1 TITLE OF THE | NVENTI ON APPARATUS AND METHOD FOR WASHI NG SUBSTRATE
BACKGROUND OF THE | NVENTI ON The present invention relates to an apparatus
and 5 met hod for washing a substrate, in which a substrate such as a
sem conductor wafer or an LCD substrate is washed by scrubbing. In a
process of manufacturing a sem conductor device such as an LSI,lgogqr%@ge
of a wafer on which 10 acircuit pattern is formed is required to "~
maintain a strictly high cleanliness, making it necessary to washdgfhe swafér
surface frequently both before and after various process steps.

Particularly, in a photolithog- raphy process,_ it is_absolutely necessary
to apply 15 a washi ng treat rre:FIfT]%‘/% %M%ﬂ%‘(ﬁ#’%@ A scrubber

or *Sapanese Pat ARPHARSANE G T Bt BN BRI Mot of 1 Chogr aphy

process for scrubbing the waf €gyeyworouND 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 surface 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. 1In 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



20  surface for the washi ng purpose. In the scrubber disclosed in these
prior art, a washing liquid is supplied onto a surface of a wafer revol ved
on its own axis. Al so, a washing nmenber such as a brush or sponge, which is

kept rotated, is brought into contact with the 25 revol vi ng waf er
surface so as to renove the foreign matter attached to the wafer surface.
FIGS. 1 and 2 collectively show a conventtondl - -2- front face washing

section 101. As shown in the drawi ngs, the front face washing section 101
conprises a holder 103 having a washing liquid supply hole 102 fornmed in a

central portion, raoet6 rweehiA8nTRgPREEtidh G01. B8l dnbynt ha halder 103.
The washi ng section 101 is supported by a support nechani sm (not shown) so

as to be rotatabdeagingks eWe ®rontaFAcEOVARKENgNsactebhi a8l eompelises. The
washi ng menber 104 consists of a
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
supplied 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



col umar sponge having a tip portion cut to forma flat 10 surface. A
washing liquid such as pure water is supplied through the washing liquid
supply hole 102 into each of the washing nenbers 104 while the washing
section 101 is kept revolved on its own axis. Under this condition, the tip
portions of the washing nmenbers 15 104 ?re_pressed agai nst- a front

face, i.e., circuit pattern-formng face, of a wafer which is kept revol ved
on its own axis, so as to cleanse the wafer front face. FIGS. 3 and 4

col l ectively show a conventional rear face washing section 111. As shown in
the 20 draniHipd iheomhim kPR etR | Bie 19aneempional zeaw| fRFe 112 havi ng
a washing liquid supply hole 115 fornmed in a central_ portion_and a

plurality of wasHshiMerRFelansllyparyhe heearsR) Sre 17T 15ace CEupPsrt ed

b ti hani t sh . to b tatahle 2 it
own-ax 5 and MOVEEEE (YOG | B8 B BE4 | BRES THEY SRR MM R RS SEEBRE st

of '8 brushes 11300 & $AoNGeRy 144, Thesenlr baless 43 G 5Popgssidd are

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



-3- used in conbination in the conventional rear face washing section 111
rely becausenmhmmxﬁaﬁk&ahebaﬁ the wafer tends to be stained nore severely

pa
than the front because the rear face can be scrubh
nor e strongly t

ace Each of these br 134l BEpBnges
114 has its tip portion cut to forma flat surface | [

cont act mnth the wafer surface. A washing IﬂqU|d suc
supplied through the washing liquid supply hole 10 115 onto each of the
washi ng menbers 113, 114, while revolving the washing section 111 on its
own axis. Under rdnesircaditherpet iphewshipgrinbomersldis, ofl lvthar sppngssed
agai nst a rear face (back face opposite to the circuit pattern-form ng
face), of the waf®, Withi chlt stdblows eyt , rif othvese sspongedwh04xi 3140 as

to cleanse the rear face of the wafer W In the conventional scrubbers 101,
111 shown are used repeatedly, a serious problem is brought about

that the wafer faces are stained.
5 BRIEF SUMMARY OF THE INVENTION
An object of the present invention is to provide
an apparatus and method for washing a sﬁbstrate, 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 comprisings
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



in FIGS. 1 to 4, only a slight inclination of the supporting arm (not
shown) causes the tip portions 20 (waf er-contact portions) of the
sponges 104, 114 to fail to be brought into contact uniformy with the

waf er faces. In other words, peripheral portions al ~Of— 5 104,
114 are strongly pressed against the wafer faces. $ilm® SHEET dth%: B

pressure between 25 t he sponges 104, 112 and the waf BEPUASED is | pcal 'y
concentrated, the entire wafer face cannot be washed uniftormy. Tn
addition, stains are attached to and remain on the peripheral portions

al one of the sporetin® talthe |subfsdinadws irhat radialhebiceqivimesoiodhe 114
are used repeatedly, a serious problemis brought about that the wafer
faces are stai nERPHREE ,SUMVARY OF THE | NVENTI ON 5 An obj ect of the
present invention is to provide an apparatus and net hod, for washing a

substrate, which is SMFEINEADSTERRIAG MPRPSHItARALYHRSSi ng force

bet ween a scrubbi ng nenber and a substrat rface frombejng | oca
g an é%utting sect%on w f%h is brought in 0 con agt

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 surface 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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concentrated and permts allowi ng a substrate-contact portion of the
scrubbi ng nenber to be kept clean. 10 According to an aspect of the
present invention, there is provided a substrate washi ng apparat us,
conprising: a spin chuck for holding and rotating a substrate W a brushing
section including a scrubbing nenber which igs hrought into contact with a
washi ng surface of said substrate held on said spin chuck and 15 revolved
on its own axis together with rotation of the spin chuck said scrubbing
menber having a sponge through which a liquid can flow, a washing |iquid
suppl y nechani sm havi A§CarAiLggi §0i APPEHEE A§PEEE Of oFhQUBERFPRE a washi ng
i quid through said brushing section onto . said washi ng surface of the
substrate said IFﬁﬁFBtFﬂProgHEFﬁglEoPFOXbﬂﬁgn?c%???@ﬂv?fﬁw?ﬁ 1B% sponge of

h bbi nber ; I hani ||
brassing for oo of SPACERFaRGT RUPRERGES KOG RECPEre: b b REr earHAeThr (e

oot aLel o, SRS mRIS LBt AUKLOGRbIE SEMBL R BhaLI Ve L
sponge inckudes: gpytting 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



5 an abutting portion which is brought into contact with the washing
surface of the substrate; a non-contact peripheral portion positioned about
said abutting portion and fornmed not to contact the washing surface of the
substrate when the 5 abutting portion is in contact with the washing
surface of the substrate, said non-contact pgripheral portion and the
abutting portion formng a curved surface; and whereby the washing |iquid
supplied by the washing |iquid supply nechanism flows fron1the liquid

i ntroduci ng port through the inner portion of the 10 sponge to swell the

sponge, and, theﬁ‘buf'-[téﬂg §&CtéPMh@nshdfde PEinEddd, thifeSGTYRANE BIaFfig
t | d h |d f |.di d bbi nenm d,a shaft
Toined to said haLdsE £5e FETHDALRY OREE S”?ﬁé@"&?&%@r e AP axi s,
Conf Lgured 1o aSHEAST: ﬁ%ﬁ%&h%&%a%éf'ﬁrﬁ%ﬁ g i G L
inits waiting pg& il 92; 8 gLel néﬁ@h tHL UMY %%%&é?@#%% FAASHNI

vessel receiving a -qui Tl eaner er abutting agal'n t he
scrubbing genmber gectjon, 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 surface 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,



revolving on its own axis for cleansing the scrubbing nenber. 20 | f
t he non-contact peripheral section of the scrubbing nenber is curved in
three dinensional directions to forma hem spherical configuration, the
pressure concentration can be suppressed. Therefore, even if an arm

supporting, for exanple, a washing nmenber ig inclined, the contact pressure
can be made uniformover the entire contact °regi on between the washing 25
menber and t he washi ng surface of the substrate. 5a It is desirable for

t he sponge portion of the scrubbing nenber to be fornmed of a foaned

pol yvi nyl al coholllwiyatoe présamely potgiermed fonbedinfevig .of nthde present
invention, the supply pressure of the washing liquid is variable, making it
possi bl e to contimverponnednd ripgregher with Hehevaasnenpb desediptbynvaryi ng
the supply pressure and, thus, to control_ the contact pressure of the
washi ng menber agEVeRtabenee sandthe edetailed 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. 1;

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;



-6- According to another aspect of the present invention, there is provided
a nethod of washing a substrate, conprising the steps of (a) arranging in a
wai ting section a scrubbing nenber 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
fornmed not to contact the washing surfacé of tfe 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 cl eantIGnehbeisfar paetmalngresai asctionalheiser sbhowigg
menber to cl eanse the scrubbing nmenber, (b) nounting a substrate on the
spin 15 chucthe (Eyonbt Bacagschebbibgtnambeer ofjet hes hbmé phsisppPn chuck,
(d) noving the scrubbing nenber fromthe waiting section to an ogerating

section near thearRdibsthereh@lepnart (¢heanbngtsagtiertPbn2ofcrubbirgubbi ng
menber to be brought into contact with
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.



20 a washing surface of the rotating substrate, and supplying a washing
| iquid through the scrubbing nenber onto the washing surface of the
substrate, (e) noving the scrubbing nenber relative to the substrate in a

radi al direction of the substrate while the abutting 25 section of the
scrubbing nmenber is in contact with the washjng surface of the substrate so
as to have the washing surface of the substrate scrubbed wth the -7-

abutting section, and (f) bringing the scrubbing nenber after the scrubbing
operation back into the waiting section and rotating the scrubbing nenber
about its own axis in conDﬁEAIhEPhDEﬁgRéP@éﬁHrOﬁeﬁﬁgrIBVENWéONalt|ng 5
section, the washing |liquid being spurted outward frominside the scrubbing
menber during revol uth®n ¥ @?ﬁ?%b?%bﬁ?ﬁbPVﬁNﬁ%ﬁf?FF?%eeW@??+ﬁ§n§%c?Fon so

as to renove stai.ns fromthe, scrubpin ne
i% he present 1nventfgn it 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



In the washi ng net hod of the present invention, 10 t he washi ng nenber
itself is washed while the washing nenber is positioned in the waiting
section. Also, the dust or the like attached to the surface of the washing
menber is renoved by a washing liquid spurted fromw thin the washing
menber to flow to the outside 15 t hrough, t he washi ng nenber. Further,
vibration is inparted to the washing |i qui ,lnﬁking It possible to wash
effectively the washing nenber itself. Additional objects and advantages of
the invention will be set forth in the description which follows, and 20

in part wll be apdratad raredhef atos cwagpihiog, aprarsyude 8 efonedadlyipgactice
of the invention. The objects and advantages of the invention may be

real i zed and obtairesak fageans die tvefénsir unkls@) i fows kel togbdeaices ons
particularly pointed out in the appended clainms. 25 BRI EF DESCRI PTI ON
OF THE SEVERAL \A HAS dreatHmprenwl NG YRg aleld ipaksa i) arend FRekedhPe®d are

I ncorporated in and cqonstitute a part of the specification,
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 W is
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



-8- illustrate presently preferred enbodi nents of the invention, and
together with the general description given above and the detailed
description of the preferred enbodi nents give bel ow, serve to explain 5
the principles of the invention. FIG 1 is a front view show ng a
conventional front face scrubbing nenber;- FII@ 2 is a bottom view show ng
the conventional front face scrubbing nenber shown in FIG 1; 10

FIG 3 is a front view showi ng a conventional rear face scrubbing nenber;

PG 415 2 bottamy i SHoWKng s canuenty ialed o, acs, S TabRiag, gerber

shown in FIG 3; i & AN olllqu Vi ew shown er "'washing

system provi ded Widdh 4 450i1N0 3PAALYY 171G fdihkP1 G4e JdHE BhPW N
a substrate washing apparat ug accoréﬁng 0 one eﬁ%oéﬁhent of 't he
to the brushing section 29. The proximal end of the
horizontal arm 305 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.
A cup 28 is arranged to surround the spin chuck 21 so
as to prevent the washing liquid supplied to the wafer
surface in the wafer washing step from being scattered
around.

20 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 deiivered 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



present invention; FIG 7 is a perspective cross sectional view 20
showi ng the substrate washi ng apparatus shown in FIG 6; FIG 8 is a block
di agram showi ng the construction of a pressure control mechani smof a

support section of a scrubbing nmenber; 25 FIG 9 is a cross
sectional view, partly broken away, show ng3n._a magnified fashion the
support section of the scrubbing nenber; -9- FIG 10 is a partial cross

sectional view showing the front face scrubbing nmenber in its honme position

and a brush cl eaner (cleaning sectiqn of a scrubbing nenber); 5
FIG 11 is a pad VASWWhSucdon Jieahanism %Wﬁ’g‘qggé”’f ﬁﬁl"z‘%sa"ce scr ubbi ng

menmber in its h%@% é§2J€§”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 28a 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 17a 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



and anot her brush cl eaner (cleaning section of a scrubbing nenber); FIG 12
Is a bottomview showng a front face 10 scrubbi ng nenber according to
anot her enbodi nent of the present invention; FIG 13 is a cross sectional

vi ew showi ng a rear face scrubbing nenber according to another enbodi nent
of the present invention; 15 FIG is a bottom view-showi ng a
rear face scrubbing nenber according to another enbodi nent of the present

i nvention; FIG 15 shows how a scrubbing nmenber is in contact with a wafer;
20 FIG 16 shows how an inclined scrubbing nmenber is in contact
with a wafer; FItheiyoghdia wishiobbhegcydibderaddor dilig fiod laws Hdrat

enbodi nent of the_ present invention; and FIG_ 18 is a partial, cross

sectional view shb® A§oE527 isameyednpingifeforn ddc SYECHF NSt (Withinot her

i - nt of r nt _invention.
embod ment o Eﬁg Be%%gcgl mose%e%t 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 8la joined to a suitable point



- 10 - DETAI LED DESCRI PTI ON OF THE | NVENTI ON Let us descri be vari ous
preferred enbodi nents of the present invention with reference to the
acconpany- ing draw ngs. The enbodi nents descri bed bel ow cover 5 t he
cases where the technical idea of the present invention is enployed in a
washi ng system for washing a sem conductor jwafer. Specifically, FIG 5
shows a washing system 1 provided wth washi ng apparatuses 7 and 8. As
shown in 10 the drawi ng, the system 1l conprises a cassette station 2 on

whi ch d_a pl i f h I [ f
et L AR

predeterm ned p bleQN and ransferrln fer VV|n10 Qf Uty
the cassettes s nou%?ed F% €a “CENS Hl ﬁb |on “of % e é?g%? téflon 2.

A main arm nechagi$%-a b gp%%&%Qcal 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 889.

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

20 is joined to a driving shaft 9l1a 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 30f. 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



behi nd t he sub-arm nmechani sm 3. The wafers Ware delivered by the main arm
mechani sm 5 between the sub- arm nechani sm 3 and each of the process units
i ncl uded 20 in the washing system 1. The main arm mechanismb5 is
novabl e along a transfer path 6 forned in a central portion of the washing
system 1. Various process units are arraggegson_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 Wand a second washi ng
apparatus (rear theeowhshdagthppught by exhansthatubag3fhreaPsft ghevwsf imhe
wafer W Al so, four heating devices 9 for heating and drying the wafer W
are stacked one &pBndrpYiBgRer tBR PRWEHst REBISPEcOSf LhRemPLYRSf dhBpattt 6. 5

Further, two wafer _inverting devices 10, _which are stacked one upon the
other. are arranBBG gaﬁaeghgnggrs 14B, 17, 81, 39 are connected %o éﬁe

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



t he heating devices 9. As shown in FIGS. 6 and 7, the first washing
apparatus 7 conprises a spin chuck 21, a nozzle 22, 10 a scrubber
mechani sm 23, a brushing section cleaning device 24, and a nmegasoni ¢ nozzl e
26. The wafer Wis held by vacuum suction by the spin chuck 21 such that
the front face thereof faces upward and is r¥Volved together with the spin
chuck 21. A washing liquid, 15 e.g., pure water, is supplied fromthe
nozzle 22 onto the wafer Wheld by the spin chuck 21. The scrubber

nmechani sm 23 i nclukgesred oty FRCId AL YAE S W Bt &UDded N ApeNt act
with the front face of the revolving wafer Wso as to wash the front face
of the 20 wafegcaftadhe ITeishiath seopplon o Band Tig. devhe ewdhirgg ar r anged
in a hone position apart fromthe spin chuck 21 so as to wash the brushing
section 29 positilitpdid n{puree hemntee P ssupphi exp af torh r oime amo opks a33 NEAsses
position. Further, the negasonic nozzle 26 is arranged within 25 a
process unit 25 twifhie the kelddbhedd e hasitnlos grided hentpi the e 1

i nt er posed t her ebet ween.
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
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.
25 The brushing section cleaning device 24 is
arranged in a home position (waiting position) apart

from the spin chuck 21, as already described with



The scrubber nmechani sm 23 conprises a horizontal 12 arm 30a, a vertical
pi votal shaft 42, an arm sw ngi ng nechanism 41, and an armlift nechani sm
81 in addition to the brushing section 29. The proximl end of the

hori zontal arm 30a is supported by the vertical pivotal 5 shaft 42, and
the brushing section 29 is nounted to the free end of the horizontal arm
30a. If the horizontal arm30a is swng abol® the pivotal shaft 42 by the
arm swi ngi ng mechani sm 41, the brushing section 29 is noved fromits hone
position outward of the spin chuck 21 to 10 t he operating position

ri ght above the sspidrsfickelrrd N ¢ he operating position, the brushing
section 29 is reciprocated between a central portion and a peripheral

portion of the wafer AN hshewhyih RIGpi D0fhthé BiusHbrgsSpeoattbrckldaniag
revolved to permt the wafer 15 Wheld thereon to be rotated in a
cl ockwi se directdexnice 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 ié
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,



A cup 28 is arranged to surround the spin chuck 21 so as to prevent the
washing liquid supplied to the wafer surface in the wafer washing step from
bei ng scattered around. 20 As shown in FIG 7, the process
chanber 25 is provided with a transfer port 25a communicating with the
transfer path 6. The transfer port 25a is opgned or closed by a vertically
novabl e door 27. The wafer Wis delivered fromthe main arm mechani sm5
into the 25 process chanber 25 through the transfer port 25a and, then,
di sposed on the spin chuck 21 arranged within the process chamber 25. The
spi n chuck 21 isiprbvidedinpgbhe for tBe clgapgzunambacti éhantenhlfi sm
I ncl udi ng an exhaust passageway 13b for holding the wafer W The exhaust
passageway 13b ekPERad thﬁlhaﬁdr6?§#9 §H§Pta§3306YPFHEY§EPﬁ gRdcko%1 so as

to be open in the, upper surface
P thepgurface o% tge cleaner member 46a to have fine

irregularities.

5 FIG. 11 shows a brushing section cleaning device
24A having a concave cleaner member 48. 1In 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 surface of the recess 48a of the cleaner

15 member 48 to have fine irreqularities.

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.



5 the spin chuck 21. The rotary shaft 13a is joined to a driving shaft
of a notor 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 28a
stands upright froma bottomplate 18 fixed in 10 a bottom portion of

t he process chanber 25. On the other hand, gge d nner cup 28b, which is
arranged inside the outer cup 28a, has a tapered portion 28d whose di aneter
is gradual ly di m nished toward the upper end of the inner cup 28b and a

taper od portion 26d. FHE ik FARE 2PN SRRATHIGE S CyrFHER (131 ase
POT 100 200, 01 SR db Al S TR S B, B el 0
Lot bler™ caiining, SRS ¥ TondS AR RAERD el 44 L
el nne? 20 pedTRISAL SRS AR o 4f Dosnamangicntoe ol
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. 1In the front face washing, a very
subtle contact of the sponge 33 (scrubbing member) with

the wafer surface is required in order to prevent the



25 t he spin chuck 21. The door 27 is nounted to the connector nenber
28h to permt the door 27 to be noved by the novenent of - 14 - the rod
17a within the cylinder 17. It follows that the door 27 is noved up and
down in synchronismwth the vertical novenment of the inner cup 28b. A
| arge nunber of air inlet ports 25b are forued 5 in a ceiling portion
of the process chanber 25 to pernmt a clea ir"to be introduced into the
process chanber 25 through these air inlet ports 25b. Likew se, a |large
nunber of holes 18a are fornmed through the bottom plate 18. The waste
i quid and wast e idas caradl ilfyy on tches ohafepedsir bacev fiom hdingupd@Srsely a
drain line (not shown) and an exhaust |ine (not shown) through these hol es
18a. FIGS. 8 andaffextmed . n Trteedt atlsls ubdewineudnan sthe 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 guality 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.



23 and the spin chuck 21. As shown in FIG 8, the spin 15 chuck 21 is
rotatably nmounted to the driving shaft of the notor 14A. Al so, the notor
14A is supported by a vertically novable rod of a cylinder 14b. It follows
that, the spin chuck 21 is noved upward, if the rod projects upward from
within the cylinder 14B, and 20 IS aneg downward, if the rod is noved
into the cylinder 14B. The scrubber mechani %123 conpri ses a pressure
control nechanism 80 and a controller 90. The pressure control nechani sm

80, which serves to control the 25 pressing force of the brushing
section 29 abuttImgthibmicsse ;| heowaver, Wheonparsésca vashiongl shomddabke
cylinder 81 having a rod 8la joined to a suitable point - 15 - of an arm

30a via a verti ceerioxrdbf trzonntellagedehvepesformhngdcbhfeérPR§ #BABer 82

is joined to one . . .
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 W is 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. 1In this step, the spin
chuck 21 holds the wafer W in a horizontal posture with

the front face forming the upper surface. For example,



surface of a vertical wall 83 with a linear guide 84 interposed

t herebetween. 5 A bal ance weight 86 is nounted on the opposite
side of the vertical wall 83 with a |inear guide 85 interposed

t her ebet ween. The bal ance weight 86 is joined to the connector nenber 82
via a pulley 87 nmounted to the upper end of the vertical wall 83 and 10
a wre 88 extending along the pulley 87. _Thes;bal ance 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
menber 82, is operated to permt the ushing section 29 to he
pressed agai nst the $F§ﬁPuEééee§§eFﬁelﬁaPéFlV@e¢h§°5rBgéﬁhagfBhéewéfthe
brushi ng section_ 29

0Tt G " she pberAR hhald B9 e BEEBIERG-EO0M 1 bl

joined to a dr|V|ng haft 9la.of .a pptor 91 via rei shaft 31, a

pul ley 91c and a®BeffSo¥™ kiR PﬁegﬁgsﬁpfntﬁhPc?hé?rot PPﬁﬁ ghfée of the

motor 91 is 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. 1In this



transmtted 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 30f. An
exhaust tube 30h comruni cates with the inner space of the sleeve 30f to
permt the air within the sleeve 30f to be released to - 16 - the
out si de through the exhaust tube 30h. As shown in the draw ngs, the power
sources of the notors 14A, 91 and the cyrinaérs‘14B, 17, 81, 89 are
connected to the output termnal of the controller 90, with the result 5
that the operation of these notors and cylinders is controlled by the
controll er 90. Afashibe,35heospungeaBidngfwthe brwatlinggskctiod 20ppky
source 92 via a supply pipe 35a is nounted to the arm 30a. A pressure
control val ve 93bisugbtinistiol@ontachewmitsbn thieeentizkerg8§iandotthéheashi ng
l'iquid supply source 92 and, thus, the pressure of the washing liquid
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
surface 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



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
brushi ng section 29 such that the washing |iquid discharged fromthe nozzle
35 is received by the receptacle 36a. As shown in FIG 10, the brushing
section 29 includes a holder 34 which is‘jo@%ed‘to the I ower end 20 of
the shaft 31 via a nounting plate 32. Also, a sponge 33 acting as a
scrubbi ng nenber is detachably nmounted to the | ower end of the hol der 34.

The mounting pl atepddd idlppBidd oft 6 deié thosez Dé W@l idto afhé hvaslgindol es

36b, is fit in the upper liquid 25 receptacl e 36a of the hol der 34.
The upper |i qui dl i@cikptsederdfior cOIuamd atles wltrddenidiraugil Totes 3Ha with
a lower tapered portion 37a. Further, the |ower - 17 -

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 mechanism 5. 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



tapered portion 37a communicates with a lower liquid receptacle 37c via a
supply hole 37b. The washing liquid (pure water) supplied fromthe nozzle
35 passes within the holder 34 so as to be guided into the |lower 5

liquid receptacle 37c and, then, perneates into the sponge 33. Further, the
washing liquid held within the sponge 33_.copgs aut of the sponge 33. The
sponge 33, which should be small in change with tine in properties and
shoul d be soft, is formed 10 of, for exanple, a foamed pol yvinyl

2L oonol (PVA) O LEnFBES PR LRLL <EBHIR phiEks, S o BN BrbleaRhonoe
o T R L T A e T ST
O e ooyt one Mg BEABCKOEE B Ghel SRTES. O RS THEG BSpeacy wish
g’ﬂ’r}Zthfﬁ)Zg ][“rag‘rcnﬁgh%keé' WwOhnBS U8 Nn2Qontacke PR BRErGE po2Rdoliaged smooth
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 100°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



a corner portion. The sponge (scrubbing menber) 33 includes an abutting
portion 33a which is brought into contact with the wafer Wand a
non-cont act peripheral portion 33b which is not in contact with the wafer
W 25 The brushing section cleaning device 24 is arranged in a
hone position (waiting position) apart fromiffhe-spin chuck 21, as already
described with 18 reference’'to FIG 6. As shown in FIG 10, the brushing
section cleaning device 24 conprises an ultrasonic oscillator 38, a washing

liquid reservoir c3dhtaztN@iesgude bekdedn thedsyohldeNd ¥ &hed udthanly ke
cl eaner nenber) 46a. The cl eaner nenber 46a, ich is arranged within'the

washing |iquid resetien 239 ands thel dafeat Worany benmaidd neliifoath Pesirurcheby a
st opper 46b such that the |l ower portion of the sponge 33 is pressed agai nst
t he 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 surface 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
6la 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.



10 i nclined surface of the cleaner nenber 46a. It is desirable for the

cl eaner nenber 46a to be inclined by 30 to 60[err] . 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 per'gdigally washed in. the brushing
section cleaning device 24. Specifically, the washing liquid is supplied
fromthe nozzle 40 into the reservoir 39. 20 Under this condition, the
sponge 33 is revolved on its own axis and pressed agai nst the cl eaner
menber 46a so as to rEwptherhetbeasponget 3édhdtsedft nanshefwashed iLnetBponge
33, thereby cleansing the sponge surface. The cl eansing effect of the
sponge 33 can bePTiRbR@cSertion cleaping) de¥soni ¢4 vialeh @23 RE¥Ifrom t he
ul trasonic wave osci|lator 38 is transmtted into the mashing liquid within
the washing | i qut a1 %0} Fedoby| AR BbRFaFpPyic 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



- 19 - it is desirable for the cleaner nenber 46a to be fornmed of a hard
resin such as pol ypropyl ene and for the surface of the cleaner nenber 46a
to have fine irregularities. 5 FIG 11 shows a brushing section
cl eani ng devi ce 24A having a concave cl eaner nenber 48. In this
nodi fication, the cleaner nenber 48 is fit %@ the washing liquid reservoir
39. Arecess 48a is forned in an upper surfacte of the cleaner nenber 48,
and a 10 di scharge passageway 48b conmunicating with the drain hole 47
is formed within the cleaner nmenber 48. It is desirable for the cl eaner
menber 48 to be farmed of a hard masenisligcheag. poPVYhropyPeReexhibisialbso
desirable for the inner surface of the recess 48a of jhe cleaner 15
menber 48 to havanfimpactregelbi¢n¢esof THR teoh® §hcme oindeér dBberfW washed
in the scrubber nmechanism 23 is further washed by the megasoni c nozzle 26
with a washi ng |¢eiPEeeSEPR egtB§ss. 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/cm?
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



an ultrasonic wave. The negasoni c nozzle 26, which is 20 substantially
equal in construction to the scrubber nechani sm 23, conprises an arm 44 and
a nozzle body 45 nmounted to a tip of the arm44. 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 ultrasoni c wave havingig predeterm ned nunber of
vibration is supplied to the nozzle body 45. - 20 - The rear face

washi ng apparatus 8, which is substantially equal in construction to the
[ront ace wesh 19 RRa" 8 Uend. o ATRRI 5 menbhy oLl % ¢ SR Shyobyd 0 ¢
o e EnEE R TR BRSPS  BE e s o1 oo

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.



menbers 54 and brushing fiber bundles 51 are radially arranged, with a
washing liquid supply hole 53 10 positioned in the center. To be nore
specific, these sponge nenbers 54 are partitioned fromeach other by a
cross (+) - shapedhnis peitiabiBaeh Rgplaedr edet erm ned wi dth. Two of the brushing

fi ber bundles 51 I de by side in each of the four arm portions
of the cross- 15 ce. |If the ¥Yoss-shaped_space is renmopued to
permt the four s 54 to be joined togetNeMHiS tIHEET HASeBEEN

structure is shaped like the sponge 33 shown in FIGS.| 11 agpdpilstepThe ffont
face washing of the wafer Wdiffers frcnnégal g the rlear—face—wastimg—as
follows. Specifically, in washing the fron :¥ace of the wafer W it is
desirable to nove the brushing & APa 944 Qf'@@%taé Lrecthon by
vertically rocking the arn130a‘§f%%outarebo v?%% t%e ?uslﬁ%g SEC?IQH 29 on
its own axis by 25 g éxﬁm%n&@ktf@r%mmgIé\n&hﬁoéé@mgf@%ﬁ@@meg, a
very subtle contact of the sponge 33 (scrubbing nenber) wth the wafer
surface is requiwged in order to prevent the

5 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 éontact
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

AR



- 21 - filmquality on the wafer surface from being adversely affected. To

neet this reunHeME&UhsbaﬁR qggring section 29 is reciprocated between the

central portion portion of the wafer Wwi thout 5

revolving the b iLﬁ:ZQ on its own axis. \Wen it-cores—t e
rear face washing, ; e brushing segfion 29 iH—HSe‘ﬂ‘lﬁﬁﬂ'd@&% EEE@tween
the central portion and a peripheral portion of the f er RAPWGHEDe revadl vi ng
the brushing section 29 on its own axis so 10 as-t-e—-temove conpl etel y

the foreign matter strongly adhered to the rear face of the wafer W \Were
a mechani cal chU¥Q1RUHAT & rRetidhera Baowkien 'af dhg lsamdtbinis maenper
enployed in the spin chuck 21, a periphery of the wafer is held by the

chuck, 15 witth FHY s tthare dieensioRahdiasridensdandfd™ sur f ace i s

not adversely affected. Fbmgger, i.n the
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

* c L M S *



case of enploying a vacuum suction systemin the spin chuck 21, the film
quality on the suﬁkémmsﬂk&ggﬁzof the wafer Wtends to be adversely

af fected. Such bei “Placeit yation, it is desirable to deternine
appropriately the ﬁ%lﬂbﬂﬂ; the spin chuck 21_in each-of-+he—front
face washing and the r shing. Spegjfi- chiTHS SHEETadAGMBEENCK i on
system and a nechani cal chuck system shoul e enphoyed pppiADEDfront} face
washi ng and 25 the rear face washing, respecti\ely—-=aAttertalively, a
mechani cal chuck system shoul d be enployed in each of the front face
washi ng and t he toegd afiacd ,wadiginegg.n said Zrrubbinchimembese indweles , t he
rear face washing should be performed first, followed by performng the
front face washien@lupplify OfosPomge PREHINE icapddlicoOfe PHMSHLIHE rear

face washing, the filmaquality on the front 5 . face of the wafer Wis
unlikely to be &¥ésddng liquid, and a plurality of brushing fiber

bundles interposed between adjacent sponge portions.

5 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 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.

15 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.

20 12. The substrate washing apparatus accordiﬁg 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

LR



affected. |In wagss “kace of the wafer Wby using the washing
apparatus 7, th ken out of the cassette Cin the cassette
station 2 by th mechani sm 3. The st
hol di ng t he wafer |s m)ved to a wafer-delivering ﬁcmqg ISBIEE TMHASEBERNE} Waf er
Wis aligned and, then, delivered to the Tead%h -arm mgchani he

subsequent steps are dependent on whether to perforr shi ng
al one or 15 whether to performthe front face washing and the rear face
washi ng consecutdléghy .1 1Therheadesim Wadied ¢ lnarddienaiday BuHEmni iS58 fudss

| oaded into the washing apparatus 7 through the door 27, which is opened,
and noved to a @osidlitrasadmive wadve ol PAstor fuwdp@yinglhan, ulitm-ain arm
mechanism5 is noved downward to permt the wafer Wto be delivered onto

t he spin chuck ZbniwWaneeddyhewarghinege hieguidirvn theighdifieswebshoiutg of t he
washi ng apparatus 7 and cl osing the door 27. At the sane tine, the cup 28
I's noved 25 vVigsgsld to surround the wafer W In this step, the spin

5 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-
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 surface
of the substrate.
15 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 surface 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;

Y g



chuck 21 holds the wafer Win a horizontal posture with the front face

formng the 65%5 §c1(95 exanpl e, 23 the Bernoul li effect is
utilized for er W The wafer VVheId—U 21 is
revolved on it t he spin chuck 21. Und @Egﬁﬁ@tstew a
washi ng I|qU|d romthe nozzle 55 - to aRﬁFMW%Qerntn d

position near the center of the wafer Wheld by the Spr n chuck 21. As a
result, the washing liquid is centrifugally spread over the entire surface

regi on of the wafer Vi%gnﬁgghg§gga ughgg%gé%?o hnga tﬁgl“ chuckh:n t he next

step, the scrubber s opera dcFub entirTe Front face

of the wafer W Speci{Lfabbyacih debi 88hatted2opahuded ih the spiybber

mechanism 23 in its ing posifion is noved upward to upheave the Sponge
33 formng the |oNgk;

(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 surface
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,
the washing liquid being spurted ocutward from inside
the scrubbing member during revolution of the scrubbing
member in the waiting section so as to remove stains
from the scrubbing member.

25 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

O g



15 portion of the brushing section 29. Then, the driving shaft 42 is
rotated to swwng the arm 30a in the countercl ockw se direction (CCW so as
to nove the brushing section 29 to a position above the wafer Wsuch 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 noved downwar d6te permt the sponge 33 to be
brought into contact with the wafer surface. In the next step, the arm 30a
is swng in the 25 cl ockwi se direction (CNV to nmove the brushing

section 29 frompleegenhes §auai o2 BELERNThN BholNen BhEr Wi phgh T kent

revol ved on its own axis. I on e sponge 33 of the
brushing sectioge2fibs, baﬂaghﬁphBEQngoahaait%hsanieewsoglEe tg@i on of the

front face of the wafef Wso as to wash the entire
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.

\aced
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region of the front face of the wafer W 5 It should be noted that
the I ower abutting portion 33a of the sponge 33 is hem spherical. As a
result, the contact pressure of the sponge 33 with the wafer surface can be
kept constant even if the arm 30a of the scrubbing nechanism 23 is sonmewhat
i nclined, as shown 10 in FIG 16, making it pops BHEET GiABBRENUNI fornly
the entire front face of the wafer W Al s0,3% he fnon- CQQHQQEDperiphera
portion 33b is not included in the | ower abutti ng—pertier—sda—ef—the sponge

g

33 and, thus, the contact pressure is not excessively increased 15

locally in the sponge 33. t e S evented from
bei ng severely stained | o@zﬂﬁtﬁ‘y}{.ﬁ%ﬁg #ﬁ: Doguz‘?hl ng ope&g{clibn%){revol ution of
t he brushing section 2 lﬁiﬁﬁ?ﬁg) s WM t LAhig shaft 42
upward so as to upheav‘%ﬁt he rusﬁlﬁqr%)g:jp%11 _ Cﬁsdeﬁc/t I on ]28; é_ejlﬁlfwit‘rﬂe driving

shaft 42 is rotated t0 sSWMdG-4He IR B0R dppd Heedd OCkuhse: diAgchi 89iACW so

as to nove the brushing section 29 to a position above the brushing section
cl eani ng devi ce gtthcK AJOWRA dhdidGotating a substrate W, a

5 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 its
own axis together with rotation of the spin chuck, a
washing liquid supply mechanism for supplying a washing

10 liquid through the brushing section onto the washing
surface of the substrate, a pressure control mechanism
for controlling a pressing force of the scrubbing
member against the washing surface of the substrate,
and a moving means for moving the scrubbing member

15 relative to the substrate in a radial direction of the
substrate, wherein the scrubbing member includes an
abutting portion which is brought into contact with the
washing surface of the substrate, and a non-contact
peripheral portion positioned about the abutting

20 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 substrate.

Has Been Replaced
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downward the driving shaft 42 to permt the brushing 25 section 29 to
be brought back to its waiting position in which the sponge 33 fits inside
t he brushing section cleaning device 24. Under this condition, a washing

- 25 - liquid is supplied fromthe nozzle 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 waitinggosition, the washing apparatus 7
i s capabl e of perform ng the washing operation of the wafer Weffectively.
During the sponge washi ng operation described above, thpyashing liquid is
supplied fromthe nozzle 40 into the reservoir 39. I ncidentally, the
sponge 33 can be washed nore effec- tively, if alwa§hing liguid is al so
supplied fromthe nozzle 35 to all ow t he washipg—iicets

FIG. 1
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I nside the sponge 33 toward the outside so as to effectively renove the
dust or the like fromthe sponge 15 surface. Upon conpletion of the
washi ng 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

ul trasonic wave. Wien the front face washing is finished, the cup 20 28
and the door 27 are simultaneously noved2adgwnward, and the wafer Wis

unl oaded fromthe front face washing apparatus 7 by the main arm nmechani sm
5. Since the front face of the wafer Was unl oaded faces upward, the wafer
Wis inverted in the inverting device 10 to cause 25 the rear face to
face upward. Further, the inverted wafer Wis Ild3ded in the rear face

FIG. 4
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section 50. The scrubbi ng nenber 54 includes an abutting portion 54a which
is brought into contact wwth the wafer Wand a non-cont act peri pheral
portion 54b 5 which is not in contact with the wafer W During the
brushi ng operation, the contact pressure of the brushing section 50 with
the rear face of the wafer Wcan be kept constant even if the arm
supporting the brushing section 50 is sonewhat inclined. 10 Si nce the
contact pressure is kept uniformover the entire contact region between the
brushi ng 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
Wis rotated at a high speed to centrifugally renove the residual washing
liquid fromthe wafer Wand, thus, to d/8the wafer W Then, the wafer Wis
| oaded in the heating device 6 by the main arm nechanism5 and dried 20

by heating in the heating device 6 at 100[err]C for about, f exanpl e, 30

seconds. After the drying, the wafer W .
) O

. L.
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is delivered by the main arm nmechanism5 onto the sub- arm nmechani sm 3 and,
t hen, brought back to the cassette C by the sub-arm nmechanism 3. 25

In the enbodi nent descri bed above, the tip portion of the sponge 33 which
is brought into contact with a wafer is shaped hem spherical. As a result,
t he - 27 - contact pressure between the sponge 33 of the brushing
section 29 and the wafer Wcan be nade uniformover the entire contact
region even if the arm 30a supporting the brushing section 29 is sonmewhat
inclined. Also, 5 the tip portion qp t he sponge 33 has a snpoth surface
free froma corner portion. It follows ﬁat, even if the sponge 33 in
contact with the wafer Wis inclined, the sponge surface is prevented from
bei ng severely stained locally. 10 The shape in the tip portion
of the sponge 33 is

: -
8!
23 21
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29 45
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Vo, e

NN
FIG. 6



not particularly limted as far as the tip portion projects outward to form
a convex configuration. For exanple, a columar sponge 61 having a roundi sh
surface in only the | ower peripheral portion 616 as 15 shown in FIG 17
can al so be used satisfactorily. The scrubbi ng nenber 61 includes an
abutting portion 6la which is brought ing? contact with the wafer Wand a
non- cont act peri pheral portion 616 which % not in contact with the wafer

W This is also the case 20 wi th 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 spon 33 inits waiting position such that the supplied
liquid flows frominstde the sponqe 25 33 toward the outside, making it

a2 B Toct e a2 3, 2y et e e s
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- 28 - 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 inproved cleaning effect. Wat 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 ifgggwaiting position, the washing

ef ficiency of the wafer can be inproved. 10 Still further, the
swel l'ing degree of the sponge 33 can be controlled by controlling the

supply pressure of the washing |iquid t he sponge
33. It follows that the contact press between the 4Fpnge t he
waf er Wcan be controlled 15 as desired by controll'i nigy t hg supply
pressure of the washing liquid into the sponge 33. For facHLi ating the

r—3

control of the swelling degree, it is desirabfje 3% non-perneabl e
material for formng the sponge 33. AIE&#Bg IiMeliyf it i1s also desirable to
use a scrubber
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20 71 of a double layer structure consisting of an inner |ayer forned
of arelatively hard first sponge 72 and an outer |ayer consisting of a
relatively soft second sponge 73, as shown in FIG 18. The scrubbi ng nmenber

73 includes an abutting portion 73a which is brought 25 i nto cont act
with the wafer Wand a non-contact peripheral portion 73b which is not in
contact with the wafer W The first spony® 72 shoul d desirably be - 29

- formed of a hard material, e.g., PVA or PVF exhibiting an inpact

resilience of 80 to 90 g/cnferr] under 30% of conpression stress. Also,
t he second sponge 73 should desirably be fornesc a soft material, e.qg.,
PVA or 5 PVF exhibiting an inpact restTience of "2 to 30 g/cn under

30% of conpression stress. In the enbogd S a
sem conductor wafer is washed by scrybbing. However, othe
33
FIG. 12 "

53

FIG. 13




substrates such as an LCD substrate can al so be washed 10 by scrubbi ng
within the technical scope of the present invention. As described above,
the present invention produces prom nent 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, nmaking it possible8/8 maintain a desired contact
pressure over the entire contact region and, thus, to obtain a desired
washi ng effect without fail. 20 Al so, the scrubbing nenber has a
snoot h 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 confact™Nui epubstrate. It follows that the scrubbing
menber is 25 pr ¢vent ed from bgr éaseverely stained locally even if the
contact region is igeb ; the dust or the like attached to the

33

FIG.

FIG. 18



e f ace QF A RECEE RIBBI( R Tre hmplicatiamnNd 872ed away by the washing
pf Bnfroking it possible to maintain a high cleanliness of the scrubbing
merftb@ " Further, since the swelling degree of the 5 scrubbi ng nmemnber

C%G}Q@%};{DI‘AWM{:?‘OHI rolTrng the supply pressure of a washing T'rquid,

t 1s possible to confraol the contact pressure hetween the substrate and

tihe scrubbi ng nenber. Further, since the scrubbing nmenber itself can be 10
was he h RBATA BU RS KD ME THQD) 80BX@IASSHINGY SHBSTRAT&Soni ¢ wave, the washi ng
gf fect of the scrubbing menber can be further increased. Further, since th
Scr ubli RE,IBRIDGLSIGAD BEardRE NESEPARRN ot Hifn %ﬁﬁdkbpll')‘gfof:'fﬁﬁnﬁﬁ%\!aﬁd I1Btahihg Aval tin
Rost { i-Olurate vy, o bASMESNGE SPRAY ] HE6RD PEIRELALETE! (55 g Y5 ST |

v e

I&g%gg\[}%@ﬁis k?éo%é% HE € ttagtl Rith gﬂgefshmg surface of the su Isrt?r%tevﬁe?(f Shthd ’Qﬁn Sc%&clf(bbl no
] )
[

(21} and revolved on its own axis together with rotation of the spin chuck (21), a washing
liquid supply mechanism (92,93) for supplying a washing liquid through the brushing section
(29,50,71), onto the washing surface of the substrate, a pressure control mechanism (80,90)
g. for controlling a pressing force of the scrubbing member against the washing surface of the
i substrate, and a moving means (41) for moving the scrubbing member (33,51,54,61,73)
relative to the substrate in a radial direction of the substrate, wherein the scrubbing member
(33,51,54,61,73) includes an abutting portion which is brought into contact with the washing
surface of the substrate, and a non-contact peripheral portion (33b,51b,54b,61b,73b)
posttioned about the 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 substrate.

Figure 8.
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effectively. Additional advantages and nodifications will 20 readily
occurs to those skilled in the art. Therefore, the invention inits
broader aspects is not limted to the spacific details and representative
enbodi nents shown and descri bed herein. Accordingly, various nodifications

my be maderdthiRUH 1APaTdHeHa Srfohs AR the spBhasd 104, FEROR (Glovdthat,

general inventive concept as defined by the appen clainms and thelr

equi val ent s 3 : t | g | sing: a
spi n chuck ?3’?9%90%%%%@141'”&45’?%&3’ r{g@%é{e‘r@ﬁ? %’@Q%BBE%!? %@E@m ng
section incl yudi scrupbi.ng nenber. which is brought into contact wth a
washi ng sur?geléﬂgﬁ?%‘ﬂa&m%gersa?r@ ﬁ@!n\ggon sai d spin chuck and revol ved on
its own axis together with rotation of the spin chuck said scrubbi ng nmenber

havi ng a sponge t hrough WBRIERSUMMARY QF Tﬁ&/&NVENTION

5 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 from being locally
concentrated and permits allowing a substrate-contact portion of the scrubbing
member to be kept clean.

10 According to an aspect of the present invention, there is provided a
substrate washing apparatus, comprising:

a spin chuck for holding and rotating a substrate W;

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

15 revolved on its own axis together with rotation of the spin chuck said scrubbing
member having a sponge through which a liquid can flow;

a washing liquid supply mechanism having a liquid introducing port for
supplying a washing liquid through said brushing section onto said washing
surface of the substrate said liquid introducing port communicating with the

20  sponge of the scrubbing member;

a pressure control mechanism for controlling a pressing force of said

scrubbing member against the washing surface of the substrate; and

a moving means for moving the scrubbing member relative to the

substrate in a radial direction of the substrate, . _
- REPLACEMENT SHEET
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a washing liquid supply nmechani smhaving a |iquid introducing port for 10
supplying a washing liquid through said brushing section onto said washi ng
surface of the substrate said liquid intraducing port communicating with

t he sponge of the scrubbing nenber; a pressure control mechanism for

control ling a pressamatihgpoetiorf whithds SecudHtiing contds witOegasHiRg suAasa N9
surface of the substrate; and 15 a noving neans for noving the
scrubbi ng ney¥ees siiBstphfeve to the substrate in a radial direction of the
substrate, wherein the $ponge includes: an abutting portion which is

brought into cont ] . hi ng.,surface of the. substrate: 20Q. a
non- cont act peri @ﬁﬁ#’%'l 0bgarc& EEH%%FE? ngw&f)ozf‘ﬂ)t&ﬂedsaﬁod’t33@?@%“%89&% and
formed not to contagt th hj f th bstrate when th
abut Li ng. porKGRTMEdint &8 APREE e WEEHASRHERPR GT Ui FARSE 266 WIGB thebst r at e,
sai d non-contact peripheral portion and the abutting portion formng a
curved sér f &betttinghpomippligdEsemaciomtirthe washing surface of the substrate, said

non-contact peripheral portion and the abutting portion forming a curved
surface; and

whereby the washing liquid supplied by the washing liquid supply
mechanism flows from the liquid introducing port through the inner portion of the

10  sponge to swell the sponge, and, then, flows out of the sponge surface,

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,

wherein cleansing means, positioned apart from said spin chuck, are

15 configured for washing the scrubbing member while the scrubbing member is in

its waiting position, |

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.

20 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, 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 ..

25  member and the washing surface of the substrate.




32 whereby the washing liquid supplied by the washing |iquid supply

mechani smflows fromthe liquid introducing port through the inner portion
of the sponge to swell the sponge, and, then, flows out of the sponge
surface, wherein said brushing section i 21 udes a hol der for hol ding said 5

scrubbi ng nenberit gndesiratiefor theisp@alﬂé poptiordofthederubing htambari tohd he
scrubbi ng nenber on its own axis, erein cl eansi ng neans, positioned apart

from sai d spifedidsoatied 58 fsih Ui186hdI QPVIB DR B akies s&wmmﬂnéﬁmf. . ile

t he scrubbing nmember is 1n | Iting posi'tion, 10 erein sai

cl eansi ng neans | nel . i Ng,ve r I Vi i jquid and a
cl eaner nenber AQDﬁFﬂﬁggggdﬁﬁ%phﬁhg*%%ﬁﬁﬁ%Pﬁ%%ﬁéhggpﬁaﬁggpbgﬂabgﬂgits own
axis for cleapsing the scrubhing nmenper. 2.  The substrate shi ng

e at us. AXATBR 5EKBON TS T e gottheswellng Seares A 4 BaEAPGG por ti on
and sai d non-contact peripheral portion of the scrubbing nenber is curved
in three dimembasiy Vawmgdhwu@pﬁ'cprﬁ&wleaambfﬂmt@ﬁﬂﬂif@dhaﬂoﬁtﬁd& The
substrate washi ng apparatus according to claim1, wherein 20 each of said
abutting popreissureaofitheavakshiog meonibercdggiestithbsubbtrater t i on of the scrubbi ng
menber is shaped to forma hem spherical or pseudo hem spheri cal
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configuration. * C L M S * 33 4. The substrate washi ng appar at us
according to claim1l, wherein said non-contact peripheral portion of the
scrubbi ng nenber is fornmed integral wi th3said abutting portion. 5 5.
The substrate washi ng apparatus according to claim1, wherein said
non-cont act peripheral portion of the €LAIMBIi ng nenber consists of a
plurality of divided regions. 6. The substrate washi ng appar at us
according to claiml1l, wherein 10 said sponge portion includes an inner
sponge menber receiving the washing liquid supplied fromsaid washing

liquid supply nmegns, ang, rﬁéWShmﬁgﬁaM%mef@ct han sai d inner

sponge nember. 7. The substrate |ng.apbar ording to claim1,
bermoating a vash o eryek i g eleBiinge SoSRENG T ber bundres
nter pos? d bet We%nbrﬁcsi{'\%%esnetctigﬁ?rglrg&digarat écg'ﬂgbing 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 said scrubbing
member having a sponge through which a liquid can flow;
a washing liquid supply mechanism having a liquid introducing port for
10 supplying a washing liquid through said brushing section onto said washing
surface of the substrate said liquid introducing port communicating with the
sponge of the scrubbing member,
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 sponge includes:
an abutting portion which is brought into contact with the washing surface
of the substrate,
20 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 substrate, said

non-contact peripheral portion and the abutting portion forming a curved

surface; and
REPLACEMENT SHEET
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8. The su

cl eaner nenber is an inclined plate arranged within said washi ng vessel.

bstrate washi ng apparatus according to claim11, wherein 20

sai d
9.

The substrate washi ng apparatus according2to claim1, wherein said cleaner
menber is a block having a recess capabl e of housing the scrubbi ng nenber

w t hi n the washi ndevelsyste whsHihd lihid supplied 'bylithewashing Beuid @upplihe
substrate washi ng apparatus according-to claim1l, wherein said cleansing

means furt hﬁ{edh@ﬁlslrhﬁ"ﬂéw%rfrdmTtﬁé‘ﬁ@ﬁlﬂ‘inff@dmﬁ:lﬁg; 9bh|tﬁﬁo%@hftﬁé lrﬂfé?'ﬁdrf'&\ 8f'ithe
uItrasonlc wave to the washing liquid within the waShing vessel

The su
mashlng liq
variably co

aPnds, o PGB R SRR Jﬁ%ﬁ""é%ﬁ%é?ﬁ%@ Sihge e i'e”f or ¢

substrat e MEEL?LBV'@S LB B Belliet %V*’é‘$rjpfﬂeww“q‘§'%eo#§r. i ng

control neans for control I IQS? t he pressure control mechani smso as to
a

control fhe
depending o

SEIUbSH 91@1 e
n the kind of the washing surface of the substrate.
member on its own axis,

wherein cleansing means, positioned apart from said spin chuck, are

. configured for washing the scrubbing member while the scrubbing member is in

10

15

20

its waiting position,
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.

2. The substrate washing apparatus according to claim 1, wherein
each of said abutting portion and said 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 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.

shaftines ke saidalérrifontrMaldRg ihﬁaS@Ubbtﬂgat e
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13. A nethod of washing a substrate, conprising the steps of: 15

(a) arranging in a waiting section a scrubbing nmenber including an
abutting portion which is brought into c#tact with a washing surface of
the substrate, and a non-contact peripheral portion positioned about said

abutting portion4and Themsshate washingtapphratbs asestdintptoselaingd ewhkrdihe
substrate when the abutting portion is in contact with the washing surface

of the subs§gigtfdn-sahtdcSeriphirhl ﬁméﬁ@r mn%g?b?@gnﬁéhwmrmaa%@ rdf a

spin chuck and provided wth a cleaner ne renovi ng stains from said

scrubbi ng [ . .1 he scrubbi ng nmenber; (b) nounting a
substrate gﬁﬂggﬁb& ggﬂqﬁgﬂ%ﬁé&(c) rotating said substrate together with

t he spin chuck; 35/ 36 (d) novi ng the scrubbing menber fromthe waiting
section to an operating section near the substrate to permt said abutting
portion of the scrubbing nmenber to be brought into contact with a washing
surface ©f the rbtati njesubstraie washing appgptys ageerdingsia ¢lgim il gwharainr ough
the scrubbing 5 nenber onto said washing surface of the substrate;

said non-contact peripheral portion of the scrubbing member consists of a

plurality of divided regions.

6. The substrate washing apparatus according to claim 1, wherein
10  said sponge portion includes an inner sponge member receiving the washing
liquid supplied from said washing liquid supply means, and an outer sponge

member softer than said inner sponge member.

7. The substrate washing apparatus according to claim 1, wherein
15 said sponge includes a plurality of sponge portions capable of permeating a
washing liquid, and a plurality of brushing fiber bundies interposed between

adjacent sponge portions.

8. The substrate washing apparatus according to claim 1, wherein

20  said cleaner member is an inclined plate arranged within said washing vessel.

9. The substrate washing apparatus according to claim 1, wherein

said cleaner member is a block having a recess capable of housing the

scrubbing member within the washing vessel.
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(e) novi ng the scrubbing nenber relative to the substrate in a radial
direction of the substrate while the abutting portion of the scrubbing
menber is in contact with the washing sud4ace of the substrate so as to
have the washing surface of the substrate scrubbed with the abutting

portion; and 10 10. Thé)substratengashing lappacatub bicogrdiretecslaiat  ewhehein
scrubbi ng operation back into the waiting section and rotating the

scrubbi ng nesigaye niézmsthaxin_@:lddésw&lﬁa&o%%@%étnrdt&%ﬁ%g fHRer of
the waiting section, the washing liquid being spurted outward fr | nsi de

the scrubbi gg  WeIWe: ' i 8 I er in the

wai ting sec?llqon SO é%%&é?@%%é@%ﬁ@gﬁ@uﬁ\(/)vsntqhﬁ\ntgﬁl s”yﬁ I'ng menber. 14.
The net hod of washing a substrate according to claim 13, wherein said step
(f) further conprises imrersing the scrubbing nmenber in a washing liquid

housed in a washing vessel included in the waiting section, and inparting
20 an Ul trasoni ¢ wavédhesubsitatewashigd iarparaiusiecapiinthie ¢laigmi nywheeinel

whil e supplying a fresh washing liquid into the washing vessel.
said washing liquid supply mechanism includes a pressure control valve for

variably controlling the supply pressure of the washing liquid.

12.  The substrate washing apparatus according to claim 1, further
10 comprising control means for controlling 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 surface of the substrate.

13. A method of washing a substrate, comprising the steps of:

15 (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, 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 substrate, said

20  waiting section being positioned outside of a spin chuck and provided with a
cleaner member for removing stains from said scrubbing member to cleanse the
scrubbing member;

(b)  mounting a substrate on said spin chuck;

(c) rotating said substrate together with the spin chuck;
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15

20

.35/36

(d)  moving the scrubbing member from the waiting 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 surface 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 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
contact with said cleaner member of the waiting 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.

14. The method of washing a substrate according to claim 13, wherein
said step (f) further comprises immersing the scrubbing member in a washing
liquid 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 vessel.

(AN Ll
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