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BREAK-IN PROCESSING APPARATUS
AND BREAK-IN PROCESSING METHOD

BACKGROUND OF THE INVENTION
Field of the Invention:
[0001] The present invention relates to an apparatus and a method of performing a break-
in process for an elastic membrane which is used in a substrate holding apparatus for
holding a substrate, such as a wafer.
Description of the Related Art:
[0002] A polishing apparatus for performing CMP (Chemical Mechanical Polishing) has a
substrate holding apparatus, which is called a top ring or a polishing head, for holding a
substrate, such as a wafer, and pressing this substrate against a polishing surface of the
polishing pad held by a polishing table at a predetermined pressure. At this time, the
polishing table and the substrate holding apparatus are moved relative to each other to bring
the substrate into sliding contact with the polishing surface, thereby polishing a surface of
the substrate.
[0003] During polishing of the wafer, if a relative pressing force applied between the
substrate and the polishing surface of the polishing pad is not uniform over the entire surface
of the substrate, insufficient polishing or excessive polishing would occur depending on a
pressing force applied to each portion of the substrate. Thus, in order to make the pressing
force against the substrate uniform, the substrate holding apparatus has a pressure chamber
defined by an elastic membrane at a lower part thereof. This pressure chamber is supplied
with a fluid, such as air, to press the substrate through the elastic membrane with a fluid
pressure.
[0004] As the polishing process of the substrate is repeated in the polishing apparatus, the
elastic membrane becomes degraded. The degraded elastic membrane needs to be replaced
with a new elastic membrane. Since the replaced new elastic membrane does not have

sufficient elasticity (flexibility), the substrate cannot be pressed against the polishing surface
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of the polishing pad with a desired pressing force even if a fluid having the predetermined
pressure is supplied to the pressure chamber. Therefore, a fluid (e.g., air) having a
predetermined pressure is supplied to the pressure chamber of the elastic membrane, and the
pressure chamber is left in this state for a predetermined time, and then opened to the
atmosphere, thereby enhancing the elasticity of the new elastic membrane that has been
replaced (see, for example, Patent Document 1). In this specification, the expansion and
contraction process (also called stretching process) of the elastic membrane immediately
after the replacement of the elastic membrane is referred to as a "break-in process".
Citation List
Patent Literature
[0005]

Patent document 1: Japanese laid-open patent publication No. 2019-77028
[0006] However, the conventional break-in process is performed with a new elastic
membrane attached to the substrate holding apparatus of the polishing apparatus. In this
case, the polishing apparatus cannot be operated during performing of the break-in process,
resulting in a lower utilization rate of the polishing apparatus.
[0007] Further, a confirmation of whether or not the break-in process has been properly
performed is made from a polishing profile of the monitor wafer that has been polished
using the new elastic membrane. When the break-in process is insufficient, the break-in
process is required to be performed again, so that the utilization of the polishing apparatus is

further reduced.

SUMMARY OF THE INVENTION
[0008] It is therefore an object of the present invention to provide a break-in processing
apparatus and a break-in processing method capable of reliably performing a break-in
process for an elastic membrane without reducing a utilization rate of a polishing apparatus.
[0009] In an embodiment, there is provided a break-in processing apparatus comprising: a

stage to which an elastic membrane assembly including at least a carrier and an elastic
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membrane attached to the carrier is placed; a break-in determination module facing an
outermost periphery portion of the elastic membrane of the elastic membrane assembly
placed to the stage; a fluid supply unit configured to supply a pressurized fluid having a
predetermined pressure into a pressure chamber formed between the outermost periphery
portion of the elastic membrane and the carrier; and a controller configured to control
operations of the break-in determination module and the fluid supply unit, wherein the
controller determines a completion of a break-in process of the elastic membrane based on a
load applied to the break-in determination module by the elastic membrane which is
expanded by the pressurized fluid supplied into the pressure chamber.

[0010] In an embodiment, the break-in determination module includes: a load distributing
ring facing the outermost periphery portion of the elastic membrane; and a load cell
configured to measure the load applied from the elastic membrane through the load
distributing ring.

In an embodiment, the break-in determination module includes a pressure-sensitive
sensor configured to measure a distribution of the load applied from the elastic membrane in
the radial direction of the elastic membrane.

In an embodiment, the break-in determination module further includes a shape

measuring device which can measure a shape of a lower surface of the outermost periphery
portion of the elastic membrane opened to atmosphere, and the controller confirms the
completion of the break-in process of the elastic membrane based not only on the load
applied to the break-in determination module, but also on the shape of the lower surface of
the outermost periphery portion of the elastic membrane measured by the shape measuring
device.
[00011] In an embodiment, the shape measuring device is a two-dimensional displacement
sensor that emits a laser beam to the lower surface of the outermost periphery portion of the
elastic membrane to thereby obtain the shape of the lower surface of the outermost periphery
portion of the elastic membrane.

In an embodiment, the fluid supply unit includes: a fluid supply line
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communicating with a pressure chamber formed between the elastic membrane and the
carrier; and a flow meter and/or a pressure gauge disposed in the fluid supply line, and the
controller supplies the pressurized fluid having a predetermined pressure into the pressure
chamber; measures a flow rate and/or a pressure of the pressurized fluid; and determines
whether or not to generate a leak-detection signal based on measurement values of the flow
rate and/or the pressure of the pressurized fluid.

In an embodiment, the controller measures, during supplying of the pressurized
fluid into the pressure chamber, the flow rate of the pressurized fluid while regulating the
pressure of the pressurized fluid in the pressure chamber by use of a pressure regulator;
measures the pressure of the pressurized fluid in the pressure chamber; determines whether
or not measurement value of the flow rate of the pressurized fluid, which has been measured
when variation of the pressure of the pressurized fluid is within an allowable range, is within
a reference range; and generates the leak-detection signal when the flow rate is outside of the
reference range.

[0012] In an embodiment, there is provided a break-in processing method for an elastic
membrane attached to a carrier, comprising: placing an elastic membrane assembly
including at least the carrier and the elastic membrane; supplying a pressurized fluid having
a predetermined pressure into a pressure chamber formed between an outermost periphery
portion of the elastic membrane and the carrier; and determining a completion of a break-in
process of the elastic membrane based on a load applied to a break-in determination module
which faces the outermost periphery portion of the elastic membrane of the elastic
membrane assembly placed to the stage.

[0013] In an embodiment, determining the completion of the break-in process of the
elastic membrane is determined based on a measurement result of a load cell which
measures the load applied from the elastic membrane through a load distribution ring facing
the outermost periphery portion of the elastic membrane.

In an embodiment, determining the completion of the break-in process of the

elastic membrane is determined based on a measurement result of a pressure-sensitive
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sensor which measures a distribution of the load applied from the elastic membrane in the
radial direction of the elastic membrane.

In an embodiment, the break-in processing method further comprises: opening the

pressure chamber to atmosphere; measuring a shape of a lower surface of the outermost
periphery portion of the elastic membrane; and confirming the completion of the break-in
process of the elastic membrane based on the shape of the lower surface of the outermost
periphery portion of the elastic membrane.
[0014] In an embodiment, measuring the shape of the lower surface of the outermost
periphery portion of the elastic membrane is performed by use of a two-dimensional
displacement sensor which emits a laser beam to the lower surface of the outermost
periphery portion of the elastic membrane to thereby obtain the shape of the lower surface of
the outermost periphery portion of the elastic membrane.

In an embodiment, the break-in processing method further comprises: performing a
leak checking of the elastic membrane before the break-in process, wherein the leak
checking includes: supplying a pressurized fluid into a pressure chamber formed between
the elastic membrane and the carrier in a state where the elastic membrane is placed in close
contact with the stage; measuring a flow rate and/or a pressure of the pressurized fluid; and
determining whether or not to generate a leak-detection signal based on the flow rate and/or
the pressure of the pressurized fluid.

In an embodiment, the leak checking includes: measuring, during supplying of the
pressurized fluid into the pressure chamber, the flow rate of the pressurized fluid while
regulating the pressure of the pressurized fluid in the pressure chamber by use of a pressure
regulator; measuring the pressure of the pressurized fluid in the pressure chamber;
determining whether or not measurement value of the flow rate of the pressurized fluid,
which has been measured when variation of the pressure of the pressurized fluid is within an
allowable range, is within a reference range; and generating the leak-detection signal when
the flow rate is outside of the reference range.

[0015] The break-in process for the elastic membrane can be reliably completed before the
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elastic membrane assembly is installed in the polishing apparatus. Therefore, after the
elastic membrane assembly is installed in the polishing apparatus, there is no need to
perform the break-in process for the elastic membrane, and further there is no need to
confirm that the elastic membrane has acquired sufficient elasticity. As a result, a

reduction in the utilization rate of the polishing apparatus can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] FIG. 1 is a view showing an example of a polishing apparatus;

FIG. 2 is a cross-sectional view schematically showing a polishing head;

FIG. 3 is a schematic view showing a state in which an elastic membrane assembly
is removed from the polishing head shown in FIG. 2;

FIG. 4 is a side view showing a break-in processing apparatus according to an
embodiment;

FIG. 5 is a schematic view showing an example of a fluid supply unit shown in
FIG. 4;

FIG. 6A is a top view schematically showing a break-in determination module
according to one embodiment, and FIG. 6B is a cross-sectional view taken along line A-A in
FIG. 6A:

FIG. 7 is a flowchart showing an example of a break-in process;

FIG. 8 is a schematic view showing a state where a pressurized fluid is supplied to
an edge pressure chamber to expand an outermost periphery portion of the elastic
membrane;

FIG. 9A is a graph showing an example of a reference distribution of a load that the
outermost periphery portion of the elastic membrane is pressing, in the radial direction of the
elastic membrane, and an allowable range set with respect to this reference distribution, FIG.
9B is a graph showing a state where measurement result by a pressure-sensitive sensor is
within the allowable range shown in FIG. 9A, and FIG. 9C is a graph showing a state where

measurement result by the pressure-sensitive sensor deviates from the allowable range
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shown in FIG. 9A;

FIG. 10A is a top view of the break-in determination module according to another
embodiment, and FIG. 10B is a cross-sectional view taken along line B-B in FIG. 10A;

FIG. 11A is a graph showing measurement result of the lower surface of the
outermost periphery portion of an unused elastic membrane measured with a two-
dimensional displacement sensor, and FIG. 11B is a graph showing measurement result of
the lower surface of the outermost periphery portion of the elastic membrane after the break-
in process has been completed with the two-dimensional displacement sensor;

FIG. 12 is a flowchart of a confirmation method for confirming that the break-in
process of the elastic membrane is completed;

FIG. 13A is a graph showing a target position stored in advance in a controller, FIG.
13B is a graph showing an example in which measurement result of a shape measuring
device has reached the target position, and FIG. 13C is a graph showing an example in
which measurement result of the shape measuring device has not reached the target position;

FIG. 14 is a graph showing an example of a change in pressure of the pressurized
fluid in the pressure chamber, and a change in flow rate of the pressurized fluid flowing in a
fluid delivery line communicating with the pressure chamber, when there is no leakage of
the pressurized fluid;

FIG. 15 is a graph showing an example of a change in pressure of the pressurized
fluid in the pressure chamber, and a change in flow rate of the pressurized fluid flowing in a
fluid delivery line communicating with the pressure chamber, when there is leakage of the
pressurized fluid; and

FIG. 16 is a flowchart showing a leak checking method according to one

embodiment.

DESCRIPTION OF EMBODIMENTS
[0017] Embodiments will be described below with reference to the drawings. FIG. 1 isa

view showing an example of a polishing apparatus. As shown in FIG. 1, the polishing
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apparatus includes a polishing table 18 for supporting a polishing pad 19, and a polishing
head (substrate holding apparatus) 1 for holding a wafer W as an example of a substrate, and
pressing the wafer W against the polishing pad 19 on the polishing table 18. In the
polishing apparatus as shown in FIG. 1, an elastic membrane, where the break-in process
described below is performed, is attached to the polishing head 1.

[0018] The polishing table 18 is coupled via a table shaft 18a to a table motor 29 disposed
below the polishing table 18, so that the polishing table 18 is rotatable about the table shaft
18a. The polishing pad 19 is attached to an upper surface of the polishing table 18. A
surface 19a of the polishing pad 19 serves as a polishing surface for polishing the wafer W.
The polishing pad 19 is supported by the polishing table 18.

[0019] A processing-liquid supply nozzle 25 is provided above the polishing table 18 so
that the processing liquid supply nozzle 25 supplies a processing liquid comprising a
polishing liquid or a cleaning liquid (e.g., pure water) or other liquid onto the polishing pad
19 on the polishing table 18.

[0020] The polishing head 1 includes a head body 2 for pressing the wafer W against the
polishing surface 19a, and a retainer ring 3 for retaining the wafer W therein so as to prevent
the wafer W from slipping out of the polishing head 1. The polishing head 1 is coupled to
a head shaft 27, which is vertically movable relative to a head arm 64 by a vertically moving
device 81. This vertical movement of the head shaft 27 causes the entirety of the polishing
head 1 to move vertically relative to the head arm 64 and enables positioning of the
polishing head 1. A rotary joint 82 is mounted to an upper end of the head shaft 27.

[0021] The vertically moving device 81 for elevating and lowering the head shaft 27 and
the polishing head 1 includes a bridge 84 that rotatably supports the head shaft 27 through a
bearing 83, a ball screw 88 mounted to the bridge 84, a support pedestal 85 supported by
support posts 86, and a servomotor 90 mounted to the support pedestal 85. The support
pedestal 85, which supports the servomotor 90, is fixedly mounted to the head arm 64
through the support posts 86.

[0022] The ball screw 88 includes a screw shaft 88a coupled to the servomotor 90 and a
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nut 88b that engages with the screw shaft 88a. The head shaft 27 is vertically movable
together with the bridge 84. When the servomotor 90 is set in motion, the bridge 84 moves
vertically through the ball screw 88, so that the head shaft 27 and the polishing head 1 move
vertically.

[0023] The head shaft 27 is coupled to a rotary sleeve 66 by a key (not shown). A timing
pulley 67 is secured to an outer circumferential portion of the rotary sleeve 66. A head
motor 68 is fixed to the head arm 64. The timing pulley 67 is coupled through a timing
belt 69 to a timing pulley 70, which is mounted to the head motor 68. When the head
motor 68 is set in motion, the rotary sleeve 66 and the head shaft 27 are rotated integrally
through the timing pulley 70, the timing belt 69, and the timing pulley 67, thus rotating the
polishing head 1. The head arm 64 is supported by an arm shaft 80, which is rotatably
supported by a frame (not shown). The polishing apparatus includes a controller 40 for
controlling respective devices provided in the apparatus including the head motor 68, the
servomotor 90 and the vertically moving device 81.

[0024] The polishing head 1 is configured to be able to hold the wafer W on its lower
surface. The head arm 64 is coupled through an arm shaft 80 to an arm motor 89 disposed
below the head arm 64, and the head arm 64 is rotatable about the arm shaft 80. The
controller 40 is electronically connected to the arm motor 89 and is configured to control the
arm motor 89 serving as a swing device for swinging the polishing head 1.

[0025] The head arm 64 is configured to be swingable about the arm shaft 80. Thus, the
polishing head 1, which holds the wafer W on its lower surface, is moved from a position at
which the polishing head 1 receives the wafer W (standby position) to a position above the
polishing pad 19 by a swing motion of the head arm 64.

[0026] The wafer W is polished in the following manner. The polishing head 1 and the
polishing table 18 are rotated, respectively, and the polishing liquid is supplied onto the
polishing pad 19 from the processing-liquid supply nozzle 25 provided above the polishing
table 18. In this state, the polishing head 1 is lowered to a predetermined position

(predetermined height), and the wafer W is pressed against the polishing surface 19a of the
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polishing pad 19 at the predetermined position. The wafer W is brought into sliding
contact with the polishing surface 19a of the polishing pad 19, and thus the surface of the
wafer W is polished.

[0027] Next, the polishing head (substrate holding apparatus) 1, which is installed in the
polishing apparatus shown in FIG. 1, will be described in detail with reference to FIG. 2.
FIG. 2 is a cross-sectional view schematically showing the polishing head 1. As shown in
FIG. 2, the polishing head 1 includes a head base 5 which is secured to a lower end of the
head shaft 27, and an elastic membrane assembly 7 which is attached to a lower end of the
head base 5. The elastic membrane assembly 7 is attached to the head base 5 through a
coupling mechanism which is not shown in the drawings.

[0028] The elastic membrane assembly 7 is basically comprised of the retainer ring 3 for
directly pressing the polishing surface 19a, an elastic membrane (membrane) 10 for pressing
the wafer W against the polishing surface 19a, and a carrier 8 to which the elastic membrane
10 is attached. The retainer ring 3 is disposed so as to surround the wafer W and the elastic
membrane 10, and is coupled to the carrier 8. The elastic membrane 10 is attached to the
carrier 8 so as to cover a lower surface of the carrier 8.

[0029] The elastic membrane 10 has a plurality of (eight in the drawing) annular
circumferential walls 10a, 10b, 10c, 10d, 10e, 10f, 10g and 10h which are arranged
concentrically. The circumferential wall 10h corresponds to a side wall located at the
outermost peripheral portion of the elastic membrane 10. These circumferential walls 10a,
10b, 10c, 10d, 10e, 10f, 10g and 10h form a circular central pressure chamber 12 located at a
center of the elastic membrane 10, annular edge pressure chambers 14a, 14b located at the
outermost part of the elastic membrane 10, and five (in this embodiment) annular
intermediate pressure chambers (i.e., first to fifth intermediate pressure chambers) 16a, 16b,
16c, 16d and 16e located between the central pressure chamber 12 and the edge pressure
chambers 14a, 14b. In this embodiment, the number of pressure chambers formed by the
elastic membrane 10 is eight, but the number of pressure chambers is not limited to this

embodiment. The number of pressure chambers may be increased or decreased according
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to the configuration of the elastic membrane 10.

[0030] The carrier 8 has a fluid passage 20 communicating with the central pressure
chamber 12, a fluid passage 22 communicating with the edge pressure chamber 14a, a fluid
passage 24f communicating with the edge pressure chamber 14b, and fluid passages 24a,
24b, 24c¢, 24d and 24e communicating with the intermediate pressure chambers 16a, 16b,
16¢, 16d and 16e, respectively. These fluid passages 20, 22, 24a, 24b, 24c, 24d, 24e and
24f are connected to fluid lines 26, 28, 30a, 30b, 30c, 30d, 30e and 30f, respectively, all of
which are connected through the rotary joint 82 to a pressure regulating device 65. The
pressure regulating device 65 is electrically connected to the controller 40, and thus the
controller 40 can control operation of the pressure regulating device 65.

[0031] A retainer chamber 34 is formed immediately above the retainer ring 3. This
retainer chamber 34 is connected via a fluid passage 36 formed in the carrier 8 and a fluid
line 38 to the pressure regulating device 65.

[0032] According to the polishing head 1 configured as shown in FIG. 2, pressures of the
pressurized fluid supplied to the respective pressure chambers 12, 14a, 14b, 16a, 16b, 16c,
16d and 16e are controlled, respectively, in a state where the wafer W is held by the
polishing head 1, so that the polishing head 1 can press the wafer W with different pressures
that are transmitted through multiple areas of the elastic membrane 10 arrayed along a radial
direction of the wafer W. Thus, in the polishing head 1, pressing forces applied to the
wafer W can be adjusted at multiple zones of the wafer W by adjusting pressures of the
pressurized fluid supplied to the respective pressure chambers 12, 14a, 14b, 16a, 16b, 16c,
16d and 16e formed between the carrier 8 and the elastic membrane 10. At the same time,
by controlling the pressure of the pressure fluid supplied to the retainer chamber 34, the
pressing force of the retainer ring 3 pressing the polishing pad 19 can be regulated.

[0033] The carrier 8 is made of resin such as engineering plastic (e.g., PEEK), and the
elastic membrane 10 is made of a highly strong and durable rubber material such as ethylene
propylene rubber (EPDM), polyurethane rubber, silicone rubber, or the like.

[0034] In the case where the elastic membrane 10 is replaced as occasion arises, such as

11
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maintenance, a newly replaced elastic membrane 10 does not have sufficient elasticity
(flexibility). Therefore, when the fluid having a predetermined pressure is supplied to each
of the pressure chambers 12, 14a, 14b, and 16a to 16e, the wafer W cannot be pressed
against the polishing surface 19a of the polishing pad 19 with a desired pressing force.
Thus, it is necessary to perform a break-in process that the pressurized fluid is supplied to
each of the pressure chambers 12, 14a, 14b, 16a-16¢ of the elastic membrane 10, and to
open these pressure chambers to the atmosphere to thereby enhance the elasticity of the
elastic membrane 10. Performing the break-in process enables the elasticity (flexibility) of
the elastic membrane 10 to be enhanced, so that the wafer W can be pressed against the
polishing surface 19a of the polishing pad 19 with a desired pressing force. ~As a result, the
surface of the wafer W can be stably polished.

[0035] When the elastic membrane 10 is replaced, i.e., the break-in process is performed,
the elastic membrane assembly 7 is removed from the polishing head 1. FIG. 3 is a
schematic view showing a state in which the elastic membrane assembly 7 is removed from
the polishing head 1 shown in FIG. 2. Next, the elastic membrane 10 is removed from the
carrier 8 of the removed elastic membrane assembly 7, and a new elastic membrane 10 is
attached to the carrier 8 of the elastic membrane assembly 7.

[0036] Next, the elastic membrane assembly 7 to which the new elastic membranel0 is
attached is installed in a break-in processing apparatus, which will be described below,
performing the break-in process for the new elastic membrane 10.

[0037] FIG. 4 is a side view showing a break-in processing apparatus according to an
embodiment. The break-in processing apparatus 50 shown in FIG. 4 includes a stage 54 on
which the elastic membrane assembly 7 is placed, a fluid supply unit 60 for supplying
pressurized fluid (e.g., compressed air) to the elastic membrane 10 of the elastic membrane
assembly 7 placed on the stage 54, a break-in determination module 57 for determining
completing of the break-in process for the elastic membrane 10, and a controller 52 for
controlling operations of at least the fluid supply unit 60 and the break-in determination

module 57.
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[0038] Further, the break-in processing apparatus 50 shown in FIG. 4 includes a
processing chamber 51 for performing the break-in process for the elastic membrane 10, a
control box 53 for housing the fluid supply unit 60 and the controller 52, a coupling head 55
for coupling the fluid supply unit 60 to the elastic membrane assembly 7, and a display 56
capable of displaying a recipe for the break-in process and results of the break-in process.
The display 56 is connected to the controller 52, and an operator can use the display 56 to
check the recipe for the break-in process stored in advance in the controller 52. Further,
the operator can modify the recipe for break-in process displayed on the display 56 using an
input device (e.g., keyboard and mouse), which is not shown in the drawings, and can create
a new recipe for break-in process.

[0039] In this embodiment, the stage 54 includes a main stage 54a, an elastic-membrane
stage 54b, and a retainer-ring stage 54c. The elastic-membrane stage 54b and the retainer-
ring stage 54c are fixed to an upper surface of the main stage 54a. The elastic-membrane
stage 54b has a disk-shape, and has a diameter smaller than an outer diameter of the elastic
membrane 10. The retainer-ring stage 54c has a ring shape, and has an upper surface
configured to support a lower surface of the retainer ring 3. The elastic-membrane stage
54b and the retainer-ring stage 54c are concentrically arranged with each other.

[0040] When the retainer ring 3 is placed on the retainer-ring stage 54c, a center of the
elastic membrane 10 is located on a straight line extending vertically through a center of the
elastic-membrane stage 54b, and a lower surface of the elastic membrane 10 is in contact
with the upper surface of the elastic membrane stage 54, or faces the upper surface of the
elastic-membrane stage 54b with a small gap. Therefore, when the elastic membrane
assembly 7 is placed on the stage 54, an outer periphery portion of the elastic membrane 10
is located above an annular gap formed between the elastic-membrane stage 54b and the
retainer-ring stage 54c.

[0041] Although not shown in the drawings, the break-in processing apparatus 50 may
have a sliding mechanism to move the stage 54 between an inside and an outside (see dotted

line in FIG. 4) of the processing chamber 51. The sliding mechanism causes the stage 54
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to be pulled outside of the processing chamber 51, allowing an operator to easily place the
elastic membrane assembly 7 on the stage. The sliding mechanism is, for example,
composed of a rail coupling to the main stage 54a, and a moving mechanism that moves the
stage 54 along the rail. Examples of the moving mechanism include a piston-cylinder
mechanism and a ball-screw mechanism. In one embodiment, the moving mechanism may
be omitted. In this case, the stage 54 is moved manually.

[0042] The break-in determination module 57 is disposed in the annular gap formed
between the elastic membrane stage 54b and the retainer-ring stage 54c. Usually, an area
where the break-in process is particularly required is the outermost periphery portion of the
elastic membrane 10. In the outermost periphery portion of the elastic membrane 10, the
circumferential wall 10h, which corresponds to the side wall of the elastic membrane 10, and
the circumferential wall 10g positioned to an inner side of the circumferential wall 10h seal a
gap between the elastic membrane 10 and the carrier 8. Since an outside of the
circumferential wall 10h is at atmospheric pressure, the circumferential wall 10h tries to
expand outward, when a pressurized fluid is supplied to the edge pressure chamber 14a
which is partitioned by the circumferential walls 10g and 10h. When the circumferential
wall 10h expands outward, a downward pressing force of the edge pressure chamber 14a
pressing the wafer W against the polishing surface 19a of the polishing pad 19 is reduced,
and therefore, the elasticity at the outermost periphery of the elastic membrane 10 has the
greatest effect on the polishing of the wafer W.

[0043] In contrast, each of the pressure chambers other than the outermost periphery
portion of the elastic membrane 10 is partitioned by adjacent circumferential walls of the
circumferential walls 10a to 10g, and the pressure of the pressurized fluid acts on the outside
of these circumferential walls as well. Accordingly, the elasticity of the elastic membrane
10 other than the outermost periphery portion of the elastic membrane 10 has hardly any
effect on the polishing of the wafer W. Therefore, determining the elasticity of the
outermost periphery portion of the elastic membrane 10 enables the completion of the break-

in process for the elastic membrane 10 to be determined. In this embodiment, the break-in
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determination module 57 is used to measure the elasticity of the outermost periphery portion
of the elastic membrane 10, and the controller 52 determine the completion of the break-in
process for the elastic membrane 10 based on the measurement result of the break-in
determination module 57.

[0044] The coupling head 55 is disposed in the processing chamber 51, and can be moved
vertically by the vertical movement mechanism (not shown). When performing the break-
in process, the coupling head 55 is coupled to the elastic membrane assembly 7 placed on
the stage 54 such that the pressurized fluids from the fluid supply unit 60, which will be
described below, can be independently supplied into the pressure chambers 12, 14a, 14b,
16a to 16e of the elastic membrane 10.

[0045] FIG. 5 is a schematic view showing an example of the fluid supply unit 60 shown
in FIG. 4. The fluid supply unit 60 shown in FIG. 5 has fluid delivery lines F1, F2, F3, F4,
F5, F6, F7, and F8 which are provided corresponding to the pressure chambers 12, 14a, 14b
and 16a to 16e, respectively. One ends of each of the fluid delivery lines F1, F2, F3, F4,
F5, F6, F7, and F8 are coupled to a fluid supply source. The fluid supply source is, for
example, a pressurized fluid supply source as a utility provided in the factory where the
polishing apparatus is installed. Other ends of each of the fluid delivery lines F1, F2, F3,
F4, F5, F6, F7, and F8 are coupled to the coupling head 55 disposed in the processing
chamber 1.

[0046] The coupling head 55 has inner fluid passages (not shown) for coupling the fluid
delivery lines F1 to F8 to the fluid passages 20, 22, 24a to 24f, respectively, which provided
in the carrier 8, when the elastic membrane assembly 7 is installed to the coupling head 55.
The pressurized fluids, such as compressed air, are supplied to the pressure chambers 12,
14a, 14b 16a to 16e through the fluid delivery lines F1, F2, F3, F4, F5, F6, F7, and F8 of
the fluid supply unit 60, and the inner fluid channels of the coupling head 55, respectively.
[0047] Pressure regulators R1, R2, R3, R4, RS, R6, R7, and RS are provided on the fluid
delivery lines F1, F2, F3, F4, F6, F7, and F8, respectively. The pressurized fluids from the

pressurized fluid supply source are independently supplied to the pressure chambers 12,14a,
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14b, 16a to 16e through the pressure regulators R1 to RS, respectively. The pressure
regulators R1 to R8 are configured to regulate independently the pressure of the pressurized
fluid in the pressure chambers 12, 14 a, 14b, 16ato 16e.

[0048] Pressure release lines F11, F12, F13, F14, F15, F16, F17, and F18 are connected to
the fluid delivery lines F1, F2, F3, F4, F5, F6, F7, and F8, respectively, the pressure release
lines being used for opening the pressure chambers 12, 14a, 14b, 16a to 16e to atmosphere.
Pressure release valves V11, V12, V13, V14, V15, V16, V17, and V18 are provided on the
pressure release lines F11, F12, F13, F14, F15, F16, F17, and F18, respectively.

[0049] Open/close valves V1, V2, V3, V4, V5, V6, V7, and V8 are provided on the fluid
delivery lines F1, F2, F3, F4, F5, F6, F7, and F8, respectively, and the pressure release lines
F11,F12,F13,F14, F15, F16, F17, and F18 are connected to the fluid delivery lines F1, F2,
F3, F4, F5, F6, F7, and F8 at downstream of the open/close valves V1, V2, V3, V4, V5, V6,
V7, and V8, respectively. The open/close valves V1, V2, V3, V4, V5, V6, V7, and VS,
and the pressure release valves V11, V12, V13, V14, V15, V16, V17, and VI8 are
connected to the controller 52. The controller 52 can control open/close operations of each
of the open/close valves V1 to V8, and open/close operations of each of pressure release
valve V11 to V18, independently.

[0050] The open/close valves V1 to V8 and the pressure release valves V11 to V 18 are
normally closed. When the controller 52 causes the open/close valves V1 to V8 to be
opened, the pressurized fluids are supplied from the pressurized fluid supply source to the
pressure chambers 12, 14a, 14b, and 16a to 16e to thereby stretch (expand) the elastic
membrane 10. In this state, when the controller 52 causes the open/close valves V1 to V8
to be closed, and the pressure release valves V11 to VI8 to be opened, the pressure
chambers 12, 14a, 14b, and 16a to 16e are opened to atmosphere to thereby contract the
elastic membrane 10. By expanding and contracting the elastic membrane 10 in this
manner, the break-in process for the elastic membrane 10 is performed.

[0051] FIG. 6A is a top view schematically showing the break-in determination module 57

according to one embodiment, and FIG. 6B is a cross-sectional view taken along line A-A in
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FIG. 6A. The break-in determination module 57 shown in FIGS. 6A and 6B has a load
distributing ring 61 facing the outermost periphery portion of the elastic membrane 10, and
at least one load measuring device 62.

[0052] The load distributing ring 61 is a tool which, when the pressurized fluid is supplied
to the edge pressure chamber 14a of the elastic membrane 10 from the fluid supply source
60, is in contact with the lower surface of the outermost periphery portion of the elastic
membrane 10, to evenly apply the load to the at least one load measuring device 6.  The
outermost periphery portion of the elastic membrane 10 that the load distributing ring 61
faces may be an area which includes the edge pressure chamber 14a, and further reach to a
region of the edge pressure chamber 14b positioned inside of the edge pressure chamber 14a,
or may be a part of a region of the edge pressure chamber 14a.

[0053] In order to accurately measure the load applied from the elastic membrane 10 to the
load distributing ring 61, it is preferred that a plurality of load measuring devices 62 are
arranged at equal intervals along a circumferential direction of the load distributing ring 61.
In the break-in determination module 57 shown in FIGS. 6A and 6B, three load measuring
devices 62, which are a load cell, are arranged at equal intervals along the circumferential
direction of the load distributing ring 61.

[0054] In one embodiment, the load measuring device 62 may be a pressure-sensitive
sensor capable of measuring a distribution of the load, which is pressed by the outermost
peripheral portion of the elastic membrane 10, in a radial direction of the elastic membrane
10. In the case where the load measuring device 62 is the pressure-sensitive sensor, the
load distributing ring 61 is omitted. Examples of such a pressure-sensitive sensor include a
tactile sensor manufactured by Nitta Corporation, and a tactile pressure sensor manufactured
by PPS. When the pressure-sensitive sensor is used for the load measuring device 62 of the
break-in determination module 57, the break-in determination module 57 may have a
plurality of pressure-sensitive sensors arranged along the circumferential direction of the
elastic membrane 10, or may have only one pressure-sensitive sensor. In the case where

the break-in determination module 57 has only one pressure-sensitive sensor as the load
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measuring device 62, it is preferred that the pressure-sensitive sensor has the same shape as
that of the outermost periphery portion of the elastic membranel0 in a horizontal direction.
[0055] In one embodiment, the controller 52 of the break-in processing apparatus 50 may
calculate a correction coefficient and/or a correction formula for correcting a polishing
recipe for the polishing process performed in the polishing apparatus, based on the pressure
of pressurized fluid supplied into the edge pressure chamber 14a and the load (pressure)
distribution obtained by the pressure-sensitive sensor which is the load measuring device 62.
More specifically, the controller 52 of the break-in processing apparatus 50 calculates a
correction coefficient and/or a correction formula for correcting a polishing load of the
polishing recipe that is stored in advance in the controller 40 of the polishing apparatus, such
that the load distribution obtained by the pressure-sensitive sensor comes close to a reference
distribution which will be described below. In this case, the correction coefficient and/or
the correction formula calculated by the controller 52 of the break-in processing apparatus
50 is input to the controller 40 of the polishing apparatus, and the controller 40 of the
polishing apparatus corrects the polishing load of the polishing recipe based on the
correction coefficient and/or the correction formula. This operation enables optimal
polishing of the wafer W, which takes into account individual differences in the elastic
membranes 10 before and after replacement (e.g., slight dimensional differences, slight
hardness differences in the material, and so on), to be performed.

[0056] When the retainer ring 3 is placed on the retainer-ring stage 54c, the lower surface
of the outermost periphery portion of the elastic membrane 10 (in this embodiment, the
lower surface of the elastic membrane 10 forming the edge pressure chamber 14a) faces the
load distributing ring 61 (or pressure-sensitive sensor). A small gap is formed between the
elastic membrane 10 and the load distributing ring 61 (or pressure-sensitive sensor). When
performing the break-in process, the pressurized fluid is supplied from the pressurized fluid
source to at least the edge pressure chamber 14a. More specifically, the controller 42
causes at least the open/close valve V8 (see Fig. 5) to be opened, thereby supplying the

pressurized fluid, which is regulated to a predetermined pressure by the pressure regulator
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R&, into the edge pressure chamber 14a.

[0057] In one embodiment, all of the pressure chambers 12, 14a, 14b, 16a to 16e may be
supplied with pressurized fluid, or some of the pressure chambers 12, 14a, 14b, 16a to 16e,
including the pressure chamber 14a may be supplied with the pressurized fluid. In recent
years, the number of pressure chambers in the elastic membrane 10 has tended to increase in
order to improve a controllability of the film thickness profile of the wafer W after polishing.
In this case, the elasticity in shape of the partition walls for partitioning each pressure
chamber may not be ensured to be sufficient for design purposes. In such cases, the elastic
membrane 10 other than the area of the outermost periphery portion is also stretched and
contracted to thereby enhance the elasticity of the elastic membrane 10. The controller 52
can open open/close valves disposed in the fluid delivery lines communicating with the
corresponding pressure chambers to supply the pressurized fluids with a predetermined
pressure into the desired pressure chambers.

[0058] Next, a method of performing the break-in process by use of the break-in
processing apparatus 50 according to the embodiments described above will be described
below.

[0059] FIG. 7 is a flowchart showing an example of a break-in process. ~As shown in FIG.
7, first, the elastic membrane assembly 7 with the new elastic membrane 10 attached is
installed in the break-in processing apparatus 50 (S101). More specifically, the elastic
membrane assembly 7 is placed on the stage 54, and in this state, the coupling head 55 is
attached to the elastic membrane assembly 7. With this operation, the outermost periphery
portion of the elastic membrane assembly 7 faces the break-in determination module 57, and
each pressure chamber 12, 14a, 14b, 16a to 16e of the elastic membrane 10 can be supplied
with the pressurized fluid having a predetermined pressure.

[0060] Next, the pressurized fluid with the predetermined pressure regulated by the
pressure regulator R8 is supplied to the edge pressure chamber 14a (S102). At this time,
any or all of the pressure chambers 12, 14b, 16a to 16e may be supplied with pressurized

fluid having the predetermined pressure. In one embodiment, the pressurized fluids may be
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repeatedly supplied and opened to atmosphere (depressurized) to the edge pressure
chambers 14a, and any or all of the pressure chambers 12, 14b, 16a to 16e other than edge
pressure chamber 14a, and then the pressurized fluids may be supplied to the edge pressure
chamber 14a, and any or all of the pressure chambers 12, 14b, 16a to 16e other than edge
pressure chamber 14a. Next, the controller 52 checks whether or not a predetermined time
has elapsed (S103). After the predetermined time has elapsed, the load measuring device
62 of the break-in determination module 57 is used to measure the load (or the load
distribution in the radial direction of the elastic membrane 10) that the outermost periphery
portion of the elastic membrane 10 is pressing the load distributing ring 61 (S104).

[0061] FIG. 8 is a schematic view showing a state where the pressurized fluid is supplied
to the edge pressure chamber 14a to expand the outermost periphery portion of the elastic
membrane 10. The outermost periphery portion of the elastic membrane 10, expanded by
the pressurized fluid presses the load measuring device 62, which is a load cell, through the
load distributing ring 61. In the case where the load measuring device 62 is the pressure-
sensitive sensor, the outermost periphery portion of the elastic membrane 10 expanded by
the pressurized fluid directly presses the load measuring device 62, which is the pressure-
sensitive sensor. The load measuring device 62 measures the load (or the load distribution
in the radial direction of the elastic membrane 10) that the outermost periphery portion of the
elastic membrane 10 is pressing the load distributing ring 61, and sends measurement result
thereof to the controller 52.

[0062] The controller 52 compares the measurement result of the load measuring device
62 with an allowable range which is set in advance with respect to a reference value, and
determines whether or not the measurement result of the load measuring device 62 is within
the allowable range (S105). The controller 52 stores in advance the above reference value
and the allowable range set with respect to the reference value.

[0063] When the elastic membrane 10 does not have sufficient elasticity (flexibility), the
elastic membrane 10 cannot be stretched sufficiently. Therefore, the measurement value of

the load measuring device 62 is lower than a measurement value when the outermost
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periphery portion of the elastic membrane 10 having an appropriate elasticity presses the
load measuring device 62. The controller 52 compares the measurement result of the load
measuring device 62 with the allowable range set in advance with respect to the reference
value, thereby determining whether or not the break-in process for the elastic membrane 10
is completed.

[0064] In the case where the break-in determination module 57 has a plurality of load
measuring devices 62, an average of the measurement values of these load measuring
devices 62 can be used as the measurement result for comparison with the allowable range.
In one embodiment, the maximum or minimum of the measurement values of the plurality
of load measuring devices 62 may be used as the measurement result for comparison with
the allowable range. Further, if any one of the measurement values of the plurality of load
measuring devices 62 deviates from the allowable range, it may be determined that the
break-in process is not completed.

[0065] Further, a sum of the measurement values of the plurality of load measuring
devices 62 may be used as the measurement result for comparison with the allowable range.
In this case, a value obtained by multiplying a reference value set for one load measuring
device 62 by the number of load measuring devices 62 is used as the reference value with
which the measurement result is compared. Thus, the allowable range is set for this
reference value obtained in this manner.

[0066] In the case where the load measuring device 62 is the load cell, when the elastic
membrane 10 does not have sufficient elasticity, the measurement result of the load
measuring device 62 is lower than the reference value. In this case, the fact that the
measurement result of the load measuring device 62 is within the allowable range
corresponds to the fact that the measurement result of the load measuring device 62 is equal
to or greater than the reference value.

[0067] In the case where the load measuring device 62 is the pressure-sensitive sensor
described above, the reference value is a reference distribution of the load that the outermost

periphery portion of the elastic membrane 10 is pressing, in the radial direction of the elastic
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membrane 10.

[0068] FIG. 9A is a graph showing an example of a reference distribution of the load that
the outermost periphery portion of the elastic membrane 10 is pressing, in the radial
direction of the elastic membrane 10, and an allowable range set with respect to this
reference distribution. FIG. 9B is a graph showing a state where the measurement result by
the pressure-sensitive sensor is within the allowable range shown in FIG. 9A. FIG. 9C is a
graph showing a state where the measurement result by the pressure-sensitive sensor
deviates from the allowable range shown in FIG. 9A. The controller 52 stores in advance
the graph as shown in FIG. 9A, and determines whether or not the load distribution obtained
by the pressure-sensitive sensor is within the allowable range.

[0069] When the measurement result of the load measuring device 62, which is the load
cell, is equal to or greater than the reference value, or when the measurement result of the
load measuring device 62, which is the pressure-sensitive sensor, is within the allowable
range as shown in FIG. 9 B ("YES" in S105), the controller 52 determines that the elastic
membrane 10 has acquired sufficient elasticity and completes the break-in process for the
elastic membrane. In this case, the elastic membrane assembly 7 can be removed from the
break-in processing apparatus (S106).

[0070] In contrast, when the measurement result of the load measuring device 62, which is
the load cell, is lower than the reference value, or when the measurement result of the load
measuring device 62, which is the pressure-sensitive sensor, deviates from the allowable
range as shown in FIG. 9C ("NO" in S105), the controller 52 determines that the elasticity of
the elastic membrane 10 is insufficient, and repeats the break-in operation shown in S102 to
S105. In this case, the controller 52 causes the pressure chambers into which the
pressurized fluids have been supplied, of the pressure chambers 12, 14a, 14b, 16a to 16e to
be opened to atmosphere (S107). This operation enables the elastic membrane 10 to repeat
the expanding action by used of the pressurized fluid and the contracting action due to the
opening to atmosphere until acquiring sufficient elasticity.

[0071] According to this embodiment, the break-in process for the elastic membrane 10
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can be reliably completed before the elastic membrane assembly 7 is installed in the
polishing apparatus. Therefore, after the elastic membrane assembly 7 is installed in the
polishing apparatus, there is no need to perform the break-in process for the elastic
membrane 10, and further there is no need to confirm that the elastic membrane 10 has
acquired sufficient elasticity. As a result, a reduction in the utilization rate of the polishing
apparatus can be prevented.

[0072] Further, a standby elastic membrane assembly 7 with elastic membrane 10 attached
which has been confirmed to be completed the break-in process by the break-in processing
apparatus 50 may be prepared. In this case, the elastic membrane assembly 7 in use can be
exchanged with the standby elastic membrane assembly 7, allowing the polishing apparatus
to be put into operation as quickly as possible.

[0073] FIG. 10A is a top view of the break-in determination module 57 according to
another embodiment, and FIG. 10B is a cross-sectional view taken along line B-B in FIG.
10A. Configurations of this embodiment other than the break-in determination module 57
are the same as those of the embodiments described above, and thus duplicate descriptions
thereof will be omitted.

[0074] The break-in determination module 57 shown in FIGS. 10A and 10B differs from
the break-in determination module 57 according to the embodiments described above in that
it further has at least one shape measuring device 63 that additionally determines whether or
not the break-in process of the elastic membrane 10 is completed.

[0075] In this embodiment, the break-in determination module 57 has three shape
measuring devices 63, and each shape measuring device 63 is a two-dimensional
displacement sensor that emits a laser beam to the lower surface of the outermost periphery
portion of the elastic membrane 10 to obtain a two-dimensional shape of the lower surface
of the outermost periphery portion of the elastic membrane 10. However, the type of shape
measuring device 63 is not limited to this embodiment. For example, the shape measuring
device 63 may be an imaging device that obtains a two-dimensional shape of the lower

surface of the outermost periphery portion of the elastic membrane 10 as image data.
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[0076] When the break-in process is performed on the elastic membrane 10, the elasticity
of the elastic membrane 10 is increased. As a result, in a state where the pressure chambers
12, 14a, 14b, 16a to 16¢ of the elastic membrane 10 attached to the carrier 8 are opened to
atmosphere, the lower surface of the outermost periphery portion of the elastic membrane 10
after the break-in process is displaced downward by its own weight compared to the lower
surface of the elastic membrane 10 before the break-in process (i.e., the unused elastic
membrane 10).

[0077] FIG. 11A is a graph showing measurement result of the lower surface of the
outermost periphery portion of the unused elastic membrane 10 measured with the two-
dimensional displacement sensor, and FIG. 11B is a graph showing measurement result of
the lower surface of the outermost periphery portion of the elastic membrane 10 after the
break-in process has been completed with the two-dimensional displacement sensor. As
shown in FIG. 11A, the lower surface of the outermost periphery portion of the elastic
membrane 10 with insufficient elasticity extends horizontally. The lower surface of the
outermost periphery portion of the elastic membrane 10, which has sufficient elasticity due
to the break-in process, is displaced downward by its own weight.

[0078] In this embodiment, the completion of the break-in process is determined by the
determination based on the load applied to the load measuring device 62, as well as a
determination based on the change in the shape of the elastic membrane 10 obtained by the
shape measuring device 63. In other words, the completion of the break-in process which
has been determined based on the load applied to the load measuring device 62, is confirmed
by the determination based on the change in the shape of the elastic membrane 10 obtained
by the shape measuring device 63.

[0079] Hereafter, with reference to FIG. 12, a break-in processing method using the break-
in determination module 57 shown in FIGS. 10A and 10B will be described. FIG. 12 is a
flowchart of a confirmation method for confirming that the break-in process of the elastic
membrane 10 is completed. This method is identical to the flowchart described in FIG. 7

until the process of determining with the load measuring device 62, such as a load cell, that
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the break-in process is completed. Therefore, the description of the steps until S105 shown
in FIG. 7 is omitted.

[0080] In this embodiment, when the load measuring device 62 determines that the break-
in process is completed (i.e., "Yes" in S105 of FIG. 7), the controller 52 causes the pressure
chambers into which the pressurized fluid has been supplied, of the pressure chambers 12,
14a, 14b, 16a to 16e to be opened to atmosphere (S201). Next, the controller 52
measures the shape of the lower surface of the outermost periphery portion of the elastic
membrane 10 by use of the shape measuring device 63, and obtains the measurement result
thereof. The controller 52 determines whether or not the measurement result of the shape
measuring device 63 has reached a target position. The controller 52 stores in advance the
target position.

[0081] FIG. 13A is a graph showing the target position stored in advance in the controller
52, FIG. 13B is a graph showing an example in which the measurement result of the shape
measuring device 63 has reached the target position, and FIG. 13C is a graph showing an
example in which the measurement result of the shape measuring device 63 has not reached
the target position.

[0082] As shown in FIG. 13B, when the measurement result of the shape measuring
device 63 has reached the target position, the controller 52 determines that the break-in
process is definitely completed. In this case, the elastic membrane assembly 7 is removed
from the break-in processing apparatus (see S106 in FIG. 7).

[0083] As shown in FIG. 13C, when the measurement result of the shape measuring
device 63 has not reached the target position, the controller 52 determines that the break-in
process has not been completed, and repeats the break-in operation shown in S102 to S105
of FIG. 7.

[0084] Thus, in this embodiment, the completion of the break-in process is determined
based on not only the load applied to the load measuring device 62, but also the change in
the shape of the elastic membrane 10 acquired by the shape measuring device 63.

Therefore, it can more reliably determine that the break-in process is completed.
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[0085] In one embodiment, the load measuring device 62 may omitted, and the completion
of the break-in process may be determined by using only the measurement result of the
shape measuring device 63.

[0086] In the break-in processing unit 50 according to the embodiments described above,
the fluid supply device 60 can be used to supply the pressurized fluids from the pressurized
fluid supply source to each of the pressure chambers 12, 14a, 14b, 16ato 16e. Therefore,
this break-in process device 50 can be used to perform a leak check of the new elastic
membrane 10 attached to the carrier 8. In other words, the break-in process apparatus 50
can be used to check for fluid leakage from a gap between the carrier 8 and the elastic
membrane 10.

[0087] Returning to FIG. 5, in order to check the fluid leakage from the gap between the
elastic membrane 10 and the carrier 8 in the break-in processing apparatus 50, the fluid
supply unit 60 has pressure sensors P1, P2, P3, P4, P5, P6, P7, and P8 which are attached to
each of the fluid delivery lines F1 to F8. The pressure sensors Plto P8 can measure
pressures of the pressurized fluids in the fluid delivery lines F1 to F8, respectively.

[0088] Since the pressure sensors P1 to P8 communicate with the pressure chambers 12,
14a, 14b and 16a to 16e through the fluid delivery lines F1 to F8, respectively, the pressure
sensors P1 to P8 can measure the pressures of the pressurized fluids in the pressure
chambers 12, 14a, 14b and 16a to 16e, respectively. In this embodiment, the pressure
sensors P1 to P8 are disposed at a secondary side (downstream side) of the open/close valves
V1 to V8, respectively, i.e., disposed between the open/close V1 to V8 and the pressure
chambers 12, 14a, 14b and 16a to 16e, respectively. The pressure sensors P1 to P8 are
connected to the controller 52, and measured values of the pressure of the pressurized fluid
in each of the fluid delivery lines F1 to F8 are sent from the pressure sensors P1 to P8 to the
controller 52.

[0089] As shown in FIG. 5, the fluid supply unit 60 further includes flowmeters G1, G2,
G3, G4, G5, G6, G7, and F8 for measuring flow rates of the pressurized fluid flowing in

each of the fluid delivery lines F1 to F8, respectively. The flow meters G1 to G8 are

26



10

15

20

25

located between the pressure regulators R1 to R8 and the open/close valves V1 to V8. The
flow meters G1 to G8 are connected to the controller 52, and measurement values of the
flow rate of the pressurized fluid flowing through each of the fluid delivery lines F1 to F8
are sent from the flow meters G1 to G8 to the controller 52.

[0090] The controller 52 is configured to detect a leak of fluid from the elastic membrane
assembly 7 based on a change in the measurement values of the pressure of the pressurized
fluid, and a change in the measurement values of the flow rate of the pressurized fluid. The
leak checking is performed sequentially for each of the pressure chambers 12, 14a, 14b, and
16a to 16e. One embodiment of the leak checking for the pressure chamber 12 will be
described below. When performing the leak checking, the elastic membrane 10 is placed
in close contact with the elastic membrane stage 54b of the stage 54. In order to bring the
elastic membrane 10 in close contact with the elastic membrane stage 54b of the stage 54,
the coupling head 55 may be lowered by use of a vertical movement mechanism, which is
not shown in the drawings.

[0091] FIG. 14 is a graph showing an example of the change in the pressure of the
pressurized fluid in the pressure chamber 12, and the change in the flow rate of the
pressurized fluid flowing in the fluid delivery line F1 communicating with the pressure
chamber 12, when there is no leakage of the pressurized fluid. FIG. 15 is a graph showing
an example of the change in the pressure of the pressurized fluid in the pressure chamber 12,
and the change in the flow rate of the pressurized fluid flowing in the fluid delivery line F1
communicating with the pressure chamber 12, when there is leakage of the pressurized fluid.
The pressurized fluid is supplied into the pressure chamber 12 through the fluid delivery line
F1. The pressure regulator R1 is operated to maintain the pressure of the pressurized fluid
in the pressure chamber 12 at a preset target pressure value. The pressure of the
pressurized fluid in the pressure chamber 12 is measured by the pressure sensor P1, and the
flow rate of the pressurized fluid flowing in the fluid delivery line F1 is measured by the
flow meter Gl1. The measurement values of the pressure and the flow rate of the

pressurized fluid are sent to the controller 52.
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[0092] As shown in FIG. 14, although pressure hunting occurs in an initial stage when
pressurized fluid begins to be supplied into the pressure chamber 12, the pressure of the
pressurized fluid gradually becomes stable with the elapse of time. As the pressure
becomes stable, the flow rate of the pressurized fluid is gradually lowered, and the flow rate
eventually becomes almost zero. However, when a leak of the pressurized fluid occurs, as
shown in FIG. 15, the flow rate of the pressurized fluid does not approach zero, even though
the pressure of the pressurized fluid is stable. Specifically, as long as there is leakage of
the pressurized fluid, the flow rate does not reach zero because the pressurized fluid having a
flow rate corresponding to an amount of leakage continues to flow in the fluid delivery line
F1.

[0093] Accordingly, in this embodiment, the leak checking is performed based on the
pressure and the flow rate of the pressurized fluid. Specifically, flow meter G1 measures
the flow rate of the pressurized fluid while the pressurized fluid is supplied into the pressure
chamber 12 through the pressure regulator R1, and the pressure sensor P1 measures the
pressure of the pressurized fluid in the pressure chamber 12. The controller 52 is
configured to determine whether or not the flow rate of the pressurized fluid measured when
the pressure of the pressurized fluid is stable, is within a preset reference range (£f1). The
controller 52 is configured to generate a leak-detection signal when the flow rate is outside
the reference range.

[0094] The controller 52 stores in advance the allowable range of variation for determining
whether or not the pressure of the pressurized fluid is stable. The symbol FW shown in
FIGS. 14 and 15 represents the allowable range of variation. In one embodiment, a center
of the allowable range of variation FW coincides with the target pressure value. The
controller 52 is configured to detect the leakage of the pressurized fluid based on the flow
rate measured when the variation in the pressure of the pressurized fluid is within the
allowable range of variation FW, i.e., when the pressure of the pressurized fluid is stable.
[0095] The controller 52 determines a time point t1 when the variation in the pressure of

the pressurized fluid is within the allowable range of variation FW, and determines whether
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or not the flow rate of the pressurized fluid (i.e., the measurement value of the flow meter
G1) during a predetermined time interval measured from the time point t1 is within the
preset reference range (£fl1). In one embodiment, the controller 52 may measure an
elapsed time when the variation in the pressure of the pressurized fluid is within the
allowable range of variation FW to determine a time point at which the elapsed time exceeds
a set time, as the time point t1.

[0096] In an example shown in FIGS. 14 and 15, the time point t1 is a time point at which
the elapsed time when the variation in the pressure of the pressurized fluid is within the
allowable range of variation FW exceeds a set time TD. Specifically, the controller 52
stores in advance the mentioned set time TD, and measures an elapsed time when the
variation in the pressure of the pressurized fluid is being within the allowable range of
variation FW, from a moment at which the pressure of pressurized fluid falls within the
allowable range of variation FW. If the elapsed time when the variation in the pressure of
the pressurized fluid is within the allowable range of variation FW exceeds the set time TD,
the controller 52 determines a time point at which the elapsed time has just exceeded the set
time TD, as the time point tl. If, before the elapsed time reaches the set time TD, the
variation in the pressure of the pressurized fluid deviates from the allowable range of
variation FW, the controller 52 interrupts the measurement of the elapsed time. When the
variation in the pressure of the pressurized fluid falls again within the allowable range of
variation FW, the controller 52 starts the measurement of the elapsed time.

[0097] Although not shown in the drawings, the controller 52 may store in advance a
maximum monitoring time to monitor the variation in the pressure of the pressurized fluid.
In this case, the controller 52 measures a gas-supply time for supplying the pressurized fluid
into the pressure chamber 12. If the gas-supply time reaches the maximum monitoring
time while the elapsed time when the variation in the pressure of the pressurized fluid is
within the allowable range of variation FW does not reach the set time TD, the controller 52
determines a time point that has just reached the maximum monitoring time, as the time

point t1.
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[0098] In this manner, in the example shown in FIGS. 14 and 15, the controller 52
determines the time point t1 when the variation in the pressure of the pressurized fluid is
within the allowable range of variation FW. Furthermore, the controller 52 is configured to
determine whether or not the flow rate of the pressurized fluid, which has been measured
before reaching this time point t1 and measured in a predetermined time interval Ta, is
within the reference range. In this embodiment, the time interval Ta is shorter than the set
time TD described above. However, the time interval Ta may be equal to the set time TD.
According to this embodiment, the flow rate measured before reaching time point t1 is used
for the leak checking. Therefore, immediately after reaching the time point tl, the
controller 52 can determine whether or not to generate the leak-detection signal (i.e., the leak
of the pressurized fluid occurs or not), based on the measurement values of the flow rate that
has been already obtained from the flow meter G1.

[0099] In one embodiment, the controller 52 may be configured to determine the time
point tI when the variation in the pressure of the pressurized fluid is within the allowable
range of variation FW, and determine whether or not the flow rate of the pressurized fluid,
which is measured after reaching the time point tI and measured in a predetermined time
interval Tb, is within the reference range. In the example shown in FIGS. 14 and 15, the
time interval Tb is shorter than the set time TD described above. However, the time
interval Tb may be equal to the set time TD.

[0100] Next, one embodiment of the leak checking method is described with reference to a
flowchart shown in FIG. 16. FIG. 16 is a flowchart showing the leak checking method
according to one embodiment. In S301, the elastic membrane 10 is brought into close
contact with the elastic membrane stage 54b. The purpose of bringing the elastic
membrane 1 0 into close contact with the elastic membrane stage 54b is to stabilize the
volume of the pressure chamber filled with the pressurized fluid. In S302, the controller 52
causes the open/close valve V1 to be opened, and the open/close valves V2 to V8 to be
closed to thereby start the supply of the pressurized fluid into the pressure chamber 12

through the fluid delivery line F1.
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[0101] In S303, while the pressurized fluid is supplied through the fluid delivery line F1
into the pressure chamber 12, the flow meter G1 measures the flow rate of the pressurized
fluid flowing in the fluid delivery line F1, and the pressure regulator R1 regulates the
pressure of the pressurized fluid so as to maintain the pressure of the pressurized fluid in the
pressure chamber 12 to the target pressure value. The measurement values of flow rate are
sent to the controller 52, and stored in a memory of the controller 52. While the
pressurized fluid is being supplied into the pressure chamber 12, the pressure sensor Pl
measures the pressure of the pressurized fluid in the fluid delivery line F1 (i.e., the pressure
in the pressure chamber 12). The measurement values of pressure are sent to the controller
52, and stored in the memory of the controller 52.  While the pressurized fluid is being
supplied into the pressure chamber 12, the controller 52 monitors the measurement values of
flow rate and the measurement values of pressure.

[0102] In S304, the controller 52 determines the time point t1 when the variation in the
pressure of the pressurized fluid is within the allowable range of variation FW (i.e., the time
point when the pressure of the pressurized fluid in the pressure chamber 12 is stable). In
S305, the controller 52 determines whether or not the flow rate measured before reaching
the determined time point t1 and measured in the predetermined time interval Ta is within
the reference range (xf1). Alternatively, the controller 52 may determine whether or not
the flow rate measured after reaching the determined time point t1 and measured in the
predetermined time interval Tb is within the reference range. When the flow rate is outside
the reference range, the controller 52 generates a leak-detection signal (S306). The leak-
detection signal may be a trigger signal to issue an alarm. For example, the leak-detection
signal may be an electrical signal to indicate a leak detection on the display 56 (see FIG. 4),
or to activate an alarm device.

[0103] After the leak-detection signal is generated, or when the flow rate is within the
reference range, the controller 52 performs S307. In S307, the controller 52 determines
whether or not the leak checkings are performed for all the pressure chambers 12, 14a, 14b,

16a to 16e. The controller 52 repeats the operations of S302 to S306 until the leak
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checkings have been performed for all the pressure chambers 12, 14a, 14b, 16ato 16e. For
example, in the case where the leak checking is performed for the pressure chamber 16a, the
controller 52 causes the open/close valve V2 to be opened, and the open/close valves V1, V3
to V8 to be closed. The operations of S303 to S306 are performed in the same manner.
[0104] According to this embodiment, the pressure sensors P1 to P8 and the flow meters
G1 to G8 provided in the fluid supply unit 60 can be used to perform the leak checking of
the pressurized fluid supplied to the elastic membrane assembly 7. Therefore, the leak
checking can be performed automatically before the elastic membrane assembly 7 is
installed in the polishing apparatus. As a result, the burden on an operator to perform the
leak checking can be reduced, and further, the reduction in the utilization rate of the
polishing apparatus can be prevented.

[0105] In one embodiment, the pressure sensors P1 to P8 or the flow meters G1 to G8 may
be used to perform the leak checking of the pressurized fluid supplied to the elastic
membrane assembly 7. For example, in the case where the leak checking of the
pressurized fluid is performed using the pressure sensors P1 to P8, the controller 52 causes
the pressurized fluid having a predetermined pressure to be supplied into the pressure
chamber 12, and then the open/close valve V1 to be closed. In the case where the leak
checking of the pressurized fluid is performed using the flow meters G1 to G8, the controller
52 causes the pressurized fluid having a predetermined pressure into the pressure chamber
12, and the open/close valve V1 to be maintained in open state. The controller 52
measures (monitors) the pressure of the pressurized fluid or the flow rate of the pressurized
fluid, and maintains this state until a predetermined checking time elapses. When
performing the leak checking of the pressurized fluid using the flow meters G1 to G8, the
measurement of flow rate may be started after a predetermined time elapses from starting of
the supply of the pressurized fluid into the pressure chamber 12.

[0106] Next, the controller 52 determines whether or not to generate the leak signal based
on the measurement values of the pressure of the pressurized fluid, or the measurement

values of the flow rate of the pressurized fluid. More specifically, in the case where the
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leak checking of the pressurized fluid is performed using the pressure sensors P1 to P8, the
controller 52 generates the leak signal when the variation width of the measurement values
of the pressurized fluid is greater than or equal to a reference value. In the case where the
leak checking of the pressurized fluid is performed using flow meters G1 to G8, the
controller 52 compares the measurement values of the flow rate of the pressurized fluid with
a reference range (e.g., £f described with reference to FIG. 16). The controller 52
generates the leak signal when the measurement values of the flow rate of the pressurized
fluid are outside the reference range. The controller 52 stores in advance the reference
value set for the variation width of the measurement values of the pressure of the pressurized
fluid, or the reference range set for the measurement values of the flow rate of the
pressurized fluid.

[0107] When the leak is occurring in the elastic membrane 10, the measurement value of
the pressure sensor P1 gradually decreases. Therefore, when the variation width of the
measurement values of the pressure sensor P1 is greater than or equal to the reference value,
the controller 52 determines that the leak is occurring in the elastic membrane 10, and
generates the leak signal. Further, when the leak is occurring in the elastic membrane 10,
the flow meter G1 detects the flow rate of the pressurized fluid. Therefore, when the
measurement values of the flow meter G1 is outside the reference range, the controller 52
determines that the leak is occurring in the elastic membrane 10, and generates the leak
signal. The controller 52 repeats the same leak checking until the leak checkings have been
performed for all the pressure chambers 12, 14a, 14b, 16a to 16e.

[0108] Such leak checkings are preferably performed before performing the break-in
operation described above. More specifically, the leak checkings are preferably performed
between S101 and S102 shown in FIG. 7.

[0109] The previous description of embodiments is provided to enable a person skilled in
the art to make and use the present invention. Moreover, various modifications to these
embodiments will be readily apparent to those skilled in the art, and the generic principles

and specific examples defined herein may be applied to other embodiments. Therefore, the
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be accorded the widest scope as defined by limitation of the claims.
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What is claimed is:

1. A break-in processing apparatus comprising:

a stage to which an elastic membrane assembly including at least a carrier and an
elastic membrane attached to the carrier is placed;

a break-in determination module facing an outermost periphery portion of the
elastic membrane of the elastic membrane assembly placed to the stage;

a fluid supply unit configured to supply a pressurized fluid having a predetermined
pressure into a pressure chamber formed between the outermost periphery portion of the
elastic membrane and the carrier; and

a controller configured to control operations of the break-in determination module
and the fluid supply unit,

wherein the controller determines a completion of a break-in process of the elastic
membrane based on a load applied to the break-in determination module by the elastic

membrane which is expanded by the pressurized fluid supplied into the pressure chamber.

2. The break-in processing apparatus according to claim 1, wherein the break-in
determination module includes:

a load distributing ring facing the outermost periphery portion of the elastic
membrane; and

a load cell configured to measure the load applied from the elastic membrane

through the load distributing ring.

3. The break-in processing apparatus according to claim 1, wherein the break-in
determination module includes a pressure-sensitive sensor configured to measure a
distribution of the load applied from the elastic membrane in the radial direction of the

elastic membrane.
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4. The break-in processing apparatus according to any one of claims 1 through 3,
wherein the break-in determination module further includes a shape measuring device which
can measure a shape of a lower surface of the outermost periphery portion of the elastic
membrane opened to atmosphere, and

the controller confirms the completion of the break-in process of the elastic
membrane based not only on the load applied to the break-in determination module, but also
on the shape of the lower surface of the outermost periphery portion of the elastic membrane

measured by the shape measuring device.

5. The break-in processing apparatus according to claim 4, wherein the shape
measuring device is a two-dimensional displacement sensor that emits a laser beam to the
lower surface of the outermost periphery portion of the elastic membrane to thereby obtain

the shape of the lower surface of the outermost periphery portion of the elastic membrane.

6. The break-in processing apparatus according to any one of claims 1 through 5,
wherein the fluid supply unit includes:
a fluid supply line communicating with a pressure chamber formed
between the elastic membrane and the carrier; and
a flow meter and/or a pressure gauge disposed in the fluid supply line, and
wherein the controller
supplies the pressurized fluid having a predetermined pressure into the
pressure chamber;
measures a flow rate and/or a pressure of the pressurized fluid; and
determines whether or not to generate a leak-detection signal based on

measurement values of the flow rate and/or the pressure of the pressurized fluid.

7. The break-in processing apparatus according to claim 6, wherein the controller

measures, during supplying of the pressurized fluid into the pressure
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chamber, the flow rate of the pressurized fluid while regulating the pressure of the
pressurized fluid in the pressure chamber by use of a pressure regulator;

measures the pressure of the pressurized fluid in the pressure chamber;

determines whether or not measurement value of the flow rate of the
pressurized fluid, which has been measured when variation of the pressure of the pressurized
fluid is within an allowable range, is within a reference range; and

generates the leak-detection signal when the flow rate is outside of the

reference range.

8. A break-in processing method for an elastic membrane attached to a carrier,
comprising:

placing an elastic membrane assembly including at least the carrier and the elastic
membrane;

supplying a pressurized fluid having a predetermined pressure into a pressure
chamber formed between an outermost periphery portion of the elastic membrane and the
carrier; and

determining a completion of a break-in process of the elastic membrane based on a
load applied to a break-in determination module which faces the outermost periphery

portion of the elastic membrane of the elastic membrane assembly placed to the stage.

9. The break-in processing method according to claim 8, wherein determining the
completion of the break-in process of the elastic membrane is determined based on a
measurement result of a load cell which measures the load applied from the elastic
membrane through a load distribution ring facing the outermost periphery portion of the

elastic membrane.

10. The break-in processing method according to claim 8, wherein determining the

completion of the break-in process of the elastic membrane is determined based on a
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measurement result of a pressure-sensitive sensor which measures a distribution of the load

applied from the elastic membrane in the radial direction of the elastic membrane.

11. The break-in processing method according to any one of claims 8 through 10,
further comprising:

opening the pressure chamber to atmosphere;

measuring a shape of a lower surface of the outermost periphery portion of the
elastic membrane; and

confirming the completion of the break-in process of the elastic membrane based

on the shape of the lower surface of the outermost periphery portion of the elastic membrane.

12. The break-in processing method according to claim 11, wherein measuring the
shape of the lower surface of the outermost periphery portion of the elastic membrane is
performed by use of a two-dimensional displacement sensor which emits a laser beam to the
lower surface of the outermost periphery portion of the elastic membrane to thereby obtain

the shape of the lower surface of the outermost periphery portion of the elastic membrane.

13. The break-in processing method according to any one of claims 8 through 12,
further comprising: performing a leak checking of the elastic membrane before the break-in
process,

wherein the leak checking includes:

supplying a pressurized fluid into a pressure chamber formed between the
elastic membrane and the carrier in a state where the elastic membrane is placed in close
contact with the stage;

measuring a flow rate and/or a pressure of the pressurized fluid; and

determining whether or not to generate a leak-detection signal based on

the flow rate and/or the pressure of the pressurized fluid.
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14. The break-in processing method according to claim 13, wherein the leak

checking includes:

measuring, during supplying of the pressurized fluid into the pressure
chamber, the flow rate of the pressurized fluid while regulating the pressure of the
pressurized fluid in the pressure chamber by use of a pressure regulator;

measuring the pressure of the pressurized fluid in the pressure chamber;

determining whether or not measurement value of the flow rate of the
pressurized fluid, which has been measured when variation of the pressure of the pressurized
fluid is within an allowable range, is within a reference range; and

generating the leak-detection signal when the flow rate is outside of the

reference range.
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