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POLISHING METHOD AND POLISHING APPARATUS 

 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

 The present invention relates to a polishing method and a polishing apparatus for 5 

polishing a substrate, such as a wafer, on a polishing pad while supplying a polishing 

liquid onto the polishing pad.  

Description of the Related Art: 

 In a manufacturing process of a semiconductor device, it increasingly becomes 

important to planarize a surface of the semiconductor device.  The most important one of 10 

the planarizing technologies is chemical mechanical polishing (or CMP).  This chemical 

mechanical polishing (which will be hereinafter referred to as CMP) is performed with 

use of a polishing apparatus, which is configured to supply a polishing liquid, containing 

abrasive particles such as silica (SiO2) or ceria (CeO2), onto a polishing pad while 

bringing a substrate, such as a wafer, into sliding contact with a polishing surface.   15 

 The polishing apparatus that performs CMP will be described with reference to 

FIG. 18.  FIG. 18 is a schematic view of a typical polishing apparatus.  As shown in 

FIG. 18, the polishing apparatus includes a polishing table 101 for supporting a polishing 

pad 100 having a polishing surface, and a top ring 102 for holding a substrate W, such as 

a wafer.  Operations of this polishing apparatus when polishing the substrate W are as 20 

follows.  The top ring 102 presses the substrate W against the polishing pad 100 at a 

predetermined pressure, while the polishing table 101 and the top ring 102 move relative 

to each other, to thereby bring the substrate W into sliding contact with the polishing pad 

100.  As a result, the substrate W is polished to have a planar and mirror surface.  

 When the substrate W is polished, a polishing liquid (or slurry) containing 25 

abrasive grains is supplied onto the polishing pad 100.  Although the abrasive grains are 

fine particles, the abrasive grains may agglomerate together to form relatively large 

particles (which will be hereinafter referred to as coarse particles).  If such coarse 
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particles are delivered onto the polishing pad 100, these coarse particles may scratch the 

surface of the substrate W.  In order to solve such a problem, a slurry supply line 103 is 

provided with a filter 104 for catching the coarse particles.   

 An on-off valve 105 is provided upstream of the filter 104.  When the on-off 

valve 105 is opened, the slurry is delivered through the filter 104 onto the polishing pad 5 

100.  Since the coarse particles existing in the slurry are caught by the filter 104, the 

coarse particles are not discharged onto the polishing pad 100.   

 When the slurry is passing through the filter 104, pressure acting on an inlet side 

of the filter 104 becomes higher than pressure acting on an outlet side of the filter 104.  

If a pressure difference between the inlet side and the outlet side of the filter 104 is large, 10 

the coarse particles that have been once caught by the filter 104 are pushed out of the 

filter 104 and are discharged onto the polishing pad 100.  As shown in FIG. 19, an 

amount of the coarse particles discharged increases in accordance with the increase in the 

pressure difference between the inlet side and the outlet side of the filter 104.   

 15 

SUMMARY OF THE INVENTION 

 The present invention has been made in view of the above-described drawback.  

It is therefore an object of the present invention to provide a polishing method and a 

polishing apparatus capable of polishing a substrate while preventing coarse particles 

from being discharged onto a polishing pad.   20 

 In a first aspect, there is provided a polishing method of polishing a substrate by 

bringing the substrate into sliding contact with a polishing pad while supplying a 

polishing liquid, which has passed through a filter, onto the polishing pad, comprising: 

passing the polishing liquid through the filter while increasing a physical quantity of the 

polishing liquid until the physical quantity reaches a predetermined set value, the physical 25 

quantity being one of flow rate and pressure of the polishing liquid; and polishing the 

substrate on the polishing pad while supplying the polishing liquid that has passed 

through the filter onto the polishing pad.   
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 In a second aspect, there is provided a polishing method of polishing a substrate 

by bringing the substrate into sliding contact with a polishing pad while supplying a 

polishing liquid, which has passed through a filter, onto the polishing pad, comprising: 

performing a filter cleaning process of passing the polishing liquid intermittently through 

the filter when the substrate is not polished; and polishing the substrate on the polishing 5 

pad while supplying the polishing liquid that has passed through the filter onto the 

polishing pad. 

 In a third aspect, there is provided a polishing method of polishing a substrate by 

bringing the substrate into sliding contact with a polishing pad while supplying a 

polishing liquid, which has passed through a filter, onto the polishing pad, comprising: 10 

when the substrate is not polished, performing a filter cleaning process of passing the 

polishing liquid continuously through the filter while keeping a physical quantity of the 

polishing liquid larger than the physical quantity at which the substrate is to be polished, 

the physical quantity being one of flow rate and pressure of the polishing liquid; and 

polishing the substrate on the polishing pad while supplying the polishing liquid that has 15 

passed through the filter onto the polishing pad. 

 In a fourth aspect, there is provided a polishing apparatus for polishing a 

substrate by bringing the substrate into sliding contact with a polishing pad while 

supplying a polishing liquid onto the polishing pad, comprising: a polishing table 

configured to support the polishing pad; a top ring configured to press the substrate 20 

against the polishing pad; and a polishing-liquid supply structure configured to supply the 

polishing liquid onto the polishing pad, the polishing-liquid supply structure includes:  a 

slurry supply nozzle configured to supply the polishing liquid onto the polishing pad; a 

filter coupled to the slurry supply nozzle; and a regulator configured to regulate a physical 

quantity of the polishing liquid that is to pass through the filter, the physical quantity 25 

being one of flow rate and pressure of the polishing liquid, the regulator being configured 

to increase the physical quantity until the physical quantity reaches a predetermined set 

value.   
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 In a fifth aspect, there is provided a polishing apparatus for polishing a substrate 

by bringing the substrate into sliding contact with a polishing pad while supplying a 

polishing liquid onto the polishing pad, comprising: a polishing table configured to 

support the polishing pad; a top ring configured to press the substrate against the 

polishing pad; and a polishing-liquid supply structure configured to supply the polishing 5 

liquid onto the polishing pad, the polishing-liquid supply structure includes: a slurry 

supply nozzle configured to supply the polishing liquid onto the polishing pad; a delivery 

pipe configured to deliver the polishing liquid to the slurry supply nozzle; an on-off valve 

configured to open and close the delivery pipe; and a filter coupled to the delivery pipe, 

the on-off valve being configured to perform its opening and closing operations 10 

predetermined number of times to allow the polishing liquid to pass through the filter 

intermittently when the substrate is not polished.    

 In a sixth aspect, there is provided a polishing apparatus for polishing a substrate 

by bringing the substrate into sliding contact with a polishing pad while supplying a 

polishing liquid onto the polishing pad, comprising: a polishing table configured to 15 

support the polishing pad; a top ring configured to press the substrate against the 

polishing pad; and a polishing-liquid supply structure configured to supply the polishing 

liquid onto the polishing pad, the polishing-liquid supply structure includes: a slurry 

supply nozzle configured to supply the polishing liquid onto the polishing pad; a filter 

coupled to the slurry supply nozzle; and a regulator configured to regulate a physical 20 

quantity of the polishing liquid that is to pass through the filter, the physical quantity 

being one of flow rate and pressure of the polishing liquid, the polishing-liquid supply 

structure being configured to perform, when the substrate is not polished, a filter cleaning 

process of passing the polishing liquid continuously through the filter while keeping the 

physical quantity larger than the physical quantity at which the substrate is to be polished. 25 

 According to the present invention, the polishing liquid is passed through the 

filter while the physical quantity of the polishing liquid is increased, so that coarse 

particles that have been caught by the filter can be prevented from being discharged onto 



5 

 

the polishing pad.  This operation can prevent scratches on the substrate surface that 

would be formed by the coarse particles.   

 Further, according to the present invention, the polishing liquid is intermittently 

passed through the filter, so that the coarse particles that have been caught by the filter 

can be removed from the filter.  This operation can prevent scratches on the substrate 5 

surface that would be formed by the coarse particles.   

 Further, according to the present invention, the polishing liquid is continuously 

passed through the filter at a high flow rate, so that the coarse particles that have been 

caught by the filter can be removed from the filter.  This operation can prevent scratches 

on the substrate surface that would be formed by the coarse particles.   10 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

 FIG. 1 is a perspective view of a polishing apparatus;  

 FIG. 2 is a schematic view of a polishing-liquid supply structure;  

 FIG. 3 is a plan view of the polishing apparatus shown in FIG. 1;  15 

 FIG. 4 is a graph showing a first embodiment;  

 FIG. 5 is a graph showing an amount of coarse particles discharged and showing 

results of an experiment that was conducted according to the first embodiment;   

 FIG. 6 is a graph showing a modification of the first embodiment; 

 FIG. 7 is a graph showing another modification of the first embodiment; 20 

 FIG. 8 is a graph showing a second embodiment; 

 FIG. 9 is a graph showing an amount of coarse particles discharged after a filter 

cleaning process was performed according to the second embodiment;   

 FIG. 10 is a graph showing a modification of the second embodiment; 

 FIG. 11 is a graph showing another modification of the second embodiment; 25 

 FIG. 12 is a graph showing a third embodiment; 

 FIG. 13 is a graph showing an amount of coarse particles discharged after a filter 

cleaning process was performed according to the third embodiment;   
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 FIG. 14 is a graph showing a combination of the first embodiment and the 

second embodiment;  

 FIG. 15 is a graph showing a combination of the first embodiment and the 

modification of the second embodiment; 

 FIG. 16 is a graph showing a combination of the first embodiment and the third 5 

embodiment; 

 FIG. 17 is a view showing a polishing-liquid supply structure having a pressure 

gauge, instead of a flowmeter;  

 FIG. 18 is a schematic view of a typical polishing apparatus; and  

 FIG. 19 is a graph showing an amount of coarse particles discharged and a 10 

pressure difference between an inlet side and an outlet side of a filter.   

 

DETAILED DESCRIPTION OF EMBODIMENTS 

 Embodiments will be described below with reference to the drawings.  In FIGS. 

1 through 17, identical or corresponding elements will be denoted by identical reference 15 

numerals, and repetitive descriptions thereof are omitted. 

 FIG. 1 is a perspective view showing a polishing apparatus.  As shown in FIG. 

1, the polishing apparatus includes a polishing table 2 for supporting a polishing pad 1 

thereon, a top ring 3 for pressing a substrate W, such as a wafer, against the polishing pad 

1, and a polishing-liquid supply structure 4 for supplying a polishing liquid (or slurry) 20 

onto the polishing pad 1. 

 The polishing table 2 is coupled via a table shaft 5 to a table motor 6 that is 

disposed below the polishing table 2, so that the polishing table 2 is rotated by the table 

motor 6 in a direction indicated by arrow.  The polishing pad 1 is attached to an upper 

surface of the polishing table 2.  The polishing pad 1 has an upper surface, which 25 

provides a polishing surface 1a for polishing the substrate W.  The top ring 3 is secured 

to a lower end of a top ring shaft 7.  The top ring 3 is configured to be able to hold the 

substrate W on its lower surface by vacuum suction.  The top ring shaft 7 is coupled to a 
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rotating device (not shown) disposed in a top ring arm 8, so that the top ring 3 is rotated 

by the rotating device through the top ring shaft 7. 

 The polishing apparatus further includes a dressing unit 24 for dressing the 

polishing pad 1.  This dressing unit 24 includes a dresser 26 that is to rub against the 

polishing surface 1a of the polishing pad 1, a dresser arm 27 supporting the dresser 26, 5 

and a dresser pivot shaft 28 that causes the dresser arm 27 to pivot.  As the dresser arm 

27 pivots, the dresser 26 oscillates on the polishing surface 1a.  The dresser 26 has a 

lower surface serving as a dressing surface constituted by a number of abrasive grains, 

such as diamond particles.  The dresser 26 is configured to rotate while oscillating on the 

polishing surface 1a to slightly scrape away the polishing pad 1, thereby dressing the 10 

polishing surface 1a.  During dressing of the polishing pad 1, pure water is supplied 

from a pure-water supply nozzle 25 onto the polishing surface 1a of the polishing pad 1.   

 The polishing apparatus further includes an atomizer 40 for cleaning the 

polishing surface 1a by spraying an atomized cleaning fluid onto the polishing surface 1a 

of the polishing pad 1.  The cleaning fluid is a fluid containing at least a cleaning liquid 15 

(typically pure water).  More specifically, the cleaning fluid may be composed of a fluid 

mixture of the cleaning liquid and a gas (e.g., an inert gas such as a nitrogen gas) or may 

be composed of only the cleaning liquid.  The atomizer 40 extends in a radial direction 

of the polishing pad 1 (or the polishing table 2) and is supported by a support shaft 49.  

This support shaft 49 is located outside the polishing table 2.  The atomizer 40 is located 20 

above the polishing surface 1a of the polishing pad 1.  The atomizer 40 is configured to 

deliver a jet of the high-pressure cleaning fluid onto the polishing surface 1a to thereby 

remove polishing debris and the abrasive grains, contained in the polishing liquid, from 

the polishing surface 1a of the polishing pad 1. 

 Next, the polishing-liquid supply structure 4 will be described with reference to 25 

FIG. 2 and FIG. 3.  FIG. 2 is a schematic view of the polishing-liquid supply structure 4.  

FIG. 3 is a plan view of the polishing apparatus shown in FIG. 1.  As shown in FIG. 2, 

the polishing-liquid supply structure 4 includes a slurry supply nozzle 10 for supplying 



8 

 

the polishing liquid onto the polishing pad 1, a delivery pipe 12 that delivers the polishing 

liquid to the slurry supply nozzle 10, and a filter 14 that catches coarse particles contained 

in the polishing liquid.  This filter 14 is configured to catch coarse particles each having 

a size equal to or larger than a predetermined size.  The filter 14 is coupled to the 

delivery pipe 12 so that the polishing liquid, flowing in the delivery pipe 12, passes 5 

through the filter 14.   

 The delivery pipe 12 is coupled to the slurry supply nozzle 10.  The polishing 

liquid that has passed through the filter 14 flows into the slurry supply nozzle 10.  As 

shown in FIG. 3, the slurry supply nozzle 10 is fixed to a nozzle pivot shaft 11 and is 

configured to be able to pivot about the nozzle pivot shaft 11.  The slurry supply nozzle 10 

10 is configured to be able to move between a retreat position P1 where the slurry supply 

nozzle 10 is to discharge the polishing liquid outside the polishing pad 1 and a supply 

position P2 located above the polishing pad 1.  In the retreat position P1, a drain inlet 30 

is provided outside the polishing pad 1.  It is noted that the drain inlet 30 is one example 

and any structure for discarding or recovering the polishing liquid may be provided at the 15 

retreat position P1. 

 The polishing-liquid supply structure 4 includes a regulator 16 for regulating a 

flow rate which is one of physical quantities of the polishing liquid, a flowmeter 18 

configured to measure the flow rate of the polishing liquid, and a controller 22 configured 

to control operations of the regulator 16.  The regulator 16 may be an electropneumatic 20 

regulator.  The flowmeter 18 is located in the regulator 16.  The flowmeter 18 may be 

located outside the regulator 16.  An on-off valve 20 for opening and closing the 

delivery pipe 12 is provided upstream of the regulator 16.  The filter 14 is located 

downstream of the regulator 16.  The on-off valve 20, the regulator 16, and the filter 14 

are arranged in this order in series.  The filter 14 may be located upstream of the 25 

regulator 16.   

 The on-off valve 20 and the regulator 16 are coupled to the controller 22.  The 

on-off valve 20 is configured to open and close the delivery pipe 12 in accordance with a 
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command from the controller 22.  The flowmeter 18 is configured to send a measured 

value of the flow rate to the controller 22.  Based on the measured value of the flow rate, 

the controller 22 emits to the regulator 16 a command for regulating the flow rate of the 

polishing liquid.  In accordance with the command from the controller 22, the regulator 

16 regulates the flow rate of the polishing liquid flowing in the delivery pipe 12.   5 

 Polishing of the substrate W is performed as follows.  First, the slurry supply 

nozzle 10 is moved from the retreat position P1 shown in FIG. 3 to the supply position P2 

that is above the polishing pad 1.  Subsequently, the top ring 3 and the polishing table 2 

are rotated in respective directions indicated by arrows in FIG. 1, while the polishing 

liquid is supplied from the slurry supply nozzle 10 of the polishing-liquid supply structure 10 

4 onto the polishing pad 1.  In this state, the top ring 3 presses the substrate W against 

the polishing surface 1a of the polishing pad 1.  The surface of the substrate W is 

polished by a mechanical action of the abrasive grains contained in the polishing liquid 

and a chemical action of a chemical component of the polishing liquid.   

 After polishing of the substrate W, the pure water is supplied from the pure water 15 

supply nozzle 25 onto the polishing pad 1 while the top ring 3 is pressing the substrate W 

against the polishing surface 1a of the polishing pad 1, thereby removing the polishing 

liquid from the surface of the substrate W.  This process is called water polishing in 

which the substrate W is placed in sliding contact with the polishing pad 1 while the pure 

water is supplied onto the polishing pad 1.  In this water polishing, the substrate W is not 20 

substantially polished.  A pressing load exerted on the substrate W during the water 

polishing process is set to be smaller than a pressing load when the substrate W is 

polished in the presence of the polishing liquid.  After the water polishing of the 

substrate W, the top ring 3, holding the substrate W, is moved outwardly of the polishing 

table 2.  Subsequently, the dresser 26, while rotating about its own axis, oscillates on the 25 

polishing surface 1a of the polishing pad 1.  The dresser 26 scrapes away the polishing 

pad 1 slightly to thereby dress the polishing pad 1.  During dressing of the polishing pad 

1, the pure water is supplied from the pure water supply nozzle 25 onto the polishing pad 
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1.  

 If a pressure difference between an inlet side and an outlet side of the filter 14 is 

large, overshoot of pressure occurs.  This overshoot of pressure is a phenomenon in 

which pressure of the polishing liquid rises instantaneously when the polishing liquid is 

started to flow into the filter 14.  Due to this overshoot, the coarse particles that have 5 

been caught in the filter 14 are pushed out of the filter 14 and are discharged onto the 

polishing pad 1.  There is a correlation between the flow rate and the pressure of the 

polishing liquid.  Accordingly, the pressure of the polishing liquid varies depending on a 

change in the flow rate of the polishing liquid.  Therefore, the pressure difference 

between the inlet side and the outlet side of the filter 14 can be reduced by gradually 10 

increasing the flow rate of the polishing liquid.  As a result, the overshoot can be 

prevented.  

 FIG. 4 is a graph showing a first embodiment.  In FIG. 4, horizontal axis 

represents time and vertical axis represents flow rate of the polishing liquid.  As shown 

in FIG. 4, the flow rate of the polishing liquid is increased at a predetermined increasing 15 

rate from a predetermined initial value IF until the flow rate of the polishing liquid 

reaches a predetermined set value F.  The initial value IF may be zero.  After the flow 

rate of the polishing liquid has reached the predetermined set value F, the flow rate of the 

polishing liquid is kept constant.  With the flow rate of the polishing liquid kept at the 

predetermined set value F, the substrate W is polished on the polishing pad 1.  20 

 More specific supply operations of the polishing liquid will be described.  With 

the slurry supply nozzle 10 located at the supply position P2, the on-off valve 20 is 

opened in accordance with a command from the controller 22.  After the supply of the 

polishing liquid is started, the controller 22 transmits to the regulator 16 a command for 

increasing the flow rate of the polishing liquid until the flow rate of the polishing liquid 25 

reaches the predetermined set value F.  Upon receiving this command from the 

controller 22, the regulator 16 gradually increases the flow rate of the polishing liquid.  

When the flow rate of the polishing liquid reaches the predetermined set value F, the 
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controller 22 controls the regulator 16 such that the flow rate of the polishing liquid is 

kept at the predetermined set value F.  In this manner, the flow rate of the polishing 

liquid is increased gradually.  Therefore, a sharp increase in the pressure difference 

between the inlet side and the outlet side of the filter 14 is prevented, and the coarse 

particles that have been caught by the filter 14 are prevented from being discharged onto 5 

the polishing pad 1.  As a result, scratches on the surface of the substrate W are 

prevented.   

 Before the supply of the polishing liquid is started, the slurry supply nozzle 10 

may be moved to the retreat position P1 so that the polishing liquid that has passed 

through the filter 14 is discharged into the drain inlet 30, located outside the polishing pad 10 

1, until the flow rate of the polishing liquid reaches the predetermined set value F.  

Alternatively, the polishing liquid that has passed through the filter 14 may be recovered 

and returned to the polishing-liquid supply structure 4 for reuse.  After the flow rate of 

the polishing liquid has reached the predetermined set value F, the slurry supply nozzle 10 

is moved to the supply position P2 located above the polishing pad 1, so that the polishing 15 

liquid is supplied onto the polishing pad 1.  By moving the slurry supply nozzle 10 in 

this manner, the coarse particles that have been caught by the filter 14 are more reliably 

prevented from being discharged onto the polishing pad 1. 

 FIG. 5 is a graph showing an amount of the coarse particles discharged and 

showing results of an experiment that was conducted according to the first embodiment.  20 

A comparative example shown in FIG. 5 shows an amount of the coarse particles 

discharged from the filter 14 according to a conventional polishing liquid supply method.  

Horizontal axis represents the number of substrates that have been polished, and vertical 

axis represents an amount of the coarse particles discharged from the filter 14.  In the 

conventional polishing liquid supply method, the supply of the polishing liquid is started 25 

at a flow rate that is set for polishing of a substrate.  As can be seen from FIG. 5, the 

amount of the coarse particles discharged can be remarkably reduced by gradually 

increasing the flow rate of the polishing liquid.  Further, it can be seen from FIG. 5 that 
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the amount of the coarse particles discharged can be kept low regardless of the number of 

substrates polished. 

 FIG. 6 is a graph showing a modification of the first embodiment.  In FIG. 6, 

horizontal axis represents time, and vertical axis represents flow rate of the polishing 

liquid.  As shown in FIG. 6, the flow rate of the polishing liquid is increased gradually 5 

from the initial value IF in a stepwise manner until the flow rate of the polishing liquid 

reaches the predetermined set value F.  The controller 22 controls the regulator 16 such 

that the flow rate of the polishing liquid increases gradually in a stepwise manner.  After 

the flow rate of the polishing liquid has reached the predetermined set value F, the flow 

rate of the polishing liquid is kept constant.   10 

 FIG. 7 is a graph showing another modification of the first embodiment.  In 

FIG. 7, horizontal axis represents time, and vertical axis represents flow rate of the 

polishing liquid.  As shown in FIG. 7, the flow rate of the polishing liquid is increased in 

a curve (quadratic curve) until the flow rate of the polishing liquid reaches the 

predetermined set value F.  The controller 22 controls the regulator 16 such that the flow 15 

rate of the polishing liquid increases in a quadratic curve.  After the flow rate of the 

polishing liquid has reached the predetermined set value F, the flow rate of the polishing 

liquid is kept constant.   

 FIG. 8 is a graph showing a second embodiment.  In FIG. 8, horizontal axis 

represents time, and vertical axis represents flow rate of the polishing liquid.  As shown 20 

in FIG. 8, before polishing of the substrate W is started, the polishing liquid is 

intermittently passed through the filter 14.  Thereafter, the flow rate of the polishing 

liquid is kept constant, and the polishing liquid is supplied continuously through the filter 

14 onto the polishing pad 1.  In this state, the substrate W is polished.  The flow rate of 

the polishing liquid when being intermittently passed through the filter 14 is the same as 25 

the flow rate of the polishing liquid when the substrate W is being polished.  In the 

following descriptions, the operation of intermittently passing the polishing liquid through 

the filter 14 may be referred to as intermittent supply of the polishing liquid.   
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 The purpose of the above-discussed first embodiment is to prevent the coarse 

particles that have been caught by the filter 14 from being discharged onto the polishing 

pad 1 by gradually increasing the flow rate of the polishing liquid.  In contrast, the 

purpose of the second embodiment is to positively remove from the filter 14 the coarse 

particles that have been caught by the filter 14 by intermittently supplying the polishing 5 

liquid to the filter 14.  When the polishing liquid is supplied intermittently, the pressure 

difference between the inlet side and the outlet side of the filter 14 increases repetitively, 

thus causing the overshoot of the pressure.  As the overshoot occurs, a force of pushing 

the coarse particles out of the filter 14 is instantaneously applied to the filter 14, thereby 

removing the coarse particles from the filter 14.   10 

 Such intermittent supply of the polishing liquid is a filter cleaning process that 

removes the coarse particles from the filter 14.  Passing the polishing liquid through the 

filter 14 intermittently (or periodically) means passing the polishing liquid through the 

filter 14 while switching the flow rate of the polishing liquid between a first value and a 

second value alternately.  The second value is larger than the first value.  The first 15 

value may be zero.  During the filter cleaning process, the first value and the second 

value may be varied.  

 The filter cleaning process is performed when the substrate W is not polished.  

Examples of “when the substrate W is not polished” include before polishing of the 

substrate W, during the water polishing of the substrate W, during dressing of the 20 

polishing pad 1, during cleaning of the polishing surface 1a with the atomizer 40, and 

during a standby operation of the polishing apparatus.  The standby operation of the 

polishing apparatus is an operation state of the polishing apparatus when no substrate is 

present on the polishing pad 1 and neither dressing of the polishing pad 1 nor cleaning of 

the polishing surface 1a is being performed.   25 

 The controller 22 may be configured to judge whether the polishing apparatus is 

in the standby operation or not.  If the controller 22 judges that the polishing apparatus is 

in the standby operation, the controller 22 controls the on-off valve 20 so as to start the 
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intermittent supply of the polishing liquid.  The on-off valve 20 performs its opening and 

closing operations predetermined number of times to intermittently pass the polishing 

liquid through the filter 14, thereby removing the coarse particles from the filter 14.  

Since the polishing liquid is supplied when the polishing apparatus is in the standby 

operation in this manner, polishing of a new substrate can be performed with use of the 5 

filter 14 from which the coarse particles have been removed.   

 The intermittent supply of the polishing liquid may be performed at either the 

retreat position P1 or the supply position P2.  When the intermittent supply of the 

polishing liquid is performed at the supply position P2, the coarse particles fall onto the 

polishing pad 1.  Therefore, after the intermittent supply of the polishing liquid is 10 

terminated, the polishing surface 1a of the polishing pad 1 is cleaned by a pad cleaning 

structure.  In this embodiment, the pad cleaning structure is constituted by the atomizer 

40, or a combination of the above-described dresser 24 and the pure water supply nozzle 

25.   

 When the intermittent supply of the polishing liquid is performed at the retreat 15 

position P1, the polishing liquid that has passed through the filter 14 is discharged into the 

drain inlet 30 that is provided outside the polishing pad 1.  Alternatively, the polishing 

liquid that has passed through the filter 14 may be recovered and may be returned to the 

polishing-liquid supply structure 4 for reuse.  In these cases, the coarse particles do not 

fall onto the polishing pad 1.  Therefore, the process of cleaning the polishing pad 1 may 20 

be omitted.  From a viewpoint of improving a throughput of the polishing apparatus, it is 

preferable to perform the intermittent supply of the polishing liquid at the retreat position 

P1.   

 Specific operation of supplying the polishing liquid will be described.  When 

the substrate W is not being polished, the filter cleaning process is performed.  More 25 

specifically, the opening and closing operations of the on-off valve 20 are performed the 

predetermined number of times.  As the opening and closing operations of the on-off 

valve 20 are repeated, supply of the polishing liquid and stop of the supply are repeated.  
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As a result, the polishing liquid is intermittently passed through the filter 14.  In the filter 

cleaning process, a time interval during which the polishing liquid is supplied is set to be 

longer than a time interval during which the supply of the polishing liquid is stopped.  

The above-described predetermined number of times the opening and closing operations 

of the on-off valve 20 are repeated, i.e., the number of times supply and stop of the supply 5 

of the polishing liquid are repeated, is at least one time.  In the embodiment shown in 

FIG. 8, supply and stop of the supply of the polishing liquid (i.e., the opening and closing 

operations of the on-off valve 20) are repeated three times.  After the filter cleaning 

process is terminated, the substrate W is polished on the polishing pad 1 while the 

polishing liquid is supplied onto the polishing pad 1 at a preset flow rate.   10 

 FIG. 9 is a graph showing an amount of coarse particles discharged after the 

filter cleaning process was performed according to the second embodiment.  A 

comparative example shown in FIG. 9 shows an amount of the coarse particles discharged 

from the filter 14 according to a conventional polishing liquid supply method.  

Horizontal axis represents the number of substrates that have been polished, and vertical 15 

axis represents an amount of the coarse particles discharged from the filter 14 that has 

been cleaned by the filter cleaning process.  As can be seen from FIG. 9, the amount of 

the coarse particles discharged from the filter 14 during polishing can be remarkably 

reduced by intermittently passing the polishing liquid through the filter 14 in advance. 

 FIG. 10 is a graph showing a modification of the second embodiment, and FIG. 20 

11 is a graph showing another modification of the second embodiment.  In FIG. 10 and 

FIG. 11, horizontal axis represents time, and vertical axis represents flow rate of the 

polishing liquid.  As shown in FIG. 10, the flow rate of the polishing liquid during the 

intermittent supply thereof may be higher than the flow rate of the polishing liquid when 

the substrate W is being polished.  As shown in FIG. 11, the flow rate of the polishing 25 

liquid during the intermittent supply thereof may be lower than the flow rate of the 

polishing liquid when the substrate W is being polished. 

 FIG. 12 is a graph showing a third embodiment.  In FIG. 12, horizontal axis 
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represents time, and vertical axis represents flow rate of the polishing liquid.  As shown 

in FIG. 12, before the substrate W is polished, the polishing liquid is continuously 

supplied to the filter 14 for a predetermined time T1 at a flow rate that is equal to or 

higher than a flow rate at which polishing is to be performed.  The polishing liquid, 

when passing through the filter 14 at a high flow rate, can remove from the filter 14 the 5 

coarse particles that have been caught by the filter 14.  Specifically, when the polishing 

liquid is supplied to the filter 14 at a flow rate that is equal to or higher than a flow rate at 

which polishing is to be performed, the pressure difference between the inlet side and the 

outlet side of the filter 14 is increased.  Therefore, a force of pushing the coarse particles 

out of the filter 14 is continuously applied to the filter 14.  As a result, the coarse 10 

particles that have been caught by the filter 14 can be removed from the filter 14.  In the 

following descriptions, passing the polishing liquid through the filter 14 at a flow rate that 

is equal to or higher than a flow rate at which polishing is to be performed may be 

referred to as a high-flow-rate supply of the polishing liquid.   

 The high-flow-rate supply of the polishing liquid is a filter cleaning process of 15 

removing the coarse particles from the filter 14.  This filter cleaning process is 

performed when the substrate W is not being polished.  The high-flow-rate supply of the 

polishing liquid may be performed at either the retreat position P1 or the supply position 

P2 shown in FIG. 3.  When the high-flow-rate supply of the polishing liquid is 

performed at the supply position P2, the coarse particles fall onto the polishing pad 1.  20 

Therefore, after the high-flow-rate supply of the polishing liquid is terminated, the 

polishing surface 1a of the polishing pad 1 is cleaned by the above-mentioned pad 

cleaning structure.  In this embodiment, the pad cleaning structure is constituted by the 

atomizer 40, or a combination of the above-described dresser 24 and the pure water 

supply nozzle 25.   25 

 When the high-flow-rate supply of the polishing liquid is performed at the retreat 

position P1, the polishing liquid that has passed through the filter 14 is discharged into the 

drain inlet 30 that is provided outside the polishing pad 1.  Alternatively, the polishing 
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liquid that has passed through the filter 14 may be recovered and may be returned to the 

polishing-liquid supply structure 4 for reuse.  In these cases, the coarse particles do not 

fall onto the polishing pad 1.  Therefore, the process of cleaning the polishing pad 1 may 

be omitted.  From a viewpoint of improving a throughput of the polishing apparatus, it is 

preferable to perform the high-flow-rate supply of the polishing liquid at the retreat 5 

position P1.   

 Specific operation of supplying the polishing liquid will be described.  The on-

off valve 20 is opened for the predetermined time T1, so that the polishing liquid is 

supplied to the filter 14 at a flow rate equal to or higher than a flow rate at which 

polishing is to be performed.  The flow rate of the polishing liquid is controlled by the 10 

regulator 16 in accordance with a command from the controller 22.  This high-flow-rate 

supply of the polishing liquid is the above-described filter cleaning process, which is 

performed for the predetermined time T1.  After the filter cleaning process, the 

controller 22 controls the regulator 16 such that the flow rate of the polishing liquid is 

lowered to a set value for substrate polishing (which corresponds to the above-described 15 

set value F).  The substrate W is then polished on the polishing pad 1 while the polishing 

liquid is supplied onto the polishing pad 1 at the above-described set value.   

 FIG. 13 is a graph showing an amount of the coarse particles discharged after the 

filter cleaning process was performed according to the third embodiment.  A 

comparative example shown in FIG. 13 shows an amount of the coarse particles 20 

discharged from the filter 14 according to a conventional polishing liquid supply method.  

Horizontal axis represents the number of substrates that have been polished, and vertical 

axis represents an amount of the coarse particles discharged from the filter 14 that has 

been cleaned by the filter cleaning process.  As can be seen from FIG. 13, the amount of 

the coarse particles discharged during polishing can be remarkably reduced by passing the 25 

polishing liquid through the filter 14 at a high flow rate in advance.  

 As shown in FIG. 14, the first embodiment and the second embodiment may be 

combined.  In FIG. 14, horizontal axis represents time, and vertical axis represents flow 
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rate of the polishing liquid.  As shown in FIG. 14, the flow rate of the polishing liquid is 

increased gradually from an initial value until the flow rate of the polishing liquid reaches 

a predetermined set value.  After the flow rate of the polishing liquid has reached the 

predetermined set value, the flow rate of the polishing liquid is kept constant.  In this 

state, the substrate W is polished.  After polishing of the substrate W is terminated, the 5 

supply of the polishing liquid is stopped.  The substrate W that has been polished is 

transported to a subsequent process.   

 Until a next substrate is transported onto the polishing pad 1, the polishing liquid 

is intermittently supplied to the filter 14 to thereby remove the coarse particles from the 

filter 14.  In the embodiment shown in FIG. 14, the flow rate of the polishing liquid 10 

when being intermittently supplied to the filter 14 is the same as a flow rate of the 

polishing liquid when the substrate is being polished.  The intermittent supply of the 

polishing liquid comprises the supply of the polishing liquid and the stop of the supply of 

the polishing liquid.  After the supply of the polishing liquid and the stop of the supply 

of the polishing liquid are repeated the predetermined number of times, a next substrate is 15 

transported onto the polishing pad 1, and the flow rate of the polishing liquid is then 

increased gradually from a predetermined initial value until the flow rate of the polishing 

liquid reaches the predetermined set value again.  After the flow rate of the polishing 

liquid has reached the predetermined set value, the flow rate of the polishing liquid is kept 

constant.  In this state, the substrate is polished on the polishing pad 1. 20 

 As shown in FIG. 15, the first embodiment and the modification of the second 

embodiment may be combined.  In FIG. 15, horizontal axis represents time, and vertical 

axis represents flow rate of the polishing liquid.  As shown in FIG. 15, the flow rate of 

the polishing liquid is increased gradually from an initial value until the flow rate of the 

polishing liquid reaches a predetermined set value.  After the flow rate of the polishing 25 

liquid has reached the predetermined set value, the flow rate of the polishing liquid is kept 

constant.  In this state, the substrate W is polished.  After polishing of the substrate W 

is terminated, the supply of the polishing liquid is stopped.  The substrate W that has 
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been polished is transported to a subsequent process.   

 Until a next substrate is transported onto the polishing pad 1, the polishing liquid 

is intermittently supplied to the filter 14 to thereby perform the filter cleaning process.  

In the embodiment shown in FIG. 15, the flow rate of the polishing liquid in an initial 

stage of the filter cleaning process is higher than the flow rate of the polishing liquid 5 

when a substrate is to be polished.  Each time the supply of the polishing liquid and the 

stop of the supply of the polishing liquid are repeated, the flow rate of the polishing liquid 

is lowered, until the flow rate of the polishing liquid in a final stage of the filter cleaning 

process is lower than the flow rate of the polishing liquid when a substrate is polished.  

After the filter cleaning process is terminated, the next substrate is transported onto the 10 

polishing pad 1, and the flow rate of the polishing liquid is then increased gradually from 

a predetermined initial value until the flow rate of the polishing liquid reaches the 

predetermined set value again.  After the flow rate of the polishing liquid has reached 

the predetermined set value, the flow rate of the polishing liquid is kept constant.  In this 

state, the substrate is polished on the polishing pad 1. 15 

 As shown in FIG. 16, the first embodiment and the third embodiment may be 

combined.  In FIG. 16, horizontal axis represents time, and vertical axis represents flow 

rate of the polishing liquid.  As shown in FIG. 16, the flow rate of the polishing liquid is 

increased gradually from a predetermined initial value until the flow rate of the polishing 

liquid reaches a predetermined set value.  After the flow rate of the polishing liquid has 20 

reached the predetermined set value, the flow rate of the polishing liquid is kept constant.  

In this state, the substrate W is polished.  After polishing of the substrate W is 

terminated, the supply of the polishing liquid is stopped.  The substrate W that has been 

polished is transported to a subsequent process.   

 Before a next substrate is polished, the polishing liquid is continuously supplied 25 

to the filter 14 for a predetermined time T2 at a flow rate equal to or higher than a flow 

rate of the polishing liquid at which a substrate is to be polished, thereby removing the 

coarse particles from the filter 14.  After the predetermined time T2 has elapsed, the 
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flow rate of the polishing liquid is once reduced to the predetermined initial value, and is 

then increased until the flow rate of the polishing liquid reaches the predetermined set 

value again.  After the flow rate of the polishing liquid has reached the predetermined 

set value, the flow rate of the polishing liquid is kept constant.  In this state, the next 

substrate is polished on the polishing pad 1. 5 

 As shown in FIG. 17, the polishing-liquid supply structure 4 may include a 

pressure gauge 32, instead of the flowmeter 18.  In this embodiment, the regulator 16 is 

configured to regulate pressure of the polishing liquid according to a command from the 

controller 22.  The pressure gauge 32 may be provided outside the regulator 16.  There 

is a correlation between the flow rate and the pressure of the polishing liquid.  Therefore, 10 

the pressure of the polishing liquid changes in the same manner as the flow rate of the 

polishing liquid.  Specifically, as the flow rate of the polishing liquid increases, the 

pressure of the polishing liquid also increases, while as the flow rate of the polishing 

liquid decreases, the pressure of the polishing liquid also decreases.  Therefore, the 

pressure of the polishing liquid behaves in the same manner as the flow rate of the 15 

polishing liquid as illustrated in FIG. 4 through FIG. 16.  For this reason, graphs with 

respect to the pressure of the polishing liquid are omitted.  Both the flow rate and the 

pressure of the polishing liquid are physical quantities of the polishing liquid.  A 

physical quantity to be monitored is selected in advance, and the polishing-liquid supply 

structure 4 is constructed base on the selected physical quantity (i.e., the flow rate or the 20 

pressure).   

 Although the embodiments of the present invention have been described above, 

it should be noted that the present invention is not limited to the above embodiments, and 

may be reduced to practice in various different embodiments within the scope of the 

technical concept of the invention. 25 
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What is claimed is: 

 

 1. A polishing method of polishing a substrate by bringing the substrate into 

sliding contact with a polishing pad while supplying a polishing liquid, which has passed 

through a filter, onto the polishing pad, comprising:  5 

 passing the polishing liquid through the filter while increasing a physical 

quantity of the polishing liquid at a predetermined increasing rate until the physical 

quantity reaches a predetermined set value, the physical quantity being one of flow rate 

and pressure of the polishing liquid; and  

 polishing the substrate on the polishing pad while supplying the polishing liquid 10 

that has passed through the filter onto the polishing pad.   

 

 2. The polishing method according to claim 1, wherein after the physical 

quantity of the polishing liquid has reached the predetermined set value, polishing of the 

substrate is performed on the polishing pad while supplying the polishing liquid that has 15 

passed through the filter onto the polishing pad.  

 

 3. The polishing method according to claim 2, wherein the polishing liquid that 

has passed through the filter is supplied onto the polishing pad until the physical quantity 

reaches the predetermined set value.   20 

 

 4. The polishing method according to claim 2, wherein the polishing liquid that 

has passed through the filter is discharged outside the polishing pad or recovered until the 

physical quantity reaches the predetermined set value.   

 25 
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 5. A polishing apparatus for polishing a substrate by bringing the substrate into 

sliding contact with a polishing pad while supplying a polishing liquid onto the polishing 

pad, comprising:  

 a polishing table configured to support the polishing pad;  

 a top ring configured to press the substrate against the polishing pad; and  5 

 a polishing-liquid supply structure configured to supply the polishing liquid onto 

the polishing pad, 

 the polishing-liquid supply structure includes:  

  a slurry supply nozzle configured to supply the polishing liquid onto the 

polishing pad;  10 

  a filter coupled to the slurry supply nozzle; and  

  a regulator configured to regulate a physical quantity of the polishing 

liquid that is to pass through the filter, the physical quantity being one of flow rate and 

pressure of the polishing liquid, the regulator being configured to increase the physical 

quantity at a predetermined increasing rate until the physical quantity reaches a 15 

predetermined set value.   

 

 6. The polishing apparatus according to claim 5, wherein the polishing-liquid 

supply structure is configured to supply the polishing liquid onto the polishing pad after 

the physical quantity has reached the predetermined set value, while the top ring is 20 

pressing the substrate against the polishing pad to polish the substrate.  

 

 7. The polishing apparatus according to claim 6, wherein the slurry supply 

nozzle is configured to supply the polishing liquid that has passed through the filter onto 

the polishing pad until the physical quantity reaches the predetermined set value.   25 

  

8. The polishing apparatus according to claim 6, wherein the slurry supply 

nozzle is configured to discharge the polishing liquid that has passed through the filter 
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outside the polishing pad until the physical quantity reaches the predetermined set value.   
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9. The polishing method according to claim 2, wherein polishing of the substrate 

is performed while keeping the physical quantity constant.   

 

10. The polishing apparatus according to claim 6, wherein the polishing-liquid 

supply structure is configured to supply the polishing liquid onto the polishing pad after 5 

the physical quantity has reached the predetermined set value with the physical quantity 

kept constant, while the top ring is pressing the substrate against the polishing pad to 

polish the substrate. 

  

 10 


