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POLISHING APPARATUS AND POLISHING METHOD

TECHNICAL FIELD

foo01] The present invention relates to a polishing apparatus
that polishes a surface of a polishing object and a polishing method
for performing polishing using the polishing apparatus.
BACKGRCUND ART

[0002] In recent years, with the progress of high-level
integration of semiconductor devices, circuit wiring is becoming
finer and inter-wire distances are alsc becoming smaller.
Therefore, surfaces of semiconductor wafers which are polishing
objects also need to be flattened, and polishing using chemical
mechanical polishing (CMP) apparatuses is performed as means for
the flattening method.

[0003] A polishing apparatus is provided with a polishing table
for holding a polishing pad to polish a polishing object and a top
ring for holding the polishing object and pressing it against a
polishing pad. Rotations of the polishing table and the top ring
are respectively driven by a drive section (e.g., a motor). The
polishing object is polished by causing a ligquid containing a
polishing agent (slurry) to flow over the polishing pad and pressing
the polishing object held to the top ring against the polishing
pad. The top ring is held at an end of a swing arm. The swing arm
can swing around a swing center of the swing arm.

[0004] When polishing of a polishing object by the polishing
apparatus is not sufficient, insulation among circuits may not be
secured and a short-circuit may occur. In the case of excessive

polishing, problems arise such as that a cross section of wiring
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decreases, which may cause the resistance value to increase or the
wiring itself may be completely removed or the circuit itself may
not be formed. Furthermore, the entire surface needs to be
flattened accurately. Thus, the polishing apparatus is required
to detect an optimal polishing end point or detect the amount of
polishing throughout the entire surface accurately.

[0005] Examples of such a technique include end point detection
apparatuses using an optical end point detection sensor
(hereinafter referred to as "optical sensor") described inNational
Publication of International Patent Application No. 2006-526292
and an eddy current end point detection sensor (hereinafter
referred to as "eddy current sensor") described in Japanese Patent
Laid-Open No. 2012-135865.

[0006] An end point detection apparatus for a polishing
apparatus measures a state of_a wafer that passes above a table
using a sensor placed on the polishing table. When the sensor is
attached to the polishing table, the sensor is placed such that
the sensor passes through the center of the wafer. Every time the
sensor passes under the wafer, the state of the wafer (eddy current
in ametal film and surface characteristic of the film) is measured,
a change in the state is detected and pelishing is stopped or the
polishing condition is changed. Depending on the type of the
optical sensor, a liguid such as pure water is supplied to a fluid
chamber provided in a light projecting/receiving part of the
polishing table at the time of measurement.

{0007] The swing arm may or may noit be swung duxring polishing.
When the swing arm is not swung, the swing arm is stopped at a

position where the sensor passes through the center of the wafer
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and polishing is performed. In this case, the track of the sensor
on the wafer becomes curves of the same shape that pass through
the center of the wafer. Times at which the sensor passes at the
respective points on the curves have a one-to-one correspondence
with the length of each curve from one end of the curve when times
are measured from the one end of the curve. That is, when times
are measured from one end of the curve, the radius from the center
of the wafer at a place being measured by the sensor is uniquely
determined. A change in the state of the wafer is detected by
comparing measured values corresponding to the same radius.
[0008] When the swing arm is swung during polishing, the
following problems are observed. When the top ring swings in a
horizontal direction, the track of the sensor passing under the
wafer becomes curves of various sizes that pass through points other
than the center of the wafer different from the above-described
curve. Therefore, when times are measured from one ends of these
curves, the radius from the center of the wafer at a place being
measured by the sensor cannot be uniquely determined. Even at the
game time, the radius from the center of the wafer differs depending
on each curve.

[0009] Since a change in the state of a wafer is detected by
comparing measured values at the same radius, it is difficult to
measure a change in the state of the wafer. In the case of a sensor
that supplies a liguid to a £luid chamber, it is preferable to start
supplying the liquid immediately before the sensor enters an area
under the wafer and stop supplying the liquid immediately after
the sensor comes out from below the wafer. When the swing arm is

not swung during polishing, a period during which the sensor stays
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under the wafer when expressed by an angle of rotation of the table,
starts always at a certain angle and always ends at a certain angle.
For this reason, it is possible to easily detect the time at which
the supply of a liquid starts and easily stop the supply.
foolol However, when the swing arm is swung during polishing,
the period during which the sensor stays under the wafer when
expressed by the angle of rotation of the table, starts at times
corresponding to various angles and ends at times corresponding
to various angles. Therefore, the time at which the supply of a
liguid starts changes, the supply period changes and the time at
which the supply of a liquid ends changes. Therefore, it is not
eagy to start the ligquid supply immediately before the sensor enters
the area under the wafexr and stop the ligquid supply immediately
after the sensor comes out from below the wafer.

CITATION LIST

[0011]

PATENT LITERATURE

PTL 1: J National Publication of International Patent Application
No. 2006-526292

PTL 2: Japanese Patent Laid-Open No. 2012-135865

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0012] An aspect of the present invention has been implemented
to solve the above-described problems and it is an object of the
present invention to provide a polishing apparatus and a polishing
method that can determine a radius from the center of a wafer at
a place being measured by a sensor when a swing arm is swung during

polishing.
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[0013] Furthermore, an object according to another aspect of the
present invention is to provide a polishing apparatus that can
appropriately set supply timing of a liquid to a fluid chamber when
a swing arm is swung during polishing.

SOLUTION TO PROBLEM

[0014] In order to solve the above problems, a first aspect adopts
a configuration of a polishing apparatus configured to perform
polishing between a polishing pad and a polishing object disposed
opposite to the polishing pad, including a rotatable polishing
table configured to hold the polishing pad, a rotatable holding
section configured to hold the polishing object, a swing arm holding
the holding section, an arm drive section configured to swing the
swing arm around a center of swinging on the swing arm during the
polishing, a measuring section disposed on the polishing table,
and configured to measure a physical guantity of the polishing
object changeable in accordance with a change in film thickness
of the polishing object, a distance determining section configured
to determine a distance from an axis of rotation when the polishing
object is rotated by the holding section, to the measuring section
at the time of measurement by the measuring section, when the
polishing object is swung around the center of swinging on the swing
arm and rotated by the holding section, and an end point detection
section configured to detect a polishing end point indicating an
end of the polishing based on the physical quantity measured by
the measuring section and the determined distance.

[0015] According to the present embodiment, since a distance
determining section is provided for determining a distance from

an axis of rotation when the polishing object is rotated by the
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holding section to the measuring section at the time of measurement
by the measuring section, it is possible to determine the radius
from the center of rotation of the polishing object (e.g., wafer)
at a place being measured by the sensor when the swing arm is swung
during polishing. Here, the "distance from the axis of rotation
to the measuring section® is a length of the perpendicular line
drawn from the measuring section to the axis of rotation.
[oo16] There are various methods for detecting an end point of
polishing indicating an end of polishing based on a physical
quantity measured by the measuring section and the determined
distance. For example, the polishing end point can be detected
from a time variation in a physical guantity measured at a place
where the determined distance is identical or a place located within
a range (vicinity) where the determined distance is regarded to
be identical. When the determined distance is identical, this
means that the polishing object is at an identical radius from the
center of rotation. Therefore, the method for detecting such a
polishing end point means detecting points having an identical
radius, that is, points on an identical circle without individually
distinguishing among the points.

[06017] As another method for detecting a polishing end point
indicating an end of polishing based on the physical quantity
measured by the measuring section and the determined distance is
averaging physical quantities at a plurality of measuring points
at an identical radius from the center of rotation of a polishing
object every time the polishing table makes one turn over a certain
past period, that is, from a time variation of temporal average

values.
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foo18] Furthermore, the polishing end point may be detected by
averaging physical quantities measured within a range (vicinity)
where the determined distance is regarded to be identical or within
a predetermined range, that is, from a time variation of spatial
average values. Furthermore, a spatial average value and a
temporal average value may be combined.

[0019] As a method for determining a polishing end point, the
polishing end point can be determined, for example, from a magnitude
relation between a predetermined reference value and a measured
value or from a magnitude relation between a predetermined
reference value and a time variation of the measured value (e.g.,
differential value).

[0020] Note that when the angle of rotation of the polishing
object is detected by the holding section and the angle of rotation
of the polishing object is determined, a plurality of points having
an identical radius, that is, located on an identical circle can
be distinguished individually. In this case, apolishingend point
can be detected in consideration of polishing situations of
individual objects to be polished in further detail.

[0021] According to a second aspect, the configuration of the
polishing apparatus according to the first aspect is adopted in
which the distance determining section is configured to determine
the distance based on the angle of rotation of the measuring section
at the time of measurement from a rotation position which becomes
a reference when the measuring section rotates around the center
of rotation of the polishing table and the swinging angle of the
swing arm at the time of measurement from a swing position which

becomes a reference when the swing arm swings around the center
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[0022] According to a third aspect, the configuration of the
polishing apparatus according to the first aspect is adopted in
which the distance determining section is configured to determine
the distance based on a time required for the measuring section
to rotate from a rotation position which becomes a reference when
the measuring section rotates around the center of rotation of the
polishing table to a rotation position at the time of measurement
and a time required for the swing arm to swing from a swing position
which becomes a reference when the swing arm swings around the center
of swing to a swing position at the time of measurement.

[0023] BAccording to a fourth aspect, the configuration of the
polishing apparatus according to any one of the first to third
aspects is adopted in which the measuring section includes a light
projecting/receiving apparatus configured to project measurement
light from the polishing table onto the polishing object and
receiving light reflected from the polishing object, a fluid supply
section configured to supply a f£luid to a fluid chamber provided
at light projecting/receiving parts of the polishing table, and
a filuid supply control apparatus configured to control the fluid
supply to the fiuid chamber, wherein the fluid supply control
apparatus supplies the fluid when the determined distance falls
within a predetermined range.

[0024] According to a fifth aspect, the configuration of the
polishing apparatus according to the fourth aspect is adopted in
which when the determined distance falls within the predetermined
range, this means when the determined distance is equal to or less

than a length obtained by adding up the radius of the polishing
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object and a predetermined length.

[0025] According to a sixth aspect, the configuration of the
polishing apparatus according to the fourth or the fifth aspect
is adopted in which the fluid supply control apparatus supplies
the fluid with a first supply amount for a predetermined period
from a time at which the fluid supply starts after the determined
distance fallsg within the predetermined range and after a lapse
of the predetermined period, supplies the fluid with a second supply
amount which is smaller than the first supply amount.

[0026] According to a seventh aspect, a configuration of a
polishing method is adopted which is a polishing method for
performing polishing between a polishing pad and a polishing cbject
disposed opposite to the polishing pad, the method including
holding the polishing pad to a polishing table and rotating the
polishing table, holding the polishing object to a holding section
and rotating the holding section, holding the holding section using
a swing arm and causing the swing arm to swing around a center of
swinging on the swing arm during the polishing, measuring a physical
guantity of the polishing object changeable in accordance with a
change in £ilm thickness of the polishing object using a measuring
gection disposed on the polishing table, determining a distance
from an axis of rotation when the polishing object is rotated by
the holding section, to the measuring section at the time of
measurement by the measuring section, when the polishing object
is swung around the center of swinging on the swing arm and rotated
by the holding section, and detecting a polishing end point
indicating an end of the polishing based on the measured physical

quantity and the determined distance.
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BRIEF DESCRIPTION OF DRAWINGS

[0027] Fig. 1 is a plan view illustrating an overall
configuration of a substrate processing apparatus according to an
embodiment of the present invention;

Fig. 2 1is a schematic diagram illustrating an overall
configuration of a polishing apparatus according to the embodiment
of the present invention;

Fig. 3 is a block diagram illustrating a method for detecting
a swinging angle of a swing arm;

Fig. 4 isadiagram illustrating a polishing apparatus according
to the embodiment of the present invention;

Fig. 5 is a diagram illustrating a configuration example of a
sensor body provided for the polishing apparatus in Fig. 4;

Fig. 6 is a diagram illustrating motion of the swing arm swung
during polishing;

Fig. 7 is a diagram illustrating a track of an optical sensor
onra semiconductor wafer when the swing arm is swung during
polishing;

Fig. 8 is a plan view in which the polishing table, the swing
armand the semiconductor wafer are seen fromabove a first polishing
unit;

Fig. 9 is a diagram illustrating a track of the optical sensor
on the semiconductor wafer when the swing arm is swung during
polishing;

Fig. 10 is a diagram illustrating timing for supplying a fluid
to the optical sensor;

Fig. 11 is a flowchart illustrating a procedure for data

collection by the optical sensor and an analysis of the data
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obtained; and

Fig. 12 is a flowchart illustrating é procedure for data
collection by the optical sensor and an analysis of the data
obtained.
DESCRIPTION OF EMBODIMENTS
[0028] Hereinafter, embodiments of the present invention will be
described with reference to the accompanying drawings. Note that
identical or corresponding members among the following embodiments
are respectively assigned identical or corresponding reference
numerals and overlapping description will be omitted.
[0029] Fig. 1 is a plan view illustrating an overall
configuration of a substrate processing apparatus according to an
embodiment of the present invention. As shown in Fig. 1, this
substrate processing apparatus is provided with a substantially
rectangular housing 61. An interior of the housing 61 is divided
by partition walls la and 1b into a loading/unloading section 62,
a polishing section 63 and a cleaning secticon 64. The
loading/unloading section 62, the polishing section 63 and the
cleaning section 64 are independently assembled and an exhausted
gas is discharged from these sections independently. Furthermore,
the substrate processing apparatus includes a control section 65
that controls a substrate processing operation.
[0030] The loading/unloading section 62 is provided with two or
more (four in the present embodiment) front lcading sections 20
in which a wafer cassette for stocking many wafers (substrates)
is placed. These front loading sections 20 are arranged adjacent
to the housing 61 and arrayed along a width direction of the

substrate processing apparatus {(direction perpendicular to a
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longitudinal direction). The front loading section 20 is enabled
to mount an open cassette, an SMIF (standard manufacturing
interface) pod or a FOUP (front opening unified pod). Here, the
SMIF and FOUP are airtight containers that house a wafer cassette,
cover it with a partition wall and can thereby keep an environment
independent of an external space.

[0031] A traveling mechanism 21 is laid on the loading/unloading
section 62 along a row of the front loading sections 20. Two
transport robots (loaders) 22 which are movable along the array
direction of wafer cassettes are set on the traveling mechanism
21. The transport robots 22 are enabled to access a wafer cassette
mounted on the front loading gsection 20 by moving on the traveling
mechanism 21. Each transport robot 22 is provided with two
upper/lower hands. The upper hand is used to return a processed
wafer to the wafer cassette. The lower hand is used to extract
a wafer before processing from the wafer cassette. Thus, the upper
and lower hands are used for different purposes. The lower hand
of the transport robot 22 can further invert the wafer by causing
it to rotate around its center of axis.

[0032] The loading/unloading section 62 is a region that needs
£o be kept in a cleanest state. Therefore, the inside of the
loading/unloading section 62 is maintained under a highta:r pressure
than outside the substrate processing apparatus, the polishing
section 63, and the cleaning section 64 all the time. The polishing
section 63 uses slurry as a polishing liquid, and is therefore a
dirtiest region. Therefore, a negative pressure is formed inside
the polishing section 63 and the pressure thereof is kept lower

than an inner pressure of the cleaning section 64. The
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loading/unloading section 62 is provided with a filter fan unit
(not shown) including clean air filters such as HEPA filter, ULPA
filter or chemical filter. Clean air from which particles,
poisonous steam or poisonous gas is removed is blown out from the
filter fan unit all the time.

[0033] The polishing section 63 is a region where a wafer is
polished (flattened) and is provided with a first polishing unit
3A, a second polishing unit 3B, a third polishing unit 3C and a
fourth polishing unit 3D. The first polishing unit 3A, the second
polishing unit 3B, the third polishing unit 3C and the fourth
polishing unit 3D are arrayed along a longitudinal direction of
the substrate processing apparatus as shown in Fig. 1.

[0034] As shown in Fig. 1, the first polishing unit 32 is provided
with a polishing table 30A, a top ring 3134, a polishing liguid supply
nozzle 32A, a dresser 33A and an atomizer 34A. A polishing pad
10 having a polishing surface is attached to the polishing table
30A. The top ring (holding section) 314 holds a wafer and polishes
the wafer while pressing the wafer against the polishing pad 10
on the polishing table 30A. The polishing liguid supply nozzle
32A supplies a polishing liquid or a dressing liguid (e.g., pure
water) to the polishing pad 10. The dresser 33A dresses the
polishing surface of the polishing pad 10. The atomizer 34A sprays
amixed fluidofaliquid (e.g., pure water) and a gas (e.g., nitrogen
gas) or a liquid (e.g., pure water) to the polishing surface in
mist form.

[0035] Similarly, the second polishing unit 3B is provided with
a polishing table 30B to which the polishing pad 10 is attached,

a top ring 31B, a polishing liquid supply nozzle 32B, a dresser
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33B and an atomizer 34B. The third peolishing unit 3C is provided
with a polishing table 30C to which the polishing pad 10 is attached,
a top ring 31C, a polishing liquid supply nozzle 32C, a dresser
33C and an atomizer 34C. The fourth polishing unit 3D is provided
with a polishing table 30D to which the polishing pad 10 is attached,
a top ring 31D, a polishing liquid supply nozzle 32D, a dresser
33D and an atomizer 34D.

[0036] Since the first polishing unit 3A, the second polishing
unit 3B, the third polishing unit 3C and the fourth polishing unit
3D have the same configuration, detailed description of the
polishing unit will be focused on the first polishing unit 3A.
[0037] Next, a transport mechanism for transporting a substrate
will be described. The transport mechanism is provided with a
lifter 11, a first linear transporter 66, a swing transporter 12,
a second linear transporter 67 and a temporary stand 180.
[0038] The lifter 11 receives a substrate from the transport
robot 22. The first linear transporter 66 transports the substrate
received from the lifter 11 between the first transport position
TP1l, the second transport position TP2, the third transport
position TP3, and the fourth transport position TP4. The first
polishing unit 3A and the second polishing unit 3B receive the
substrate from the first linear transporter 66 and polish the
substrate. The first polishing unit 3A and the second polishing
unit 3B pass the received polished substrates to the first linear
transgporter 66.

[0038] The swing transporter 12 delivers the substrate between
the first linear transporter 66 and the second linear transporter

7. The second linear transporter 67 transfers the substrate
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received from the swing transporter 12 between the fifth transport
position TP5, the sixth transport position TP6 and the seventh
transport position TP7. The third polishing unit 3C and the fourth
polishing unit 3D receive the substrate from the second linear
transporter 67 and polish the substrate. The third polishing unit
3C and the fourth polishing unit 3D pass the polished substrate
to the second linear transporter 67. The substrate polished by
the polishing unit 3 is placed on the temporary stand 180 by the
swing transporter 12.

[0040] A cleaning unit 4 is a unit for cleaning and drying the
substrate polished by the polishing unit 3. The cleaning unit 4
is provided with a first cleaning chamber 190, a first transport
chamber 191, a second cleaning chamber 192, a second transport
chamber 193 and a drxying chamber 194.

[0041] The substrate placed on the temporary stand 180 is
transported to the first cleaning chamber 190 or the second cleaning
chamber 1%2 via the first transport chamber 191. The substrate
ig cleaned in the first cleaning chamber 190 or the second cleaning
chamber 192. The substrate cleaned in the first c¢leaning chamber
190 or the second cleaning chamber 192 is transported to the drying
chamber 194 via the second transport chamber 193. The substrate
is dried in the drying chamber 194. The dried substrate is
extracted from the drying chamber 194 and returned to the cassette
by the transport robot 22.

[0042] Fig. 2 is a schematic diagram illustrating an overall
configuration of a polishing unit (polishing apparatus) according
to the present invention. As shown in Fig. 2, the polishing

apparatus is provided with a polishing table 30A and a top ring
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31A that holds a substrate such as a semiconductor wafer which is
a polishing object and presses the substrate against a polishing
surface on the polishing table.

[0043] The first polishing unit 3A is a polishing unit for
performing polishing between the polishing pad 10 and the
gsemiconductor wafer 16 placed opposite to the polishing pad 10.
The first polishing unit 3A includes the polishing table 30A for
holding the polishing pad 10 and the top ring 31A for holding the
semiconductor wafer 16. The first polishing unit 3A includes a
swing arm 110 for holding the top ring 31A, a swing shaft motor
14 (arm drive section) for swinging the swing arm 110 and a driver
18 for supplying drive power to the swing shaft motor 14.
[0044] The first polishing unit 3A further includes a fluid
supply control apparatus 27 and an end point detection section 28.
The fluid supply control apparatus 27 receives an angle of rotation
36a of a swing arm shaft 117 from an encoder 36 (arm position
detection section) incorporated in and attached to the swing shaft
motor 1l4. The fluid supply control apparatus 27 controls a fluid
supply section for supplying a fluid to a through hole 268 (fluid
chamber: see Fig. 5) provided in a light projecting/receiving part
of the polishing table 30A and thereby controls the fluid supply
to the through hole 268. The fluid supply control apparatus 27
obtains information 222a relating to a rotation position of the
polishing table 30A from a proximity sensor 222. The fluid supply
control apparatus 27 controls the £luid supply to the through hole
268 from the angle of rotation 36a and information 222a.

[0045] The f£luid supply control apparatus 27 is a distance

determining section for determining a distance from an axis of
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rotation 108 when the semiconductor wafer 16 is rotated by the top
ring 31A to the optical sensor 50 at the time of measurement by
the optical sensor 50.

[0046] The fluid supply control apparatus 27 further outputs the
information 222a to the end point detection section 28. Details
of the proximity sensor 222, the fluid supply control apparatus
27 and the distance determining section will be described later.
The end point detection section 28 detects a polishing end point
indicating an end of pelishing based on the angle of rotation 36a
and the information 222a.

[0047] In the embodiment in Fig. 1, the holding section, the swing
arm, the arm drive section and the torque detection section form
a set, and sets having the same configuration are provided for the
first polishing unit 3A, the second polishing unit 3B, the third
polishing unit 3C and the fourth polishing unit 3D respectively.
[06048] The polishing table 30A is connected to a motor {not shown)
which is a drive section disposed therebelow via a table shaft 102
and is enabled to rotate around the table shaft 102. The polishing
pad 10 is pasted to the top surface of the polishing table 30A and
a surface 101 of the polishingpad 10 constitutes a polishing surface
for polishing the semiconductor wafer 16. The polishing liquid
supply nozzle (not shown) is placed above the polishing table 30A
and a polishing liquid supply nozzle supplies a polishing liquid
to the pelishing pad 10 on the polishing table 30A. As shown in
Fig. 2, the optical sensor 50 may be embedded in the polishing table
30A.

[0049] The top ring 31A is constructed of a top ring body 24 that

presses the semiconductor wafer 16 against the polishing surface
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101 and a retainer ring 23 that holds an outer circumferential edge
of the semiconductor wafer 16 so as to prevent the semiconductor
wafer 16 from jumping out of the top ring.

[0050] The top ring 31A is connected to a top ring shaft 111.
The top ring shaft 111 moves up and down relative to the swing arm
110 by an upward/downward moving mechanism (not shown). The
upward/downward motion of the top ring shaft 111 causes the whole
top ring 31A to ascend or descend relative to the swing arm 110
and positions the top ring 31A.

[0051] Furthermore, the top ring shaft 111 is connected to a
rotary cylinder 112 wvia a key (not shown). The rotary cylinder
112 is provided with a timing pulley 113 at an outer circumferential
part. Atopringmotor 114 is fixed to the swingarm110. The timing
pulley 113 is connected to a timing pulley 116 provided for the
top ring motor 114 via a timing belt 115. When the top ring motor
114 rotates, the rotary cylinder 112 and the top ring shaft 111
jointly rotate via the timing pulley 116, the timing belt 115, and
the timing puliley 113, and the top ring 31A rotates.

[0052] The swing arm 110 is connected to the axis of rotation
108 of the swing shaft motor 14. The swing shaft motor 14 is fixed
to the swing arm shaft 117. Therefore, the swing arm 110 is
rotatably supported to the swing arm shaft 117.

[0G53] The top ring 31A can hold a substrate such as the
semiconductor wafer 16 on an undersurface thereof. The swing arm
110 is rotatable around the axis of rotation 108 of the swing arm
shaft 117. As the swing axrm 110 rotates, the top ring 31A holding
the semiconductor wafer 16 to the undersurface is moved from the

position at which the semiconductor wafer 16 is received to a
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position above the polishing table 30A. The swing arm 110 causes
the top ring 31A to descend and presses the semiconductor wafer
16 against the surface (polishing surface) 101 of the polishing
pad 10. At this time, the top ring 31A and the polishing table
30A are caused to rotate respectively. The semiconductor wafer
16 rotates around the rotation center 118 of the top ring shaft
111. That ig, the rotation center 118 is the rotation center of
the semiconductor wafer 16.

[0054] The polishing liquid supply nozzle provided above the
polishing table 30A supplies the polishing liquid to the polishing
pad 10. In this way, the semiconductor wafer 16 is brought into
slidable contact with the polishing surface 101 of the polishing
pad 10 and the surface of the semiconductor wafer 16 is thereby
polished. The swing arm may or may not be swung during polishing.
According to the present embodiment, the swing arm is swung during
polishing.

[0055] The first polishing unit 3A includes a table drive section
(not shown) that drives rotation of the polishing table 30A. The
first polishing unit 3A may include a table torgue detection section
(not shown) that detects table torque applied to the polishing table
30A. The table torque detection section can detect table torque
from a current of the table drive section which is a rotation motor.
The end point detection section 28 may detect a polishing end point
indicating an end of polishing only from an optical characteristic
detected by the optical sensor 50 or detect a polishing end point
indicating an end of polishing with the table torque detected by
the table torque detection section also taken into consideration.

[0056] In Fig. 2, the arm drive section is the swing shaft motor
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{(rotation motor) 14 that causes the swing arm 110 to rotate. The
driver 18 supplies a current having a current value 18b to the swing
shaft motor 14.

[0057] The driver 18 will be described using Fig. 3. The driver
18 receives a position command 65a relating to the position of the
swing arm 110 from the control section 65. The position command
65a is data corresponding to an angle of rotation of the swing arm
110 with respect to the swing arm shaft 117. The driver 18 also
receives an angle of rotation 36a of the swing arm shaft 117 from
the encoder 36 incorporated in and attached to the swing shaft motoxr
14.

[0058] The encoder 36 can detect the angle of rotation 36a of
the axis of rotation of the swing shaft motor 14, that is, the angle
of rotation 36a of the swing arm shaft 117. The angle of rotation
36a is the aforementioned information 222a. In Fig. 3, the swing
shaft motor 14 and the encoder 36 are shown as independent entities,
but the swing shaft motor 14 and the encoder 36 are actually unified
as one body. Anexample of such an integrated motor is a synchronous
AC servo motor with a feedback encoder.

[0059] The driver 18 includes a deviation circuit 38, a current
generation circult 40 and a PWM circuit 42. The deviation circuit
38 calculates a deviation 38a between the position command 65a and
the angle of rotation 36a from the position command 65a and the
angle of rotation 36a. The deviation 38a and the current value
18b are inputted to the current generation circuit 40. The current
generation circuit 40 generates a current command 18a corresponding
to the deviation 38a from the deviation 38a and an actual current

value 18b. The PWM circult 42 receives the current command 1l8a
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and generates the current value 18b through PWM (pulse width
modulation) control. The current value 18b is a 3-phase (U-phase,
V-phase, W-phase) current that can drive the swing shaft motor 14.
The current value 18b is supplied to the swing shaft motor 14. The
driver 18 outputs the angle of rotation 36a to the end point
detection section 28.

[0060] A fluid supply section 250 for supplying a fluid to the
optical sensor 50 (measuring section) and the through hole 268 will
be described using Fig. 4. The optical sensor 50 1s disposed at
the polishing table 30A, and configured to measure a physical
quantity of the semiconductor wafer 16 which is changeable
depending on a change in film thickness of the semiconductor wafer
16. The film to be measured is, for example, a silicon oxide film.
The optical sensor 50 is incorporated in the polishing table 30A.
Furthermore, the optical sensor 50 includes a light source unit
230 and a photometer unit 232 provided inside the polishing table
30A.

[0061] The light source unit 230 supplies measurement light to
a sensor body 226, and the measurement light is radiated by the
gensor body 226 onto the semiconductor wafer 16. The sensor body
226 receives reflected light from the semiconductor wafer 16 and
sends the reflected light to the photometer unit 232. Members for
transmitting the measurement light and the reflected light are both
optical fibers. The photometer unit 232 converts an optical signal
to an electric signal. The electric signal is processed by the
end point detection section 28. The light projecting/receiving
apparatus for projecting measurement light from the polishing table

30A onto the semiconductor wafer 16 and receiving reflected light
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from the semiconductor wafer 16 includes a 1light projecting optical
fiber 270 which will be described later in the sensor body 226,
a light receiving optical fiber 272, a light source unit 230 and
the photometer unit 232.

[0062] The photometer unit 232 is connected to the end point
detection section 28 via a rotary connector 234. The end point
detection section 28 calculates optical indices such as film
thickness, reflection intensity or spectrum. Furthermore, the end
point detection section 28 determines optical indices such as film
thickness, and performs end point detection as to whether or not
film thickness has reached a predetermined value. The
determination result is sent to a polishing control section (not
shown) that controls the whole first polishing unit 3A.

[0063] The optical sensor 50 further includes a supply path 242
for supplying a measurement fluid to the through heole 268 and an
exhaust path 244 for exhausting the measurement fluid from the
through hole 268. The supply path 242 is connected to a tank (not
shown) via a rotary joint 246. Furthermore, the exhaust path 244
is connected to a pump 248 that exhausts a fluid in a measurement
chamber (fluid chamber}. The pump 248 exhausts the measurement
fluid and also exhausts a polishing liquid such as slurxy to be
flown into the measurement chamber. The supply path 242, the
exhaust path 244, the tank and the pump 248 constitute a f£luid supply
section for supplying the fluid to the through hole 2868.

[0064] In the present embodiment, the measurement fluid is pure
water, and the pure water may be supplied from a tank provided in
facilities such as a factory in which the substrate polishing

apparatus is installed. Furthermore, the supply path 242 and the
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exhaust path 244 are constructed of appropriate pipes or the like.
By coating the pipes with resin (non-metal member) such as polyether
ether ketone (PEEK material), it is possible to prevent metal
contamination to the substrate. The supply control valve 256 is
a solenoid valve including a solencid wvalve unit {(not shown) .
[0065] Fig. 5 illustrates a configuration example of the sensor
body 226. As has been already described, the polishing pad 10 is
placed on the polishing table 30A and the semiconductor wafer 16
is in contact with the polishing pad 10. The supply path 242 and
the exhaust path 244 are provided side by side in the polishing
table 30A. A supply port 264 of the supply path 242 and an exhaust
port 266 of the exhaust path 244 are located on the top surface
of the polishing table 30A. The polishing pad 10 includes a through
hole 268 through which the supply port 264 and the exhaust port
266 are exposed.

[0066] The light projecting optical fiber 270 and the light
receiving optical fiber 272 are disposed side by side in the supply
path 242. The light projecting optical fiber 270 and the light
receiving optical fiber 272 are connected to the light source unit
230 and the photometer unit 232 (Fig. 4). The light projecting
optical fiber 270 radiates the measurement light supplied from the
light source unit 230 onto the semiconductor wafer 16. The light
receiving optical fiber 272 receives the reflected light from the
semiconductor wafer 16 and transmits the reflected light to the
photometer unit 232. The light projecting optical fiber 270, the
light receiving optical fiber 272, the light source unit 230 and
the photometer unit 232 constitute the light projecting/receiving

apparatus.
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[0067] In the through hole 268, the measurement fluid such as
pure water is supplied from the supply port 264 and exhausted from
the exhaust port 266. The interior of the through hole 268 ig filled
with pure water or the like thus restricting polishing slurry from
entering the through hole 268. This allows the inside of the
through hole 268 to be kept transparent, making it possible to
perform £ilm measurement using measurement light satisfactorily.
[o068] Next, the proximity sensor 222 will be described. The
first polishing unit 3A is provided with a dog 224 disposed in the
polishing table 30A and a trigger sensor 220 including the proximity
sensor 222 disposed outside the polishing table 30A. Examples of
possible measuring scheme of the trigger sensor 220 include a scheme
using an eddy current occurring in a metallic body to be detected
through electromagnetic induction, a scheme capturing a change in
electrical capacitance through approach of a detection body.
[00659] The dog 224 is pasted to a lower part of the polishing
table 30A (lower part where no polishing pad 10 is pasted). The
dog 224 is detected by the proximity sensor 222. The proximity
sensor 222 ig disposed outside the polishing table 30A. The trigger
sensor 220 ocutputs a trigger signal indicating that the polishing
table 30A makes one turn based on a positional relationship between
the proximity sensor 222 and the dog 224. More specifically, the
trigger sensor 220 outputs a trigger signal when the proximity
sensor 222 comesg closest to the dog 224, or more specifically, the
proximity sensor 222 outputs a trigger signal.

[0070] The optical sensor 50 determines measurement start timing
and measurement end timing based on the trigger signal outputted

from the trigger sensor 220 and the angle of rotation 36a of the
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swing arm 110. That is, the fluid supply control apparatus 27 {(a
distance determining section) determines a distance from the axis
of rotation when the semiconducter wafer 16 is rotated by the top
ring 31A to the optical sensor 50 at the time of measurement by
the optical sensor 50 based on the trigger signal and the angle
of rotation 36a of the swing arm 110. The f£luid supply control
apparatus 27 determines measurement start timing and measurement
end timing using this distance.

[0071] The fluid supply contrel apparatus 27 determines a
distance based on an angle of rotation of the optical sensor 50
at the time of measurement from the rotation position which becomes
a reference when the optical sensor 50 rotates around the rotation
center of the polishing table 30A and a swinging angle of the swing
arm 110 at the time of measurement from the swing position which
becomes a reference when the swing arm 110 swings around the swing
center. Details will be given later.

[0072] The fluid supply control apparatus 27 for controlling the
supply of a fluid to the through hole 268 supplies the fluid when
the determined distance falls within a predetermined range. Note
that the fluid supply control apparatus 27 can also determine the
distance based on a time regquired for the optical sensor 50 to rotate
from a rotation position which becomes a reference when the optical
sensor 50 rotates around the rotation center of the polishing table
30A to a rotation position at the time of measurement and a time
required for the swing arm 110 to swing from a swing position which
becomes a reference when the swing arm 110 swings around the swing
center to a swing position at the time of measurement.

[0073] This is because it is possible to calculate an angle of
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rotation of the optical sensor 50 at the time of measurement from
the time required for the optical sensor 50 to rotate up to the
rotation position at the time of measurement by controlling (or
measuring), for example, the rotation speed of the polishing table
30A. It is alsopossible tocalculate a swinging angle of the swing
arm 110 at the time of measurement by controlling (or measuring)
the swing speed of the swing arm 110. The vrotation speed and the
swing speed need not be constant. This is because the angle can
be calculated if these speeds are controlled according to a
predetermined speed profile.

[0074] Next, details of the method for the fluid supply control
apparatus 27 to determine the distance from the axis of rotation
when the semiconductor wafer 16 is rotated by the top ring 31A to
the optical sensor 50 at the time of measurement by the optical
sensor 50 based on a trigger signal and the angle of rotation 36a
of the swing arm 110 will be described.

[0075] First, the track of the optical sensor 50 on the
semiconductor wafer 16 when the swing arm 110 is swung during
polishing will be described using Fig. 6 and Fig. 7. Fig. 6 is
a diagram illustrating motion of the swing arm when the swing arm
ig swung during pelishing. The optical sensor 50 rotates around
a rotation center 70 of the polishing table 30A and moves on a circle
72 with a constant radius on the polishing table 30A. The swing
arm 110 swings around the axis of rotation 108 (that is, the swing
center). As the swing arm 110 rotates, the semiconductor wafer
16 is moved from the receiving position of the semiconductor wafer
16 to above the polishing table 30A. A semiconductor wafer lé6a

shows the semiconductor wafer 16a located at the receiving position.
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A semiconductor wafer 16b shows the semiconductor wafer 16 when
the optical sensor 50 passes through the center of the semiconductor
wafer 16. A semiconductor wafer 16c shows the semiconductor wafer
16 when the optical sensor 50 does not pass through the center of
the semiconductor wafer 16.

[0076] An enlarged view of the semiconductor wafer 16 in Fig.
6 is shown in Fig. 7. Fig. 7 is a diagram illustrating the track
of the optical sensor 50 on the semiconductor wafer 16 when the
swing arm 110 is swung during polishing. The semiconductor wafer
16b shows the semiconductor wafer 16 when the optical sensor 50
passes through the center of the semiconductor wafer 16. The
semiconductor wafer 16d shows the semiconductor wafer 16 when the
optical sensor 50 does not pass through the center of the
semiconductor wafer 16. As is clear from Figs. 6 and 7, when the
top ring 31A swings in the horizontal direction, the track of the
optical sensor 50 passing under the semiconductor wafer 16 becomes
curves of various sizes passing through points other than the center
of the rotation center 118 of the semiconductor wafer 16.
[0077] Next, the method for the distance determining section to
determine the distance from the top ring shaft 111 to the optical
sensor 50 at the time of measurement by the optical sensor 50 when
the semiconductor wafer 16 is rotated by the top ring 31A will be
described using Fig. 8. Fig. 8 is a plan view of the polishing
table 30A, the swing arm 110 and the semiconductor wafer 16 seen
from above the first polishing unit 3A. The rotation center 70
of the polishing table 30A is assumed to be an origin (0, 0) of
a coordinate system.

[0078] The distance determining section determines the distance
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based on an angle of rotation 6s of the optical sensor 50 at the
time of measurement from a rotation positicon 122 which becomes a
reference when the optical sensor 50 rotates around the rotation
center 70 of the polishing table 30A and a swinging angle 6w of
the swing arm 110 at the time of measurement from a swing position
120 which becomes a reference when the swing arm 110 swings around
the swing center 108. The distance determining section determines
the distance during polishing, that is, when the semiconductor
wafer 16 swings around the swing center 108 on the swing arm 110
and when it is rotated by the top ring 31A. The rotation position
122 which becomes a reference is a direction in which the proximity
sensor 222 1s seen from the rotation center 70. In the present
embodiment, the rotation position 122 is made to coincide with the
negative direction of the X-axis. The swing position 120 which
becomes a reference is a position at which the swing arm 110 receives
the semiconductor wafer 16. The rotationposition 122 and the swing
pogition 120 which becomes a reference can be set arbitrarily.
[0079] Parameters used in the method for determining a distance
will be described.
- Rotation radius Rs [mm] of the optical sensor 50

The rotation radius Rs is a distance from the rotation center
70 of the polishing table 30A to the optical sensor 50.
- The angle of rotation 6s [deg] is an angle of rotation of the
optical sensor 50 calculated, when a time at which the proximity
sensor 222 outputs a trigger signal is measured, from the product
of the rotation angular speed of the polishing table 30A and time.
The rotation angular speed of the polishing table 30A is normally

a constant value. When it is not a constant value, the rotation
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angular speed can be calculated by adding up the rotation angular
speed and the time (or by integrating the rotation angular speed
by time). Note that since the rotation position 122 which becomes
a reference is in a direction in which the proximity sensor 222
is seen from the rotation center 70, the dog 224 is on a radius
connecting the rotation center 70 and the optical sensor 50
accordingly. Note that the dog 224 can be provided at an arbitrary
position. When the dog 224 is not located on the radius connecting
the rotation center 70 and the optical sensor 50, an angle formed
by the radius connecting the rotation center 70 and the optical
sensor 50 and the radius connecting the rotation center 70 and the
dog 224 may be added to or subtracted from the angle of rotation
of the optical sensor 50 calculated from the product of the
aforementioned rotation angulaxr speed of the polishing table 30A
and time.
- X coordinate Xc [mm] of axis of rotation 108 of swing arm 110
- Y coordinate Y¢ [mm] of axis of rotation 108 of swing arm 110
- Rotation radius Rw [mm] of swing shaft of swing arm 110

The rotation radius Rw ig a distance from the axis of rotation
108 of the swing arm 11C¢ to the rotation center 118 of the
semiconductor wafer 16.
- Swinging angle Bw [deg] measured from reference position of swing
arm 110

The swinging angle Bw is obtained by subtracting the angle of
rotation 36a corresponding to the swing position 120 which becomes
a reference from the aforementioned angle of rotation 36a
corresponding to the swing arm 110 at the time of measurement.

[0080] When parameters are set in this way, X coordinate Xs [mm]
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and Y coordinate Ys [mm] of the optical sensor 50 are calculated
as follows.

Xs=Rs*cos (6s)

Ys=Rs*sin (0s)

The X coordinate Xw [mm] and ¥ cooxrdinate Yw [mm] of the rotatiocn
center 118 of the semiconductor wafer 16 are calculated as follows.

Xw=Xc+Rw*cos (Ow)

Yw=Yc+Rw*sin (Ow)

Note that the swing position 120 coincides with a positive
direction of the X-axis according to the present embodiment. When
the swing position 120 does not coincide with the positive direction
of the X-axis, the angle formed by the swing position 120 and the
positive direction of the X-axis may be added to or subtracted from
the swinging angle Ow.

[o081] A distance Ds between the optical sensor 50 and the
rotation center 118 of the semiconductor wafer 16 is calculate as
follows:

Ds= V{ (Xs-Xw) “2+ (¥Ys—Yw) "2}

The fluid supply control apparatus 27 is assumed to calculate
the distance Ds as described above, but the end point detection
section 28 may also calculate the distance Ds. When either the
fluid supply control apparatus 27 or the end point detection section
28 calculates the distance Ds, the apparatus that has calculated
the distance Ds can send the calculation result to the other
apparatus. Furthermore, both the fluid supply control apparatus
27 and the end point detection section 28 may calculate the distance
Ds in parallel. In this case, when one apparatus calculates more

gquickly than the other apparatus, the one apparatus can know the
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distance Ds without waiting for the other apparatus to end the
calculation, and so the processing is carried out faster.
(o082} The above-described method for calculating the distance
Ds uses the angle of rotation 8s of the polishing table 30A and
the angle of rotation Bw of the swing arm 110, but there are various
methods for calculating the distance Ds. For example, it is
possible to determine the distance based on a time required for
the optical sensor 50 to rotate from the rotation position 122 which
becomes a reference when the optical sensor 50 rotates around the
rotation center 70 of the polishing table 30A to the rotation
position at the time of measurement and a time required for the
swing arm 110 to swing from the swing position 120 which becomes
a reference when the swing arm 110 swings around the swing center
108 to the swing position at the time of measurement.

[0083] Next, the method for controlling a f£luid using the
distance Ds by the fluid supply control apparatus 27 will be
describedusing Fig. 9 and Fig. 10. Fig. 9 isadiagramillustrating
a track of the optical sensor 50 on the semiconductor wafer 16 when
the swing arm 110 1s caused to swing during polishing. A track
74 shows a moving path of the optical sensor 50 when the optical
gensor 50 passes through the center of the semiconductor wafer 16.
A track 76 shows a moving path of the optical sensor 50 when the
optical sensor 50 does not pass through the center of the
semiconductor wafer 16. Fig. 9 also shows the location of timing
78 at which the trigger sensor 220 outputs a trigger signal on the
track 74 and the track 76.

[c084] When the determined distance Ds falls within a

predetermined range, the fluid supply control apparatus 27 for
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controlling the supply of a fluid to the through hole 268 preferably
supplies the fluid. When the fluid is supplied to the through hole
268, the supply is preferably started immediately before the
optical sensoxr 50 enters an area below the semiconductor wafer 16
and stopped immediately after the optical sensor 50 comes out from
below the semiconductor wafer 16.

[0085] That is, when the calculated distance Ds between the
rotation center 118 of the semiconductor wafer 16 and the optical
sensor 50 is equal to or less than the radius of the semiconductor
wafer 16 Rwf + set value a (predetermined length) (that is, within
a predetermined range) as shown in Fig. 9, a necessary fluid is
supplied to the optical sensor 50. By adjusting the set value a,
supply timing can be adjusted. Fig. 10 illustrates timing for
supplying the necessary fluid to the optical sensor 50. In the
respective drawings in Fig. 10, the horizontal axis represents time

and the vertical axis represents, for example, a binary value of

1} 0 n and n 1 . n
[0086] Fig. 10{(a) illustrates the swing direction of the swing
arm 110. "1" and "0" indicate mutually opposite swing directions.

The lengths of a period 80 of "1" and a period 82 of "0" may be
the same or different. Fig. 10(b) illustrates timing 78 at which
the trigger sensor 220 outputs a trigger signal. "1" indicates
that a trigger signal is outputted. Fig. 10(c} illustrates timing
84 during which the optical sensor 50 is located below the
semiconductor wafer 16. "1" indicates that the optical sensor 50
is located below the semiconductor wafer 16.

[00871 Fig. 10(d) illustrates timing 86 during which a necessary

fluid is supplied to the optical sensor 50. "1" indicates that
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the necessary fluid is supplied to the optical sensor 50. The
timing 86 starts earlier than the timing 84. The period during
which the timing 86 precedes the timing 84 corresponds to the set
value a. Fig. 10(e) illustrates a period 88 during which the
optical sensor 50 collects data. "1" indicates that the optical
sensor 50 collects data. The period 88 i1s set to be wider than
the timing 84 and the timing 86 by a set value . This is done to
ensure that the data is reliably collected.

[oossl Note that inaddition to controlling the timing 86 at which
the necessary fluid is supplied to the optical sensor 50, control
may be performed so that the flow rate is changed between the center
of the semiconductor wafer 16 and the edge side based on the radius
position of the optical sensor 50 which performs calculations all
the time. In order to perform accurate measurement using the
optical sensor 50, the through hole 268 needs to be filled with
a sufficient amount of fluid. For this reason, when the optical
sensor 50 enters an area below the semiconductor wafer 16 from the
outside of the semiconductor wafer 16, for example, a higher flow
rate is set and slurry is excluded first. In the vicinity of the
center of the semiconductor wafer 16, an effect of reducing
influences of the fluid on the polishing is produced by setting
a lower flow rate. That is, the fluid supply control apparatus
27 supplies the fluid with a first supply amount {(liters/minute)
for a predetermined period after the determined distance Ds falls
within a predetermined range (equal to or less than the sum of the
radius of the semiconductor wafer 16 Rwf and the set value a) and
the supply of the fluid is started. After a lapse of the

predetermined period, the fluid is supplied with a second supply



-34 -

amount (liters/minute) smaller than the first supply amount.
[0089] Next, data collection by the optical sensor 50 and a data
analysis procedure according to the present embodiment will be
described using a flowchart in Fig. 11. In this procedure, a data
analysis is performed every time data is acquired. When polishing
starts, it is determined whether or not a trigger signal is outputted
from the proximity sensor 222 (whether or not a reference trigger
is turned ON} (S10). When the trigger signal is not outputted,
this determination is repeated until the trigger signal is
outputted. When the trigger signal is outputted, time after the
reference trigger is turned ON is measured (S12). The distance
Ds from the rotation center 118 of the semiconductor wafer 16 to
the optical sensor 50 is calculated using this time as described
above (S14).

{00501 Next, it is determined whether or not the distance Ds is
smaller than the radius of the semiconductor wafer 16 (Rwf)+ a (S16) .
When the distance Ds 1s smaller (Yes), the fluid supply control
apparatus 27 opens the supply control valve 256 and supplies the
ligquid (s818). When the distance Ds is greater (No), the fluid
supply control apparatus 27 closes the supply control valve 256
and does not supply the liguid (S20). Next, it is determined
whether or not the distance Ds i1s smaller than the radius of the
semﬁconductor wafer 16 (Rwf)+p (S22). When the distance Ds is
greater (No), no measurement by the optical sensor 50 is performed.
When the distance Ds is smaller (Yes), measurement by the optical
sensor 50 is performed (S24). The end point detection section 28
performs end point detection using the data obtained (S26). It

is determined whether or not the polishing is ended based on the
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result of end point detection (S28). When it is determined that
the polishing is ended (Yes), the polishing ends. When it is
determined that the polishing is not ended {No), the process returns
to step S10 and the polishing continues.

[00891] Next, data collection and another data analysis procedure
by the optical sensor 50 according to the present embodiment will
be described using a flowchart in Fig. 12. In this procedure, all
the data obtained while the polishing table 30A makes one turn is
obtained and then a data analysis is performed. No data analysis
is performed while data is being collected. This can give more
processing time than when a data analysis is performed every time
data is acguired.

[0092] In the present procedure, step S10 to step S20 are the
same as the procedure shown in Fig. 11, and so step S20 and subsequent
steps will be described. When step S18 or step S20 ends, it is
then determined whether or not the distance Ds is smaller than the
radius of the semiconductor wafer 1le {(Rwf)+p (S22). When the
distance Ds is greater (No), measurement by the optical sensor 50
is not performed. Since all the latest data obtained while the
polishing table 30A makes one turn is obtained, the end point
detection section 28 performs end point detection on the data (S30).
When the distance Ds is smaller (Yes), measurement by the optical
sensor 50 is performed and data obtained is saved (S32). Next,
it is determined whether or not the polishing is ended according
to the result of end point detection (828). When it is determined
that the polishing is ended (Yes), the polishing ends. When it
is determined that the polishing is not ended (No), the process

returns to step S10 and the polishing continues.
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[0093] Note that although the position of the swing arm 110 is
determined using the angle of rotation 36a according to the
aforementioned embodiment, other methods can also be used. For
example, when the motion of the swing arm 110 follows a predetermined
profile, if timing at which the swing arm 110 changes the swing
direction is known, it is possible to determine, through
calculation, the position of the swing arm 110 by measuring an
elapsed time after changing the swing direction. The timing at
which the swing arm 110 changes the swing direction can be obtained
from the control section that controls driving of the swing arm
110. Furthermore, by providing the trigger sensor 220 at a swing
end of the swing arm 110, it is possible to directly detect timing
at which the swing arm 110 changes the swing direction.

[0094] The embodiments of the present invention have been
described so far, but the above-described embodiments of the
present invention are meant to facilitate an understanding of the
present invention, and not to limit the present invention. The
present invention can be changed or improved without departing from
the spirit and scope of the present invention and it goes without
saying that the present invention includes eguivalents thereof.
An arbitrary combination or omission of components described in
the scope of claims and the specification is possible within a scope
in which at least some of the above-described problems can be solved
or within a scope in which at least some of the effects can be
exerted.

[0095] This application claims priority under the Paris
Convention to Japanese Patent Application No. 2017-202620 filed

on October 19, 2017. The entire disclosure of Japanese Patent
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Laid-Open Nos. 2006-526292 and 2012-135865 including specification,
claims, drawings and summary is incorporated herein by reference
in its entirety.

REFERENCE SIGNS LIST

[0096] 14 ... Swing shaft motor
16 ... Semiconductor wafer
18a ... Current command
18b ... Current value
27 ... Fluid supply control apparatus
28 ... End point detection section
30A ... Polishing table
36a ... Angle of rotation
50 ... Optical sensor
70 ... Rotation center
108 ... Swing center
222 ... Proximity sensor
224 ... Dog
242 ... Supply path
244 ... Exhaust path
250 ... Fluid supply section
256 ... Supply control wvalve
268 ... Through hole
270 ... Light projecting optical fiber

272 ... Light receiving optical fiber
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WHAT IS CLAIMER IS:

1. A polishing apparatus configured to performpolishing between
a polishing pad and a polishing object disposed opposite to the
polishing pad, comprising:

a rotatable polishing table configured to hold the polishing
pad;

a rotatable holding section configured to hold the polishing
object;

a swing arm holding the holding section;

an arm drive section configured to swing the swing arm around
a center of swinging on the swing arm during the polishing;

a measguring section disposed on the polishing table, and
configured to measure a physical gquantity of the polishing object
changeable in accordance with a change in film thickness of the
polishing object;

a distance determining section configured to determine a
distance from an axis of rotation when the polishing object is
rotated by the holding section, to the measuring section at the
time of measurement by the measuring section, when the polishing
object is swung around the center of swinging on the swing arm and
rotated by the holding section; and

an end point detection section configured to detect a
polishing end point indicating an end of the polishing based on
the physical guantity measured by the measuring section and the
determined distance.

2. The polishing apparatus according to claim 1, wherein the

distance determining section is configured to determine the
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distance based on an angle of rotation of the measuring section
at the time of measurement from a rotation position which becomes
a reference when the measuring section rotates around a rotation
center of the polishing table and a swing angle of the swing arm
at the time of measurement from the swing position which becomes
a reference when the swing arm swings around the swing center.
3. The polishing apparatus according to claim 1, wherein the
distance determining section is configured to determine the
distance based on a time required for the measuring section to rotate
from a rotation position which becomes a reference when the
measuring section rotates around a rotation center of the polishing
table to a rotation position at the time of measurement and a time
required for the swing arm to swing from a swing position which
becomes a reference when the swing arm swings around the swing center
to the swing position at the time of measurement.

4. The polishing apparatus according to any one of claims 1 to
3, wherein the measuring section comprises:

a light projecting/receiving apparatus configured to project
measurement light from the polishing table onto the polishing
object and receive reflected iight from the polishing object;

a fluid supply section configured to supply a £luid to a £luid
chamber provided in a light projecting/receiving location of the
polishing table; and

a fluid supply control apparatus configured to control the
fluid supply to the fluid chambexr, wherein

the fluid supply control apparatus supplies the fiuid when
the determined distance falls within a predetermined range.

5. The polishing apparatus according to claim 4, wherein when



- 40 -

the determined distance falls within the predetermined range means
when the determined distance is equal to or less than a length
obtained by adding up the radius of the polishing object and a
predetermined lehgth.
6. The polishing apparatus according to claim 4 or 5, wherein
the fluid supply control apparatus supplies the fluid with a first
supply amount for a predetermined period after the determined
distance falls within the predetermined range and the £luid supply
is started and supplies the fluid with a second supply amount which
igs smaller than the first supply amount after a lapse of the
predetermined period.
7. A polishing method for performing polishing between a
polishing pad and a polishing object disposed opposite to the
polishing pad, the method comprising:

holding the polishing pad to a polishing table and rotating
the polishing table;

holding the polishing object to a holding section and rotating
the holding section;

holding the holding section using a swing arm and causing the
swing arm to swing around a center of swinging on the swing arm
during the polishing;

measuring a physical quantity of the polishing object
changeable in accordance with a change in film thickness of the
polishing object using a measuring section disposed on the
polishing table;

determining a distance from an axis of rotation when the
polishing object is rotated by the holding section, to the measuring

section at the time of measurement by the measuring section, when
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the polishing object is swung around the center of swinging on the
swing arm and rotated by the holding section; and

detecting a polishing end point indicating an end of the
polishing based on the measured physical quantity and the

determined distance.



