
SUBSTRATE CLEANING APPARATUS, SUBSTRATE CLEANING METHOD, 

AND SUBSTRATE PROCESSING APPARATUS 

BACKGROUND OF THE INVENTION 

	

5 	Field of the Invention: 

The present invention relates to a substrate cleaning apparatus for cleaning a 

substrate, such as a semiconductor wafer, and more particularly to a substrate cleaning 

apparatus and substrate cleaning method having a self-cleaning function to self-clean a 

cleaning member which makes contact with a substrate to clean the substrate. 

	

10 	The present invention also relates to a substrate cleaning apparatus and substrate 

cleaning method for scrub-cleaning a substrate, such as a wafer, with a roll cleaning tool 

while supplying a cleaning liquid (e.g. a liquid chemical or pure water) to the substrate. 

Embodiments, which will be described below, relate to a substrate processing apparatus 

provided with such a substrate cleaning apparatus. 

	

15 	Description of the Related Art: 

Scrub cleaning, which has the advantage of being capable of efficiently cleaning 

off particles such as polishing debris and abrasive particles contained in a polishing liquid, 

is widely employed these days in a cleaning apparatus of a semiconductor manufacturing 

apparatus, especially a chemical mechanical polishing (CMP) apparatus. In particular, 

	

2 0 	scrub cleaning of a substrate with a roll cleaning tool is widely employed because of the 

advantages of not damaging the substrate, being capable of absorbing dirt such as a 

polishing liquid, having a high scraping effect, etc. 

Cleaning of a substrate using a roll cleaning tool is performed by rubbing the roll 

cleaning tool against the substrate while rotating the substrate and supplying a cleaning 

	

2 5 	liquid (e.g. a liquid chemical or pure water) to the substrate. By rubbing the roll 

cleaning tool against the surface of the substrate in the presence of the cleaning liquid, 

particles, such as polishing debris and abrasive particles contained in a polishing liquid, 

are removed from the surface of the substrate. The particles that have been removed 
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from the substrate are absorbed or accumulated in the roll cleaning tool, or are discharged 

from the substrate together with the cleaning liquid. 

However, some particles, once accumulated in the roll cleaning tool, can come 

off the roll cleaning tool and may be attached to the substrate surface again during scrub 

	

5 	cleaning of the substrate, thus possibly causing so-called back contamination. Further, 

some particles, which have been once removed from the substrate surface by the roll 

cleaning tool, can be attached to the substrate surface again before the particles are 

discharged from the substrate along with the cleaning liquid. 

For cleaning of a front surface of a substrate, a PVA (polyvinyl alcohol) sponge 

	

10 	may be used in order to remove fine particles. When a substrate is held on a top ring 

which is a substrate holder, the substrate is brought into contact with a membrane and dirt 

may adhere to a back surface of the substrate due to a bonding force of the dirt acting on 

the substrate. In view of this, cleaning of the back surface of the substrate may be 

perfoiined with use of a sponge of non-woven fabric comprising fibers bound by resin 

	

15 	and having fine surface pores folined between fibers. 

In the scrub cleaning with use of the cleaning member such as a roll sponge, the 

cleaning member is placed in direct contact with the substrate. Therefore, contamination 

of the cleaning member itself is a factor that influences the cleaning effect. As the 

contamination of the cleaning member progresses, a contaminant accumulated on the 

	

2 0 	cleaning member can contaminate the substrate, while a contaminant is removed from the 

substrate. As a result, the cleaning effect cannot be obtained. Such a phenomenon is 

called back contamination. Such back contamination should be prevented as much as 

possible. 	Therefore, attempts are currently being made to prevent the back 

contamination. 

	

2 5 	 A so-called self-cleaning method, which involves cleaning a cleaning member 

itself without replacing it even when it is contaminated, is used as a means for preventing 

the back contamination. 

There are two main self-cleaning methods currently used. 
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The first method is a method called inner rinsing, which involves passing a 

cleaning liquid from an interior to an exterior of a roll sponge, thereby cleaning the roll 

sponge. This method, which cleans off dirt with the cleaning liquid in a simple manner, 

has the advantages of being capable of arbitrarily carrying out cleaning regardless of the 

	

5 	structure of the roll cleaning machine used and the position of the roll, and not causing 

any unwanted damage to the sponge. 

The second method is a method using a roll cleaning machine in which a roll 

sponge is configured to be retreated from a position on a substrate to a standby position, 

and involves providing a cleaning plate at the roll sponge standby position in order to 

	

10 	clean the roll sponge during standby by rubbing the roll sponge against the cleaning plate. 

Of the above-described two self-cleaning methods, the inner rinsing method, 

which involves passing the cleaning liquid from the interior to the exterior of a roll 

sponge so as to clean the roll sponge, has the drawback of low effect of cleaning off dirt 

clogging pores of the roll sponge, i.e. low cleaning effect. 

	

15 	The other method, which cleans the roll sponge in the standby position by 

rubbing the roll sponge against the cleaning plate, has the drawback that cleaning of the 

roll sponge can be carried out only when the roll sponge is in the standby position. 

Furthetwore, the roll sponge is forced to keep pressing on the cleaning plate during the 

period when the roll sponge stays in the standby position, and the self-cleaning operation 

	

2 0 	cannot be arbitrarily stopped during standby of the roll sponge. Thus, this method has 

the drawback of being incapable of arbitrarily controlling a self-cleaning time. This may 

cause early wear of the roll sponge if a set time of the standby is long. 

SUMMARY OF THE INVENTION 

	

2 5 	The present invention has been made in view of the above situation. It is 

therefore an object of the present invention to provide a substrate cleaning apparatus and 

method which can perform self-cleaning of a cleaning member, such as a roll sponge, at 

any arbitrary timing regardless of a position and a state of the cleaning member, can keep 
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the cleaning member clean, and can expect a longer life of the cleaning member. 

It is another object of the present invention to provide a substrate cleaning 

apparatus and substrate cleaning method which can prevent back contamination of a 

substrate. It is yet another object of the present invention to provide a substrate 

	

5 	processing apparatus incorporating such a substrate cleaning apparatus. 

In order to achieve the objects, the present invention, in one aspect, provides a 

substrate cleaning apparatus for cleaning a substrate while rotating the substrate and 

placing a cleaning member in contact with the rotating substrate, comprising: a 

self-cleaning member mounted to an arm supporting the cleaning member, the 

	

10 	self-cleaning member being configured to come into contact with the cleaning member to 

perfonn self-cleaning of the cleaning member; and a moving mechanism mounted to the 

ann supporting the cleaning member, the moving mechanism being configured to move 

the self-cleaning member between a position where the self-cleaning member is in contact 

with the cleaning member and a position where the self-cleaning member is separated 

	

15 	from the cleaning member. 

According to the present invention, the self-cleaning member and the moving 

mechanism for moving the self-cleaning member are attached to the aiiii supporting the 

cleaning member. This structure makes it possible to perform, during cleaning of a 

substrate, self-cleaning of the cleaning member by actuating the moving mechanism and 

20 bringing the self-cleaning member into contact with the cleaning member. Further, 

self-cleaning of the cleaning member can be performed by actuating the moving 

mechanism and bringing the self-cleaning member into contact with the cleaning member 

at any arbitrary timing regardless of the position (cleaning position or standby position) 

and the state (during cleaning of a substrate or during standby) of the cleaning member. 

	

25 	 In a preferred embodiment of the present invention, the cleaning member 

comprises a roll sponge. 

According to the present invention, the use of the roll sponge in cleaning of the 

substrate has the advantages of not damaging the substrate, being capable of absorbing 
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dirt such as a polishing liquid, and being capable of cleaning the substrate with a high dirt 

scraping effect. 

In a preferred embodiment of the present invention, the self-cleaning member is 

mounted to the anti via a mounting member. 

	

5 	According to the present invention, the self-cleaning member is mounted to the 

arm via the mounting member, and the moving mechanism is mounted to the arm either 

directly or via a mounting member or the like. 

In a preferred embodiment of the present invention, the self-cleaning member is 

mounted to the moving mechanism which is mounted to the aun. 

	

10 	According to the present invention, the self-cleaning member is mounted to the 

moving mechanism, and the moving mechanism is mounted to the arm either directly or 

via a mounting member or the like. 

In a preferred embodiment of the present invention, the self-cleaning member 

comprises a cleaning plate. 

	

15 	According to the present invention, the cleaning plate serving as the self-cleaning 

member may have a flat smooth surface. 

In a preferred embodiment of the present invention, the moving mechanism 

comprises a linear moving mechanism or a rotational moving mechanism. 

According to the present invention, the moving mechanism is a linear moving 

	

2 0 	mechanism such as an air cylinder or an electric cylinder, or a rotational moving 

mechanism such as a rotary actuator. 

In a preferred embodiment of the present invention, the moving mechanism is 

housed in a waterproof housing having a hole that allows movement of a moving portion 

of the moving mechanism. 

	

2 5 	In a preferred embodiment of the present invention, a bellows is provided so as 

to surround the hole of the housing and the moving portion of the moving mechanism. 

According to the present invention, the moving mechanism is housed in the 

waterproof housing and the moving portion of the moving mechanism is surrounded by 
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the bellows. This can prevent a cleaning liquid (liquid chemical) from attaching to the 

moving mechanism and the moving portion of the moving mechanism, thereby 

preventing an operational failure of the moving mechanism due to the attachment of the 

cleaning liquid thereto. 

	

5 	In a preferred embodiment of the present invention, the substrate cleaning 

apparatus further comprises a nozzle mounted to the arm supporting the cleaning member 

and configured to supply a cleaning liquid to an area of contact between the cleaning 

member and the self-cleaning member. 

According to the present invention, a cleaning liquid as a self-cleaning liquid can 

10 be supplied during self-cleaning of the cleaning member. This can enhance the 

self-cleaning effect. Pure water or a liquid chemical can be used as the cleaning liquid. 

The present invention, in another aspect, provides a substrate processing 

apparatus comprising: a substrate processing section for performing predeteiniined 

processing of a substrate; and a substrate cleaning apparatus for cleaning the substrate 

	

15 	which has undergone the predetermined processing in the substrate processing section, 

wherein the substrate cleaning apparatus is the above-described substrate cleaning 

apparatus. 

In a preferred embodiment of the present invention, the substrate processing 

section is a polishing section for polishing the substrate. 

	

2 0 	The present invention, in yet another aspect, provides a substrate cleaning 

method comprising: cleaning a substrate while rotating the substrate and placing a 

cleaning member in contact with the rotating substrate; and self-cleaning the cleaning 

member by bringing a self-cleaning member into contact with the cleaning member while 

cleaning the substrate. 

	

2 5 	In a preferred embodiment of the present invention, the substrate cleaning 

method further comprises: moving the cleaning member away from the substrate and 

moving the cleaning member to a standby position after cleaning of the substrate; and 

self-cleaning the cleaning member by bringing the self-cleaning member into contact with 
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the cleaning member on standby in the standby position. 

In a preferred embodiment of the present invention, a cleaning liquid can be 

supplied to an area of contact between the cleaning member and the self-cleaning member 

during said self-cleaning of the cleaning member. 

	

5 	The present invention, in yet another aspect, provides a substrate holding 

mechanism configured to hold and rotate a substrate; a cleaning-liquid supply nozzle 

configured to supply a cleaning liquid onto the substrate held by the substrate holding 

mechanism; a roll cleaning tool configured to clean the substrate by rubbing the substrate 

in the presence of the cleaning liquid; and a suction system coupled to the roll cleaning 

	

10 	tool and configured to suck the cleaning liquid from the substrate through the roll 

cleaning tool. 

In a preferred embodiment of the present invention, the suction system includes: 

a cleaning liquid suction pipe coupled to the roll cleaning tool; a vacuum line coupled to 

the cleaning liquid suction pipe; and a suction valve attached to the cleaning liquid 

	

15 	suction pipe. 

In a preferred embodiment of the present invention, the substrate cleaning 

apparatus further comprises a controller configured to control operation of the suction 

valve, the controller being configured to keep the suction valve open during cleaning of 

the substrate with the roll cleaning tool. 

	

2 0 	In a preferred embodiment of the present invention, the roll cleaning tool 

includes a shaft and a sponge member that covers a peripheral surface of the shaft. The 

shaft has a main flow passage extending in the shaft, a plurality of openings foiiiied in the 

peripheral surface of the shaft, and a plurality of branch flow passages providing fluid 

communication between the main flow passage and the plurality of openings. The 

	

2 5 	cleaning liquid suction pipe is coupled to the main flow passage. 

In a preferred embodiment of the present invention, the substrate cleaning 

apparatus further comprises an inner rinsing liquid supply line coupled to the cleaning 

liquid suction pipe, a connection point between the cleaning liquid suction pipe and the 
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inner rinsing liquid supply line being located between the suction valve and the roll 

cleaning tool. 

The present invention, in yet another aspect, provides a substrate cleaning 

method comprising: supplying a cleaning liquid onto a substrate and rubbing a roll 

	

5 	cleaning tool against the substrate in the presence of the cleaning liquid, while sucking the 

cleaning liquid from the substrate through the roll cleaning tool. 

The present invention, in yet another aspect, provides a substrate processing 

apparatus comprising: a polishing unit configured to polish a substrate; and a substrate 

cleaning apparatus configured to clean the substrate that has been polished by the 

	

10 	polishing unit, wherein the substrate cleaning apparatus includes: a substrate holding 

mechanism configured to hold and rotate the substrate; a cleaning-liquid supply nozzle 

configured to supply a cleaning liquid onto the substrate held by the substrate holding 

mechanism; a roll cleaning tool configured to clean the substrate by rubbing the substrate 

in the presence of the cleaning liquid; and a suction system coupled to the roll cleaning 

15 tool and configured to suck the cleaning liquid from the substrate through the roll 

cleaning tool. 

According to the present invention, particles, such as polishing debris and 

abrasive particles which have been scraped from a surface of a substrate by the roll 

cleaning tool, are immediately sucked and removed, together with the cleaning liquid, 

	

2 0 	from the substrate through the roll cleaning tool. Because a suction force is generated in 

the roll cleaning tool during cleaning of the substrate, particles that have accumulated in 

the roll cleaning tool are unlikely to leave the roll cleaning tool. Further, particles that 

have been once removed from the substrate are sucked into the roll cleaning tool together 

with the cleaning liquid before the particles are re-attached to the surface of the substrate. 

	

2 5 	Therefore, back contamination of the substrate can be prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG 1 is a plan view showing an overall construction of a substrate processing 
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apparatus including a substrate cleaning apparatus according to an embodiment; 

FIG 2 is a perspective view schematically showing a substrate cleaning 

apparatus according to an embodiment; 

FIG 3 is a cross-sectional view of a roll cleaning tool shown in FIG 2; 

5 	 FIG 4 is a diagram showing the substrate cleaning apparatus in a cleaning 

standby state; 

FIG 5 is a diagram showing the substrate cleaning apparatus in a scrub-cleaning 

state; 

FIG 6 is a diagram showing a drainage state; 

10 	FIG 7 is a schematic view showing a variation of the substrate cleaning 

apparatus shown in FIG 2; 

FIG 8 is a schematic view illustrating another embodiment of the substrate 

cleaning apparatus; 

FIG 9 is a schematic view showing a rinsing chamber for performing 

15 	self-cleaning of a roll cleaning tool in a standby position; 

FIG 10 is a diagram showing another embodiment of a cleaning module 

(substrate cleaning apparatus) installed in the substrate processing apparatus shown in FIG. 

1, and is a partial cross-sectional front view of the cleaning module; 

FIG 11 is a diagram showing another embodiment of the cleaning module 

2 0 	installed in the substrate processing apparatus shown in FIG 1, and is a perspective view 

of the cleaning module; 

FIG 12 is a diagram showing another embodiment of the cleaning module 

installed in the substrate processing apparatus shown in FIG 1, and is a partial 

cross-sectional front view of the cleaning module; 

2 5 	 FIG 13 is a diagram showing another embodiment of the cleaning module 

installed in the substrate processing apparatus shown in FIG 1, and is a partial 

cross-sectional front view of the cleaning module; and 

FIG 14 is a diagram showing another embodiment of the cleaning module 
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installed in the substrate processing apparatus shown in FIG 1, and is a partial 

cross-sectional front view of the cleaning module. 

DESCRIPTION OF THE EMBODIMENTS 

	

5 	Embodiments according to the present invention will be described with reference 

to the drawings. 

FIG 1 is a plan view showing a whole arrangement of a substrate processing 

apparatus including a substrate cleaning apparatus according to an embodiment. As 

shown in FIG 1, the substrate processing apparatus has a housing 1 in substantially a 

	

10 	rectangular form. An interior of the housing 1 is divided by partition walls 1a and lb 

into a loading-and-unloading section 2, a polishing section 3, and a cleaning section 4. 

The loading-and-unloading section 2, the polishing section 3, and the cleaning section 4 

are assembled independently of each other, and air is discharged from these sections 

independently. The substrate processing apparatus further includes a controller 5 for 

	

15 	controlling substrate processing operations. 

The loading-and-unloading section 2 has two or more (four in this embodiment) 

front loading units 20 on which wafer cassettes, each storing plural wafers (substrates), 

are placed. The front loading units 20 are arranged adjacent to the housing 1 along a 

width direction of the substrate processing apparatus (a direction perpendicular to a 

	

2 0 	longitudinal direction of the substrate processing apparatus). Each of the front loading 

units 20 is capable of receiving thereon an open cassette, an SMIF (Standard 

Manufacturing Interface) pod, or a FOUP (Front Opening Unified Pod). The SMIF and 

FOUP are a heunetically sealed container which can house a wafer cassette therein and is 

covered with a partition wall to thereby provide interior environments isolated from an 

	

2 5 	external space. 

The loading-and-unloading section 2 has a moving mechanism 21 extending 

along an arrangement direction of the front loading units 20. A transfer robot (or a 

loader) 22 is installed on the moving mechanism 21 and is movable along the 
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arrangement direction of the wafer cassettes. The transfer robot 22 is configured to 

move on the moving mechanism 21 so as to access the wafer cassettes mounted on the 

front loading units 20. The transfer robot 22 has vertically arranged two hands, which 

are separately used. The upper hand can be used for returning a processed wafer to the 

	

5 	wafer cassette, and the lower hand can be used for taking out a wafer, to be processed, 

from the wafer cassette. The lower hand of the transfer robot 22 is configured to be able 

to rotate about its own axis, so that the wafer can be reversed. 

The loading-and-unloading section 2 is required to be a cleanest area. 

Therefore, pressure in the interior of the loading-and-unloading section 2 is kept higher at 

	

10 	all times than pressures in the exterior space of the substrate processing apparatus, the 

polishing section 3, and the cleaning section 4. The polishing section 3 is the dirtiest 

area, because slurry is used as a polishing liquid. Therefore, negative pressure is 

produced in the polishing section 3, and the pressure in polishing section 3 is kept lower 

than the internal pressure of the cleaning section 4. A filter fan unit (not shown) having 

	

15 	a clean air filter, such as HEPA filter, ULPA filter or a chemical filter, is provided in the 

loading-and-unloading section 2. This filter fan unit removes particles, toxic vapor, and 

toxic gas from air to form flow of clean air at all times. 

The polishing section 3 is an area where a surface of a wafer is polished (or 

planarized). This polishing section 3 includes a first polishing unit 3A, a second 

	

20 	polishing unit 3B, a third polishing unit 3C, and a fourth polishing unit 3D. The first 

polishing unit 3A, the second polishing unit 3B, the third polishing unit 3C, and the fourth 

polishing unit 3D are arranged along the longitudinal direction of the substrate processing 

apparatus as shown in FIG 1. 

As shown in FIG 1, the first polishing unit 3A includes a polishing table 30A to 

	

2 5 	which a polishing pad 10 having a polishing surface is attached, a top ring 31A for 

holding a wafer and pressing the wafer against the polishing pad 10 on the polishing table 

30A to polish the wafer, a polishing liquid supply nozzle 32A for supplying a polishing 

liquid and a dressing liquid (e.g., pure water) onto the polishing pad 10, a dresser 33A for 
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dressing the polishing surface of the polishing pad 10, and an atomizer 34A for ejecting a 

mixture of a liquid (e.g., pure water) and a gas (e.g., nitrogen gas) or a liquid (e.g., pure 

water) in an atomized state onto the polishing surface of the polishing pad 10. 

Similarly, the second polishing unit 3B includes a polishing table 30B to which a 

	

5 	polishing pad 10 is attached, a top ring 31B, a polishing liquid supply nozzle 32B, a 

dresser 33B, and an atomizer 34B. The third polishing unit 3C includes a polishing table 

30C to which a polishing pad 10 is attached, a top ring 31C, a polishing liquid supply 

nozzle 32C, a dresser 33C, and an atomizer 34C. The fourth polishing unit 3D includes 

a polishing table 30D to which a polishing pad 10 is attached, a top ring 31D, a polishing 

	

10 	liquid supply nozzle 32D, a dresser 33D, and an atomizer 34D. 

As shown in FIG 1, the cleaning section 4 includes a first cleaning chamber 190, 

a first transfer chamber 191, a second cleaning chamber 192, a second transfer chamber 

193, and a drying chamber 194. In the first cleaning chamber 190, an upper primary 

cleaning unit and a lower primary cleaning unit are disposed. These primary cleaning 

	

15 	units are arranged along the vertical direction. Similarly, an upper secondary cleaning 

unit and a lower secondary cleaning unit are disposed in the second cleaning chamber 192, 

and are arranged along the vertical direction. In the drying chamber 194, an upper 

drying unit and a lower drying unit are disposed along the vertical direction. A 

vertically-movable first transfer robot is provided in the first transfer chamber 191, and a 

	

2 0 	vertically-movable second transfer robot is provided in the second transfer chamber 193. 

As described above, the cleaning section 4 has the two primary cleaning units 

and the two secondary cleaning units, which can provide plural cleaning lines for cleaning 

plural wafers in parallel. The term "cleaning line" is a route of a wafer in the cleaning 

section 4 when cleaned by the plural cleaning units. For example, plural (typically two) 

	

2 5 	wafers can be cleaned and dried substantially simultaneously by the two parallel cleaning 

lines. 

The primary cleaning unit and/or the secondary cleaning unit is constituted by a 

substrate cleaning apparatus configured to clean a wafer by scrubbing both a front surface 
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and a back surface of the wafer with roll cleaning tools in the presence of a cleaning 

liquid. The drying unit is constituted by a spin drying apparatus configured to hold a 

wafer, eject IPA vapor from a moving nozzle to dry the wafer, and rotate the wafer at a 

high speed to further dry the substrate. 

	

5 	The wafer is polished by at least one of the polishing units 3A to 3D. The 

polished wafer is cleaned by the primary cleaning unit and the secondary cleaning unit, 

and the cleaned substrate is then dried by the drying unit. 

FIG 2 is a perspective view schematically showing the substrate cleaning 

apparatus according to an embodiment. The substrate cleaning apparatus shown in FIG 

	

10 	2 is used as the primary cleaning unit and/or the secondary cleaning unit installed in the 

substrate processing apparatus shown in FIG 1. 

As shown in FIG 2, the substrate cleaning apparatus includes a substrate holding 

mechanism 52 having four holding rollers 71, 72, 73, 74 for holding a periphery of a 

wafer W, which is an example of a substrate, and rotating the wafer W about its own axis, 

	

15 	cylindrical roll sponges (or roll cleaning tools) 77, 78 which are brought into contact with 

upper and lower surfaces of the wafer W, respectively, rotating mechanisms 80, 81 for 

rotating the roll sponges 77, 78 about their respective axes, upper pure-water supply 

nozzles 85, 86 for supplying pure water to the upper surface of the wafer W, and upper 

liquid-chemical supply nozzles 87, 88 for supplying a liquid chemical to the upper surface 

	

20 	of the wafer W. Though not shown diagrammatically, the substrate cleaning apparatus 

further includes lower pure-water supply nozzles for supplying pure water to the lower 

surface of the wafer W, and lower liquid-chemical supply nozzles for supplying a liquid 

chemical to the lower surface of the wafer W. The liquid chemical and the pure water 

used in this embodiment are examples of a cleaning liquid for cleaning the wafer W. 

	

25 	The upper liquid-chemical supply nozzles 87, 88, the upper pure-water supply nozzles 85, 

86, the lower liquid-chemical supply nozzles, and the lower pure-water supply nozzles 

serve as cleaning-liquid supply nozzles each for supplying the cleaning liquid to the wafer 

W. 
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The axes of the roll sponges 77, 78 extend parallel to the surface of the wafer W 

held by the holding rollers 71, 72, 73, 74. The holding rollers 71, 72, 73, 74 are movable 

in directions closer to and away from the wafer W by means of not-shown drive 

mechanisms (e.g. air cylinders). Further, at least two of the holding rollers 71, 72, 73, 

	

5 	74 are coupled to a roller rotating mechanism which is not shown in the drawings. 

Only one ends of the roll sponges 77, 78 may be supported by the rotating 

mechanisms 80, 81 in a cantilevered manner, or both ends of each roll sponge 77, 78 may 

be supported by using a roll arm (not shown). The roll aim has, for example, an arm 

portion extending from the rotating mechanism 80 or 81 in the longitudinal direction of 

	

10 	the roll sponge 77 or 78, and a support portion extending vertically from the aim portion. 

The one ends of the roll sponges 77, 78 are supported by the rotating mechanisms 80, 81, 

respectively, while the other ends of the roll sponges 77, 78 are rotatably supported by the 

support portions. 

The rotating mechanism 80 for rotating the upper roll sponge 77 is mounted to a 

	

15 	guide rail 89 that guides the vertical movement of the rotating mechanism 80. The 

rotating mechanism 80 is supported by a load generator 82 so that the rotating mechanism 

80 and the upper roll sponge 77 are moved vertically by the load generator 82. Though 

not shown diagrammatically, the rotating mechanism 81 for rotating the lower roll sponge 

78 is supported by a guide rail, and the rotating mechanism 81 and the lower roll sponge 

	

2 0 	78 are moved vertically by a load generator. A motor-drive mechanism using a ball 

screw or an air cylinder may be used as the load generators. The rotating mechanisms 

80, 81, the load generator 82, and the load generator (not shown) for vertically moving 

the lower roll sponge 78 are coupled to the above-described controller 5 (see FIG 1), so 

that operations of the rotating mechanisms and the load generators are controlled by the 

	

2 5 	controller 5. 

When cleaning of the wafer W is to be performed, the roll sponges 77, 78 are 

moved closer to each other and come into contact with the upper and lower surfaces of 

the wafer W. Positions at which the roll sponges 77, 78 are brought into contact with the 
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upper and lower surfaces of the wafer W are cleaning positions of the roll sponges 77, 78. 

Though not shown diagrammatically, it is also possible to use a substrate holding 

mechanism for holding a wafer W in a vertical position, and to rotate the wafer W in the 

vertical position. In that case, the roll sponges 77, 78 are moved horizontally. 

	

5 	After the cleaning of the wafer W is teiminated, the roll sponges 77, 78 may be 

moved to standby positions with use of not-shown moving mechanisms. The standby 

position of the upper roll sponge 77 lies, for example, lateral to or above the holding 

rollers 71, 72, 73, 74 of the substrate holding mechanism 52. The standby position of 

the lower roll sponge 78 lies, for example, below the holding rollers 71, 72, 73, 74 of the 

	

10 	substrate holding mechanism 52. In the case where the standby position of the roll 

sponge 77 lies lateral to the holding rollers 71, 72, 73, 74, the roll sponge 77 first moves 

upward from the cleaning position, and then moves horizontally until it reaches the 

standby position, where the roll sponge 77 is on standby. In the case where the standby 

positions of the roll sponges 77, 78 lie above and below the holding rollers 71, 72, 73, 74, 

15 the roll sponges 77, 78 move upward and downward, respectively, from their cleaning 

positions to the respective standby positions, where the roll sponges 77, 78 stand by. In 

the case where the standby position of the roll sponge 77 lies lateral to the holding rollers 

71, 72, 73, 74, the roll sponge 77 may first move upward from the cleaning position, then 

move horizontally, and subsequently move downward until it reaches the standby position, 

	

2 0 	where the roll sponge 77 is on standby. 

The substrate cleaning apparatus further includes a suction system 60 coupled to 

the roll sponges 77, 78. The suction system 60 is configured to suck the liquid chemical, 

which is an example of the cleaning liquid, from the wafer W through the roll sponges 77, 

78 while the roll sponges 77, 78 are cleaning the wafer W. As shown in FIG 2, the 

	

2 5 	suction system 60 includes a gas-liquid separation tank 61, a vacuum line 64 coupled to 

the gas-liquid separation tank 61, and a cleaning liquid suction pipe 62 though which the 

roll sponges (roll cleaning tools) 77, 78 are coupled to the gas-liquid separation tank 61. 

The cleaning liquid suction pipe 62 has branch pipes 62a, 62b, which are coupled to the 
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roll sponges 77, 78, respectively. The branch pipes 62a, 62b of the cleaning liquid 

suction pipe 62 branch off at a branch point 62c. The branch pipe 62a is coupled to the 

upper roll sponge 77, while the branch pipe 62b is coupled to the lower roll sponge 78. 

An end of the cleaning liquid suction pipe 62, which is opposite from the branch pipes 

	

5 	62a, 62b, is coupled to the gas-liquid separation tank 61. Thus, the cleaning liquid 

suction pipe 62 is coupled to the vacuum line 64 via the gas-liquid separation tank 61. 

Though not shown diagrammatically, the vacuum line 64 is coupled to a vacuum 

system or a vacuum pump provided in a factory in which the substrate processing 

apparatus is installed. The branch pipe 62a of the cleaning liquid suction pipe 62 is 

	

10 	equipped with a suction valve 69, the branch pipe 62b of the cleaning liquid suction pipe 

62 is equipped with a suction valve 70, and the vacuum line 64 is equipped with a main 

vacuum valve 66. The suction valve 69, the suction valve 70, and the main vacuum 

valve 66 are coupled to the above-described controller 5 (see FIG. 1), so that opening and 

closing operations of the suction valve 69, the suction valve 70, and the main vacuum 

	

15 	valve 66 are controlled by the controller 5. The opening and closing operations of the 

suction valve 69 are controlled by the controller 5 independently of the opening and 

closing operations of the suction valve 70. 

A vent pipe 90 is coupled to the upper portion of the gas-liquid separation tank 

61, and a drain pipe 93 is coupled to the bottom of the gas-liquid separation tank 61. 

	

2 0 	The vent pipe 90 is equipped with a vent valve 91, and the drain pipe 93 is equipped with 

a drain valve 94. The vent valve 91 and the drain valve 94 are coupled to the 

above-described controller 5 (see FIG 1), so that opening and closing operations of the 

vent valve 91 and the drain valve 94 are controlled by the controller 5. 

FIG 3 is a cross-sectional view of the roll sponge 77 shown in FIG 2. As 

	

2 5 	shown in FIG 3, the roll sponge 77 includes a cylindrical shaft 77a and a hollow 

cylindrical sponge member 77b that covers a peripheral surface of the shaft 77a. The 

sponge member 77b may be comprised of a PVA (polyvinyl alcohol) sponge or a sponge 

of non-woven fabric comprising fibers bound by resin and having fine pores faulted 
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between the fibers. The sponge member 77b, folioed of the PVA sponge, can easily 

remove fine particles present on the surface of the wafer W. The sponge member 77b, 

formed of non-woven fabric, is harder than the PVA sponge, and can therefore remove 

particles which are strongly attached to the surface of the wafer W. 

	

5 	The lower roll sponge 78 has the same structure as the upper roll sponge 77, 

while the sponge member of the lower roll sponge 78 may be made of the same material 

as or a different material from the material of the sponge member 77b of the upper roll 

sponge 77. In one example, the sponge member 77b of the upper roll sponge 77 may be 

made of PVA, while the sponge member of the lower roll sponge 78 may be made of 

	

10 	non-woven fabric. 

The shaft 77a has a main flow passage 77c formed therein and extending in a 

longitudinal direction of the shaft 77a. The main flow passage 77c is fowled on a 

central axis of the shaft 77a. A plurality of openings 77d are provided in the peripheral 

surface of the shaft 77a. The shaft 77a further has a plurality of branch flow passages 

15 77e that provide fluid communication between the main flow passage 77c and the 

openings 77d. These openings 77d are arranged at regular intervals in a circumferential 

direction of the shaft 77a and are also arranged at regular intervals in the longitudinal 

direction of the shaft 77a. Each branch flow passage 77e extends in a radial direction of 

the shaft 77a from the main flow passage 77c to the opening 77d. 

	

20 	One end of the main flow passage 77c is coupled to the branch pipe 62a of the 

cleaning liquid suction pipe 62 of the suction system 60, while other end is closed. The 

main flow passage 77c and the cleaning liquid suction pipe 62 are coupled to each other 

by a sealing member 68. This sealing member 68 functions to seal a gap between the 

main flow passage 77c and the cleaning liquid suction pipe 62 while allowing the roll 

	

25 	sponge 77 to rotate about its axis. A rotary seal, for example DYNALIP (registered 

trademark), is preferably used as the sealing member 68. 

A cleaning process for the wafer W will now be described. First, as shown in 

FIG 4, with the periphery of the wafer W held by the holding rollers 71, 72, 73, 74, at 
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least two of the holding rollers 71, 72, 73, 74 are rotated by the roller rotating 

mechanisms (not shown) to thereby rotate the wafer W about its axis. While the suction 

valve 69, the suction valve 70, the vent valve 91, and the drain valve 94 are in a closed 

state, the controller 5 opens the main vacuum valve 66, thereby fanning a vacuum in the 

	

5 	gas-liquid separation tank 61 and in a part of the cleaning liquid suction pipe 62. 

Next, as shown in FIG 5, a liquid chemical, as the cleaning liquid, is supplied 

from the upper liquid-chemical supply nozzles 87, 88 and the lower liquid-chemical 

supply nozzles (not shown) onto the upper surface and the lower surface of the wafer W. 

Further, the controller 5 opens the suction valve 69 and the suction valve 70, thereby 

	

10 	&liming a vacuum in the roll sponges 77, 78. With the vacuum produced in the roll 

sponges 77, 78, the roll sponges 77, 78 are rotated about their respective axes and are 

rubbed against the upper surface and the lower surface, respectively, of the wafer W to 

thereby clean the upper and lower surfaces of the wafer W in the presence of the liquid 

chemical. 

	

15 	While the roll sponges 77, 78 are cleaning the wafer W, the controller 5 keeps the 

suction valve 69, the suction valve 70, and the main vacuum valve 66 open and keeps the 

vent valve 91 and the drain valve 94 closed. Accordingly, during cleaning of the wafer 

W, the suction system 60 sucks the liquid chemical as the cleaning liquid from the wafer 

W. 	More specifically, the liquid chemical present on the upper and lower surfaces of the 

	

2 0 	wafer W is sucked through the roll sponges 77, 78. The liquid chemical flows through 

the sponge members 77b of the roll sponges 77, 78, the branch flow passages 77e, the 

main flow passages 77c, and the cleaning liquid suction pipe 62 in this order, so that the 

liquid chemical is delivered to the gas-liquid separation tank 61. The liquid chemical 

that has been sucked from the upper and lower surfaces of the wafer W is collected in the 

	

2 5 	gas-liquid separation tank 61. 

After the scrub cleaning, rinsing of the wafer W is performed by supplying pure 

water, serving as another exemplary cleaning liquid, onto the rotating wafer W from the 

upper pure-water supply nozzles 85, 86 and the not-shown lower pure-water supply 
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nozzles. Rinsing of the wafer W may be performed while rubbing the roll sponges 77, 

78 against the upper and lower surfaces of the wafer W or while keeping the roll sponges 

77, 78 apart from the upper and lower surfaces of the wafer W. In the case of rinsing the 

wafer W while rubbing the roll sponges 77, 78 against the upper and lower surfaces of the 

	

5 	wafer W, as in the above-described wafer cleaning using the liquid chemical, the pure 

water is supplied onto the upper and lower surfaces of the wafer W, while the pure water 

is sucked from the upper and lower surfaces of the wafer W through the roll sponges 77, 

78 by the suction system 60. The liquid chemical and the pure water used in this 

embodiment each serve as the cleaning liquid for cleaning the wafer W. 

	

10 	According to this embodiment, particles, such as polishing debris and abrasive 

particles which have been removed from the upper and lower surfaces of the wafer W by 

the roll sponges 77, 78, are immediately sucked and removed, together with the cleaning 

liquid (i.e., the liquid chemical and/or the pure water), from the upper and lower surfaces 

of the wafer W through the roll sponges 77, 78. Because a suction force is generated in 

	

15 	the roll sponges 77, 78 during cleaning of the wafer W, particles that have accumulated in 

the roll sponges 77, 78 are unlikely to leave the roll sponges 77, 78. Further, particles 

that have been once removed from the wafer W are sucked into the roll sponges 77, 78 

together with the cleaning liquid before the particles are re-attached to the upper and 

lower surfaces of the wafer W. Therefore, this embodiment can prevent back 

	

2 0 	contamination of the wafer W. 

The cleaned wafer W is taken out of the substrate holding mechanism 52, and 

transported to the drying unit in the drying chamber 194 shown in FIG 1. The cleaning 

liquid (i.e., the liquid chemical and/or the pure water) collected in the gas-liquid 

separation tank 61 is discharged from the gas-liquid separation tank 61 until the next 

	

2 5 	wafer is transported to the substrate holding mechanism 52. More specifically, as shown 

in FIG 6, the controller 5 closes the suction valve 69, the suction valve 70, and the main 

vacuum valve 66, and opens the vent valve 91 and the drain valve 94. The internal 

space of the gas-liquid separation tank 61 communicates with a clean atmosphere in a 
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clean room via the vent pipe 90, while the cleaning liquid is discharged from the 

gas-liquid separation tank 61 through the drain pipe 93. In order to discharge the 

cleaning liquid from the gas-liquid separation tank 61 in a short time, compressed air may 

be supplied through the vent pipe 90 into the gas-liquid separation tank 61. 

	

5 	Upon the completion of discharge of the cleaning liquid, the controller 5 closes 

the vent valve 91 and the drain valve 94. Further, as shown in FIG 4, the controller 5 

opens the main vacuum valve 66 after the next wafer is held by the substrate holding 

mechanism 52. The suction valve 69 and the suction valve 70 remain closed. In this 

manner, the cleaning-standby state illustrated in FIG. 4, the scrub-cleaning state illustrated 

	

10 	in FIG 5 and the drainage state illustrated in FIG 6 are repeated. The discharge of the 

cleaning liquid from the gas-liquid separation tank 61, illustrated in FIG 6, may be 

performed every time a wafer is cleaned or after a plurality of wafers are cleaned. 

As shown in FIG 7, the suction system 60 of the substrate cleaning apparatus 

may include a suction valve 75 which is common to the roll sponges 77, 78, instead of the 

	

15 	suction valves 69, 70 attached to the branch pipes 62a, 62b, respectively. FIG 7 is a 

schematic view showing a variation of the substrate cleaning apparatus shown in FIG 2. 

The suction valve 75 is located between the branch point 62c and the gas-liquid 

separation tank 61. The suction valve 75 is coupled to the above-described controller 5 

(see FIG. 1), so that opening and closing operations of the suction valve 75 are controlled 

	

2 0 	by the controller 5. 

The opening and closing operations of the suction valve 75 are the same as the 

opening and closing operations of the suction valves 69, 70 described above with 

reference to FIGS. 4, 5 and 6. More specifically, the controller 5 keeps the suction valve 

75 closed during the cleaning-standby state and the drainage state, and keeps the suction 

	

2 5 	valve 75 open during the scrub-cleaning state. The opening and closing operations of 

the main vacuum valve 66, the vent valve 91, and the drain valve 94 in this embodiment 

are the same as the opening and closing operations of the main vacuum valve 66, the vent 

valve 91, and the drain valve 94 described above with reference to FIGS. 4, 5 and 6. 
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More specifically, the controller 5 opens the main vacuum valve 66 and closes the vent 

valve 91 and the drain valve 94 in the cleaning-standby state. The controller 5 keeps the 

main vacuum valve 66 open and keeps the vent valve 91 and the drain valve 94 closed 

during the scrub-cleaning state. Further, the controller 5 closes the main vacuum valve 

	

5 	66 and opens the vent valve 91 and the drain valve 94 in the drainage state. Since the 

suction valve 75 and the main vacuum valve 66 are opened by the controller 5 during the 

scrub-cleaning state, the cleaning liquid present on the supper and lower surfaces of the 

wafer W is sucked through the roll sponges 77, 78 and delivered to the gas-liquid 

separation tank 61. 

	

10 	While both of the roll sponges 77, 78 are coupled to the suction system 60 in the 

embodiments shown in FIGS. 2 and 7, only the upper roll sponge 77 for cleaning a 

polished surface of a wafer W may be coupled to the suction system 60. In such a case 

where only the upper roll sponge 77 is coupled to the suction system 60, the branch pipe 

62b and the suction valve 70 are omitted in the embodiment shown in FIG 2, and the 

	

15 	branch pipe 62b is omitted in the embodiment shown in FIG 7. 

FIG 8 is a diagram illustrating another embodiment of the substrate cleaning 

apparatus. The substrate cleaning apparatus shown in FIG 8 further includes an inner 

rinsing liquid supply system 100 for rinsing the roll sponges 77, 78 from within. The 

construction of this embodiment, other than the inner rinsing liquid supply system 100 

	

2 0 	and suction valve 75, common to the roll sponges 77, 78, instead of the suction valves 69, 

70 attached to the branch pipes 62a, 62b, is the same as the construction of the 

embodiment shown in FIG 2, and hence a duplicate description thereof is omitted. 

As shown in FIG. 8, the inner rinsing liquid supply system 100 includes an inner 

rinsing liquid supply line 102 coupled to the cleaning liquid suction pipe 62, and an inner 

	

2 5 	rinsing liquid supply valve 103 attached to the inner rinsing liquid supply line 102. 

Though not shown diagrammatically, the inner rinsing liquid supply line 102 is coupled to 

an inner rinsing liquid supply source, such as a pure water supply port provided in a 

factory in which the substrate processing apparatus is installed. The inner rinsing liquid 
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supply line 102 is coupled to the cleaning liquid suction pipe 62 at a connection point 105. 

In this embodiment, the suction valve 75 shown in FIG 7 is provided instead of the 

suction valve 69 and the suction valve 70 shown in FIG 2. The connection point 105 is 

located between the suction valve 75 and the roll sponges 77, 78. Thus, the suction 

	

5 	valve 75 is located between the connection point 105 and the gas-liquid separation tank 

61. The inner rinsing liquid supply valve 103 and the suction valve 75 are coupled to 

the controller 5 (see FIG 1), so that opening and closing operations of the inner rinsing 

liquid supply valve 103 and the suction valve 75 are controlled by the controller 5. 

In order to supply an inner rinsing liquid (e.g. pure water) into the roll sponges 

	

10 	77, 78, the controller 5 closes the suction valve 75 and then opens the inner rinsing liquid 

supply valve 103. The main vacuum valve 66 may be either closed or open. When the 

inner rinsing liquid supply valve 103 is opened, the inner rinsing liquid is supplied 

through the inner rinsing liquid supply line 102 and the cleaning liquid suction pipe 62 

into the interiors of the roll sponges 77, 78. The inner rinsing liquid flows through the 

	

15 	main flow passages 77c, the branch flow passages 77e, the openings 77d, and the sponge 

members 77b (see FIG 3) of the roll sponges 77, 78, and is discharged to the outside of 

the roll sponges 77, 78. The inner rinsing liquid washes away particles accumulated in 

the sponge members 77b, thus removing the particles from the roll sponges 77, 78. 

Self-cleaning of the roll sponges 77, 78 is effected in this manner. 

	

2 0 	The self-cleaning of the roll sponges 77, 78 is carried out after a cleaned wafer W 

is taken out of the substrate holding mechanism 52 and before the next wafer is 

transported to the substrate holding mechanism 52. Further, the self-cleaning is carried 

out when the roll sponges 77, 78 are in the above-described standby positions. The 

self-cleaning may be carried out simultaneously with the discharge of the cleaning liquid 

	

2 5 	(i.e., the liquid chemical and/or the pure water) from the gas-liquid separation tank 61. 

In that case, the main vacuum valve 66 is closed and the vent valve 91 and the drain valve 

94 are opened by the controller 5. Such self-cleaning of the roll sponges 77, 78 can 

reduce a frequency of maintenance or replacement of the roll sponges 77, 78. 
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As shown in FIG 9, instead of the above-described inner rinsing liquid supply 

system 100, a rinsing chamber 120 may be provided in the standby position of the upper 

roll sponge 77. FIG 9 is a schematic view showing an embodiment of the rinsing 

chamber 120 for performing self-cleaning of the upper roll sponge 77 in the standby 

	

5 	position. 

The rinsing chamber 120 is disposed in the standby position which is located 

lateral to the holding rollers 71, 72, 73, 74 of the substrate holding mechanism 52. As 

shown in FIG 9, a rinsing liquid, such as pure water, is stored in the rinsing chamber 120. 

A cleaning member 122, which can make contact with the peripheral surface of the roll 

	

10 	sponge 77, is disposed in the rinsing chamber 120. The cleaning member 122 of this 

embodiment is a cleaning plate which may be a quartz plate or a sapphire glass plate. 

The peripheral surface of the roll sponge 77 is brought into contact with a surface of the 

cleaning member 122, which is a flat smooth surface whose surface roughness is strictly 

controlled. 

	

15 	The roll sponge 77 is moved to the rinsing chamber 120 by a not-shown moving 

mechanism, and immersed in the rinsing liquid stored in the rinsing chamber 120. 

While the roll sponge 77 is rotating about its axis, the roll sponge 77 is pressed against the 

cleaning member 122, thereby forcing out particles, accumulated in the roll sponge 77, 

into the rinsing liquid. Such self-cleaning of the roll sponge 77 can reduce a frequency 

	

2 0 	of maintenance or replacement of the roll sponge 77. Since the surface of the cleaning 

member 122, which can make contact with the peripheral surface of the roll sponge 77, is 

a flat smooth surface, wear of the roll sponge 77 can be reduced as compared to a rough 

surface having surface irregularities. Further, particles that have been forced out of the 

roll sponge 77 hardly accumulate on the surface of the cleaning member 122. 

	

2 5 	Accordingly, it is unlikely that the roll sponge 77 will be contaminated by particles 

remaining on the surface of the cleaning member 122. Self-cleaning of the roll sponge 

77 can thus be performed effectively. 

Yet another embodiment of the substrate cleaning apparatus will now be 
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described. In the following descriptions, the substrate cleaning apparatus will be 

referred to as a cleaning module, which has the same meaning as the cleaning unit as 

discussed in the previous embodiments. 

FIGS. 10 and 11 are diagrams each showing another embodiment of the cleaning 

	

5 	module (or the substrate cleaning apparatus) installed in the substrate processing 

apparatus shown in FIG 1. FIG 10 is a partial cross-sectional front view of the cleaning 

module, and FIG 11 is a perspective view of the cleaning module. 

As shown in FIGS. 10 and 11, the cleaning module (substrate cleaning apparatus) 

includes a plurality of spindles 40 for holding a periphery of a substrate W and rotating 

	

10 	the substrate W in a horizontal position, and a roll sponge 41 as a cleaning member which 

can come into contact with a surface of the substrate W being rotated by the spindles 40 

to thereby scrub-clean the substrate surface. The roll sponge 41 is held by a roll arm 42, 

and is configured to rotate about its axis. The roll sponge 41 has a cylindrical shape 

which is slightly longer than the diameter of the substrate W. The roll sponge 41 may be 

	

15 	a PVA (polyvinyl alcohol) sponge which can easily remove fine particles upon cleaning of 

the substrate surface. 

The roll arm 42 includes a long arm portion 42a located above the roll sponge 41 

and extending in the longitudinal direction of the roll sponge 41, and support portions 42b 

extending downward from both ends of the arm portion 42a. Both ends of the roll 

	

2 0 	sponge 41 are supported by the support portions 42b. A housing 43, in which an 

actuator 45 is housed, is secured to the arm portion 42a of the roll aini 42. The actuator 

45 is fixed to the housing 43, so that the housing 43 and the actuator 45 move together as 

the roll arm 42 moves. A waterproof member is preferably used as the housing 43 in 

order to prevent a liquid, such as a cleaning liquid, from entering the housing 43. 

	

2 5 	A pair of right and left mounting members 44, e.g. brackets, is secured to the arm 

portion 42a of the roll arm 42. The housing 43 is located between these mounting 

members 44. A cleaning plate 48 in a form of flat plate is attached to the mounting 

members 44. The cleaning plate 48 may be a quartz plate or a sapphire glass plate. 
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The cleaning plate 48 serves as a self-cleaning member which makes contact with the roll 

sponge 41 and self-cleans the roll sponge 41 with the rotation of the roll sponge 41. A 

cleaning-liquid supply nozzle 49 is attached to the mounting members 44. This 

cleaning-liquid supply nozzle 49 is located just above the cleaning plate 48. The 

	

5 	cleaning-liquid supply nozzle 49 is comprised of a pipe member extending along the roll 

sponge 41 and having a large number of holes, formed at regular intervals, for supplying a 

cleaning liquid as a self-cleaning liquid to the roll sponge 41. The cleaning plate 48 and 

the cleaning-liquid supply nozzle 49 are slightly longer than the roll sponge 41, and 

extend along the roll sponge 41. The cleaning-liquid supply nozzle 49 may be shorter 

	

10 	than the roll sponge 41 as long as the cleaning-liquid supply nozzle 49 can supply the 

cleaning liquid onto the entirety of the roll sponge 41. 

The actuator 45 may be comprised of an air cylinder or an electric cylinder. 

The actuator 45 includes a rod 46 that can move between a forward position where the 

rod 46 presses the cleaning plate 48 forward to bring the cleaning plate 48 into contact 

	

15 	with the roll sponge 41 and a backward position where the rod 46 is moved backward in a 

direction away from the cleaning plate 48 until the cleaning plate 48 is separated from the 

roll sponge 41. Thus, the actuator 45 serves as a moving mechanism for moving the 

cleaning plate 48, which is a self-cleaning member, between a position where the cleaning 

plate 48 is in contact with the roll sponge 41 and a position where the cleaning plate 48 is 

	

20 	separated from the roll sponge 41. A hole is formed in the housing 43 so that when the 

rod 46 moves forward, a front end of the rod 46 will not hit against the housing 43. A 

cylindrical bellows, which may be made of a fluorocarbon polymer, may be provided 

around the hole so as to prevent a liquid, such as the cleaning liquid, from touching the 

rod 46 and to prevent the liquid from entering the housing 43. It is preferred that one 

	

25 	end of the cylindrical bellows be secured to the housing 43 so as to surround the hole, 

while the other end of the bellows be secured to the front end of the rod 46. An air pipe 

(in the case of an air cylinder) or electrical wires (in the case of an electric cylinder) for 

actuating the actuator 45 is coupled to the actuator 45. 
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According to the cleaning module (i.e., the substrate cleaning apparatus) having 

the construction illustrated in FIGS. 10 and 11, when the actuator 45 is actuated to move 

the rod 46 forward, the rod 46 presses on the cleaning plate 48, thus bringing the cleaning 

plate 48 into contact with the roll sponge 41. The cleaning liquid (or the self-cleaning 

	

5 	liquid) is supplied from the cleaning-liquid supply nozzle 49 to an area of contact 

between the roll sponge 41 and the cleaning plate 48. The cleaning plate 48, which is in 

contact with the roll sponge 41, thus self-cleans the roll sponge 41 with the rotation of the 

roll sponge 41 in the presence of the cleaning liquid between the roll sponge 41 and the 

cleaning plate 48. 

	

10 	When terminating the self-cleaning of the roll sponge 41, the rod 46 is moved 

backward by the actuator 45 until the rod 46 is detached from the cleaning plate 48. The 

mounting members 44 are each comprised of e.g. a leaf spring, and are therefore 

restorable. When the rod 46 moves backward and the pressing force of the rod 46 on the 

mounting members 44 becomes zero, the mounting members 44 return to original 

	

15 	positions. When the mounting members 44 return to the original positions, the cleaning 

plate 48 separates from the roll sponge 41. As a result, the self-cleaning of the roll 

sponge 41 can be terminated. It is also possible to design the cleaning module such that 

the cleaning plate 48 is returned to an original position directly by the actuator 45. 

Though not shown in FIGS. 10 and 11, a cleaning module for cleaning the back 

	

2 0 	surface of the substrate W is provided at the back side of the substrate W. This cleaning 

module includes a roll sponge, a roll arm supporting the roll sponge, a self-cleaning 

member for self-cleaning the roll sponge, etc. having the same constructions as those of 

the cleaning module shown in FIGS. 10 and 11. 

FIG 12 is a diagram showing another embodiment of the cleaning module 

	

2 5 	installed in the substrate processing apparatus shown in FIG 1. FIG 12 is a partial 

cross-sectional front view of the cleaning module, and corresponds to FIG 10. 

In the cleaning module (substrate cleaning apparatus) shown in FIG 12, the 

cleaning pate 48 and the cleaning-liquid supply nozzle 49 are mounted to the front end of 
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the rod 46 of the actuator 45. The cleaning plate 48 and the cleaning-liquid supply 

nozzle 49 are slightly longer than the roll sponge 41, and extend along the roll sponge 41. 

The cleaning-liquid supply nozzle 49 is attached to the rod 46 such that the 

cleaning-liquid supply nozzle 49 lies on or above the cleaning plate 48. The 

	

5 	constructions of the spindles 40, the roll sponge 41, the roll atm 42, the housing 43, etc. 

are the same as those of the cleaning module shown in FIGS. 10 and 11. 

According to the cleaning module having the construction illustrated in FIG 12, 

when the actuator 45 is actuated to move the rod 46 forward, the cleaning plate 48 is 

brought into contact with the roll sponge 41. At this time, the cleaning liquid (or the 

	

10 	self-cleaning liquid) is supplied from the cleaning-liquid supply nozzle 49 to the area of 

contact between the roll sponge 41 and the cleaning plate 48. The cleaning plate 48, 

which is in contact with the roll sponge 41, thus self-cleans the roll sponge 41 with the 

rotation of the roll sponge 41 in the presence of the cleaning liquid between the roll 

sponge 41 and the cleaning plate 48. When teuninating the self-cleaning of the roll 

15 sponge 41, the rod 46 is moved backward by the actuator 45 to thereby separate the 

cleaning plate 48 from the roll sponge 41. As a result, the self-cleaning of the roll 

sponge 41 can be terminated. 

FIG 13 is a diagram showing another embodiment of the cleaning module 

installed in the substrate processing apparatus shown in FIG 1. FIG 13 is a partial 

	

2 0 	cross-sectional front view of the cleaning module, and corresponds to FIG 10. 

In the cleaning module (substrate cleaning apparatus) shown in FIG 13, the 

cleaning pate 48 and the cleaning-liquid supply nozzle 49 are mounted to the front end of 

the rod 46 of the actuator 45. Further, the actuator 45 is mounted via a mounting 

member 50 to the roll arm 42, so that the actuator 45 is coupled to (or integrated with) the 

	

2 5 	roll arm 42. This embodiment, in which the roll arm 42 and the actuator 45 are 

integrated, enables a space-saving apparatus. The constructions of the spindles 40, the 

roll sponge 41, the roll arm 42, the cleaning plate 48, the cleaning-liquid supply nozzle 49, 

etc. are the same as those of the cleaning module shown in FIG 12. 
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According to the cleaning module having the construction illustrated in FIG 13, 

when the actuator 45 is actuated to move the rod 46 forward, the cleaning plate 48 is 

brought into contact with the roll sponge 41. At this time, the cleaning liquid (or the 

self-cleaning liquid) is supplied from the cleaning-liquid supply nozzle 49 to the area of 

	

5 	contact between the roll sponge 41 and the cleaning plate 48. The cleaning plate 48, 

which is in contact with the roll sponge 41, thus self-cleans the roll sponge 41 with the 

rotation of the roll sponge 41 in the presence of the cleaning liquid between the roll 

sponge 41 and the cleaning plate 48. When terminating the self-cleaning of the roll 

sponge 41, the rod 46 is moved backward by the actuator 45 to thereby separate the 

	

10 	cleaning plate 48 from the roll sponge 41. As a result, the self-cleaning of the roll 

sponge 41 can be terminated. 

FIG 14 is a diagram showing another embodiment of the cleaning module 

installed in the substrate processing apparatus shown in FIG 1. FIG 14 is a partial 

cross-sectional front view of the cleaning module, and corresponds to FIG 10. 

	

15 	In the cleaning module (substrate cleaning apparatus) shown in FIG 14, the 

cleaning pate 48 and the cleaning-liquid supply nozzle 49 are mounted to the front end of 

the rod 46 of the actuator 45. Further, the actuator 45 is directly mounted on the roll aim 

42, so that the actuator 45 is coupled to (or integrated with) the roll aim 42. This 

embodiment, in which the roll aim 42 and the actuator 45 are integrated, enables a 

	

2 0 	space-saving apparatus. The constructions of the spindles 40, the roll sponge 41, the roll 

arm 42, the cleaning plate 48, the cleaning-liquid supply nozzle 49, etc. are the same as 

those of the cleaning module shown in FIG 12. 

According to the cleaning module having the construction illustrated in FIG 14, 

when the actuator 45 is actuated to move the rod 46 forward, the cleaning plate 48 is 

	

2 5 	brought into contact with the roll sponge 41. At this time, the cleaning liquid (or the 

self-cleaning liquid) is supplied from the cleaning-liquid supply nozzle 49 to the area of 

contact between the roll sponge 41 and the cleaning plate 48. The cleaning plate 48, 

which is in contact with the roll sponge 41, thus self-cleans the roll sponge 41 with the 
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rotation of the roll sponge 41 in the presence of the cleaning liquid between the roll 

sponge 41 and the cleaning plate 48. When terminating the self-cleaning of the roll 

sponge 41, the rod 46 is moved backward by the actuator 45 to thereby separate the 

cleaning plate 48 from the roll sponge 4 1 . As a result, the self-cleaning of the roll 

	

5 	sponge 41 can be terminated. 

A description will now be given of a substrate cleaning process and a 

self-cleaning process performed by the cleaning modules shown in FIGS. 10 to 14. 

The spindles 40 first move away from each other. When a substrate W is 

suppled, the spindles 40 move forward until their top rollers hold the periphery of the 

	

10 	substrate W. Thus, the substrate W is held in a horizontal position by the spindles 40 as 

shown in FIGS. 10 and 11. At that time the roll sponge 41 is in a standby position 

(which will be described later). One or more of the spindles 40, which is coupled to a 

motor, is rotated to apply a rotational force to the substrate W. While the substrate W is 

rotating, the roll arm 42 is moved so that the roll sponge 41 is moved from the standby 

	

15 	position to the cleaning position. Specifically, as shown in FIGS. 10 and 11, the roll 

sponge 41, which is rotating, is brought into contact with the front surface (upper surface) 

of the substrate W. The actuator 45, the cleaning plate 48, and the cleaning-liquid 

supply nozzle 49, which are mounted to the roll arm 42, are moved together with the roll 

aim 42. 

	

2 0 	In this manner, while rotating the substrate W and supplying a cleaning liquid 

from a not-shown cleaning-liquid supply nozzle to the front surface (upper surface) of the 

substrate W, the rotating roll sponge 41 is placed in contact with the surface of the 

substrate W. The surface of the substrate W is thus scrub-cleaned with the roll sponge 

41 in the presence of the cleaning liquid. 

	

2 5 	During the above-described cleaning process, the actuator 45, serving as a 

moving mechanism, is actuated to bring the cleaning plate 48 as a self-cleaning member 

into contact with the roll sponge 41 to carry out the self-cleaning of the roll sponge 41. 

The self-cleaning liquid may be supplied from the cleaning-liquid supply nozzle 49 to the 
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area of contact between the roll sponge 41 and the cleaning plate 48. The self-cleaning 

can be started at any timing during a period from the start to the end of cleaning of the 

substrate W. Further, a self-cleaning time can be set arbitrarily during the period from 

the start to the end of cleaning of the substrate W. 

	

5 	After the completion of cleaning of the substrate W, the roll arm 42 is moved so 

that the roll sponge 41 is moved from the cleaning position to the standby position. The 

actuator 45, the cleaning plate 48, and the cleaning-liquid supply nozzle 49, which are 

mounted to the roll arm 42, move together with the roll aiiii 42. 

The standby position of the roll sponge 41 lies lateral to or above the substrate W 

	

10 	held by the spindles 40. In the case where the standby position lies lateral to the 

substrate W, the roll sponge 41 first moves upward from the cleaning position, and then 

moves horizontally until it reaches the standby position, where the roll sponge 41 is on 

standby. In the case where the standby positions lie above the substrate W, the roll 

sponge 41 moves upward from the cleaning position to the standby position, where the 

	

15 	roll sponge 41 is on standby. In the case where the standby position lies lateral to the 

substrate W, the roll sponge 41 may first move upward from the cleaning position, then 

move horizontally, and subsequently move downward until it reaches the standby position, 

where the roll sponge 41 is on standby. 

During the standby period, the actuator 45 as a moving mechanism is actuated to 

	

2 0 	bring the cleaning plate 48 as a self-cleaning member into contact with the roll sponge 41 

and, in addition, the self-cleaning liquid is supplied from the cleaning-liquid supply 

nozzle 49 to the area of contact between the roll sponge 41 and the cleaning plate 48, 

thereby carrying out the self-cleaning of the roll sponge 41. This self-cleaning can be 

started at any timing during the period from the start to the end of the standby of the roll 

	

2 5 	sponge 41 in the standby position. Further, a self-cleaning time can be set arbitrarily 

during the period from the start to the end of the standby of the roll sponge 41. 

The standby position of the roll sponge for cleaning of the back surface of the 

substrate W lies below the substrate W. Accordingly, the roll sponge simply moves up 
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and down to reciprocate between the cleaning position and the standby position. 

Self-cleaning of the roll sponge in the cleaning position and in the standby position is 

performed in the same manner as the above-described self-cleaning of the roll sponge 41 

for cleaning of the front surface of the substrate W. 

	

5 	In the embodiments shown in FIGS. 10 to 14, it is preferred that the length of the 

roll sponge 41 be slightly larger than the diameter of the substrate W, and that the length 

of the cleaning plate 48 be larger than the length of the roll sponge 41 in order not to 

leave uncleaned areas of the roll sponge 41. In the embodiments the length of the roll 

sponge 41 is set at 309 mm for a substrate having a diameter of 300 mm. 

	

10 	Though a roll sponge is used as a cleaning member for cleaning a substrate in the 

embodiments shown in FIGS. 10 to 14, it is possible to use a cleaning member other than 

a roll sponge. Further, the cleaning-liquid supply nozzle 49 for cleaning the roll sponge 

41 may be omitted so that only a self-cleaning member, such as the cleaning plate 48, 

may be provided. 

	

15 	Though a linear moving mechanism is employed as the moving mechanism for 

moving the self-cleaning member in the embodiments shown in FIGS. 10 to 14, it is also 

possible to use a rotational moving mechanism, such as a rotary actuator, for rotationally 

moving the self-cleaning member. 

The above-described embodiments have the following advantages. 

	

20 	(1) Self-cleaning of a cleaning member can be carried out, during cleaning of a 

substrate, by bringing a self-cleaning member into contact with the cleaning member. 

This opeation prevents accumulation of dirt on the cleaning member. Since the cleaning 

member can be kept clean, highly-effective cleaning of a substrate, as well as a longer life 

of the cleaning member, can be expected. 

	

2 5 	(2) Self-cleaning of a cleaning member can be carried out at any arbitrary timing 

regardless of the position (cleaning position or standby position) and the state (during 

cleaning of a substrate or during standby) of the cleaning member. Thus, the timing of 

cleaning of the cleaning member and the cleaning time can be set arbitrarily during 
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processing of a substrate. Further, it becomes possible to achieve a high self-cleaning 

effect while reducing wear of the cleaning member. A longer life of the cleaning 

member can therefore be expected. 

The previous description of embodiments is provided to enable a person skilled 

	

5 	in the art to make and use the present invention. Moreover, various modifications to 

these embodiments will be readily apparent to those skilled in the art, and the generic 

principles and specific examples defined herein may be applied to other embodiments. 

Therefore, the present invention is not intended to be limited to the embodiments 

described herein but is to be accorded the widest scope as defined by limitation of the 

	

10 	claims. 
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What is claimed is: 

1. A substrate cleaning apparatus for cleaning a substrate while rotating the 

substrate and placing a cleaning member in contact with the rotating substrate, 

	

5 	comprising: 

a self-cleaning member mounted to an arm supporting the cleaning member, the 

self-cleaning member being configured to come into contact with the cleaning member to 

perfolin self-cleaning of the cleaning member; and 

a moving mechanism mounted to the min supporting the cleaning member, the 

10 moving mechanism being configured to move the self-cleaning member between a 

position where the self-cleaning member is in contact with the cleaning member and a 

position where the self-cleaning member is separated from the cleaning member. 

2. The substrate cleaning apparatus according to claim 1, wherein the cleaning 

	

15 	member comprises a roll sponge. 

3. The substrate cleaning apparatus according to claim 1, wherein the 

self-cleaning member is mounted to the aini via a mounting member. 

	

2 0 	4. The substrate cleaning apparatus according to claim 1, wherein the 

self-cleaning member is mounted to the moving mechanism which is mounted to the arm. 

5. The substrate cleaning apparatus according to claim 1, wherein the 

self-cleaning member comprises a cleaning plate. 

25 

6. The substrate cleaning apparatus according to claim 1, wherein the moving 

mechanism comprises a linear moving mechanism or a rotational moving mechanism. 
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7. The substrate cleaning apparatus according to claim 1, wherein the moving 

mechanism is housed in a waterproof housing having a hole that allows movement of a 

moving portion of the moving mechanism. 

	

5 	8. The substrate cleaning apparatus according to claim 7, wherein a bellows is 

provided so as to surround the hole of the housing and the moving portion of the moving 

mechanism. 

9. The substrate cleaning apparatus according to claim 1, further comprising a 

	

10 	nozzle mounted to the a 	-in supporting the cleaning member and configured to supply a 

cleaning liquid to an area of contact between the cleaning member and the self-cleaning 

member. 

10. A substrate processing apparatus comprising: 

	

15 	a substrate processing section for performing predetermined processing of a 

substrate; and 

a substrate cleaning apparatus for cleaning the substrate which has undergone the 

predetermined processing in the substrate processing section, the substrate cleaning 

apparatus comprising a substrate cleaning apparatus according to claim 1. 

20 

11. The substrate processing apparatus according to claim 10, wherein the 

substrate processing section is a polishing section for polishing the substrate. 

12. A substrate cleaning method comprising: 

	

2 5 	cleaning a substrate while rotating the substrate and placing a cleaning member 

in contact with the rotating substrate; and 

self-cleaning the cleaning member by bringing a self-cleaning member into 

contact with the cleaning member while cleaning the substrate. 
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13. The substrate cleaning method according to claim 12, further comprising: 

moving the cleaning member away from the substrate and moving the cleaning 

member to a standby position after cleaning of the substrate; and 

	

5 	self-cleaning the cleaning member by bringing the self-cleaning member into 

contact with the cleaning member on standby in the standby position. 

14. The substrate cleaning method according to claim 12, wherein a cleaning 

liquid can be supplied to an area of contact between the cleaning member and the 

	

10 	self-cleaning member during said self-cleaning of the cleaning member. 

15. A substrate cleaning apparatus comprising: 

a substrate holding mechanism configured to hold and rotate a substrate; 

a cleaning-liquid supply nozzle configured to supply a cleaning liquid onto the 

	

15 	substrate held by the substrate holding mechanism; 

a roll cleaning tool configured to clean the substrate by rubbing the substrate in 

the presence of the cleaning liquid; and 

a suction system coupled to the roll cleaning tool and configured to suck the 

cleaning liquid from the substrate through the roll cleaning tool. 

20 

16. The substrate cleaning apparatus according to claim 15, wherein the suction 

system includes: 

a cleaning liquid suction pipe coupled to the roll cleaning tool; 

a vacuum line coupled to the cleaning liquid suction pipe; and 

	

2 5 	a suction valve attached to the cleaning liquid suction pipe. 

17. The substrate cleaning apparatus according to claim 16, further comprising 

a controller configured to control operation of the suction valve, the controller being 

35 



configured to keep the suction valve open during cleaning of the substrate with the roll 

cleaning tool. 

18. The substrate cleaning apparatus according to claim 16, wherein: 

	

5 	the roll cleaning tool includes a shaft and a sponge member that covers a 

peripheral surface of the shaft; 

the shaft has a main flow passage extending in the shaft, a plurality of openings 

foi 	lied in the peripheral surface of the shaft, and a plurality of branch flow passages 

providing fluid communication between the main flow passage and the plurality of 

	

10 	openings; and 

the cleaning liquid suction pipe is coupled to the main flow passage. 

19. The substrate cleaning apparatus according to claim 16, further comprising 

an inner rinsing liquid supply line coupled to the cleaning liquid suction pipe, a 

	

15 	connection point between the cleaning liquid suction pipe and the inner rinsing liquid 

supply line being located between the suction valve and the roll cleaning tool. 

20. A substrate cleaning method comprising: 

supplying a cleaning liquid onto a substrate and rubbing a roll cleaning tool 

	

2 0 	against the substrate in the presence of the cleaning liquid, while sucking the cleaning 

liquid from the substrate through the roll cleaning tool. 

21. A substrate processing apparatus comprising: 

a polishing unit configured to polish a substrate; and 

	

2 5 	a substrate cleaning apparatus configured to clean the substrate that has been 

polished by the polishing unit, 

wherein the substrate cleaning apparatus includes: 

a substrate holding mechanism configured to hold and rotate the substrate; 
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a cleaning-liquid supply nozzle configured to supply a cleaning liquid onto the 

substrate held by the substrate holding mechanism; 

a roll cleaning tool configured to clean the substrate by rubbing the substrate in 

the presence of the cleaning liquid; and 

5 

	

	 a suction system coupled to the roll cleaning tool and configured to suck the 

cleaning liquid from the substrate through the roll cleaning tool. 
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