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TITLE OF THE INVENTION 

APPARATUS AND METHOD FOR WASHING SUBSTRATE ,j' 
BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus and 

5 method for washing a substrate, in which a substrate 

such as a semiconductor wafer or an LCD substrate is 

washed by scrubbing. 

In a process of manufacturing a semiconductor 

device such as an LSI, a surface of a wafer on which 

10 a circuit pattern is formed is required to maintain 

a strictly high cleanliness, making it necessary to 

wash the wafer surf ace frequently both before and after 

various process steps. Particularly, in a photolithog-

raphy process, it is absolutely necessary to apply 

15 a washing treatment to a wafer surface. 

A scrubber disclosed in, for example, Japanese 

Patent Disclosure (Kokai) No. 57-102024 or Japanese 

Patent Disclosure No. 62-259447 is used in the 

photolithography process for scrubbing the wafer 

20 surface for the washing purpose. In the scrubber 

disclosed in these prior art, a washing liquid is 

supplied onto a surface of a wafer revolved on its own 

axis. Also, a washing member such as a brush or sponge, 

which is kept rotated, is brought into contact with the 

25 revolving wafer surface so as to remove the foreign 

matter attached to the wafer surface. 

FIGS. 1 and 2 collectively show a conventional 
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front face washing section 101. As shown in the 

drawings, the front face washing section 101 comprises 

a holder 103 having a washing liquid supply hole 102 

formed in a central portion, and 6 washing members 104 

5 held by the holder 103. The washing section 101 is 

supported by a support mechanism (not shown) so as to 

be rotatable on its own axis and movable in a vertical 

direction. The washing member 104 consists of a 

columnar sponge having a tip portion cut to form a flat 

10 surface. A washing liquid such as pure water is 

su.pplied through the washing liquid supply hole 102 

into each of the washing members 104 while the washing 

section 101 is kept revolved on its own axis. Under 

this condition, the tip portions of the washing members 

15 104 are pressed against a front face, i.e., circuit 

pattern-forming face, of a wafer which is kept revolved 

on its own axis, so as to cleanse the wafer front face. 

FIGS. 3 and 4 collectively show a conventional 

rear face washing section 111. As shown in the 

20 drawings, the washing section 111 comprises a holder 

112 having a washing liquid supply hole 115 formed in 

a central portion and a plurality of washing members 

113, 114. The washing section 111 is supported by a 

supporting mechanism (not shown) so as to be rotatable 

25 on its own axis and movable in a vertical direction. 

The washing members consist of 8 brushes 113 and 4 

sponges 114. These brushes 113 and sponges 114 are 
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used in combination in the conventional rear face 

washing section 111 partly because the rear face of the 

wafer tends to be stained more severely than the front 

face and partly because the rear face can be scrubbed 

5 more strongly than the front face. Each of these 

brushes 113 and sponges 114 has its tip portion cut to 

form a flat surface which is brought into contact with 

the wafer surface. A washing liquid such as pure water 

is supplied through the washing liquid supply hole 

10 115 onto each of the washing members 113, 114, while 

revolving the washing section 111 on its own axis. 

Under this condition, the washing members 113, 114 are 

pressed against a rear face (back face opposite to the 

circuit pattern-forming face), of the wafer W which is 

15 kept revolved on its own axis so as to cleanse the rear 

face of the wafer w. 
In the conventional scrubbers 101, 111 shown 

in FIGS. 1 to 4, only a slight inclination of the 

supporting arm (not shown) causes the tip portions 

20 (wafer-contact portions) of the sponges 104, 114 to 

fail to be brought into contact uniformly with the 

wafer faces. In other words, peripheral portions alone 

of the sponges 104, 114 are strongly pressed against 

the wafer faces. Since the contact pressure between 

25 the sponges 104, 114 and the wafer face is locally 

concentrated, the entire wafer face cannot be washed 

uniformly. In addition, stains are attached to and 
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remain on the peripheral portions alone of the sponges 

104, 114. It follows that, if these sponges 104, 114 

are used repeatedly, a serious problem is brought about 

that the wafer faces are stained. 

BRIEF SUMMARY OF THE INVENTION 

An object of the present invention is to provide 

an apparatus and method for washing a substrate, which 

is effective for preventing a mutual pressing force 

between a scrubbing member and a substrate surface 

10 from being locally concentrated and permits allowing a 

substrate-contact portion of the scrubbing member to be 

kept clean. 

According to an aspect of the present invention, 

there is provided a substrate washing apparatus, 

15 comprising: 

a spin chuck for holding and rotating a substrate; 

a brushing section including a scrubbing member 

which is brought into contact with a washing surface of 

the substrate held on the spin chuck and revolved on 

20 its own axis together with rotation of the spin chuck; 

a washing liquid supply mechanism for supplying 

a washing liquid through the brushing section onto the 

washing surface of the substrate; 

a pressure control mechanism for controlling 

25 a pressing force of the scrubbing member against the 

washing surface of the substrate; and 

a moving means for moving the scrubbing member 
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relative to the substrate in a radial direction of the 

substrate, 

wherein the scrubbing member includes: 

an abutting section which is brought into contact 

5 with the washing surface of the substrate; and 

a non-contact peripheral section positioned about 

the abutting section and formed not to contact the 

washing surf ace of the substrate when the abutting 

section is in contact with the washing surface of the 

10 substrate. 

If the non-contact peripheral section of the 

scrubbing member is curved in three dimensional 

directions to form a hemispherical configuration, the 

pressure concentration can be suppressed. Therefore, 

15 even if an arm supporting, for example, a washing 

member is inclined, the contact pressure can be made 

uniform over the entire contact region between the 

washing member and the washing surface of the substrate. 

It is desirable for the sponge portion of the 

20 scrubbing member to be formed of a foamed polyvinyl 

alcohol (PVA) or a foamed polyvinyl formal (PVF). 

In the present invention, the supply pressure of 

the washing liquid is variable, making it possible to 

control the swelling degree of the washing member by 

25 varying the supply pressure and, thus, to control the 

contact pressure of the washing member against the 

substrate. 
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According to another aspect of the present 

invention, there is provided a method of washing 

a substrate, comprising the steps of {a) arranging in 

a waiting section a scrubbing member including an 

5 abutting section which is brought into contact with 

a washing surface of the substrate, and a non-contact 

peripheral section positioned about the abutting 

section and formed not to contact the washing surface 

of the substrate when the abutting section is in 

10 contact with the washing surface of the substrate, the 

waiting section being positioned outside of a spin 

chuck and provided with a cleaner member for removing 

stains from the scrubbing member to cleanse the 

scrubbing member, (b) mounting a substrate on the spin 

15 chuck, (c) rotating the substrate together with the 

spin chuck, (d) moving the scrubbing member from the 

waiting section to an operating section near the 

substrate to permit the abutting section of the 

scrubbing member to be brought into contact with 

20 a washing surface of the rotating substrate, and 

supplying a washing liquid through the scrubbing member 

onto the washing surface of the substrate, (e) moving 

the scrubbing member relative to the substrate in a 

radial direction of the substrate while the abutting 

25 section of the scrubbing member is in contact with the 

washing surface of the substrate so as to have the 

washing surface of the substrate scrubbed with the 
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abutting section, and (f) bringing the scrubbing member 

after the scrubbing operation back into the waiting 

section and rotating the scrubbing member about its own 

axis in contact with the cleaner member of the waiting 

5 section, the washing liquid being spurted outward from 

inside the scrubbing member during revolution of the 

scrubbing member in the waiting section so as to remove 

stains from the scrubbing member. 

In the washing method of the present invention, 

10 the washing member itself is washed while the washing 

member is positioned in the waiting section. Also, the 

dust or the like attached to the surf ace of the washing 

member is removed by a washing liquid spurted from 

within the washing member to flow to the outside 

15 through the washing member. Further, vibration is 

imparted to the washing liquid, making it possible to 

wash effectively the washing member itself. 

Additional objects and advantages of the invention 

will be set forth in the description which follows, and 

20 in part will be obvious from the description, or may be 

learned by practice of the invention. The objects and 

advantages of the invention may be realized and 

obtained by means of the instrumentalities and combina­

tions particularly pointed out in the appended claims. 

25 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

The accompanying drawings, which are incorporated 

in and constitute a part of the specification, 
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illustrate presently preferred embodiments of the 

invention, and together with the general description 

given above and the detailed description of the 

preferred embodiments give below, serve to explain 

5 the principles of the invention. 

FIG. 1 is a front view showing a conventional 

front face scrubbing member; 

FIG. 2 is a bottom view showing the conventional 

front face scrubbing member shown in FIG. l; 

10 FIG. 3 is a front view showing a conventional rear 

face scrubbing member; 

FIG. 4 is a bottom view showing the conventional 

rear face scrubbing member shown in FIG. 3; 

FIG. 5 is an oblique view showing a wafer washing 

15 system provided with a washing apparatus; 

FIG. 6 is an oblique view showing a substrate 

washing apparatus according to one embodiment of the 

present invention; 

FIG. 7 is a perspective cross sectional view 

20 showing the substrate washing apparatus shown in 

FIG. 6; 

FIG. 8 is a block diagram showing the construction 

of a pressure control mechanism of a support section of 

a scrubbing member; 

25 FIG. 9 is a cross sectional view, partly broken 

away, showing in a magnified fashion the support 

section of the scrubbing member; 
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FIG. 10 is a partial cross sectional view showing 

the front face scrubbing member in its home position 

and a brush cleaner (cleaning section of a scrubbing 

member); 

5 FIG. 11 is a partial cross sectional view showing 

the front face scrubbing member in its home position 

and another brush cleaner (cleaning section of a 

scrubbing member); 

FIG. 12 is a bottom view showing a front face 

10 scrubbing member according to another embodiment of the 

present invention; 

FIG. 13 is a cross sectional view showing a rear 

face scrubbing member according to another embodiment 

of the present invention; 

15 FIG. 14 is a bottom view showing a rear face 

scrubbing member according to another embodiment of the 

present invention; 

FIG. 15 shows how a scrubbing member is in contact 

with a wafer; 

20 FIG. 16 shows how an inclined scrubbing member is 

in contact with a wafer; 

FIG. 17 shows a scrubbing member according to 

another embodiment of the present invention; and 

FIG. 18 is a partial cross sectional view showing 

25 a scrubbing member according to still another embodi­

ment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

Let us describe various preferred embodiments of 

the present invention with reference to the accompany­

ing drawings. The embodiments described below cover 

5 the cases where the technical idea of the present 

invention is employed in a washing system for washing 

a semiconductor wafer. 

Specifically, FIG. 5 shows a washing system 1 

provided with washing apparatuses 7 and 8. As shown in 

10 the drawing, the system 1 comprises a cassette station 

2 on which are arranged a plurality of cassettes C each 

housing a plurality of wafers W. A sub-arm mechanism 3 

serving to align the cassettes C at predetermined 

positions and transferring the wafers W into and out of 

15 the cassettes C is mounted in a central portion of the 

cassette station 2. A main arm mechanism 5 is mounted 

behind the sub-arm mechanism 3. The wafers W are 

delivered by the main arm mechanism 5 between the sub­

arm mechanism 3 and each of the process units included 

20 in the washing system 1. The main arm mechanism 5 is 

movable along a transfer path 6 formed in a central 

portion of the washing system 1. 

Various process units are arranged on both sides 

of the transfer path 6. Specifically, arranged side by 

25 side on one side of the transfer path 6 are a first 

washing apparatus (front face washing apparatus) 7 for 

washing a front face of a wafer w and a second washing 
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apparatus (rear face washing apparatus) 8 for washing 

a rear face of the wafer W. Also, four heating devices 

9 for heating and drying the wafer W are stacked one 

upon the other on the other side of the transfer path 6. 

5 Further, two wafer inverting devices 10, which are 

stacked one upon the other, are arranged adjacent to 

the heating devices 9. 

As shown in FIGS. 6 and 7, the first washing 

apparatus 7 comprises a spin chuck 21, a nozzle 22, 

10 a scrubber mechanism 23, a brushing section cleaning 

device 24, and a megasonic nozzle 26. The wafer Wis 

held by vacuum suction by the spin chuck 21 such that 

the front face thereof faces upward and is revolved 

together with the spin chuck 21. A washing liquid, 

15 e.g., pure water, is supplied from the nozzle 22 onto 

the wafer W held by the spin chuck 21. The scrubber 

mechanism 23 includes a brushing section 29 which is 

brought into contact with the front face of the 

revolving wafer W so as to wash the front face of the 

20 wafer W. The brushing section cleaning device 24 is 

arranged in a home position apart from the spin chuck 

21 so as to wash the brushing section 29 positioned in 

the home position apart from an operating position. 

Further, the megasonic nozzle 26 is arranged within 

25 a process unit 25 to face the scrubber mechanism 23 

with the spin chuck 21 interposed therebetween. 

The scrubber mechanism 23 comprises a horizontal 
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arm 30a, a vertical pivotal shaft 42, an arm swinging 

mechanism 41, and an arm lift mechanism 81 in addition 

to the brushing section 29. The proximal end of the 

horizontal arm 30a is supported by the vertical pivotal 

5 shaft 42, and the brushing section 29 is mounted to the 

free end of the horizontal arm 30a. If the horizontal 

arm 30a is swung about the pivotal shaft 42 by the arm 

swinging mechanism 41, the brushing section 29 is moved 

from its home position outward of the spin chuck 21 to 

10 the operating position right above the spin chuck 21. 

In the operating position, the brushing section 29 is 

reciprocated between a central portion and a peripheral 

portion of the wafer W held by the spin chuck 21. 

The spin chuck 21 is revolved to permit the wafer 

15 W held thereon to be rotated in a clockwise direction. 

20 

A cup 28 is arranged to surround the spin chuck 21 so 

as to prevent the washing liquid supplied to the wafer 

surf ace in the wafer washing step from being scattered 

around. 

As shown in FIG. 7, the process chamber 25 is 

provided with a transfer port 25a communicating with 

the transfer path 6. The transfer port 25a is opened 

or closed by a vertically movable door 27. The wafer W 

is delivered from the main arm mechanism 5 into the 

25 process chamber 25 through the transfer port 25a and, 

then, disposed on the spin chuck 21 arranged within the 

process chamber 25. The spin chuck 21 is provided with 
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a vacuum suction mechanism including an exhaust 

passageway 13b for holding the wafer w. The exhaust 

passageway 13b extends within a rotary shaft 13a of the 

spin chuck 21 so as to be open in the upper surface of 

5 the spin chuck 21. The rotary shaft 13a is joined to 

a driving shaft of a motor 14A via a seal bearing. 

The cup 28 includes an outer cup 28a and an inner 

cup 28b concentric with the outer cup 28a. The outer 

cup 2Ba stands upright from a bottom plate 18 fixed in 

10 a bottom portion of the process chamber 25. On the 

other hand, the inner cup 28b, which is arranged inside 

the outer cup 28a, has a tapered portion 28d whose 

diameter is gradually diminished toward the upper end 

of the inner cup 28b and a flange portion 28e extending 

15 inward from the upper end of the tapered portion 28d. 

The inner cup 28b also includes a cylindrical base 

portion 28c joined to a rod 17a via connector members 

28g, 28h. If the rod l?a is vertically moved within 

a cylinder 17, the inner cup 28b is vertically moved 

20 along a Z-axis. The inner cup 28b moved to its highest 

position surrounds the spin chuck 21 and the wafer W. 

When the inner cup 28b is moved to its lowest position, 

the flange portion 28e of the inner cup 28b is 

positioned lower than the substrate-holding surface of 

25 the spin chuck 21. 

The door 27 is mounted to the connector member 28h 

to permit the door 27 to be moved by the movement of 
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the rod 17a within the cylinder 17. It follows that 

the door 27 is moved up and down in synchronism with 

the vertical movement of the inner cup 28b. 

A large number of air inlet ports 25b are formed 

5 in a ceiling portion of the process chamber 25 to 

permit a clean air to be introduced into the process 

chamber 25 through these air inlet ports 25b. Likewise, 

a large number of holes 18a are formed through the 

bottom plate 18. The waste liquid and waste gas are 

10 discharged from within the cup 28 into a drain line 

(not shown) and an exhaust line (not shown) through 

these holes 18a. 

FIGS. 8 and 9 show in detail a scrubber mechanism 

23 and the spin chuck 21. As shown in FIG. 8, the spin 

15 chuck 21 is rotatably mounted to the driving shaft of 

the motor 14A. Also, the motor 14A is supported by 

a vertically movable rod of a cylinder 14b. It follows 

that, the spin chuck 21 is moved upward, if the rod 

projects upward from within the cylinder 14B, and 

20 is moved downward, if the rod is moved into the 

cylinder 14B. 

The scrubber mechanism 23 comprises a pressure 

control mechanism 80 and a controller 90. The pressure 

control mechanism 80, which serves to control the 

25 pressing force of the brushing section 29 abutting 

against the wafer W, comprises a vertically movable 

cylinder 81 having a rod 81a joined to a suitable point 
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of an arm 30a via a vertically movable connecting 

member 82. The connecting member 82 is joined to one 

surface of a vertical wall 83 with a linear guide 84 

interposed therebetween. 

5 A balance weight 86 is mounted on the opposite 

side of the vertical wall 83 with a linear guide 85 

interposed therebetween. The balance weight 86 is 

joined to the connector member 82 via a pulley 87 

mounted to the upper end of the vertical wall 83 and 

10 a wire 88 extending along the pulley 87. 

The balance weight 86 is controlled to be equal to 

the sum of weights of the brushing section 29 and the 

arm 30a. A pressurizing cylinder 89, which is joined 

to the connector member 82, is operated to permit the 

15 brushing section 29 to be pressed against the front 

face of the wafer W. The pressing force of the 

brushing section 29 is controlled by an air pressure 

applied to the cylinder 89. 

As shown in FIGS. 8 and 9, the brushing section 29 

20 is joined to a driving shaft 9la of a motor 91 via a 

vertical shaft 31, a pulley 91c and a belt 91d, with 

the result that the rotating force of the motor 91 is 

transmitted to the brushing section 29. The vertical 

shaft 31 is supported by the arm 30a via a pair of 

25 bearings 30g within a sleeve 30£. An exhaust tube 30h 

communicates with the inner space of the sleeve 30f to 

permit the air within the sleeve 30f to be released to 
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the outside through the exhaust tube 30h. As shown in 

the drawings, the power sources of the motors 14A, 91 

and the cylinders 14B, 17, 81, 89 are connected to the 

output terminal of the controller 90, with the result 

5 that the operation of these motors and cylinders is 

controlled by the controller 90. 

A nozzle 35 communicating with a washing liquid 

supply source 92 via a supply pipe 35a is mounted to 

the arm 30a. A pressure control valve 93 is mounted 

10 between the nozzle 35 and the washing liquid supply 

source 92 and, thus, the pressure of the washing liquid 

supplied to the nozzle 35 is variable. The operation 

of the pressure control valve 93 is also controlled by 

the controller 90. The discharge port of the nozzle 35 

15 faces an upper liquid receptacle 36a of the brushing 

section 29 such that the washing liquid discharged from 

the nozzle 35 is received by the receptacle 36a. 

As shown in FIG. 10, the brushing section 29 

includes a holder 34 which is joined to the lower end 

20 of the shaft 31 via a mounting plate 32. Also, a 

sponge 33 acting as a scrubbing member is detachably 

mounted to the lower end of the holder 34. The 

mounting plate 32, which is provided with a plurality 

of through holes 36b, is fit in the upper liquid 

25 receptacle 36a of the holder 34. The upper liquid 

receptacle 36a communicates via the through holes 36a 

with a lower tapered portion 37a. Further, the lower 
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tapered portion 37a communicates with a lower liquid 

receptacle 37c via a supply hole 37b. The washing 

liquid (pure water) supplied from the nozzle 35 passes 

within the holder 34 so as to be guided into the lower 

5 liquid receptacle 37c and, then, permeates into the 

sponge 33. Further, the washing liquid held within the 

sponge 33 comes out of the sponge 33. 

The sponge 33, which should be small in change 

with time in properties and should be soft, is formed 

10 of, for example, a foamed polyvinyl alcohol {PVA) or a 

foamed polyvinyl formal (PVF). For example, the sponge 

33 should have an impact resilience of 20 to 80 g/cm2 

under 30% of compression stress, should be capable of 

a maximum water absorption of 1200% and should have an 

15 apparent specific gravity of about 0.08. On the other 

hand, the holder 34 is formed of a resin such as 

polypropylene. 

As shown in FIGS. 10 and 11, a lower portion of 

the sponge 33 is shaped hemispherical or pseudo 

20 hemispherical, and has a smooth surface free from 

25 

a corner portion. The sponge (scrubbing member) 33 

includes an abutting portion 33a which is brought into 

contact with the wafer W and a non-contact peripheral 

portion 33b which is not in contact with the wafer w. 

The brushing section cleaning device 24 is 

arranged in a home position (waiting position) apart 

from the spin chuck 21, as already described with 
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reference to FIG. 6. 

As shown in FIG. 10, the brushing section cleaning 

device 24 comprises an ultrasonic oscillator 38, 

a washing liquid reservoir 39, a nozzle 40, and 

5 a washing plate {a plate-like cleaner member) 46a. 

The cleaner member 46a, which is arranged within the 

washing liquid reservoir 39, is held stationary in 

an inclined posture by a stopper 46b such that the 

lower portion of the sponge 33 is pressed against the 

10 inclined surface of the cleaner member 46a. It is 

desirable for the cleaner member 46a to be inclined 

by 30 to 60° . Further, a drain hole 47 is formed in 

a bottom portion of the washing liquid reservoir 39. 

The reservoir 39 is formed of a corrosion resistant 

15 alloy or resin. 

The sponge 33 of the brushing section 29 is 

periodically washed in the brushing section cleaning 

device 24. Specifically, the washing liquid is 

supplied from the nozzle 40 into the reservoir 39. 

20 Under this condition, the sponge 33 is revolved on its 

own axis and pressed against the cleaner member 46a so 

as to remove the stains attached to the surface of the 

sponge 33, thereby cleansing the sponge surface. The 

cleansing effect of the sponge 33 can be improved, if 

25 an ultrasonic wave generated from the ultrasonic wave 

oscillator 38 is transmitted into the washing liquid 

within the washing liquid reservoir 39. Incidentally, 
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it is desirable for the cleaner member 46a to be 

formed of a hard resin such as polypropylene and for 

the surface of the cleaner member 46a to have fine 

irregularities. 

5 FIG. 11 shows a brushing section cleaning device 

24A having a concave cleaner member 48. In this 

modification, the cleaner member 48 is fit in the 

washing liquid reservoir 39. A recess 48a is formed 

in an upper surface of the cleaner member 48, and a 

10 discharge passageway 48b communicating with the drain 

hole 47 is formed within the cleaner member 48. It is 

desirable for the cleaner member 48 to be formed of a 

hard resin such as polypropylene. It is also desirable 

for the inner surf ace of the recess 48a of the cleaner 

15 member 48 to have fine irregularities. 

The front face of the wafer W washed in the 

scrubber mechanism 23 is further washed by the 

megasonic nozzle 26 with a washing liquid excited by 

an ultrasonic wave. The megasonic nozzle 26, which is 

20 substantially equal in construction to the scrubber 

mechanism 23, comprises an arm 44 and a nozzle body 

45 mounted to a tip of the arm 44. A washing liquid 

supply line, which is connected at one end to the 

nozzle body 45, is connected at the other end to an 

25 oscillator {not shown) such that a washing liquid 

excited by an ultrasonic wave having a predetermined 

number of vibration is supplied to the nozzle body 45. 
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The rear face washing apparatus 8, which is 

substantially equal in construction to the front face 

washing apparatus 7, comprises a brushing section 50 

including 4 sponge members 54 and 8 brushing fiber 

5 bundles 51 as shown in FIGS. 13 and 14. These sponge 

members 54 and the brushing fiber bundles 51 are 

detachably mounted to a holder 52. These sponge 

members 54 and brushing fiber bundles 51 are radially 

arranged, with a washing liquid supply hole 53 

10 positioned in the center. To· be more specific, these 

sponge members 54 are partitioned from each other by 

a cross (+)-shaped space having a predetermined width. 

Two of the brushing fiber bundles 51 are arranged side 

by side in each of the four arm portions of the cross-

15 shaped space. If the cross-shaped space is removed to 

permit the four sponge members 54 to be joined together, 

the joined structure is shaped like the sponge 33 shown 

in FIGS. 11 and 12. 

The front face washing of the wafer W differs from 

20 the rear face washing as follows. Specifically, in 

washing the front face of the wafer W, it is desirable 

to move the brushing section 29 in a horizontal 

direction by vertically rocking the arm 30a without 

revolving the brushing section 29 on its own axis by 

25 operating the motor. In the front face washing, a very 

subtle contact of the sponge 33 (scrubbing member) with 

the wafer surf ace is required in order to prevent the 
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film quality on the wafer surface from being adversely 

affected. To meet this requirement, the brushing 

section 29 is reciprocated between the central portion 

and a peripheral portion of the wafer W without 

5 revolving the brushing section 29 on its own axis. 

When it comes to the rear face washing, however, the 

brushing section 29 is reciprocated between the central 

portion and a peripheral portion of the wafer W while 

revolving the brushing section 29 on its own axis so 

10 as to remove completely the foreign matter strongly 

adhered to the rear face of the wafer W. 

Where a mechanical chuck mechanism such as 

Bernoulli's chuck mechanism is employed in the spin 

chuck 21, a periphery of the wafer is held by the chuck, 

15 with the result that the film quality on the wafer 

surface is not adversely affected. However, in the 

case of employing a vacuum suction system in the spin 

chuck 21, the film quality on the sucked surface of the 

wafer W tends to be adversely affected. Such being the 

20 situation, it is desirable to determine appropriately 

the chuck system of the spin chuck 21 in each of the 

front face washing and the rear face washing. Specifi­

cally, a vacuum suction system and a mechanical chuck 

system should be employed in the front face washing and 

25 the rear face washing, respectively. Alternatively, 

a mechanical chuck system should be employed in each 

of the front face washing and the rear face washing. 
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In this case, however, the rear face washing should be 

performed first, followed by performing the front face 

washing. If the front face washing is performed after 

the rear face washing, the film quality on the front 

5 face of the wafer W is unlikely to be adversely 

affected. 

In washing the front face of the wafer W by using 

the washing apparatus 7, the wafer Wis taken out of 

the cassette C in the cassette station 2 by the sub-arm 

10 mechanism 3. The sub-arm mechanism 3 holding the wafer 

W is moved to a wafer-delivering position where the 

wafer W is aligned and, then, delivered to the main arm 

mechanism 5. The subsequent steps are dependent on 

whether to perform the front face washing alone or 

15 whether to perform the front face washing and the rear 

face washing consecutively. 

The wafer W held by the main arm mechanism 5 is 

loaded into the washing apparatus 7 through the door 27, 

which is opened, and moved to a position above the spin 

20 chuck 21. Then, the main arm mechanism 5 is moved 

downward to permit the wafer W to be delivered onto 

the spin chuck 21, followed by moving the main arm 

mechanism 5 out of the washing apparatus 7 and closing 

the door 27. At the same time, the cup 28 is moved 

25 upward to surround the wafer w. In this step, the spin 

chuck 21 holds the wafer W in a horizontal posture with 

the front face forming the upper surface. For example, 



----------···--·'---····--------·--··· 

23 

the Bernoulli effect is utilized for holding the wafer 

w. The wafer W held by the spin chuck 21 is revolved 

on its own axis by the spin chuck 21. Under this 

condition, a washing liquid is supplied from the nozzle 

5 22 to a predetermined position near the center of the 

wafer W held by the spin chuck 21. As a result, the 

washing liquid is centrifugally spread over the entire 

surface region of the wafer W to achieve a uniform 

washing. 

10 In the next step, the scrubber mechanism 23 is 

operated to scrub the entire front face of the wafer w. 
Specifically, the driving shaft 42 included in the 

scrubber mechanism 23 in its waiting position is moved 

upward to upheave the sponge 33 forming the lower 

15 portion of the brushing section 29. Then, the driving 

shaft 42 is rotated to swing the arm 30a in the 

counterclockwise direction (CCW) so as to move the 

brushing section 29 to a position above the wafer W 

such that the brushing section 29 is positioned in the 

20 center of the wafer W when viewed from above. Under 

this condition, the brushing section 29 is revolved on 

its own axis and moved downward to permit the sponge 33 

to be brought into contact with the wafer surface. 

In the next step, the arm 30a is swung in the 

25 clockwise direction (CW) to move the brushing section 

29 from the center toward a periphery of the wafer W 

which is kept revolved on its own axis. In this 
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fashion, the sponge 33 of the brushing section 29 is 

brought into contact with the entire region of the 

front face of the wafer W so as to wash the entire 

region of the front face of the wafer w. 
5 It should be noted that the lower abutting portion 

33a of the sponge 33 is hemispherical. As a result, 

the contact pressure of the sponge 33 with the wafer 

surf ace can be kept constant even if the arm 30a of the 

scrubbing mechanism 23 is somewhat inclined, as shown 

10 in FIG. 16, making it possible to wash uniformly the 

entire front face of the wafer w. Also, the non­

contact peripheral portion 33b is not included in the 

lower abutting portion 33a of the sponge 33 and, thus, 

the contact pressure is not excessively increased 

15 locally in the sponge 33. It follows that the sponge 

33 is prevented from being severely stained locally. 

After the brushing operation, revolution of the 

brushing section 29 is stopped, followed by moving the 

driving shaft 42 upward so as to upheave the brushing 

20 section 29. Then, the driving shaft 42 is rotated to 

swing the arm 30a in the clockwise direction (CW) so as 

to move the brushing section 29 to a position above the 

brushing section cleaning device 24, followed by moving 

downward the driving shaft 42 to permit the brushing 

25 section 29 to be brought back to its waiting position 

in which the sponge 33 fits inside the brushing section 

cleaning device 24. Under this condition, a washing 
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liquid is supplied from the nozzl~ 40 into the washing 

liquid reservoir 39, and the ultrasonic oscillator 38 

is operated so as to wash the sponge 33 itself in the 

presence of an ultrasonic wave. Since the sponge 33 is 

5 washed in its waiting position, the washing apparatus 7 

is capable of performing the washing operation of the 

wafer W effectively. During the sponge washing 

operation described above, the washing liquid is 

supplied from the nozzle 40 into the reservoir 39. 

10 Incidentally, the sponge 33 can be washed more effec­

tively, if a washing liquid is also supplied from the 

nozzle 35 to allow the washing liquid to flow from 

inside the sponge 33 toward the outside so as to 

effectively remove the dust or the like from the sponge 

15 surface. Upon completion of the washing of the sponge 

33, the megasonic nozzle 26 is operated so as to wash 

again the entire wafer surface with a washing liquid 

excited by an ultrasonic wave. 

When the front face washing is finished, the cup 

20 28 and the door 27 are simultaneously moved downward, 

and the wafer W is unloaded from the front face washing 

apparatus 7 by the main arm mechanisms. Since the 

front face of the wafer W as unloaded faces upward, the 

wafer W is inverted in the inverting device 10 to cause 

25 the rear face to face upward. Further, the inverted 

wafer W is loaded in the rear face washing apparatus 8 

to have the rear face washed by the brushing fiber 
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bundles 51 and the sponge members 54 of the brushing 

section 50. The scrubbing member 54 includes an 

abutting portion 54a which is brought into contact with 

the wafer W and a non-contact peripheral portion 54b 

5 which is not in contact with the wafer w. 

During the brushing operation, the contact 

pressure of the brushing section 50 with the rear face 

of the wafer W can be kept constant even if the arm 

supporting the brushing section 50 is somewhat inclined. 

10 Since the contact pressure is kept uniform over the 

entire contact region between the brushing section 50 

and the rear face of the wafer W, a desired washing 

effect can be obtained without fail. 

When washing of the front and rear faces of the 

15 wafer is finished, the spin chuck supporting the wafer 

W is rotated at a high speed to centrifugally remove 

the residual washing liquid from the wafer W and, thus, 

to dry the wafer w. Then, the wafer W is loaded in the 

heating device 6 by the main arm mechanism 5 and dried 

20 by heating in the heating device 6 at lOO°C for about, 

for example, 30 seconds. After the drying, the wafer W 

is delivered by the main arm mechanism 5 onto the sub­

arm mechanism 3 and, then, brought back to the cassette 

C by the sub-arm mechanism 3. 

25 In the embodiment described above, the tip portion 

of the sponge 33 which is brought into contact with 

a wafer is shaped hemispherical. As a result, the 
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contact pressure between the sponge 33 of the brushing 

section 29 and the wafer W can be made uniform over the 

entire contact region even if the arm 30a supporting 

the brushing section 29 is somewhat inclined. Also, 

5 the tip portion of the sponge 33 has a smooth surface 

free from a corner portion. It follows that, even if 

the sponge 33 in contact with the wafer W is inclined, 

the sponge surf ace is prevented from being severely 

stained locally. 

10 The shape in the tip portion of the sponge 33 is 

not particularly limited as far as the tip portion 

projects outward to form a convex configuration. 

For example, a columnar sponge 61 having a roundish 

surface in only the lower peripheral portion 616 as 

15 shown in FIG. 17 can also be used satisfactorily. 

The scrubbing member 61 includes an abutting portion 

61a which is brought into contact with the wafer W 

and a non-contact peripheral portion 616 which is not 

in contact with the wafer w. This is also the case 

20 with the sponge used for washing the rear face of the 

wafer W. 

It should also be noted that a washing liquid is 

supplied to the sponge 33 in its waiting position such 

that the supplied liquid flows from inside the sponge 

25 33 toward the outside, making it possible to remove 

effectively the dust or the like attached to the sponge 

surface, as described previously. 
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Further, the sponge 33 itself can be washed in the 

brushing section cleaning device 24 with a washing 

liquid excited by an ultrasonic wave. It follows that 

the sponge 33 itself can be kept very clean, leading to 

5 a further improved cleaning effect. What should also 

be noted is that, since the washing with the washing 

liquid excited by the ultrasonic wave is carried out 

when the sponge 33 is in its waiting position, the 

washing efficiency of the wafer can be improved. 

10 Still further, the swelling degree of the sponge 

33 can be controlled by controlling the supply pressure 

of the washing liquid into the inner region of the 

sponge 33. It follows that the contact pressure 

between the sponge 33 and the wafer W can be controlled 

15 as desired by controlling the supply pressure of the 

washing liquid into the sponge 33. For facilitating 

the control of the swelling degree, it is desirable to 

use a non-permeable material for forming the sponge 33. 

Alternatively, it is also desirable to use a scrubber 

20 71 of a double layer structure consisting of an inner 

layer formed of a relatively hard first sponge 72 and 

an outer layer consisting of a relatively soft second 

sponge 73, as shown in FIG. 18. The scrubbing member 

73 includes an abutting portion 73a which is brought 

25 into contact with the wafer W and a non-contact 

peripheral portion 73b which is not in contact with the 

wafer W. The first sponge 72 should desirably be 
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formed of a hard material, e.g., PVA or PVF exhibiting 

an impact resilience of 80 to 90 g/cm2 under 30% of 

compression stress. Also, the second sponge 73 should 

desirably be formed of a soft material, e.g., PVA or 

5 PVF exhibiting an impact resilience of 20 to 30 g/cm2 

under 30% of compression stress. 

In the embodiment described above, a semiconductor 

wafer is washed by scrubbing. However, other 

substrates such as an LCD substrate can also be washed 

10 by scrubbing within the technical scope of the present 

invention. 

As described above, the present invention produces 

prominent effects. To reiterate, the contact pressure 

between a scrubber and a substrate surface can be kept 

15 constant in the present invention, even if an arm 

supporting the scrubber is somewhat inclined, making 

it possible to maintain a desired contact pressure 

over the entire contact region and, thus, to obtain 

a desired washing effect without fail. 

20 Also, the scrubbing member has a smooth surface, 

does not have a corner portion, and is curved in the 

contact region with the substrate to be washed and in 

the peripheral region which is not in contact with the 

substrate. It follows that the scrubbing member is 

25 prevented from being severely stained locally even if 

the contact region is inclined. 

Further, the dust or the like attached to the 
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surface of the scrubbing member can be washed away by 

the washing liquid, making it possible to maintain 

a high cleanliness of the scrubbing member. 

Further, since the swelling degree of the 

5 scrubbing member can be controlled by controlling the 

supply pressure of a washing liquid, it is possible to 

control the contact pressure between the substrate and 

the scrubbing member. 

Further, since the scrubbing member itself can be 

10 washed with a washing liquid excited by an ultrasonic 

wave, the washing effect of the scrubbing member can be 

further increased. 

Further, since the scrubbing member can be washing 

when the scrubbing member is in its waiting position, 

15 the washing apparatus can be operated efficiently. 

Still further, since vibration is imparted to the 

washing vessel, the scrubbing member can be washed more 

effectively. 

Additional advantages and modifications will 

20 readily occurs to those skilled in the art. Therefore, 

the invention in its broader aspects is not limited to 

the specific details and representative embodiments 

shown and described herein. Accordingly, various 

modifications may be made without departing from the 

25 spirit or scope of the general inventive concept as 

defined by the appended claims and their equivalents. 
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CLAIMS 

THIS SHEET HAS BEEN 
REPLACED 

1. A substrate washing apparatus, comprising: 

a spin chuck for holding and rotating a substrate 

a brushing section including a scrubbing member 

which is brought into contact with a washing surface of 

said substrate held on said spin chuck and revolved on 

its own axis together with rotation of the spin chuck; 

a washing liquid supply mechanism for supplying a 

10 washing liquid through said brushing section onto said 

washing surface of the substrate; 

a pressure control mechanism for controlling 

a pressing force of said scrubbing member against the 

washing surface of the substrate; and 

15 a moving means for moving the scrubbing member 

relative to the substrate in a radial direction of the 

substrate, 

wherein the scrubbing member includes: 

an abutting portion which is brought into contact 

20 with the washing surface of the substrate; and 

a non-contact peripheral portion positioned about 

said abutting portion and formed not to contact the 

washing surface of the substrate when the abutting 

portion is in contact with the washing surface of the 

25 substrate. 

2. The substrate washing apparatus according to 

claim 1, wherein each of said abutting portion and said 

111111111111111111111111111111 
* C L M s * 



-----------· .~·----··----------·--·----- ··----·----

- 32 -
THIS SHEET HAS BEEN 

REPLACED 

non-contact peripheral portion of the scrubbing member 

is curved in three dimensional directions to form 

a convex configuration. 

3. The substrate washing apparatus according 

5 to claim 1, wherein each of said abutting portion and 

said non-contact peripheral portion of the scrubbing 

member is shaped to form a hemispherical or pseudo 

hemispherical configuration. 

4. The substrate washing apparatus according to 

10 claim 1, wherein said non-contact peripheral portion 

of the scrubbing member is formed integral with said 

abutting portion. 

5. The substrate washing apparatus according to 

claim 1, wherein said non-contact peripheral portion of 

15 the scrubbing member consists of a plurality of divided 

regions. 

6. The substrate washing apparatus according to 

claim 1, wherein said scrubbing member includes a 

sponge portion capable of permeating a washing liquid 

20 such that the washing liquid is supplied to a washing 

surface of the substrate through said sponge portion. 

7. The substrate washing apparatus according to 

claim 6, wherein said sponge portion includes an inner 

sponge member receiving the washing liquid supplied 

25 from said washing liquid supply means, and an outer 

sponge member softer than said inner sponge member. 

8. The substrate washing apparatus according 

111111111111111111111111111111 
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to claim 1, wherein said scrubbing member includes 

a plurality of sponge portions capable of permeating 

a washing liquid, and a plurality of brushing fiber 

bundles interposed between adjacent sponge portions. 

9. The substrate washing apparatus according to 

claim 1, wherein said brushing section includes a 

holder for holding said scrubbing member and a shaft 

joined to said holder for revolving the scrubbing 

member on its own axis. 

10. The substrate washing apparatus according to 

claim 9, further comprising cleansing means, positioned 

apart from said spin chuck, for washing the scrubbing 

member while the scrubbing member is in its waiting 

position. 

11. The substrate washing apparatus according to 

claim 10, wherein said cleansing means includes a 

washing vessel receiving a washing liquid and a cleaner 

member abutting against the scrubbing member revolving 

on its own axis for cleansing the scrubbing member. 

12. The substrate washing apparatus according to 

claim 11, wherein said cleaner member is an inclined 

plate arranged within said washing vessel. 

13. The substrate washing apparatus according to 

claim 11, wherein said cleaner member is a block having 

25 a recess capable of housing the scrubbing member within 

the washing vessel. 

14. The substrate washing apparatus according to 

\ \11\11\ \\\l\\ Ill\\ \\1\1 \\ \\I\ 
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claim 11, wherein said cleansing means further includes 

an ultrasonic wave oscillator for applying an ultra-

sonic wave to the washing liquid within the washing 

vessel. 

15. The substrate washing apparatus according to 

claim 1, wherein said washing liquid supply mechanism 

includes a pressure control valve for variably control-

ling the supply pressure of the washing liquid. 

16. The substrate washing apparatus according to 

10 claim 1, further comprising control means for control-

15 

ling the pressure control mechanism so as to control 

the pressing force of the scrubbing member against the 

substrate depending on the kind of the washing surf ace 

of the substrate. 

17. A method of washing a substrate, comprising 

the steps of: 

(a) arranging in a waiting section a scrubbing 

member including an abutting portion which is brought 

into contact with a washing surface of the substrate, 

20 and a non-contact peripheral portion positioned about 

said abutting portion and formed not to contact the 

washing surf ace of the substrate when the abutting 

portion is in contact with the washing surface of the 

substrate, said waiting section being positioned 

25 outside of a spin chuck and provided with a cleaner 

member for removing stains from said scrubbing member 

to cleanse the scrubbing member; 

I If I/II/ I/Ill/ 1111/ I/I/I 111111 
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(b) mounting a substrate on said spin chuck; 

(c) rotating said substrate together with the spin 

chuck; 

(d) moving the scrubbing member from the waiting 

5 section to an operating section near the substrate to 

permit said abutting portion of the scrubbing member to 

be brought into contact with a washing surface of the 

rotating substrate, and supplying a washing liquid 

through the scrubbing member onto said washing surf ace 

10 of the substrate; 

(e) moving the scrubbing member relative to the 

substrate in a radial direction of the substrate while 

the abutting portion of the scrubbing member is in 

contact with the washing surface of the substrate so as 

15 to have the washing surface of the substrate scrubbed 

with the abutting portion; and 

(f) bringing the scrubbing member after the 

scrubbing operation back into the waiting section and 

rotating the scrubbing member about its own axis in 

20 contact with said cleaner member of the waiting section, 

25 

the washing liquid being spurted outward from inside 

the scrubbing member during revolution of the scrubbing 

member in the waiting section so as to remove stains 

from the scrubbing member. 

18. The method of washing a substrate according 

to claim 17, wherein said step {f) further comprises 

immersing the scrubbing member in a washing liquid 

I If l/111111111 1111111111111111 
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housed in a washing vessel included in the waiting 

section, and imparting an ultrasonic wave to the 

washing liquid within the washing vessel while 

supplying a fresh washing liquid into the washing 

5 vessel. 

19. An apparatus and method for washing substrate, 

substantially as hereinbefore described with reference 

to FIGS. 5 to 18 of the accompanying drawings. 
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