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FIELD
[0001]

The present disclosure relates to a substrate cleaning
device, a substrate processing apparatus, a break-in device
of cleaning member (sponge brush), a method for estimating
the number of fine particles adhering to a substrate, a
method for determining the degree of contamination of a
substrate cleaning member, and a method for determining

break-in processing.

BACKGROUND AND SUMMARY
[0002]

JP 2019-161107 A discloses a substrate processing
apparatus that sequentially performs a polishing treatment,

a cleaning treatment, and a drying treatment on a substrate.



In the polishing treatment, the surfaces of the substrate
are polished with a suspension (slurry) that contains
abrasive grains and an auxiliary polishing agent. In the
cleaning treatment after that, the slurry that has adhered
to the front surface and the back surface of the substrate
during the polishing treatment is removed with a cleaning
member. In the drying treatment after that, droplets that
have adhered to the front surface and the back surface of
the substrate during the cleaning treatment are removed.
[0003]

In a case where the <cleaning treatment 1s not
appropriate, a defect might occur in the structure of an
element formed on the substrate, and the defect might cause
a characteristic failure of the element. Therefore, it is
necessary to select a cleaning treatment method for reliably
removing the slurry quickly without causing breakage or
corrosion of the element. In view of such a background,
scrub-cleaning using a cleaning member formed with PVA sponge
is adopted in the cleaning treatment, and wvarious kinds of
cleaning ligquids are also used in an auxiliary manner (JP
5866227 Bl, for example).

[0004]

In the scrub-cleaning, the cleaning member is brought
into contact with the substrate. Therefore, the cleanliness
of the cleaning member affects the level of the cleaning
effect. That is, 1f the cleaning member is clean, the

substrate can be appropriately cleaned. However, when



contamination of the cleaning member worsens, contaminants
are removed from the substrate, but there is a possibility
that the contaminants deposited on the cleaning member will
re-adhere to the substrate (cross contamination), and any
cleaning effect will not be obtained.

[0005]

As one of the means to prevent this cross contamination,
there is a known technique called self-cleaning for cleaning
a cleaning member at certain intervals or every time a
certain number of substrates have been treated (JP 3447869
Bl, for example). Also, a Dbrand-new cleaning member 1is
subjected to break-in processing (the conditioning before
the start of use of the brand-new cleaning member) .

[0006]

According to one embodiment of the present disclosure,
provided 1is a substrate cleaning device comprising: a
substrate holder configured to hold a substrate; a substrate
cleaning member configured to come into sliding contact with
the held substrate, and clean the substrate using a first
cleaning liquid supplied from a first nozzle; a self-cleaning
member configured to come into sliding contact with the
substrate cleaning member at a retreat position separated
from the substrate holder, and performs self-cleaning on the
substrate cleaning member using a second cleaning liquid
supplied from a second nozzle; a measurement module
configured to measure a physical property value of a waste

liquid of the second cleaning ligquid used for the self-



cleaning of the substrate cleaning member; and a controller
configured to estimate a number of fine particles adhering
to the cleaned substrate based on the physical property value
of the waste liquid.

[0007]

The physical property value may include at least one
of a number of fine particles, a pH value, an electrical
conductivity, and a total organic carbon concentration.
[0008]

According to one embodiment of the present disclosure,
provided 1is a substrate cleaning device comprising: a
substrate holder configured to hold a substrate; a substrate
cleaning member configured to come into sliding contact with
the held substrate, and cleans the substrate using a first
cleaning liquid supplied from a first nozzle; a self-cleaning
member configured to come into sliding contact with the
substrate cleaning member at a retreat position separated
from the substrate holder, and performs self-cleaning on the
substrate cleaning member using a second cleaning liquid
supplied from a second nozzle; a measurement module
configured to measure a physical property value of a waste
liquid of the second cleaning liquid used for the self-
cleaning of the substrate cleaning member; and a controller
configured to determine a degree of contamination of the
substrate cleaning member based on the physical property
value of the waste liquid, wherein the physical property

value includes a total organic carbon concentration.



[0009]

The controller may estimate a number of fine particles
adhering to the cleaned substrate, on a basis of the physical
property value of the waste liquid.

[0010]

The controller may determine an operating condition
for self-cleaning based on the physical property value of
the waste liquid.

[0011]

The controller may determine an operating condition
for substrate cleaning based on the physical property wvalue
of the waste liquid.

[0012]

The controller may determine a timing to replace the
substrate cleaning member based on the physical property
value of the waste liquid.

[0013]

The substrate cleaning device may further comprise: a
first pipe configured to guide the waste liquid of the second
cleaning liquid used for the self-cleaning of the substrate
cleaning member to the measurement module; a three-way valve
provided in the first pipe; and a second pipe configured to
supply flushing water to the measurement module via the
three-way valve.

[0014]
According to one embodiment of the present disclosure,

provided is a substrate processing apparatus comprising: a



substrate polishing device that polishes a substrate, using
a suspension; and the substrate cleaning device.
[0015]

According to one embodiment of the present disclosure,
provided is a break-in device comprising: a self-cleaning
member configured to come 1into sliding contact with a
substrate cleaning member before substrate cleaning, and
perform break-in processing on the substrate cleaning member
using a cleaning liquid supplied from a nozzle; a measurement
module configured to measure a physical property value of a
waste liquid of the cleaning liquid used for the break-in
processing; and a controller configured to determine whether
the break-in processing is appropriate based on the physical
property value of the waste liquid.

[0016]

According to one embodiment of the present disclosure,
provided 1is a method for estimating a number of fine
particles adhering to a substrate, the method comprising:
holding the substrate with a substrate holder; bringing a
substrate cleaning member into sliding contact with the held
substrate, and cleaning the substrate using a first cleaning
liquid supplied from a first nozzle; bringing a self-cleaning
member into sliding contact with the substrate cleaning
member at a retreat position separated from the substrate
holder, and performing self-cleaning on the substrate
cleaning member using a second cleaning liquid supplied from

a second nozzle; measuring a physical property value of a



waste liquid of the second cleaning liquid used for the self-
cleaning of the substrate cleaning member; and estimating
the number of fine particles adhering to the cleaned
substrate based on the physical property value of the waste
liquid.

[0017]

According to one embodiment of the present disclosure,
provided 1is a method for determining a degree of
contamination of a substrate cleaning member, the method
comprising: holding a substrate with a substrate holder;
bringing the substrate cleaning member into sliding contact
with the held substrate, and cleaning the substrate using a
first cleaning liquid supplied from a first nozzle; bringing
a self-cleaning member into sliding contact with the
substrate cleaning member at a retreat position separated
from the substrate holder, and performing self-cleaning on
the substrate cleaning member using a second cleaning liquid
supplied from a second nozzle; measuring a total organic
carbon concentration of a waste liquid of the second cleaning
liquid used for the self-cleaning of the substrate cleaning
member; and determining the degree of contamination of the
substrate cleaning member based on the total organic carbon
concentration of the waste liquid.

[0018]

According to one embodiment of the present disclosure,

provided is a method for determining break-in processing,

the method comprising: bringing a self-cleaning member into



sliding contact with a substrate cleaning member before
substrate cleaning, and performing break-in processing on
the substrate «c¢leaning member wusing a cleaning liquid
supplied from a nozzle; measuring a physical property value
of a waste liquid of the cleaning liquid used for the break-
in processing; and determining whether the Dbreak-in
processing 1is appropriate based on the physical property
value of the waste liquid.
[0019]

The degree of contamination of the cleaning member can
be monitored. The number of fine particles adhering to the

substrate can also be estimated.

BRIEF DESCRIPTION OF DRAWINGS
[0020]

FIG. 1 is a plan view showing the entire configuration
of a substrate processing apparatus that includes substrate
cleaning devices according to an embodiment;

FIG. 2 is a perspective diagram showing an entire first
cleaning unit;

FIG. 3 is a schematic diagram showing the configuration
of a self-cleaning module in the first cleaning unit;

FIG. 4 is a schematic diagram showing the configuration
of a self-cleaning waste liquid sensor;

FIG. 5A is a graph schematically showing outputs of
physical property values measured by the self-cleaning waste

liquid sensor;



FIG. 5B is a graph schematically showing outputs of
physical property values measured by the self-cleaning waste
liquid sensor;

FIG. 6 1s a flowchart showing an example of a
processing operation to be performed by a controller;

FIG. 7 1s a flowchart showing another example of a
processing operation to be performed by the controller;

FIG. 8 1is a perspective diagram showing an entire
second cleaning unit; and

FIG. 9 1is a ©perspective diagram showing the
configuration of a self-cleaning module in the second

cleaning unit.

DETAILED DESCRIPTION
[0021]

The following is a detailed description of embodiments
according to the present disclosure, with reference to the

accompanying drawings.

[0022]

FIG. 1 is a plan view showing the entire configuration
of a substrate processing apparatus that includes substrate
cleaning devices according to an embodiment. This substrate
processing apparatus processes substrates such as
semiconductor substrates, and can be used in the process of
manufacturing memory elements, logic elements, image sensors

such as CMOSs or CCDs, or flat panel displays.



[0023]

The substrate processing apparatus includes a
rectangular housing 1 and a load port 2 on which a substrate
cassette is placed, and the load port 2 is disposed adjacent
to the housing 1. The substrate processing apparatus also
includes polishing units 3a to 3d (substrate polishing
devices) provided 1inside the housing 1, a first cleaning
unit 4 (a substrate cleaning device), a second cleaning unit
5 (a substrate cleaning device), a drying unit 6, and a
controller 11 that controls movements of each unit and each
device.

[0024]

The housing 1 is divided into a region 1A close to the
load port 2, and a region 1B in which the polishing units 3a
to 3d, the first cleaning unit 4, the second cleaning unit
5, and the drying unit 6 are disposed.

[0025]

The polishing units 3a to 3d polish and planarize the
principal surface of a substrate. The polishing units 3a to
3d polish the principal surface of substrate, using a
suspension (slurry) containing abrasive grains and an
auxiliary polishing agent. Therefore, the suspension and
polishing waste adhere as contaminants to the front surface
and the back surface of the substrate after the polishing.
[0026]

The first cleaning unit 4 performs primary cleaning on

a polished substrate, and the second cleaning unit 5 performs

10



finish-cleaning on the substrate after the primary cleaning.
Specifically, the first cleaning unit 4 and the second
cleaning unit 5 scrub-cleans a substrate using a substrate
cleaning member while supplying a cleaning liquid to the
substrate, to remove the contaminants adhering to the
substrate during the polishing treatment.

[0027]

The drying unit 6 dries the substrate after the finish-
cleaning. Specifically, the drying unit 6 removes droplets
of the cleaning liquid adhering to the substrate during the
cleaning treatment.

[0028]

In the housing 1, the polishing units 3a to 3d are
aligned in the longitudinal direction of the substrate
processing apparatus. The first cleaning unit 4, the second
cleaning unit 5, and the drying unit 6 are also aligned in
the longitudinal direction of the substrate processing
apparatus.

[0029]

A first substrate conveying robot 7 is disposed in the
region 1B surrounded by the load port 2, the polishing unit
3a, and the drying unit 6. A substrate conveying unit 8
extending parallel to the alignment of the polishing units
3a to 3d is also provided. A second substrate conveying robot
9 is disposed between the first cleaning unit 4 and the
second cleaning unit 5. Further, a third substrate conveying

robot 10 is disposed between the second cleaning unit 5 and

11



the drying unit 6.
[0030]

The first substrate conveying robot 7 receives a
substrate yet to be polished from the load port 2, and
transfers the substrate to the substrate conveying unit 8.
The first substrate conveying robot 7 further receives a
dried substrate from the drying unit 6, and returns the dried
substrate to the load port 2.

[0031]

The substrate conveying unit 8 conveys substrates
received from the first substrate conveying robot 7, and
transfers and receives substrates to and from the polishing
units 3a to 3d. That is, the substrate conveying unit 8
receives polished substrates from the polishing units 3a to
3d.

[0032]

The second substrate conveying robot 9 receives a
polished substrate from the substrate conveying unit 8, and
transfers the substrate to the first cleaning unit 4. The
second substrate conveying robot 9 receives a substrate
subjected to the primary cleaning from the first cleaning
unit 4, and transfers the substrate to the second cleaning
unit 5.

[0033]

The third substrate conveying robot 10 receives a

substrate subjected to the finish-cleaning from the second

cleaning unit 5, and transfers the substrate to the drying
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unit 6.
[0034]

FIG. 2 1s a perspective diagram showing the entire
first cleaning unit 4. The first cleaning unit 4 includes a
spin chuck 41 (a substrate holder), a cleaning roller 42, a
cleaning ligquid nozzle 43, a support column 44, and a self-
cleaning module 45.

[0035]

The spin chuck 41 horizontally holds and rotates a
substrate W so that its principal surface faces upward (or
turns out to be the upper surface). Specifically, the spin
chuck 41 includes fixed spindles 41a, and tops 41b that are
rotatably provided on the respective spindles 41la and hold
the outer peripheral portion of the substrate W. The rotative
force of the tops 41b is transmitted to the outer periphery
of the substrate W, and the substrate W rotates in a
horizontal plane.

[0036]

The cleaning roller 42 has a cylindrical shape, and
rotates about an axis parallel to the surface of the
substrate W. A roll-type cleaning member 42a (a substrate
cleaning member) is wound around the cleaning roller 42.
The material of the cleaning member 42a is PVA sponge or the
like. Other than that, the material of the cleaning member
42a may be polyurethane sponge, silicone rubber sponge, or
the 1like, but a highly hydrophilic resin 1is desirable.

Although FIG. 2 shows one cleaning roller 42 in contact with

13



the upper surface of the substrate W, the first cleaning
unit 4 may further include an additional cleaning roller in
contact with the lower surface of the substrate W.

[0037]

The cleaning liquid nozzle 43 supplies a cleaning
liquid to the upper surface of the substrate W held by the
spin chuck 41. The cleaning liquid is a chemical liquid or
pure water, for example. Although FIG. 2 shows one cleaning
liquid nozzle 43 that supplies the cleaning liquid to the
upper surface of the substrate W, the first cleaning unit 4
may further include an additional cleaning liguid nozzle
that supplies the cleaning liquid to the lower surface of
the substrate W. Also, the number of cleaning liquid nozzles
43 that supply the cleaning liquid to the upper surface may
be two or more. In that case, one can be used for a chemical
solution, and the other can be used for pure water.

[0038]

The support column 44 supports the cleaning roller 42,
and moves the cleaning roller 42 in the X direction (a
direction orthogonal to the longitudinal direction of the
cleaning roller 42) and the Z direction (the vertical
direction) in the drawing. As the support column 44 moves in
the X direction, the cleaning roller 42 moves between the
position (the cleaning position) at which the spin chuck 41
is provided and the position (the retreat position) at which
the self-cleaning module 45 is provided. Also, as the support

column 44 moves in the Z direction at the cleaning position,
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the cleaning roller 42 comes into contact with or separates
from the substrate W. Further, as the support column 44 moves
in the 7 direction at the retreat position, the cleaning
roller 42 comes into contact with or separates from a quartz
plate 451 (described later) of the self-cleaning module 45.
[0039]

The self-cleaning module 45 performs self-cleaning on
the cleaning member 42a at the retreat position separated
from the spin chuck 41. The self-cleaning module 45 will be
described later in detail with reference to FIG. 3.

[0040]

The first cleaning unit 4 having such a configuration
operates as follows, under the control of the controller 11.
Before the substrate cleaning is performed, the cleaning
roller 42 stands by at the retreat position.

[0041]

First, the substrate W subjected to the polishing
treatment by one of the polishing units 3a to 3d in FIG. 1
is conveyed onto the spin chuck 41 by the second substrate
conveying robot 9. Contaminants adhere to the substrate W.
The substrate W conveyed onto the spin chuck 41 is rotated
by the tops 41b of the spin chuck 41, and the cleaning liquid
is supplied from the cleaning liquid nozzle 43 toward the
vicinity of the center of the substrate W. The cleaning
roller 42 then moves from the self-cleaning module 45 (the
retreat position) to the upper portion (the cleaning

position) of the substrate W through an operation of the
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support column 44, and descends while rotating.
[0042]

Scrub-cleaning is started when the cleaning member 42a
relatively moves while being in sliding contact with the
upper surface of the substrate W. By this scrub-cleaning,
the contaminants adhering to the upper surface of the
substrate are removed. Part of the contaminants removed from
the upper surface of the substrate W remains on the cleaning
member 42a. Also, the cleaning liquid contaminated when used
for cleaning the substrate might remain on the cleaning
member 42a as a contaminant. After a predetermined time has
passed, the support column 44 moves upward, and the cleaning
member 42a 1is separated from the substrate W. The scrub-
cleaning then comes to an end.

[0043]

After the cleaning of one substrate is completed, the
cleaning roller 42 moves from above the substrate W to the
self-cleaning module 45 through an operation of the support
column 44. The self-cleaning module 45 then performs self-
cleaning on the cleaning member 42a, to remove the
contaminants remaining on the cleaning member 42a.

[0044]

Although the first cleaning unit 4 holds the substrate
W in the horizontal direction and rotates the substrate W,
the self-cleaning module 45 is only required to be disposed
at the retreat position separated from the substrate holder,

and the form of the substrate holder is not necessarily a
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horizontal form but may be a vertical form.
[0045]

FIG. 3 is a schematic diagram showing the configuration
of the self-cleaning module 45 in the first cleaning unit 4.
[0046]

The self-cleaning module 45 includes the quartz plate
451 (a self-cleaning member) supported by a pedestal 451a,
and a self-cleaning 1liquid nozzle 452 that supplies a
cleaning liquid (a chemical 1liquid or pure water, for
example) to the upper surface of the quartz plate 451.
[0047]

The self-cleaning member may be a resin plate formed
with polytetrafluoroethylene (PTFE), polyvinylidene
difluoride (PVDF) , polyethylene terephthalate (PET) ,
polymethyl methacrylate (PMMA), polycarbonate (PC), or the
like, instead of a quartz plate. However, it is desirable
to use a material that has such hardness as to make the
surface less 1likely to Dbe scratched, resistance to
deformation, and chemical stability (with no possibility of
elution of metal or organic substance, and little likelihood
of thermal degradation).

[0048]

The self-cleaning 1ligquid nozzle 452 includes a
cylindrical nozzle support 452a, and a conduit 452b buried
inside the nozzle support 452a. Example types of the self-
cleaning liquid nozzle 452 include a single-tube nozzle, a

line nozzle, a conical nozzle, and a bar nozzle.
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[0049]

As described above, when the cleaning of one substrate
is completed, the cleaning roller 42 is moved to the self-
cleaning module 45. The cleaning roller 42 then descends
while rotating through an operation of the support column 44
(FIG. 2). As the cleaning member 42a comes into sliding
contact with the upper surface of the quartz plate 451, self-
cleaning of the cleaning member 42a 1is performed with the
cleaning liquid from the self-cleaning liquid nozzle 452. By
this self-cleaning, the contaminants remaining on the
cleaning member 42a are removed, and are discharged together
with the cleaning liquid. After a predetermined time has
passed, the support column 44 moves upward, and the cleaning
member 42a is separated from the quartz plate 451. The self-
cleaning then comes to an end. After the substrate cleaning
is completed, a self-cleaning treatment may be started while
the cleaning member 42a remains wet.

[0050]

The self-cleaning module 45 also includes a self-
cleaning liquid discharge pipe 453 and a self-cleaning waste
liquid sensor 454.

[0051]

The self-cleaning 1liquid discharge pipe 453 1is
disposed under the quartz plate 451, and discharges the waste
liquid (the cleaning liquid containing contaminants) flowing
out of the upper surface of the quartz plate 451 to the

outside of the first cleaning unit 4. The self-cleaning waste
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liquid sensor 454 measures the physical property value (water
quality) of the waste liquid flowing in the self-cleaning
liquid discharge pipe 453.

[0052]

Specifically, the self-cleaning liquid discharge pipe
453 includes a waste liquid receiving portion 453a, a main
pipe 453b, and branch pipes 453c and 453d branched from the
main pipe 453b. The self-cleaning waste liquid sensor 454 1is
disposed between the branch pipes 453c and 453d.

[0053]

The waste liquid receiving portion 453a has a bottom
surface in which the main pipe 453b 1is connected to a
discharge groove 453e on the lower surface, and sidewalls
extending upward from the outer peripheral portions of the
bottom surface. The pedestal 45la is disposed on the bottom
surface. The bottom surface is preferably tilted so as to be
lower at a portion closer to the main pipe 453b and
facilitate the flow of the waste liquid into the main pipe
453b. Also, the sidewalls preferably extend to a position
higher than the quartz plate 451 so that the waste liquid
does not scatter.

[0054]

The main pipe 453b extends vertically downward from
the waste liquid receiving portion 453a, and bends at a lower
position to extend in a horizontal direction. The Dbranch
pipe 453c branches from an upstream portion (a portion

extending in the horizontal direction) of the main pipe 453D,
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and 1is connected to the liquid inlet of the self-cleaning
waste liquid sensor 454. Meanwhile, the branch pipe 453d
branches from a downstream portion of the main pipe 453b,
and is connected to the liquid outlet of the self-cleaning
waste liquid sensor 454.

[0055]

When the waste liquid flows in the main pipe 453b, at
least part of the waste liquid flows into the branch pipe
453c, and further flows into the self-cleaning waste liquid
sensor 454. The waste ligquid having its physical property
value measured by the self-cleaning waste liquid sensor 454
joins the main pipe 453b via the branch pipe 453d.

[0056]

FIG. 4 is a schematic diagram showing the configuration
of the self-cleaning waste liquid sensor 454. The self-
cleaning waste 1ligquid sensor 454 includes a flow rate
regulator 4541, a sensor 4542, a measurement controller 4543,
a flushing water supply pipe 4544, and a three-way valve
4545. The controller 11 and the measurement controller 4543
are connected wvia a communication cable 455a, and the
measurement controller 4543 and the sensor 4542 are connected
via a measurement control cable 455b.

[0057]

The flow rate regulator 4541 adjusts the amount of
waste liquid flowing from the branch pipe 453c to the sensor
4542. As an example, the flow rate regulator 4541 includes

a flow rate measurement sensor, a valve, and a controller
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having a CLC function for receiving a signal from the flow
rate measurement sensor and adjusting the opening degree of
the wvalve. The flow rate regulator 4541 also serves as a
bellows pump (a pump that alternately performs suction and
extrusion), and the waste liquid from the sensor 4542 is
returned to the main pipe 453b via the branch pipe 453d.
[0058]

The sensor 4542 measures the physical property value
of the waste ligquid flowing in from the branch pipe 453c.
From the measured physical property value, the sensor 4542
may quantify the degree of contamination (the contamination
amount) of the waste 1liquid at a predetermined time
corresponding to the time of the measurement. Specific
examples of physical property values will be described later.
[0059]

The measurement controller 4543 controls the
measurement conditions in the sensor 4542 via the measurement
control cable 455b, and outputs the physical property value
measured by the sensor 4542 and the measurement time thereof
as logging data to the controller 11 via the communication
cable 455a. The output signal may include a notification of
completion of measurement operation preparation (contact),
a sensor abnormality alarm such as an alarm of liquid leakage,
or the like. Also, a signal indicating the start and stop of
the measurement operation are inputted to the measurement
controller 4543 from the controller 11 via the communication

cable 455a.
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[0060]

The controller 11 determines the degree of
contamination (the contamination amount) of the cleaning
member 42a, on the basis of the measured physical property
value. Here, the degree of contamination means how much the
measured physical property value deviates from the target
value (the ideal wvalue) set in advance by the user. As a
specific example, in a case where the physical property value
is within a predetermined normal range, the controller 11
may determine that the degree of contamination of the
cleaning member 42a is within the allowable range. In a case
where the physical property wvalue is not within the
predetermined normal range, the controller 11 may determine
that the degree of contamination of the cleaning member 42a
is not within the allowable range.

[0061]

Because the normal range also depends on the process
type (such as Cu or STI) and the design rules of
semiconductor elements, a set is empirically created to set
the normal range.

[0062]

Further, the controller 11 estimates the cleaning
quality of the substrate W by adopting a predetermined
cleaning quality estimation algorithm, on the basis of the
measured physical property value. As for a specific example
of the cleaning quality, the controller 11 may estimate what

kind of defect (the number and the size of defects, the
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location of each defect, and the component (abrasive grains,
an organic material, a residual chemical liquid, or the like)
of each defect (contamination), for example) has occurred in
the substrate W due to the cleaning of the substrate W using
the cleaning member 42a. In the description below, the
cleaning quality 1is represented by the number of fine
particles (defects) adhering to the substrate W, for example.
[0063]

The cleaning quality estimation algorithm may store
the correlations between the defects that have occurred in
the past (which can be measured by a defect inspection
device) and the physical property values in a database in
advance, and use the database in estimating a defect from
the physical property value. Alternatively, the cleaning
quality estimation algorithm may perform machine learning of
the correlations between the defects that have occurred in
the past and the physical property values in advance, and
estimate a defect, the size of the defect, the location of
the defect, and the component (abrasive grains, an organic
substance, a residual chemical ligquid, or the like) of the
defect (contamination) from the physical property value,
using artificial intelligence.

[0064]

In a simple example, when the measured physical
property value is within the predetermined normal range, the
controller 11 determines that the cleaning quality is good

(specifically, the number of defects on the surface of the
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substrate after the cleaning treatment is small). If the
measured physical ©property value is not within the
predetermined normal range, the controller 11 determines
that the cleaning quality is not good. Alternatively, the
controller 11 may estimate the number of defects that will
occur in the cleaned substrate, in accordance with how much
the measured physical property value deviates from the
predetermined normal range.

[0065]

The controller 11 may also determine the operating
conditions when performing self-cleaning on the cleaning
member 42a by adopting a predetermined self-cleaning
operating condition determination algorithm, on the basis of
the measured physical ©property value. The operating
conditions include the pressing load and the rotational speed
of the cleaning roller 42, the pressing load and the
rotational speed of a cleaning tool 52, the flow rate and
the temperature of the cleaning liquid to be supplied from
the self-cleaning liquid nozzle 452, choice of water or a
chemical 1ligquid, and the set time of self-cleaning, for
example.

[0066]

The self-cleaning operating condition determination
algorithm may store the correlations between physical
property values and appropriate operating conditions in a
database 1in advance, and use the database in estimating

appropriate operating conditions in accordance with the
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physical property value. Alternatively, the self-cleaning
operating condition determination algorithm may perform
machine-learning of the correlations Dbetween physical
property values and appropriate operating conditions in
advance, and use artificial intelligence in estimating
appropriate operating conditions 1in accordance with the
physical property value.

[0067]

The controller 11 may also determine the operating
conditions when performing substrate cleaning by adopting a
predetermined substrate-cleaning operating condition
determination algorithm, on the basis of the measured
physical property wvalue. The operating conditions include
the pressing load and the rotational speed of the cleaning
roller 42, the pressing load and the rotational speed of the
cleaning tool 52, the rotational speed of the spin chuck 41,
the flow rate and the temperature of the cleaning liquid to
be supplied from the cleaning ligquid nozzle 43, choice of
water or a chemical 1liquid, the scrub-cleaning time, the
chemical rinsing time, and the water rinsing time, for
example.

[0068]

The substrate-cleaning operating condition
determination algorithm may store the correlations between
physical property values and appropriate operating
conditions in a database in advance, and use the database in

estimating appropriate operating conditions in accordance
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with the physical property wvalue. Alternatively, the
substrate-cleaning operating condition determination
algorithm may perform machine-learning of the correlations
between physical property values and appropriate operating
conditions in advance, and use artificial intelligence 1in
estimating appropriate operating conditions in accordance
with the physical property value.

[0069]

The controller 11 may also determine the timing to
replace the cleaning member 42a by adopting a predetermined
replacement time determination algorithm, on the basis of
the measured physical property value.

[0070]

The replacement time determination algorithm may store
the correlations between physical property wvalues and
replacement timings in a database in advance, and use the
database in estimating the replacement timing in accordance
with the physical property value. Alternatively, the
replacement time determination algorithm may perform machine
learning of the correlations between physical property
values and replacement timings in advance, and use artificial
intelligence 1in estimating the —replacement timing in
accordance with the physical property value.

Examples of the physical property value to be measured

by the sensor 4542 is now described.
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[0071]

The sensor 4542 may include a liquid-borne particle
counter, and the physical property value may indicate the
number of fine particles in the waste liquid. In a case where
little polishing waste remains in the cleaning member 42a
(which is a case where the degree of contamination of the
cleaning member 42a 1is low), the number of fine particles
measured by the liquid-borne particle counter is small. In
a case where a large amount of polishing waste remains in
the cleaning member 42a (which is a case where the degree of
contamination of the cleaning member 42a is high), on the
other hand, the number of fine particles measured by the
liquid-borne particle counter is large. Accordingly, the
degree of contamination of the cleaning member 42a can be
determined on the basis of the number of fine particles in
the waste liquid.

[0072]

Also, the sensor 4542 may include a pH meter, and the
physical property wvalue may indicate the pH wvalue of the
waste liquid. The suspension to be used for polishing may be
alkaline. In a case where only a small amount of the
suspension remains in the cleaning member 42a (which is a
case where the degree of contamination of the cleaning member
42a is low), the pH value measured by the pH meter is only
slightly higher than 7. In a case where only a large amount
of the suspension remains in the cleaning member 42a (which

is a case where the degree of contamination of the cleaning
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member 42a is high), on the other hand, the pH value measured
by the pH meter is higher than 7 by a predetermined amount.
Accordingly, the degree of contamination of the cleaning
member 42a can be determined on the basis of the pH value of
the waste liquid.

[0073]

The same applies in a case where the cleaning agent to
be used for cleaning the substrate is alkaline. That is, in
a case where only a small amount of the cleaning liquid
remains in the cleaning member 42a, the pH value measured by
the pH meter is close to 7. In a case where a large amount
of the cleaning liquid remains, the pH value measured by the
pPH meter is higher.

[0074]

Also, the sensor 4542 may include a conductance meter,
and the physical property value may indicate the electrical
conductivity of the waste liquid. The suspension to be used
for polishing contains ions (cations, or anions). In a case
where only a small amount of the suspension remains in the
cleaning member 42a (which is a case where the degree of
contamination of the cleaning member 42a 1is 1low), the
electrical conductivity indicates a low numerical value. In
a case where a large amount of the suspension remains, on
the other hand, the electrical conductivity indicates a high
numerical value. The same applies when the cleaning liquid
contains ions. Accordingly, the degree of contamination of

the cleaning member 42a can be determined on the basis of
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the electrical conductivity of the waste liquid.
[0075]

Also, the Sensor 4542 may include a carbon
concentration meter, and the physical property value may
indicate the total organic carbon concentration of the waste
liquid. The suspension to be used for polishing contains an
organic compound (water-soluble polymer, corrosion inhibitor,
or surfactant). In a case where only a small amount of the
suspension remains in the cleaning member 42a (which is a
case where the degree of contamination of the cleaning member
42a is low), the total organic carbon concentration indicates
a low numerical value. In a case where a large amount of the
suspension remains, on the other hand, the total organic
carbon concentration indicates a high numerical wvalue. The
same applies when the cleaning liquid contains an organic
compound. Accordingly, the degree of contamination of the
cleaning member 42a can be determined on the basis of the
total organic carbon concentration of the waste liquid.
[0076]

Further, the physical property wvalue may be another
physical property wvalue correlated with the degree of
contamination of the cleaning member 42a, or may be a
combination of two or more physical property wvalues.

[0077]

Meanwhile, when the waste liquid is steadily measured,

contaminants in the waste liquid might accumulate on the

sensor 4542 over time, resulting in an error in a measured
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value. To prevent such a measurement error, it is preferable
to clean the sensor 4542 by supplying flushing water (pure
water, for example) from the flushing water supply pipe 4544
through the wvalve (three-way valve) 4545 at regular time
intervals.

[0078]

For example, in a case where flushing is performed at
the timing of replacement of the substrate cleaning member
42a, and the sensor 4542 senses the number of fine particles,
the numbers of fine particles before and after flushing are
as shown in FIG. DbA.

[0079]

FIG. 5B is a graph schematically showing outputs of
physical property values measured by the self-cleaning waste
liquid sensor 454. FIG. 5B shows an example in which the
sensor 4542 is KS-18F, which is a 1ligquid-borne particle
counter manufactured by RION Co., Ltd., the measurement
controller 4543 is KE-40Bl manufactured by the company, and
the flow rate regulator 4541 is K9904A, which is a bellows
sampler manufactured by the company.

[0080]

The abscissa axis in the graph indicates the time of
measurement, and the ordinate axis indicates the number of
fine particles in liquid per unit volume of the waste liquid
(hereinafter referred to simply as the “number of fine
particles”). The greater the value of the number of fine

particles, the higher the degree of contamination of the
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waste liquid (the larger the amount of contamination).
[0081]

In this embodiment, the cleaning roller 42 alternately
performs scrub-cleaning on a substrate W and self-cleaning
with the self-cleaning module 45. Specifically, self-
cleaning is performed in periods T1l, T3, and T5, and scrub-
cleaning of substrates Wa, Wb, and Wc is performed in periods
T2, T4, and T6, respectively. Each of the substrates Wa to
Wc may be one substrate, or may include a plurality of
substrates.

[0082]

In the self-cleaning in the period T1l, the contaminants
adhering to the cleaning member 42a flow into the waste
liquid immediately after the start of the self-cleaning in
the period from time tl to time t2. Therefore, the number of
fine particles temporarily increases greatly, and exceeds
the normal range.

[0083]

However, after time t2, as the cleaning member 42a is
cleaned with the lapse of time of self-cleaning, the number
of fine particles in the waste liquid gradually decreases,
and eventually reaches the normal range at time t3. At time
t4, the self-cleaning is completed. Scrub-cleaning of the
substrate Wa 1s then started while the number of fine
particles is within the normal range. At this point of time,
the controller 11 can grasp that the substrate Wa has been

cleaned while the degree of contamination of the cleaning
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member 42a was within the allowable range, on the basis of
the number of fine particles at time t4.
[0084]

In the time period during which the substrate Wa is
scrubbed from time t4 to time tb (period T2), the
contaminants from the cleaning member 42a are not brought
into the self-cleaning module 45, and therefore, the number
of fine particles converges to a constant value.

[0085]

During the period from time t5 to time t6 (period T3),
self-cleaning of the cleaning member 42a is performed as in
the period Tl. In the example in FIG. 5B, self-cleaning is
also completed (time t6) while the number of fine particles
is within the normal range in the period T3, and scrub-
cleaning of the substrate Wb is performed in the period T4.
At this point of time, the controller 11 can grasp that the
substrate Wb has been cleaned while the degree of
contamination of the cleaning member 42a was within the
allowable range, on the basis of the number of fine particles
at time t6.

[0086]

During the period from time t7 to time t8 (period T5),
self-cleaning of the cleaning member 42a is performed as in
the period Tl. However, in the example in FIG. 5B, the number
of fine particles does not decrease to a value within the
normal range during the period T5. This means that the degree

of contamination of the cleaning member 42a is high and is
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not within the allowable range. Self-cleaning 1is then
completed (time t9) while the number of fine particles is
above the normal range, and cleaning of the substrate Wc is
performed in the period T6. At this point of time, the
controller 11 can grasp that the substrate Wc has been
cleaned while the degree of contamination of the cleaning
member 42a was not within the allowable range, on the basis
of the number of fine particles at time tO.

[0087]

Note that the completion of self-cleaning is based on
the cleaning treatment recipe. That is, in a case where a
certain period of time has elapsed since the start of self-
cleaning, the self-cleaning is completed after a lapse of
time in order to start the cleaning treatment for the next
substrate.

[0088]

As described above, the example in FIG. 5B shows that
the number of fine particles did not reach the normal range
during the self-cleaning (period T5) performed immediately
before the cleaning of the substrate Wc (period T6). That
is, the cleaning treatment for the substrate Wc is started,
through the self-cleaning of the cleaning member 42a 1is
insufficient, and a large amount of contaminants remain on
the cleaning member 42a. Therefore, the risk of cross
contamination of the substrate Wc is high. The controller 11
senses the state in which the cross contamination risk is

high as an abnormality. The controller 11 then performs a
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control process such as alarm activation in accordance with
the abnormal level, as necessary.
[0089]

For example, 1in a case where the abnormal level 1is
Level 1 (a slight abnormality, occurring 1in a single
substrate), it may be reported that there is a possibility
that the number of defects is larger than that in the other
substrates.

In a case where the abnormal level is Level 2 (a slight
abnormality, occurring continuously 1in two or more
substrates), the controller 11 may be instructed to change
the operating conditions for self-cleaning or substrate
cleaning.

In a case where the abnormal level is Level 3 (a severe
abnormality, occurring in a single substrate), an
instruction may be issued to perform defect inspection,
perform a re-cleaning treatment, or exclude the substrate as
a defective product.

In a case where the abnormal level is Level 4 (a severe
abnormality, occurring continuously 1in two or more
substrates), the ©polishing/cleaning treatment in the
substrate processing apparatus may be stopped, and the
controller 11 may be further instructed to replace the
cleaning member 42a with a new one.

[0090]
FIG. 5B shows an example case where the physical

property value indicates the number of fine particles, but

34



the same behaviors will be observed in a case where the
physical property value indicate the pH value, the electrical
conductivity, or the total organic carbon concentration. 1In
a case where the physical property value indicates the pH
value, the pH value converges to almost 7 (neutral) in the
period T2 or the like during which self-cleaning is not
performed.

[0091]

FIG. 6 1is a flowchart showing an example processing
operation to be performed by the controller 11. FIG. 6 is
an operation sequence in a complete standby state (in a state
where the cassette for accommodating a substrate is not
placed in the locad port 2 of the substrate processing
apparatus, and any of polishing, cleaning, and drying of a
substrate is not being performed in FIG. 1, or before time
tl in FIG. 5B). Although the controller 11 is included in
the substrate processing apparatus, it can also be said that
the first cleaning unit 4 includes the controller 11 that
controls each component of the first cleaning unit 4.

[0092]

The controller 11 causes the sensor 4542 of the self-
cleaning waste liquid sensor 454 to start measurement of the
physical property value of the waste 1liquid, with the
cleaning roller 42 being set in the self-cleaning module 45.
The output of the sensor 4542 is then outputted via the
measurement controller 4543, and the controller 11 reads the

output (step S1).
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[0093]

If the read physical property value 1is within the
normal range (YES in step S2), the cleaning member 42a has
been sufficiently cleaned, so that an appropriate cleaning
treatment can be performed on the substrate. Accordingly,
the controller 11 determines that the preparation for a
substrate treatment including cleaning has been completed
(step S3).

[0094]

If the read physical property value is not within the
normal range (NO in step S2), on the other hand, the
contaminants deposited on the cleaning member 42a still
remain, and the cleaning is insufficient. Therefore, the
controller 11 makes a further determination on the basis of
the state of self-cleaning.

[0095]

Specifically, if the duration time from the start of
self-cleaning is shorter than a predetermined upper limit
time (YES in step S4), the controller 11 continues the self-
cleaning of the cleaning member 42a (step S5), and returns
to the physical property value reading process (step S1).
The controller 11 grasps the cleaning duration time for the
cleaning member 42a. Further, the duration time from the
start of the self-cleaning 1is the total cleaning time
(accumulated time) since the replacement with the new
cleaning member 42a, and is not reset even if the task of

the self-cleaning ends once (that 1is, when the cleaning
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member 1is replaced with a new cleaning member 42a, the
duration time is reset).
[0096]

If the duration time from the start of the self-
cleaning exceeds the predetermined upper limit time (NO 1in
step S4), on the other hand, there is a high possibility
that the cleanliness of the cleaning member 42a will not
increase even 1f the self-cleaning is further continued.
Therefore, the controller 11 stops the self-cleaning, and
determines that the cleaning roller 42 needs to be replaced
with a new one (step S6). In a specific example, the
controller 11 outputs a message or an alert indicating that
the cleaning roller 42 should be replaced with a new one,
and issues an instruction to replace it with a new cleaning
roller 42.

[0097]

The above series of processes is continued until the
physical property value reaches the normal range.
[0098]

FIG. 7 1s a flowchart showing another example
processing operation to be performed by the controller 11.
FIG. 7 is an operation sequence in a processing state (a
state where the cassette holding a substrate is placed in
the load port 2 of the substrate processing apparatus, and
a substrate is present in one of the polishing units 3a to
3d, the first cleaning unit 4, the second cleaning unit 5,

the drying unit 6, the substrate conveying robots 7, 9, and
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10, and the substrate conveying unit 8 in FIG. 1).
[0099]

The controller 11 causes the sensor 4542 of the self-
cleaning waste liquid sensor 454 to start measurement of the
physical property value of the waste 1liquid, with the
cleaning roller 42 being set in the self-cleaning module 45,
as 1in the above-described complete standby state (FIG. 6).
The output of the sensor 4542 is then outputted wvia the
measurement controller 4543, and the controller 11 reads the
output (step S11).

[0100]

If the read physical property wvalue is within the
normal range (YES in step S12), the controller 11 estimates
the quality of the substrate cleaning, on the basis of a
database indicating the <correlations between physical
property values and defects (step S13). In a specific example,
the controller 11 estimates the number of defects in the
substrate after the treatment.

[0101]

If the read physical property value is not within the
normal range (NO in step S12), on the other hand, the
contaminants deposited on the cleaning member 42a still
remain, and the cleaning is insufficient. Therefore, the
controller 11 makes a further determination on the basis of
the operating status of the cleaning member 42a.

[0102]

Specifically, if the cleaning member 42a is in contact
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with the upper surface of the substrate (YES in step S14),
or, in other words, if the cleaning member 42a is at the
cleaning position and is performing substrate cleaning (one
of the periods T2, T4, and T6 in FIG. 5B, for example), the
controller 11 determines that the risk of cross contamination
from the cleaning member 42a to the substrate is high, and
outputs a warning of a process abnormality of the substrate
(step S15). Further, the controller 11 estimates the quality
of the substrate cleaning, on the basis of the database
indicating the correlations between physical property values
and defects (step S13).

[0103]

If the cleaning member 42a is not in contact with the
upper surface of the substrate (NO in step S14), or, in other
words, if the cleaning member 42a is at the retreat position
and is performing self-cleaning (one of the periods T1, T3,
and T5 in FIG. 5B, for example), the controller 11 determines
that the risk of cross contamination is none, and continues
the self-cleaning of the cleaning member 42a and the reading
of the physical property value (step S11).

[0104]

Since the controller 11 controls the first cleaning
unit 4, the controller 11 can recognize whether the cleaning
member 42a is at the cleaning position or at the retreat
position in step S14.

The series of processes described above is performed

on all supplied substrates.
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[0105]

As described above, according to this embodiment, the
physical property value of the waste liquid at a time of
self-cleaning of the cleaning member 42a 1s measured.
Therefore, the degree of contamination of the cleaning member
42a can be monitored in line on the basis of the physical
property value. Also, the quality of substrate cleaning can
be estimated on the basis of the physical property value (or
the degree of contamination of the cleaning member 42a).
[0106]

Note that the self-cleaning module 45 in the first
cleaning wunit 4 in FIG. 1 monitors the degree of
contamination of the roll-type cleaning member 42a, and
estimates the quality of substrate cleaning. Meanwhile, the
same operation can be performed on the second cleaning unit
5 or a cleaning member that is not of a roll type. In the
description below, the second cleaning unit 5 uses a pencil-
type cleaning member.

[0107]

FIG. 8 1s a perspective diagram showing the entire
second cleaning unit 5. The second cleaning unit 5 includes
a spin chuck 51 (a substrate holder), a cleaning tool 52, a
cleaning liquid nozzle 53, a swing arm 54, and a self-
cleaning module 55.

[0108]
The spin chuck 51 horizontally holds and horizontally

rotates a substrate W at a predetermined rotational speed so
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that its principal surface faces upward (or turns out to be
the upper surface).
[0109]

The cleaning tool 52 has a pencil-type cleaning member
52a (a substrate cleaning member) attached to its end, and
rotates the cleaning member 52a. The material of the cleaning
member 52a is PVA sponge or the like.

[0110]

The cleaning liquid nozzle 53 supplies a cleaning
liquid to the upper surface of the substrate W held by the
spin chuck 51. The cleaning ligquid is a chemical liquid or
pure water, for example.

[0111]

The swing arm 54 has the cleaning tool 52 attached to
its end via a support shaft 52b, and swings and lifts up/down
the cleaning tool 52. Specifically, the self-cleaning module
55 is disposed on the swing trajectory to be drawn by the
cleaning tool 52 when the swing arm 54 swings. As the swing
arm 54 swings, the cleaning member 52a moves between the
position (a cleaning position) at which the spin chuck 51 is
disposed and the position (a cleaning position) at which the
self-cleaning module 55 is disposed. Also, as the swing arm
54 moves up and down at the cleaning position, the cleaning
member 52a comes into contact with or separates from the
substrate W. Further, as the swing arm 54 moves up and down
at the retreat position, the cleaning member 52a comes into

contact with or separates from a quartz plate 551 (described
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later) of the self-cleaning module 55.
[0112]

The second cleaning unit 5 having such a configuration
operates as follows, under the control of the controller 11.
Before the substrate cleaning is performed, the cleaning
member 52a stands by at the retreat position.

[0113]

First, the substrate subjected to the primary cleaning
by the first cleaning unit 4 shown in FIG. 1 1is conveyed
onto the spin chuck 51 by the second substrate conveying
robot 9. Contaminants adhere to this substrate. The substrate
W conveyed onto the spin <chuck 51 1is rotated at a
predetermined rotational speed by the spin chuck 51, and the
cleaning liquid is supplied from the cleaning liquid nozzle
53 toward the vicinity of the center of the substrate W.
[0114]

The swing arm 54 then moves upward to remove the
cleaning tool 52 out of the self-cleaning module 55, and
swings toward the cleaning position side to move the cleaning
tool 52 to a position above the center of the substrate W.
When the cleaning tool 52 is moved from the self-cleaning
module 55 to the cleaning position, the cleaning tool 52 is
preferably not rotating.

[0115]

The swing arm 54 next moves downward, to bring the

lower surface of the cleaning member 52a into contact with

the upper surface of the substrate W. The cleaning tool 52
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starts rotating about the support shaft 52b at a
predetermined rotational speed immediately before coming
into contact with the substrate W. In a state where the
cleaning member 52a is in contact with the upper surface of
the substrate W and is rotating, the swing arm 54 presses
the cleaning member b52a against the substrate W with a
predetermined pressure, and swings the cleaning member 52a
between the outer peripheral portion and the center of the
substrate W at a predetermined velocity.

[01l1l6]

As the cleaning member 52a relatively moves while being
in sliding contact with the upper surface of the substrate
W as described above, scrub-cleaning is performed. By this
scrub-cleaning, the contaminants adhering to the upper
surface of the substrate W are removed. Part of the
contaminants removed from the upper surface of the substrate
W remains on the cleaning member 52a. Also, the cleaning
liquid contaminated when used for cleaning the substrate
might remain on the cleaning member 52a as a contaminant.
After a predetermined time has passed, the swing arm 54 stops
and then moves upward, to separate the cleaning member 52a
from the substrate W. The scrub-cleaning then comes to an
end.

[0117]

After the cleaning of one substrate is completed, the

supply of the cleaning liquid from the cleaning liquid nozzle

53 is stopped, and the swing arm 54 swings so that the
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cleaning tool 52 moves to the self-cleaning module 55. The
swing arm 54 then moves downward, and the self-cleaning
module 55 performs self-cleaning on the cleaning member 52a
as described later, to remove the contaminants remaining on
the cleaning member 52a.

[0118]

FIG. 9 1is a perspective diagram showing the
configuration of the self-cleaning module 55 in the second
cleaning unit 5. The self-cleaning module 55 includes the
quartz plate 551 (a self-cleaning member) supported by a
pedestal 551a, and a self-cleaning liquid nozzle 552 that
supplies a cleaning liquid (a chemical liquid or pure water,
for example) to the upper surface of the quartz plate 551.
[0119]

The self-cleaning member may be a resin plate formed
with polytetrafluoroethylene (PTFE) , polyvinylidene
difluoride (PVDF) , polyethylene terephthalate (PET),
polymethyl methacrylate (PMMA), polycarbonate (PC), or the
like, instead of a quartz plate. However, it is desirable
to use a material that has such hardness as to make the
surface less 1likely to Dbe scratched, resistance to
deformation, and chemical stability (with no possibility of
elution of metal or organic substance, and little likelihood
of thermal degradation).

[0120]
The self-cleaning 1liquid nozzle 552 includes a

cylindrical nozzle support 552a, and a conduit 552b buried
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inside the nozzle support 552a.
[0121]

As described above, when the cleaning of one substrate
is completed, the cleaning tool 52 is moved to the self-
cleaning module 55 by the swing arm 54 (FIG. 8). The cleaning
tool 52 then descends while rotating through an operation of
the swing arm 54. As the cleaning member 52a comes into
sliding contact with the upper surface of the quartz plate
551, self-cleaning of the cleaning member 52a is performed
with the cleaning liquid from the self-cleaning liquid nozzle
552. By this self-cleaning, the contaminants remaining on
the cleaning member 52a are removed, and are discharged
together with the cleaning liquid. After a predetermined
time has passed, the swing arm 54 moves upward, and the
cleaning member 52a is separated from the quartz plate 551.
The self-cleaning then comes to an end.

[0122]

The self-cleaning module 55 also includes a self-
cleaning liquid discharge pipe 553 and a self-cleaning waste
liquid sensor 554. The self-cleaning liquid discharge pipe
553 includes a waste liquid receiving portion 553a having a
discharge groove 553e formed in its lower surface, a main
pipe 553b, and branch pipes 553c and 553d branched from the
main pipe 553b. These are the same as those shown in FIGS.
3 and 4, and therefore, detailed explanation of them is not

made herein.
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[0123]

A  processing operation as described above with
reference to FIG. 6 or 7 is also performed on the second
cleaning unit 5 by the controller 11. The configuration of
the second cleaning wunit 5 may be the same as the
configuration of the first cleaning unit 4.

[0124]

Each of the embodiments described above can also be
applied to break-in processing (the conditioning before
starting to use a new substrate <cleaning member).
Conventionally, a new dummy substrate is cleaned after break-
in, and the number of contaminating particles adhering to
the dummy substrate i1s measured to determine whether the
break-in has been appropriately performed. However,
according to each of the embodiments described above, it is
possible to determine whether the break-in is appropriate
without the use of a new dummy substrate.

[0125]

Specifically, the quartz plate 451 or 551 is brought
into sliding contact with the cleaning member 42a or 52a
before the substrate cleaning, and the break-in processing
of the cleaning member 42a or 52a 1is performed using the
cleaning liquid supplied from the self-cleaning liquid
nozzle 452 or 552. The sensor 4542 then measures the physical
property value of the waste liquid of the cleaning liquid
used for the break-in processing. Further, the controller 11

determines whether the break-in processing is appropriate on
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the basis of the physical property value of the waste liquid.
By an example determination method, when the physical
property value of the waste liquid is within a preset normal
range, the Dbreak-in processing can be determined to be
appropriate. When the physical property value is above the
normal range, the break-in processing can be determined not
to be appropriate. The physical property value may be the
number of fine particles, the pH value, the electrical
conductivity, the total organic carbon concentration, or the
like. It can be considered that the self-cleaning module 45
or 55 and the controller 11 constitute a break-in device.
[0126]

The above embodiments are disclosed for enabling those
with ordinary knowledge in the technical field of the present
invention to «carry out the present invention. Various
modifications of the above embodiments should be obvious to
those skilled in the art, and the technical ideas of the
present invention can be applied to other embodiments.
Therefore, the present invention is not limited to the above
embodiments, and should be construed as including a wider
technical scope based on the technical ideas defined by the

claims.
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REFERENCE SIGNS LIST
[0127]
1 Housing
2 Load port
3a to 3d Polishing unit
4 First cleaning unit
41 Spin chuck
41a Spindle
41b Top
42 Cleaning roller

42a Cleaning member

43 Cleaning ligquid nozzle
44 Support column
45 Self-cleaning module

451 Quartz plate

451la Pedestal

452 Self-cleaning liquid nozzle

452a Nozzle support

452b Conduit

453 Self-cleaning liquid discharge pipe
453a Waste liquid receiving portion
453b Main pipe

453c, 453d Branch pipe

453e Discharge groove

454 Self-cleaning waste liquid sensor
4541 Flow rate regulator

4542 Sensor
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4543 Measurement controller
4544 Flushing water supply pipe
4545 Three-way valve

455a Communication cable

455pb Measurement control cable

5 Second cleaning unit
51 Spin chuck
52 Cleaning tool

52a Cleaning member

52b Support shaft

53 Cleaning liquid nozzle
54 Swing arm
55 Self-cleaning module

551 Quartz plate

552 Self-cleaning liquid nozzle

553 Self-cleaning liquid discharge pipe
553a Waste liquid receiving portion

553b Main pipe

553¢c, 553d Branch pipe

554 Self-cleaning waste liquid sensor

6 Drying unit

7 First substrate conveying robot
8 Substrate conveying unit

9 Second substrate conveying robot
10 Third substrate conveying robot
11 Controller
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What is claimed is:
1. A substrate cleaning device comprising:

a substrate holder configured to hold a substrate;

a substrate cleaning member configured to come into
sliding contact with the held substrate, and clean the
substrate using a first cleaning liquid supplied from a first
nozzle;

a self-cleaning member configured to come into sliding
contact with the substrate cleaning member at a retreat
position separated from the substrate holder, and performs
self-cleaning on the substrate cleaning member using a second
cleaning liquid supplied from a second nozzle;

a measurement module configured to measure a physical
property value of a waste liquid of the second cleaning
liquid used for the self-cleaning of the substrate cleaning
member; and

a controller configured to estimate a number of fine
particles adhering to the cleaned substrate based on the
physical property value of the waste liquid.
2. The substrate cleaning device according to claim 1,
wherein the physical property value includes at least one of
a number of fine particles, a pH wvalue, an electrical
conductivity, and a total organic carbon concentration.
3. A substrate cleaning device comprising:

a substrate holder configured to hold a substrate;

a substrate cleaning member configured to come into

sliding contact with the held substrate, and cleans the
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substrate using a first cleaning liquid supplied from a first
nozzle;

a self-cleaning member configured to come into sliding
contact with the substrate cleaning member at a retreat
position separated from the substrate holder, and performs
self-cleaning on the substrate cleaning member using a second
cleaning ligquid supplied from a second nozzle;

a measurement module configured to measure a physical
property value of a waste liquid of the second cleaning
liquid used for the self-cleaning of the substrate cleaning
member; and

a controller configured to determine a degree of
contamination of the substrate cleaning member based on the
physical property value of the waste liquid,

wherein the physical property wvalue includes a total
organic carbon concentration.

4. The substrate cleaning device according to claim 3,
wherein the controller estimates a number of fine particles
adhering to the cleaned substrate, on a basis of the physical
property value of the waste liquid.

5. The substrate cleaning device according to claim 1,
wherein the controller determines an operating condition for
self-cleaning based on the physical property value of the
waste liquid.

6. The substrate cleaning device according to claim 1,
wherein the controller determines an operating condition for

substrate cleaning based on the physical property value of
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the waste liquid.

7. The substrate cleaning device according to claim 1,
wherein the controller determines a timing to replace the
substrate cleaning member based on the physical property
value of the waste liquid.

8. The substrate cleaning device according to claim 1,
further comprising:

a first pipe configured to guide the waste liquid of
the second cleaning liquid used for the self-cleaning of the
substrate cleaning member to the measurement module;

a three-way valve provided in the first pipe; and

a second pipe configured to supply flushing water to
the measurement module via the three-way valve.

9. A substrate processing apparatus comprising:
a substrate polishing device that polishes a substrate,
using a suspension; and

the substrate cleaning device according claim 1.

10. A break-in device comprising:

a self-cleaning member configured to come into sliding
contact with a substrate cleaning member before substrate
cleaning, and perform break-in processing on the substrate
cleaning member using a cleaning liquid supplied from a
nozzle;

a measurement module configured to measure a physical
property value of a waste liquid of the cleaning liquid used
for the break-in processing; and

a controller configured to determine whether the
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break-in processing 1is appropriate based on the physical
property value of the waste liquid.
11. A method for estimating a number of fine particles
adhering to a substrate, the method comprising:

holding the substrate with a substrate holder;

bringing a substrate cleaning member into sliding
contact with the held substrate, and cleaning the substrate
using a first cleaning liquid supplied from a first nozzle;

bringing a self-cleaning member into sliding contact
with the substrate cleaning member at a retreat position
separated from the substrate holder, and performing self-
cleaning on the substrate cleaning member using a second
cleaning liquid supplied from a second nozzle;

measuring a physical property value of a waste liquid
of the second cleaning liquid used for the self-cleaning of
the substrate cleaning member; and

estimating the number of fine particles adhering to
the cleaned substrate based on the physical property value
of the waste liquid.
12. A method for determining a degree of contamination of
a substrate cleaning member, the method comprising:

holding a substrate with a substrate holder;

bringing the substrate cleaning member into sliding
contact with the held substrate, and cleaning the substrate
using a first cleaning liquid supplied from a first nozzle;

bringing a self-cleaning member into sliding contact

with the substrate cleaning member at a retreat position
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separated from the substrate holder, and performing self-
cleaning on the substrate cleaning member using a second
cleaning liquid supplied from a second nozzle;

measuring a total organic carbon concentration of a
waste liquid of the second cleaning liquid used for the self-
cleaning of the substrate cleaning member; and

determining the degree of contamination of the
substrate cleaning member based on
the total organic carbon concentration of the waste liquid.
13. A method for determining break-in processing, the method
comprising:

bringing a self-cleaning member into sliding contact
with a substrate cleaning member before substrate cleaning,
and performing break-in processing on the substrate cleaning
member using a cleaning liquid supplied from a nozzle;

measuring a physical property value of a waste liquid
of the cleaning liquid used for the break-in processing; and

determining whether the Dbreak-in processing 1is
appropriate based on the physical property value of the waste

liquid.
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