodiment of Figs. 8A and 8B, the magnetic field 

density is enhanced in all directions by surrounding the entire circumference of the middle 

leg 144 with the ferrite core (that is, the side legs 184 and the outer legs 134).  In other 

words, the magnetic flux 208 directing from the middle leg 144 in the first direction 122 is 

converged into the outer legs 134.  The magnetic flux 208 directing from the middle leg 144 

in the second direction 148 is converged into the side legs 184.  The E-type sensor having 

no wall of the magnetic material shown in Figs. 5A and 5B has higher detection sensitivity 

than a rounded quadrangular type (pod type) shown in Figs. 8A and 8B.  This is because the 

magnetic field of the E-type sensor more greatly spreads in a direction in which the wall of 

the magnetic field is not provided as compared with the pod type, but the detection coil 63 of 

the E-type sensor can detect a larger amount of magnetic field. 

[0077]    An eddy current sensor according to another embodiment of the present invention 

will be described with reference to Fig. 9.  Fig. 9 is a diagram showing the shape of an eddy 

current sensor according to the other embodiment of the present invention.  A core 188 is a 

U-shaped core, an excitation coil 62 is arranged on outer legs 134, and a detection coil 63 is 

also arranged on the outer legs 134. 

[0078]    The core 136 may include a ferrite material such as MnZn ferrite, NiZn ferrite or 

other ferrites.  Conductive wires used for the detection coil 63, the excitation coil 62, and 

the dummy coil 64 are copper, manganin wires, nichrome wires, or the like.  By using the 

manganin wires or the nichrome wires, temperature changes of electric resistors, etc. are little, 

and temperature characteristics are improved.  The eddy current sensor 50 may be entirely 
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coated with a material such as resin. 

[0079]    A method of controlling each component of the polishing apparatus based on the 

film thickness obtained by the sensor 50 will be described below.  As shown in Fig. 1, the 

eddy current sensor 50 is connected to an end point detection controller 246, and the end 

point detection controller 246 is connected to a device controller 248.  An output signal of 

the eddy current sensor 50 is sent to the end point detection controller 246.  The end point 

detection controller 246 performs necessary processing (calculation processing/correction) on 

the output signal of the eddy current sensor 50 to generate a monitoring signal (film thickness 

data corrected by the end point detection controller 246).  The device controller 248 controls 

the top ring motor 114, a motor (not shown) for the polishing table 100, and the like based on 

the corrected film thickness data. 

[0080]    The examples of the embodiments of the present invention have been described 

above.  However, the above-described embodiments of the present invention are intended to 

facilitate understanding of the present invention and do not limit the present invention.  The 

present invention can be modified and improved without departing from the subject matter 

thereof, and it goes without saying that the present invention includes equivalents thereof.  

Further, in a range in which at least some of the problems described above can be solved, or 

in a range in which at least some of the effects can be achieved, any combination or omission 

of the constituent elements described in the claims and the specification is possible. 

[0081]    This application claims priority under the Paris Convention to Japanese Patent 

Application No. 2019-124522 filed on July 3, 2019.  The entire disclosure of Japanese 

Patent Laid-Open No. 2019-124522 including specification, claims, drawings and summary 

is incorporated herein by reference in its entirety. 

REFERENCE SIGNS LIST 

[0082]    50 eddy current sensor 

 62 excitation coil 

 63 detection coil 

 64 dummy coil 
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 100 polishing table 

 101 polishing pad 

 120 base portion 

 122 first direction 

 136 core 

 144 middle leg 

 148 second direction 

 150 base portion 

 152 outer leg 

 156 middle leg 

 184 side leg 

 186 both end portions 

 246 end point detection controller 

 248 device controller 
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WHAT IS CLAIMED IS: 

 

1. An eddy current sensor for measuring a film thickness of a conductive film formed 

on a substrate, comprising: 

 a core made of a magnetic material including a base portion, and outer legs that are 

provided to the base portion at both end portions in a first direction of the base portion, 

respectively; 

 an excitation coil that is arranged on the core and forms an eddy current in the 

conductive film; and 

 a detection coil that is arranged on the core and detects the eddy current formed in 

the conductive film, wherein a length of the base portion in the first direction is not less than 

a length of the base portion in a second direction that is substantially orthogonal to the first 

direction. 

2. The eddy current sensor according to claim 1, wherein the core is an E-shaped core 

having a middle leg that is provided to the base portion at a center in the first direction of the 

base portion, the excitation coil is arranged on the middle leg, and the detection coil is 

arranged on the middle leg. 

3. The eddy current sensor according to claim 2, wherein the core has side legs that are 

provided to the base portion at both end portions in the second direction of the base portion 

respectively, the side legs are connected to the outer legs, and the middle leg is surrounded by 

the side legs and the outer legs. 

4. The eddy current sensor according to claim 1, wherein the core is a U-shaped core, 

the excitation coil is arranged on the outer legs, and the detection coil is arranged on the outer 

legs. 

5. A polishing apparatus comprising: 

 a polishing table configured so that a polishing pad for polishing the substrate is 

attached to the polishing table; 

 a driver configured to rotationally drive the polishing table; 
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 a holder configured to press the substrate against the polishing pad while holding the 

substrate; 

 the eddy current sensor according to any one of claims 1 to 4 that is arranged inside 

the polishing table and configured to detect the eddy current formed in the conductive film as 

the polishing table rotates; and 

 an endpoint detection controller configured to calculate film thickness data for the 

substrate from the detected eddy current. 

 

  


