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-1 DESCRIPTIONSUBSTRATE CLEANING METHOD AND
COMPUTER READABLE STORAGE MEDIUM Technical Field 5 [0001]
The present invention relates to a substrate cleaning method for
suppressing static build-up on a substrate, such as a semiconductor
wafer, and a computer readable storagg medium for controlling a 10
substrate cleaning apparatus to conduct this substrate cleaning method.
Background Art [0002] For example, in the process of manufacturing 15
semiconductor devices, a cleaning process is performed on a
semiconductor wafer, as nebeglgdg tépk%elp tﬁeﬁ&rfa@céqof the

semicondusteravater clean: dpny B ate ARPIN. KOKAbRbblicatian Nos1 =
2003-168670 discloses a cleaning process of the single-wafer type, in

which?2&&emitsiditior wafers are processed one by one, as follows.
Specifically, purified water is chlan ed.int iStdE an inactive gas to
obtain a fluid (i.e., a fluid of a s063cczngilrlnelcff’iv(\;o?flluf3 t})é/pe) . The fluid thus
obtained is[supplied onto the surface of a 25 semiconductor wafer, while
the semiconductor wafer is_rotated, to remove particles and so forth from
the surfacéTherm ShfitledWafdIié Suppfidd bafo the & substrate

cleaning method for suppressing static build-up on a
substrate, such as a semiconductor wafer, and a
computer readable storage medium for controlling a
substrate cleaning apparatus to conduct this substrate
cleaning method.

Background Art

[0002]

For example, in the process of manufacturing
semiconductor devices, a cleaning process is performed
on a semiconductor wafer, as needed, to keep the
surface of the semiconductor wafer clean. Jpn. Pat.
Appln. KOKAI Publication No. 2003-168670 discloses a
cleaning process of the single-wafer type, in which
semiconductor wafers are processed one by one, as
follows. Specifically, purified water is changed into
mist by an inactive gas to obtain a fluid (i.e., a
fluid of a so-called two-fluid type). The fluid thus
obtained is supplied onto the surface of a
semiconductor wafer, while the semiconductor wafer is
rotated, to remove particles and so forth from the

surface. Then, purified water is supplied onto the
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- 2 semiconductor wafer to perform a rinsing process thereon. Then, the
semiconductor wafer is subjected to spin-drying. [0003] 5 However, this
cleaning method increases the absolute value of static build-up voltage
generated on the cleaned semiconductor wafer. Due to this voltage, the
semiconductor wafer itself may be broken, or circuits formed on the
surface of the semiconductor 10 wafer may be damaged. Disclosure of
invention [0004] An object of the present invention is to provide a

subsoiggitgcgggﬁigg JI?GE&LPPJP? gagr%ljg)é)ress static 15 build-up on a

substrate, such as a semiconduct er. Another (:)ngcéc%? eesﬁresent
inventiondsito pravide a compusern ieadable storage srediymsysed foran+
apparatus to conduct this substrate cleaning method. [0005] 20 In the
procEsS BT delEIhing the present invention, the inventor made an
assiduous g{gyﬁs to when static build-up was caused on semiconductor
wafers in cleaning processes. As a result, the inventor has arrived at
findings suéhithatthe statie build=tpi leyehiscmest 25 greathy: influenced by
the processing time of a rinsing process step and the rotation number of

the SRMMEBREUDT Wafsrused at thiStildél-up voltage generated on

the cleaned semiconductor wafer. Due to this voltage,
the semiconductor wafer itself may be broken, or
circuits formed on the surface of the semiconductor
wafer may be damaged.

Disclosure of Invention

[0004]

An object of the present invention is to provide a
substrate cleaning method that can suppress static
build-up on a substrate, such as a semiconductor wafer.
Another object of the present invention is to provide a
computer readable storage medium used for an apparatus
to conduct this substrate cleaning method.

[0005]

In the process of developing the present invention,
the inventor made an assiduous study as to when static
build-up was caused on semiconductor wafers in cleaning
processes. As a result, the inventor has arrived at
findings such that the static build-up level is most
greatly influenced by the processing time of a rinsing
process step and the rotation number of the

semiconductor wafer used at this time.



10

15

20

25

3 - [0006j According to a first aspect of the present invent_ion, there is.
provided a substrate cleaning method comprising: supplying a two-_flwd,
high pressure 5 jet water, or mega-sonic water onto a substrate, while
rotating the substrate in an essentially horizontal state, thereby_
processing the substrate; and then rqtat}pg jhe su_bstrate ata hlgher
speed than that used in supplying the two-fluid, high pressure jet water,
or 10 mega-sonic water, thereby drying the substrate, after gtopplng
supply of thFoWé luid, high pressure jgt water, or mega-sonic water, .
wherein the method comprises no rinsing process using purified water in

a period afterstepping supply ef the:twarfluid, high 15 pressure jet water,

or mega-sonic water and before rotating the substratg at the high_er
speetf JOOFAPThe Sabstrate deanihgarethosbactording tolthen first

. o 2 ionally
asp include a rinsing process step, 20 vyh[ch is conventiona \
cong%eggggazgé& Eﬁﬁéggéngé@é. Eohventionaly, itiscomhghnpressure

thougkt: by-persons skilled-in the art that a:progess ysing.a wg-fluid,or |
alternatively using high pressure jet. water or mega-sonic cle_anlng water
(the S fiGiS Wil 25°pé éBRéctivety feferredae s cledning fluid'zontal

hereinalter) shauld s fallowe. by 4 insing process, using purified water.

One of the reasons for thi
rotating the substrate at a higher speed than that used

in supplying the two-fluid, high pressure jet water, or
mega-sonic water, thereby drying the substrate, after
stopping supply of the two-fluid, high pressure jet
water, or mega-sonic water, wherein the method
comprises no rinsing process using purified water in a
period after stopping supply of the two-fluid, high
pressure jet water, or mega-sonic water and before
rotating the substrate at the higher speed.

[0007]

The substrate cleaning method according to the
first aspect does not include a rinsing process step,
which 1s conventionally considered as being
indispensable. Conventionally, it is commonly thought
by persons skilled in the art that a process using a
two-fluid, or alternatively using high pressure jet
water or mega-sonic cleaning water (these fluids will
be collectively referred to as “cleaning fluid”,
hereinafter) should be followed by a rinsing process

using purified water. One of the reasons for this
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- 4 resides in that a rinsing process is indispensable in brush-scrub
cleaning, which was in the mainstream before processes using the
cleaning fluid described above have been adopted. Even though process
modes 5 have been changed from brush cleaning to non-brush cleaning,
persons skilled in the art still follow the process steps of brush-scrub _
cleaning, without considering omission of the rinsing process. Further, it
is commonly thought by persons skilled in the art 10 that, where a rinsing

progess;using pyriigd water is. performed, particles and so forth , | .
contained in a purified water film on the substrate are removed, o the

cleaning: aecuracy is improveg, [0008}n1% Howeven, acearding ta the
inventor's study in detail on cleaning process steps using the cleaning
fluidCGStr b Q567 Hhe FSifowing tratterRad beeh L sénfimssd:r 1 bed

Spegifically ;sigee aauocess ysing such,a cleaning fluid itself comprises a
purified water 20 process, a rinsing process using urified water _
performedithereafter cannotimprave the accusadyni remeving-padicles
and so forth. [0009] On the other hand, it has been confirmed that a 25
rinsing BYOtREs pRITOAMRT thsrdatet bihgs shdut'arsieffect sliththane

static-buildsup is develgped an. the substrate. Fyrther, & [insing process

performed
considering omission of the rinsing process. Further,
it is commonly thought by persons skilled in the art
that, where a rinsing process using purified water is
performed, particles and so forth contained in a
purified water film on the substrate are removed, so
the cleaning accuracy is improved.

[0008]

However, according to the inventor’s study in
detail on cleaning process steps using the cleaning
fluid described above, the following matter has been
confirmed. Specifically, since a process using such a
cleaning fluid itself comprises a purified water
process, a rinsing process using purified water
performed thereafter cannot improve the accuracy in
removing particles and so forth.

[0009]

On the other hand, it has been confirmed that a
rinsing process performed thereafter brings about an
ill effect such that static build-up is developed on

the substrate. Further, a rinsing process performed



10

15

20

25

- 5 thereafter brings about another ill effect such that the entire
processing time of the substrate cleaning process becomes Ionger, so the
throughput of the cleaning apparatus is deteriorated. The invention 5 _
according to the first aspect solves these problems. Specifically, the static
build-up is suppressed, and the throughput is improved. [0010] Fur_ther,
the conditions of processes using such a 10 cleaning fluid were reviewed
on the basis of the finding described above, and it has been found that the

bsal I i ild-up voltage generated in_these processes
35;%%%5%%46%%93{%%%1 %ggr%%(ﬁ?tinﬁﬁgﬁ%é’é bf/ﬁti%eesfc%a%ﬁﬁ\g) élﬁge& Bt the

cleaning fluid 1Zesypply nozzie;and the substratesotation, AUMbRL 4y i ng
Accordingly, in order to further suppress the static build-up, the substrate

cleaRingmethAif SEEGHING I he fifst ddpfect Praybbrrtarnged; as

follow ecifically, the method comprises rotating the 20, substrate at a
rotatioisri3 %ﬁmbgergpﬁr}é?e'raﬁﬁ/ of 1%0 %V)D §66 Orli)ar?l,eéarid m%elr% plrIéYeerréBILyOSf 300

to 660 rpmdwhilet supplyingithetcleaping:fluid. The method preferably: .
comprises causing a sgC%ply point of the cleaning fluid onto the substrate

to travélin B fattidl dirdctionoros- thePaubsirate, Wwhile Settirp a trhveling
spe%gf%&y%%{l@oipg of the ¢leaping fluid to he higher at a central

portion of the substrate than at a peripheral

[0010]

Further, the conditions of processes using such a
cleaning fluid were reviewed on the basis of the
finding described above, and it has been found that the
absolute value of static build-up voltage generated in
these processes using the cleaning fluid is greatly
influenced by the scanning speed of the cleaning fluid
supply nozzle and the substrate rotation number.
Accordingly, in order to further suppress the static
build-up, the substrate cleaning method according to
the first aspect may be arranged, as follows.
Specifically, the method comprises rotating the
substrate at a rotation number preferably of 100 to 900
rpm, and more preferably of 300 to 600 rpm, while
supplying the cleaning fluid. The method preferably
comprises causing a supply point of the cleaning fluid
onto the substrate to travel in a radial direction of
the substrate, while setting a traveling speed of the
supply point of the cleaning fluid to be higher at a

central portion of the substrate than at a peripheral
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- 6 portion thereof, so as to equalize a processing time per unit area over
the substrate. Alternatively, the method may comprise causing a supply
point of the cleaning fluid onto the substrate to travel in a radial 5
direction of the substrate at a constant speed, while setting a rotation
number of the substrate to be higher_fogthe supply point being present at
a central portion of the substrate than at a peripheral portion thereof, so
as to equalize a processing time per unit area over 10 the substrate.

[0011, According to a-second aspect of the present invention, there is

- u a Rroc T
provided a substrate cleaning methodegomprlsmg. 15 processm% a
substeatehyi use ot a predetenminedeleaning liquid;-supplyingpurified, .
water onto the substrate, while rotating the substrate in an essentially
horiZGTitAP StARY tEFBNY petHoiftig Ainsifg process drd 20 rotating the

substrale:ala higfier snaeddhan hat,used n supphing g rinsing ;.
process, thereby drying the substrate, wherein the method comprises
causihgecsupplyopoirit of the purified waterontorthessubsiiate 0 2B 1i1e
travel in a radial direction of the substrate in performing the rinsing
Kxoé%%%Fiaglﬁ;rotatlon number of the substrate to be higher
for the supply point being present at a central portion
of the substrate than at a peripheral portion thereof,

SO as to equalize a processing time per unit area over

the substrate.

[0011]

According to a second aspect of the present
invention, there is provided a substrate cleaning
method comprising:

processing a substrate by use of a predetermined
cleaning liquid;

supplying purified water onto the substrate, while
rotating the substrate in an essentially horizontal
state, thereby performing a rinsing process; and

rotating the substrate at a higher speed than that
used in supplying the rinsing process, thereby drying
the substrate,

wherein the method comprises causing a supply
point of the purified water onto the substrate to
travel in a radial direction of the substrate in
performing the rinsing process.

[0012]
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- 7 As described above, it has become apparent that the static build-up
on the substrate is greatly influenced by the rinsing process step.
However, where a cleaning process using an alkaline chemical liquid or 5
acid chemical liquid is performed or a scrub cleaning process is
performed, a rinsing process needs to bg performed thereafter to wash
away the chemical liquid and so forth. In this case, it is preferable to
suppress the static build-up on the substrate as far as 10 possible. [0013]

Conventionally, fhe finsing process is performed while supplying purified
water onto the center of the substrate being rotated. Ho ever, the
inventer has: t5dound thatin this case,the absotuteivalye ©f static

build-up voltage becomes larger at the central portion of the substrate. In
the SUDStHAR GEaning MO SERErdiG f8 e §666nd adpeet the where

purified water supply, point i, caused to travelin a radial i&%ﬁti%ﬁﬁo 38 or
described above. Consequently, itis possible to prevent the absolute
valuewfdstatiebuitd-uplvoltage from beingrlocally increasedontheaning
substrate, and to suppress the static build-up to be smaller and more

unif6rni GVEF the eRfife SuBSiTate 25 JOGTAInRTAER S5 eRRgAEe Hre Bffect
desgyihed,abave - the migthed prefefably comprises.seiting;a.traveling, ;

and so forth. 1In this case, it is preferable to

suppress the static build-up on the substrate as far as

possible.

[0013]

Conventionally, the rinsing process is performed
while supplying purified water onto the center of the
substrate being rotated. However, the inventor has
found that, in this case, the absolute value of static
build-up voltage becomes larger at the central portion
of the substrate. 1In the substrate cleaning method
according to the second aspect, the purified water
supply point is caused to travel in a radial direction,
as described above. Consequently, it is possible to
prevent the absolute value of static build-up voltage
from being locally increased on the substrate, and to
suppress the static build-up to be smaller and more
uniform over the entire substrate.

[0014]

In order to enhance the effect described above,

the method preferably comprises setting a traveling
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speed of the supply point of the purified water to be higher at a peripheral
portion of the substrate than at a central portion thereof in performing the
rinsing process, so as to equalize a processing time per unit 5 area over
the substrate. Alternatively, the method preferably comprises setting a
rotation number of the substrate to he higher for the supply point of the
purified water being present at a central portion of the substrate than at a
peripheral portion thereof. 10 The method preferably comprises rotating
the s %str te at a rotation number of 1Q0 to 900 rpm, . while supplying the
puriﬁg $vd<:;1ité)rf atIE 2 flow fate of 0’3 %Q' 1. L/Lr%i%, PiH‘%eirfc?rgniﬁaiiﬁg AnSiny”
processhdhe puriiedawatar- used iy performing thedinsingvraeess nan at
preferably 15 contains carbon dioxide gas dissolved therein, by which the
abs6lutEVakeloftatic. Buildiapsoftage i Furthendeerddsed: {06151
Furtheypae, the present inygntion provides a 20 compulter readable. .
storage medium for a cleaning apparatus {o condiict the leglgni}%almél od
deseribed @abovet Specificallya aecordimgttora third,aspectofthe- present
invention, there is provided a computer 25 readable storage medium that
stor8S & <otttdré foPEPEsRATSUtEPto-dXEtute BUGHFSIprogRanR: wherdine

the copirolpragram. yehen exeputed, copUols A gleaning -9 ¢ .y
purified water being present at a central portion of
the substrate than at a peripheral portion thereof.

The method preferably comprises rotating the substrate
at a rotation number of 100 to 900 rpm, while supplying
the purified water at a flow rate of 0.3 to 1.5 L/min,
in performing the rinsing process. The purified water
used in performing the rinsing process preferably
contains carbon dioxide gas dissolved therein, by which
the absolute value of static build-up voltage is
further decreased.

[0015]

Furthermore, the present invention provides a
computer readable storage medium for a cleaning
apparatus to conduct the cleaning method described
above.

Specifically, according to a third aspect of the
present invention, there is provided a computer
readable storage medium that stores a software for a
computer to execute a control program, wherein the

control program, when executed, controls a cleaning
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apparatus to perform a substrate cleaning method comprising: (a)
supplying a two-fluid, high pressure jet water, or mega-sonic water onto a
substrate, while rotating the substrate in an essentially horizontal 5 state,
thereby processing the substrate; and then (b) rotating the substrate at a
higher speed than that used in supplying the two-fluid, high pressure jet
water, or mega-sonic water, thereby drying the substrate, after stopping
supply of the two-fluid, high pressure jet 10 water, or mega-sonic water,
wherein t ethod comprises no rinsing process using purified water in
a pér%oéjL %%ttg:} fgtotpopilli)ge gﬁ%ﬁ@ of t%%{gt\‘/jv%g uid, ﬁlséﬁa%?@éjsdﬁ"%%ﬁ%ater, or

megecseiic mater and befare rotating:the.sybstrate; at the,higher speed.
[0016] According to a fourth aspect of the present invention, there is
providiéd 4edcmputef ré&dableCstctaye rrediamtthat storesta softwarenfore

a compulet fo,exaoute A contoLragram, whetein the control prograr,

20 when executed, controls a cleaning apparatus {6 peF/form a’su

cleaning-methog comprising:<(a} processings a-substrate by.usepfa (1)
predetermined cleaning liquid; (b) supplying purified water onto the
subsStrata" Whitle " B5usSiHG S &applypoint GFitAE purifiedaaterontd the 28ed

Sane Bl N I L R, o

progessa=30nic water, thereby drying the substrate, after
stopping supply of the two-fluid, high pressure Jjet
water, or mega-sonic water, wherein the method
comprises no rinsing process using purified water in a
period after stopping supply of the two-£fluid, high
pressure jet water, or mega-sonic water and before
rotating the substrate at the higher speed.

[00106]

According to a fourth aspect of the present
invention, there is provided a computer readable
storage medium that stores a software for a computer to
execute a control program, wherein the control program,
when executed, controls a cleaning apparatus to perform
a substrate cleaning method comprising: (a) processing
a substrate by use of a predetermined cleaning liquid;
(b) supplying purified water onto the substrate, while
causing a supply point of the purified water onto the
substrate to travel in a radial direction of the
substrate and rotating the substrate in an essentially

horizontal state, thereby performing a rinsing process;
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and (c) rotating the substrate at a higher speed than that used in
supplying the rinsing process, thereby drying the substrate. [00171 5.
According to the present invention described above, since the static
build-up on a substrate is suppressed, it is possible to prevent the
substrate from being broken and to_protgct circuits and so forth formed on
the surface of the substrate. Further, where no 10 rinsing process is
performed, the throughput of the cleaning apparatus is advantageously

impg%vge%c?”.%fowg%@%tiqg}gs%%@g [00181 [FIG, 1] This s ; g{é%”an

_ . 1Jgr
view schematically showing e structure of a cleaning appara

[FIG:12] This ésia Z-Xsestionahvievnhef then sleaning-apparatus shovyin
FIG. 1. [FIG. 3] This is a Y-Z sectional view of the cleaning apparatus
shofRYRTE G- 112 28RFG 4] This is a flowchart showing steps of a wafer
process pe[rwin)e]d by the cleaning apparatus shown in FIG. 1. [FIG. 5A]
This is a view showing the relationship of static build-un vo7.tage with the

scanninr speedof ag25 mozzle fordelivering a sleaning ligdid: [F SBhve,
This is a view showing the relationship of static build-up voltage with the
nnaﬁéﬁ?ﬁuﬁ@@r&ﬁﬁffc build-up on a substrate is suppressed,

it is possible to prevent the substrate from being
broken and to protect circuits and so forth formed on
the surface of the substrate. Further, where no
rinsing process is performed, the throughput of the
cleaning apparatus is advantageously imﬁroved.

Brief Description of Drawings

[0018]

[FIG. 1] This is a plan view schematically showing
the structure of a cleaning apparatus.

[FIG. 2] This is a 7Z-X sectional view of the
cleaning apparatus shown in FIG. 1.

[FIG. 3] This is a Y-Z sectional view of the
cleaning apparatus shown in FIG. 1.

[FIG. 4] This is a flowchart showing steps of a
wafer process performed by the cleaning apparatus shown
in FIG. 1.

[FIG. 5A] This is a view showing the relationship
of static build-up voltage with the scanning speed of a
nozzle for delivering a cleaning liquid.

[FIG. 5B] This is a view showing the relationship

of static build-up voltage with the rotation number of



a wafer, [FIG. 6] This is a plan view schematically showing the structure
of another cleaning apparatus. [FIG. 7] This is a flowchart showing steps
of a 5 wafer process performed by the cleaning apparatus shown in FIG.
6. [FIG. 8] This is a view showing the relationship of static build-up
voltage with a rinsing method. [FIG.~_9A]l {I’hig, is a view showing the
relationship 10 of static build-up voltage with the processing time of a
rinsing process. [FIG. 9B] This is a view showing the relationship of static
build- l-up Vs voltage with the rinsing time of a rinsing process. 15 [FIG. 9C]
Thisis'a V|ew showing the relationship of static build-up voltage with the

rotation number.ofsa wafer in a rinsing process. FlG.40] This is aMiew nq
showing the relationship of static build-up voltage with spin-drying

conditienst 2o-BegtEMofefop Cagrying Gut the |mEriion 0919]

Embodiments, of the present invention will now be described with
reference tgfﬁhe arc;@onﬁ%anylng v%%gs ihite KNG Bsethiddnduttst

Wafw@@ankﬁﬂd@@m%@ﬂ%f&ﬁ@cﬁwn@l@e FiGedis APIARYIEW 15 shown
schematically showing the structure of a cleaning apparatus 10. FIG. 2 is

az-xu f2G. ©.

[FIG. 8] This is a view showing the relationship
of static build-up voltage with a rinsing method.

[FIG. 9A] This is a view showing the relationship
of static build-up voltage with thé processing time of
a rinsing process.

(FIG. 9B] This is a view showing the relationship
of static build-up voltage with the rinsing time of a
rinsing process.

[FIG. 9C] This is a view showing the relationship
of static build-up voltage with the rotation number of
a wafer in a rinsing process.

[FIG. 10] This is a view showing the relationship
of static build-up voltage with spin-drying conditions.

Best Mode for Carrying Out the Invention

[0019]

Embodiments of the present invention will now be
described with reference to the accompanying drawings,
while taking a semiconductor wafer cleaning method as
an example.

FIG. 1 is a plan view schematically showing the

structure of a cleaning apparatus 10. FIG. 2 is a Z-X
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sectional view of the cleaning apparatus 10. FIG. 3 is a Y-Z sectional
view of the cleaning apparatus 10. in this respect, the X-direction and
Y-direction are perpendicular to each other in the horizontal plane, 5 and
the Z-direction is the vertical direction. [00201 The cleaning apparatus 10
includes a housing 90, in which respecti¥e eomponents are disposed.
The housing 90 has a window portion 91 formed in one side 10 and _
provided with a shutter 92 capable of opening/closing the window portion

91. Fhewindew porion-91 is,used forloading,and unlpading a wafer W ,
therethrough. The interior of the housing 90 is divided by a partition wall.
93 irtotivo Elarnbers A 15 deséribéd later aorieof trehamberdis.a In
liqui rocess chamber in which cleaning liquid and/or purified water are
ugec?.h?hse gﬁ%rec%a’m%élre is\% a 8rﬁéc Catﬁ’lgrgn &8comniodatioh cHarmBEr in
whichedriving : mechanisms formeving:various,nozzles usedin a,20, .
cleaning process are disposed. [0021] In the housing 90, a spin chuck 11
is digposed fo tsld eewafer'wiin arhessentallyhorizontal state, and a
cup 1.2is qi§@9§efd to surround the wafer W held by 25_ the_ spin chuck 11.
Further, in the housing 90, a cleaning liquid nozzle 15 is disposed to

supply a clganing diguichenterthe sutfaceiof theavafer Waand 8135 90,
in which respective components are disposed. The
housing 90 has a window portion 91 formed in one side
and provided with a shutter 92 capable of
opening/closing the window portion 91. The window
portion 91 is used for loading and unloading a wafer W
therethrough. The interior of the housing 90 is
divided by a partition wall 93 into two chambers. As
described later, one of the chambers is a liquid
process chamber in which cleaning liquid and/or
purified water are used. The other chamber is a
mechanism accommodation chamber in which driving
mechanisms for moving various nozzles used in a
cleaning process are disposed.

[0021]

In the housing 90, a spin chuck 11 is disposed to
hold a wafer W in an essentially horizontal state, and
a cup 12 is disposed to surround the wafer W held by
the spin chuck 11. Further, in the housing 90, a
cleaning liquid nozzle 15 is disposed to supply a

cleaning liquid onto the surface of the wafer W, and a
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gas nozzle 16 is disposed to supply an inactive gas, such as nitrogen
gas, onto the surface of the wafer W. [0022] The spin chuck 11 includes a
chuck plate 71, a 5 rotary shaft 72 supporting the chuck plate 71, and a
motor 73 for rotating the rotary shaft 72. The spin chuck 11 is provided
with an attaching mechanism 74 for _holdjng/releasing the wafer W placed
on the chuck plate 71. Further, the chuck plate 71 is provided with 10
support pins (not shown) disposed on the surface to support the wafer W

thergan. [0023) ~The aftaching mechanism 74 includes holding _members
75 d%sposed at t%ree positidlﬂfpon the rgé)ripohué)r@lf% of the ¢ c&c%(vﬁla $71.

The attaiching mechamismdis furtherdneludes a-plate mempgE 76ater ¥,
disposed below the chuck plate 7, and an elevating mechanism 77 for
moving thé %%l%]member 76 up and down. Pushing jigs 78 are mounted

on the platemen 7 ition responding, to the holding
members 75}{.@Tr?3%1£t ;%%B%?I%#Gq}éﬁo&&%éga épta%g wher8 ﬁg %o?é[l]hga

menilyersrs sHeld thé vafepW.rEhierightsiderof G Pashows a state s
where the h%dir% members 75 do not hold the wafer W. 25 10024] The
attaChing mechanisnt 243<$ bperdtBd stichhdt 4 &thte or holding thein

wafer\y-and a %@%EQN@%i%tMan attaching mechanism 74 for
holding/releasing the wafer W placed on the chuck plate
71. Further, the chuck plate 71 is provided with
support pins (not shown) disposed on the surface to
support the wafer W thereon.

[0023]

The attaching mechanism 74 includes holding
members 75 disposed at three positions on the periphery
of the chuck plate 71. The attaching mechanism 74
further includes a plate member 76 disposed below the
chuck plate 7, and an elevating mechanism 77 for moving
the plate member 76 up and down. Pushing jigs 78 are
mounted on the plate member 76 at positions
corresponding to the holding members 75. The left side
of FIG. 2 shows a state where the holding members 75
hold the wafer W. The right side of FIG. 2 shows a
state where the holding members 75 do not hold the
wafer W.

[0024]

The attaching mechanism 74 is operated such that a

state for holding the wafer W and a state for releasing
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the wafer W are switched by the holding members 75 being moved by
leverage. Specifically, when the elevating mechanism 77 is ope.rated
upward, the pushing jigs 78 disposed at three positions respectively push
5 the inner peripheral ends of the holding members 75 toward the bottom
of the chuck plate 71. Consequently, the outer peripheral ends of the
holding members 75 are moved outwardand downward, thereby
canceling the state for holding the wafer W. On the other hand, yvhen the
10 elevating mechanism 77 is operated downward, the pushmg jigs 78 are
respeCfively sepatatedsrsimithe Relding membersiz5.cConseguentlys the

oute pher nds, of the holding members,75 are moved inward anq
upwgr%?%%d%tﬁﬁﬁ%g h(%?ntggc%%}tfgc%%\iith {i%eéjégé of the 15" Wafer WeAt this

timesthevholding mermberssb apply:a Jpecesento thewafer Wifrom the ;
edge thereof toward the center, thereby holding the wafer W. [00251 The

cup 12§ arrangedte 56 niovedi UiRand doiin: '@yéz_@mevam?y puﬁé;
mechapism,82..F|G.-2 shows b Cgfalgw r positio I(1denote "asgl
line) and gr}\1 up%e%%os%?or%%sde%geé bc))/ aﬁcﬁte Citlindg L While @.}/ 3 shows
only the’ appet position. Wher the. waterWkisjoaded or . unlogded othe.cup,
12 ist%et in the lower position. 25 When a cleaning process is performed,

e

the cup 126 et Pthe Gigger sositiore He uy 1bHasitapered portions: re
86amdé@hd§99§gg&H£MPQ&§@QJQWSEpQﬁ%@&&F%%%&%?ing the state

for holding the wafer W. On the other hand, when the
elevating mechanism 77 is operated downward, the
pushing jigs 78 are respectively separated from the
holding members 75. Consequently, the outer peripheral
ends of the holding members 75 are moved inward and
upward, and brought into contact with the edge of the
wafer W. At this time, the holding members 75 apply a
force onto the wafer W from the edge thereof toward the
center, thereby holding the wafer W.

[0025]

The cup 12 is arranged to be moved up and down by
an elevating mechanism 85. FIG. 2 shows both of a
lower position (denoted by a solid line) and an upper
position (denoted by a dotted line), while FIG. 3 shows
only the upper position. When the wafer W is loaded or
unlocaded, the cup 12 is set in the lower position.
When a cleaning process is performed, the cup 12 is set
in the upper position. The cup 12 has tapered portions

86 and 87 disposed at upper and lower positions each
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inclined such that the inner periphery is higher than the outer periphery.
The cup 12 has a gas exhaust duct 89 disposed at the bottom. [0026] 5
The cleaning liquid nozzle 15 is supplied with nitrogen gas and purified
water (DIW) respectively from a nitrogen gas supply source and a purified
water supply source. The nitrogen gas afd purified water are mixed with
each other inside the cleaning liquid nozzle 10 15. The purified water and
nitrogen gas thus mixed generate a cleaning liquid comprising purified

water, mi i ill be ref rr%d to gsl':ftwcne-flui cleaning liquid”), which
is s&a%g%% %&exﬁuﬁgcg o% the “Water W15 T6027] The Srediing lidaid

nozzled Soiststippostetoby: ay first mezzle.grm 21, which issmovahle up and.«
down by a first arm elevating mechanism 56. The first arm elevating
mechanfshs B83§ ttlchedto§lidat 61, 20 which is movably fitted onto a
guide 54 eit@@ggwp in the X-direction in the mechanism accommodation
chamber. A first nozzle slide mechanism 66 is arranged to control the
position of The:sliders6 inythiel %x dizeetion Ikoriexarple the fiest npzzle
slide 25 mechanism 66 may be formed of an electromagnetic linear motor

or bAI-SERST hetHarfS. With this artangemetit! the tieating ligaidy £rom
n02%9§£ﬂ%ybggrgggeg&%§§§n§@%igg and a purified water

supply source. The nitrogen gas and purified water are
mixed with each other inside the cleaning liquid nozzle
15. The purified water and nitrogen gas thus mixed
generate a cleaning liquid comprising purified water
mist (which will be referred to as “two-fluid cleaning

liquid”), which is sprayed onto the surface of the

wafer W.

[0027]

The cleaning liquid nozzle 15 is supported by a
first nozzle arm 51, which is movable up and down by a
first arm elevating mechanism 56. The first arm
elevating mechanism 56 is attached to a slider 6l,
which is movably fitted onto a guide 54 extending in
the X-direction in the mechanism accommodation chamber.
A first nozzle slide mechanism 66 is arranged to
control the position of the slider 61 in the X-
direction. For example, the first nozzle slide
mechanism 66 may be formed of an electromagnetic linear
motor or ball-screw mechanism. With this arrangement,

the cleaning liquid nozzle 15 can be moved to scan the
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wafer W in the X-direction, and further can be retreated over the upper
end of the cup 12 to be out of the cup 12. (00281 5 The gas nozzle 16 for
supplying nitrogen gas onto the surface of the wafer. W is supported by a
second nozzle arm 52, which is movable up and down by a second arm
elevating mechanism 57. The second ay elevating mechanism 57 is
attached to a slider 62, which is 10 movably fitted onto the guide 54
extending in the X- direction in the mechanism accommodation chamber.

A second nozzle slide @gghanisgn 67 is arrar(;ged to control the position
of the slider 62in the X-direction. TRE ' sédbhd Ho221 Slidé'm&Ehanism 67

is preferably formegk15 of a driye-system ofthe;same type as thatofthe -
first nozzle slide mechanism 66. With this arrangement, the gas nozzle

16 dl86 carthelmoved to scan the wafer W in the X-direction, and further
can be retr %%%?ver the upper end of the cup 12 to be out of the cup 12.
20 [0029] For the cleaning apparatus 10 arranged as described above, a

control section (precess-contraliery 80 adpinistates drivecontrolof o«
various mechanisms disposed therein, and valve control for supplying 25
fluids" eucha5atitogen §as amd purified waterhrons sslpply Soarcesto

poaltscsd g%%f'sggTﬁﬁF%@éﬁe&‘%%%% $\¢onnected to,a data 1/0 section |

arm elevating mechanism 57. The second arm elevating
mechanism 57 is attached to a slider 62, which is
movably fitted onto the guide 54 extending in the X-
direction in the mechanism accommodation chamber. A
second nozzle slide mechanism 67 is arranged to control
the position of the slider 62 in the X-direction. The
second nozzle slide mechanism 67 is preferably formed
of a drive system of the same type as that of the first
nozzle slide mechanism 66. With this arrangement, the
gas nozzle 16 also can be moved to scan the wafer W in
the X-direction, and further can be retreated over the
upper end of the cup 12 to be out of the cup 12.

[0029]

For the cleaning apparatus 10 arranged as
described above, a control section (process controller)
80 administrates drive control of various mechanisms
disposed therein, and valve control for supplying
fluids, such as nitrogen gas and purified water, from
supply sources to various nozzles. The control section

80 is connected to a data I/0 section 81 including,
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e.g., a keyboard and a display, wherein the keyboard is used for a
process operator to input commands for operating the cleaning apparatus
10, and the display is used for showing visualized images of the
operational 5 status of the cleaning apparatus 10. [0030) Further, the
control section 80 is connected to a_mempory section 82 that stores control
programs for the control section 80 to control the cleaning apparatus 10
10 so as to perform various processes, and programs (i.e., recipes) for
respective components of the cleaning .apparatus 10 to perform _
pro%e's%é’s in a]é%g%éanrccg with S’rogleg% lco-g)(jit?”c])th%}r ’?zleréipg&en’fé?/y@eo afdted®
in ahesd disk of semicerductor mamery; o stered ina.parablerls
storage medium, which is computer readable, such as a CD-ROM or

DVDROR: 16 Beldttachethtola predatermined positiomintthe mMemoryy is

secqlogegz.f@%l' A reguired re(‘lige is, retrieved fro%n % e memory .

2d € ry 20
section 82 anrd e%?eocv{f}[é1 b‘f/ltl?l%dcon reocl\1 SECHoT 804 ac%%r&gﬁcred&vﬁﬁ%ar%

instrerction or dlie fike inputa thregighdpe data 4/Q section 81. Consequently,
the cleaning apparatus 10 can perform a predetermined process under
the control @?ngg control section 80. 25 [0032) Next, an explanation will

be given ofsepader RIpECSIRG AWALIY/BIG Flaaning apparalys 0
memory section 82 that stores control programs for the
control section 80 to control the cleaning apparatus 10
so0 as to perform various processes, and programs (i.e.,
recipes) for respective components of the cleaning
apparatus 10 to perform processes in accordance with
process conditions. Recipes may be stored in a hard
disk or semiconductor memory, or stored in a portable
storage medium, which is computer readable, such as a
CD-ROM or DVD-ROM, to be attached to a predetermined
position in the memory section 82.

[0031]

A required recipe is retrieved from the memory
section 82 and executed by the control section 80 in
accordance with an instruction or the like input
through the data I/0 section 81. Consequently, the
cleaning apparatus 10 can perform a predetermined
process under the control of the control section 80.

[0032]

Next, an explanation will be given of steps for

processing a wafer W in the cleaning apparatus 10
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arranged as described above, with reference to the flowchart shown in
FIG. 4. At first, while the cup 12 is placed at the lower position, the plate
member 76 is moved up by the elevating mechanism 77. Consequently, 5
the holding members 75 are pushed by the pushing jigs 78, and the outer
peripheral ends of the holding members /5 are thereby moved outward
and downward. In this state, the shutter 92 is opened, and the window
portion 91 is thereby opened. Then, a wafer transfer 10 arm (not shown)
that holds a wafer W is inserted into the housing 90 through the window

port%%rﬁf,ggﬁid the WaTer W 7S trahsttred"dritd the ‘chitRk ate 7 £.hAfter
the waferdransfesauniis retreated from the heusing 99, the plate member
76 is moved down. Consequently, the 15 pushing jigs 78 are separate%l
from-thePhalaity mentbers 78ean thve holding mempees: 25 thereby hadd i s
the %gg%r W%I%S%ep .Jheﬂeafter,, the cup 12 is moved to the upper
position. FOO 31°20 Then, the cleating gl ioZ2Ié 15 isTRBvEd ot the

retreatpasition ewtsidenthereup 12{i-e., the position shown jn,FIG, 1) %% ga
position at a predetermined height above the center of the wafer %V he
by tHé spitliehiidie1 LStep RRSubisetuently 25 whilerthehwatet VW is

rot redet ]rfmi gese ed, ggg he cleaning liquid nozzle 15 is
mo%%%%%gaﬁ%ing in r:ﬁe ;(% ercqu_on% thE tWoHilid cle 4G fgamd-is -1»

19 this state, the shutter 92 is opened, and the window
portion 91 is thereby opened. Then, a wafer transfer
arm (not shown) that holds a wafer W is inserted into
the housing 90 through the window portion 91, and the
wafer W is transferred onto the chuck plate 71. After
the wafer transfer arm is retreated from the housing 90,

the plate member 76 is moved down. Consequently, the

pushing jigs 78 are separated from the holding members

75, and the holding members 75 thereby hold the wafer W

(Step 1). Thereafter, the cup 12 is moved to the upper

position.

[0033]

Then, the cleaning liquid nozzle 15 is moved from
the retreat position outside the cup 12 (i.e., the
position shown in FIG. 1) to a position at a
predetermined height above the center of the wafer W
held by the spin chuck 11 (Step 2). Subseqguently,
while the wafer W is rotated at a predetermined speed,
and the cleaning liquid nozzle 15 is moved for scanning

in the X-direction, the two-fluid cleaning liquid is
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sprayed from the cleaning liquid nozzle 15 toward the surface of the
wafer W for a predetermined time to clean the surface of the wafer W
(Step 3). A scanning pattern of the cleaning liquid nozzle 15 used at this 5
time may be a pattern of scanning the wafer W between the ends thereof
in the X-direction, or a pattern of scqnn'rég the wafer W between the
center and one end thereof. [0034; 10 Ih the process using the two-fluid
cleaning liquid on the wafer W, the following manner is preferably used

to egu%gze t efgrocessing time per unit area over the wafer W.

Spediticall§ “the'trAveling Speed 'df the LGPl poftitiofthe twortigiad the
cleaning liguid{kes o thescanning,speed of the, cleaning liquid nozzle
15) is set to be higher at the central portigﬁl of the wa e?%@ %ﬁ?\e}aft the
peripherdl portiors WAlfernatively fwhiler stherscanning=speed of the: cleaning
liquid nozzle 15 is set toé)]e constant, the rotation number of the wafer W

20 i§ %Té%% Be(ﬁlgﬁczlrefof & BledRing igUid no2zel 5 eingiedéntat s
the eentrakpertion of the wafer,W, than at the, geripheral portign. [0035],

After a predetermined time has elapsed, supply of 25 the two-fluid
cleaiiig figdial is preferdblyfinisifedatthecedgeoof, therwafes AW ear the
retr%%taposition 9[ the cl gpi kI)igl,éid nozzle 15. tis preferable tn. ta -20

hning e wa ween the c&nter and one end

thereof.

[0034]

In the process using the two-fluid cleaning liquid
on the wafer W, the following manner is preferably used
to equalize the processing time per unit area over the
wafer W. Specifically, the traveling speed of the
supply point of the two-fluid cleaning liquid (i.e.,
the scanning speed of the cleaning liquid nozzle 15) is
set to be higher at the central portion of the wafer W
than at the peripheral portion. Alternatively, while
the scanning speed of the cleaning liguid nozzle 15 is
set to be constant, the rotation number of the wafer W
is set to be higher for the cleaning liquid nozzle 15
being present at the central portion of the wafer W
than at the peripheral portion.

[0035]

After a predetermined time has elapsed, supply of
the two-fluid cleaning liquid is preferably finished at

the edge of the wafer W near the retreat position of

the cleaning liguid nozzle 1

o

It is preferable that a

oL ia B i)
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purified water film remains on the surface of the wafer W after supply of
the two-fluid cleaning liquid is stopped (Step 4). Thereatfter, the cleaning
liquid nozzle 15 is retreated out of the cup 12, and the gas 5 nozzle 16 is
moved to a position above the center of the wafer W (Step 5).
Subsequently, while the wafer W is rot Efedmat a higher speed than that
used in supplying the two-fluid cleaning liquid (Step 3), and nitrogen gas
is sprayed from the gas nozzle 16 toward 10 the wafer W, the gas nozzle
16 is maved for scanning. from the center of the wafer W to the peripheral

edg& 6 theWwalst Wito dty the STffaRe dtthé Watéi W eStep° 6) ke gase

nozzle 16 is:prefiesably moved for seanningtoward,the retreat position of
the gas nozzle 16. 15 [0036] After this splin-drying ig fin?sheldg%he gjésé
nozzlecrssd retbéatedout of the caupl2: Thereafter, ¢he iwafari\Wisqa
unloaded frorP the housing 90 in procedures reverse to those used when

the wafer W is loaded fito 20 fhe KoUsiAg 90 &nd Brackd: offtetehudke s
plate.ddA&tep ¢ 7): {0834L Invelatiopfoithe gleaping method of the wafer
W described above, FIG. 5A Is a graph showing the 25 relationship of
statieBuildedp voltagé with the. scanhingospeed.of therdleaningdiquider w
nozzle 15, £18:58ds 2 graph.showing the relationship of stafic build - 21
supplying the two-fluid cleaning liquid (Step 3), and
nitrogen gas is sprayed from the gas nozzle 16 toward
the wafer W, the gas nozzle 16 is moved for scanning
from the center of the wafer W to the peripheral edge
of the wafer W to dry the surface of the wafer W (Step
6) . The gas nozzle 16 is preferably moved for scanning
toward the retreat position of the gas nozzle 16.
[0036]
After this spin-drying is finished, the gas nozzle
16 is retreated out of the cup 12. Thereafter, the
wafer W is unloaded from the housing 90 in procedures
reverse to those used when the wafer W is loaded into
the housing 90 and placed on the chuck plate 71 (Step
7).
[0037]
In relation to the cleaning method of the wafer W
described above, FIG. 5A is a graph showing the
relationship of static build-up voltage with the

scanning speed of the cleaning liquid nozzle 15. FIG.

5B is a graph showing the relationship of static build-



10

15

20

25

up voltage with the rotation number of the wafer w. For FIGS. 5A and 5B,
the wafer W was prepared by forming an insulative film on the surface of
a bare wafer. 5 [0038] As shown in FIG. 5A, with a decrease in the
scanning speed of the cleaning liquid nozzle 15, the absolute value of
static build-up voltage becomes larger. Erom this result, the scanning
speed of the 10 cleaning liquid nozzle 15 is preferably set to be 15
mm/sec or more. As regards the upper limit, the scanning speed of the
cleaging\%quid nozzle 15 is preferably set to be 30 mm/sec or less, which

can prevent i ciéahing Efect Hdn 158ing 16Wered? 15700392 &3 sHown

in FI&, 5Birwith agringreases in the. rotation gumpber of the wafer W during
the two-fluid cleaning, the absolute value of static build-up vo tag%
becdmEs lamern Fiorathis réselt fthewotatiom aumber 20-0ftheavaterdV is
pref%r bly set to be 1,000 rpm or less. As regards the lower limit, the

-

rotation number of the wafer W is preferably set to be 300 rpm or more,
because a pggegease in the rotation number prolongs the processing time,
thereby deteriorating the throughput 25 of the cleaning apparatus 10. In
light of theZstcefady ahd pgréGessihg timelin €ledming: theswafertWs the
““a@%%ﬂ%ﬁ?EFﬁﬁiéggV§¥GE¥%i%?@?ﬁ?ﬁgyffégigeﬁégéle 15, the
absolute value of static build-up voltage becomes
larger. From this result, the scanning speed of the
cleaning liquid nozzle 15 is preferably set to be 15
mm/sec or more. As regards the upper limit, the
scanning speed of the cleaning liquid nozzle 15 is
preferably set to be 30 mm/sec or less, which can
prevent the cleaning effect from being lowered.

[0039]

As shown in FIG. 5B, with an in crease in the
rotation number of the wafer W during the two-fluid
cleaning, the absolute value of static build-up voltage
becomes larger. From this result, the rotation number
of the wafer W is preferably set to be 1,000 rpm or
less. As regards the lower limit, the rotation number
of the wafer W is preferably set to be 300 rpm or more,
because a decrease in the rotation number prolongs the
processing time, thereby deteriorating the throughput
of the cleaning apparatus 10. 1In light of the accuracy

and processing time in cleaning the wafer W, the

rotation number of the wafer W is preferably set to be
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300 to 600 rpm. [00401 In the explanation described above, the cleaning
liquid is exemplified by a case where the two-fluid 5 cleaning liquid is
used. Alternatively, it is also possible to suppress static build-up on a
wafer W by use of high pressure jet water or mega-sonic cleaning water
in the cleaning method described above22[0041] 10 Next, an explanation

will be give of a cleaning apparatus accdrding to another embodiment.
FIG. 6 is a plan view schematically showing a cleaning apparatus 10a.
This?%%aning@pofaratus 10a differs from the cleaning apparatus 10
shown in FIGS to"3:in that 15 the apparatus 10a includes a cleaning
liquid nozzle) 332 parranged to supply onto a wafer W a chemical liquid for
removing polymer and/or metal, and further includes a rinsing nozzle 17.
[0042] 20 Thetirsingnozzletldis arcangedtal supplyepurified water i ng
(DIVY)‘ ulsle%Il as a rinsing liquid onto the surface of the wafer W. The

rinsing hozzle 174 “Slipported by 4 third o228 81 53, WHikt 1 rovable
up andsewsby ajhird ar elsuating Mechanis 8. The 25 fhird arm
elevating mechanism 58 is attached to a slider 63, which is movab y fitted
ontdthesgiiide 54 Auhivd hozzletslidecmechanism 68ris arranged o meve
-23 . .
use of high pressure jet water or mega-sonic cleaning
water in the cleaning method described above.

[0041]

Next, an explanation will be give of a cleaning
apparatus according to another embodiment. FIG. 6 is a
plan view schematically showing a cleaning apparatus
10a. This cleaning apparatus 10a differs from the
cleaning apparatus 10 shown in FIGS. 1 to 3, in that
the apparatus 10a includes a cleaning liquid nozzle 15

arranged to supply onto a wafer W a chemical ligquid for

removing polymer and/or metal, and further includes a

rinsing nozzle 17.

[0042]

The rinsing nozzle 17 is arranged to supply
purified water (DIW) used as a rinsing liquid onto the
surface of the wafer W. The rinsing nozzle 17 is
supported by a third nozzle arm 53, which is movable up
and down by a third arm elevating mechanism 58. The
third arm elevating mechanism 58 is attached to a
slider 63, which is movably fitted onto the guide 54.

A third nozzle slide mechanism 68 is arranged to move
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the slider 63 in the X-direction under the control of the control section 80.
The third nozzle slide mechanism 68 is preferably formed of a drive
system of the same type as that of the first nozzle slide 5 mechanism 66.
With this arrangement, the rinsing nozzle 17 also can be moved to scan
the wafer W in the X-direction, and further can be retreated over the
upper end of the cup 12 to be out of the cup 12. [0043; 10 The other
components of the cleaning apparatus 10a are arranged to be the same

as thase of ibe.gleaning, anparatug 10, and thug thelr explanation will be
omitted. [0044) 15 Next, an explanation will be given of s?eps or
procassingatwafer Wdn the cleaningrappanatus 10a; with tefergnce to the
flowchart shown in FIG. 7. At first, as described with reference to the

flowBRERZBREWNGA Fits. 2 afRafer ivhéRrBy the Spin chucke1 £ 26 {(Step £
11).chenthe-clegping liquid nozzle 15 is moved from the r%éﬁeo?t position

outside the cup 12 to a position at a predetermlnegﬁélgef}t% ov%_ the
center of atheswafer W (Step 12).1Enen; swhile:theywafer\y ig_iseé iAA
stationary state, a(fredetermined chemical liquid 25 is supplied onto the

surfa8& bt the watertv f@fbrﬁ?a%‘é?ﬁic‘é?liﬁﬁ@“p&dtﬁev(sf@fﬂ?).Whé?he
afterapredeteuninegime has.glapsed, while the w.azer Wis - 24

upper end of the cup 12 to be out of the cup 12.

[0043]

The other components of the cleaning apparatus 10a
are arranged to be the same as those of the cleaning

apparatus 10, and thus their explanation will be

omitted.

[0044]

Next, an explanation will be given of steps for
processing a wafer W in the cleaning apparatus 10a,
with reference to the flowchart shown in FIG. 7. At
first, as described with reference to the flowchart
shown in FIG. 4, a wafer is held by the spin chuck 11
(Step 11). Then, the cleaning liquid nozzle 15 is
moved from the retreat position outside the cup 12 to a
position at a predetermined height above the center of
the wafer W (Step 12). Then, while the wafer W is set
in a stationary state, a predetermined chemical liquid
is supplied onto the surface of the wafer W to form a
chemical liquid puddle (Step 13). Then, after a

predetermined time has elapsed, while the wafer W is
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rotated at a predetermined speed, and the cleaning liquid nozzle 15 is
moved for scanning in the X- direction, the chemical liquid is further
supplied onto the wafer W (Step 14). 5 [0045] After a predetermined time
has elapsed, supply of the chemical liquid is stopped. Then, the cleaning
liquid nozzle 15 is retreated out of the cyp 12, and the rinsing nozzle 17 is
moved to a position above the 10 center of the wafer W (Step 15). At this
time, the gas nozzle 16 is shifted toward the cleaning liquid nozzle 15
outside the cup 12. Then, while the wafer W is rotated, and gurified water

is déiR/eted Fromt the Hissifig HOZLICE7, TheHnsing noz2fe £798 Pidved for

15 scanning hepween the genter of the-wafer W.and the peripheral edge
thereof (Step 16). With this rinsing process, the chemical liquid on the

surfdée of theorwafen &V is svaistret outaf@046] 20 &1Gh 81is apexplanatony o
vievxéggov‘l\q/g]g tpewprogile of static build-up voltage in a case W.her.e purified
water is suppﬁed onfy bt the center of the wafer W. In the rinsing
process, where the supply point of purified water is not changed, the
absolute value of 25 static build-up voltage becomes larger at this
position. Orf tiecothertvaiwd; swiveredhie rinsingirezeleabsisimovedpfoy of
Sca@ﬂggbh§$§QSW?i%@9§‘yéﬁggﬁgggﬁypH%%n, the cleaning
liquid nozzle 15 is retreated out of the cup 12, and
the rinsing nozzle 17 is moved to a position above the
center of the wafer W (Step 15). At this time, the gas
nozzle 16 is shifted toward the cleaning liquid nozzle
15 outsidekthe cup 12. Then, while the wafer W is
rotated, and purified water is delivered from the
rinsing nozzle 17, the rinsing nozzle 17 is moved for
scanning between the center of the wafer W and the
peripheral edge thereof (Step 16). With this rinsing
process, the chemical liquid on the surface of the
wafer W is washed out.

[0046]

FIG. 8 is an explanatory view showing the profile
of static build-up voltage in a case where purified
water 1is supplied only onto the center of the wafer W.
In the rinsing process, where the supply point of
purified water is not changed, the absoclute value of
static build-up voltage becomes larger at this position.

On the other hand, where the rinsing nozzle 17 is moved

for scanning, the absolute value of static build-up
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voltage becomes smaller at the wafer center. [0047] In this rinsing
process, the following manner is preferably used to equalize the
processing time per 5 unit area over the wafer. W. Specifically, the
traveling speed of the supply point of purified water, i.e., the scanning
speed of the rinsing nozzle 17, is set t(& e higher at the central portion of

the wafer W than at the peripheral portion. Alternatively, the 10 rotation
number of the wafer W is set to be higher for the rinsing nozzle 17 being
preseqtkat the central portion of the wafer W than at the peripheral
portion. “EonsBGUERtY, thBHbsolute vallof'stafié HifiGp -voltage
becomes smaller;and more uniform over the 15 entire wafer W, so the
wafer W is prevented from being damaged. Further, where the rinsing
liquid is pukifiedhwateriwith Tarbo dioxide gase dissolved thereimtoer is
increas% the gkactrical conductivity, the absolute value of static build-up
voltagé canbe ddVantagesusy 26 tafhersmaRer {6648] Afigia per
predetermineditimedas.glapsede the, rinsing.ngzzje 1y;is moyed to a

position above the peripheral edge of the wafer W near the retreat 25
positionsflthe Finsimp AozZlett® andosupply of rpurifiecbwateriis Stapped: ,

Thep, the rinsina fiozzle 17 i5fetrpated out of the qup 12, and the gas,

nozzle 16 26 ¢ =p g nozzle 17, is
set to be higher at the central portion of the wafer W
than at the peripheral portion. Alternatively, the
rotation number of the wafer W is set to be higher for
the rinsing nozzle 17 being present at the central
portion of the wafer W than at the peripheral portion.
Consequently, the absolute value of static build-up
voltage becomes smaller and more uniform over the
entire wafer W, so the wafer W is prevented from being
damaged. Further, where the rinsing liquid is purified
water with carbon dioxide gas dissolved therein to
increase the electrical conductivity, the absolute
value of static build-up voltage can be advantageously
further smaller.

[0048]

After a predetermined time has elapsed, the
rinsing nozzle 17 is moved to a position above the
peripheral edge of the wafer W near the retreat
position of the rinsing nozzle 17, and supply of
purified water is stopped. Then, the rinsing nozzle 17

1s retreated out of the cup 12, and the gas nozzle 16
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IS moved to a position above the center of the wafer W (Step 17). Itis
preferable that a purified water film remains on the surface of the wafer W
after supply of purified water from the rinsing nozzle 17 is stopped. 5
[0049] Then, while the wafer W is rotated at a higher speed than that
used in supplying purified water (the_ pr?ges__s in Step 16), and nitrogen
gas is sprayed from the gas nozzle 16 toward the wafer W, the gas
nozzle 16 10 is moved for scanning from the center of the wafer W to the

peripheral edge of the wafer W (Step 18). Consequently, the surface of
the Wafd1 WA stbjétted “to diying ThEfgad RoZ AR e ioprefbrabfy fer W

movegdifer scanningtoward therefreat positign of t _%&a&%%zz'%tlérl%%m

After this spin-drying is -finished, the gas nozzle 16 is retreated out of
cup 12nThereafter-the svafér W is tinloadeddfiam the housing 90(Step £
19). ;00591 F(IiGS. 9A to 9C are graphs showing the relationship 20 of
statie build-apd votage with theTilising tonaifions 26f-thid method u&img the
chemical liguiglgcleaning, rinsing process, and spin-drying process to
clean a wafer W. FIG. 10 is a view showing the relationship of static
build-up voltage withh thes rétatiom ntrmbét ofthe 25awaferaW in thegher
spin;drgiencg.tsiﬁaer?ifjc%ély, FIG. 9A shows the relationship of static build-uo
voltage with the Tinsing time . FIG. 9B 2Rows tRe tBktiohehig'afes7 (the

process in Step 16), and nitrogen gas is sprayed from
the gas nozzle 16 toward the wafer W, the gas nozzle 16
is moved for scanning from the center of the wafer W to
the peripheral edge of the wafer W (Step 18).
Consequently, the surface of the wafer W is subjected
to drying. The gas nozzle 16 is preferably moved for
scanning toward the retreat position of the gas nozzle
le. After this spin-drying is finished, the gas nozzle
l6 is retreated out of the cup 12. Thereafter, the
wafer W is unloaded from the housing 90 (Step 19).

[0050]

FIGS. 9A to 9C are graphs showing the relationship
of static build-up voltage with the rinsing conditions
of this method using the chemical liquid cleaning,
rinsing process, and spin-drying process to clean a
wafer W. FIG. 10 is a view showing the relationship of
static build-up voltage with the rotation number of the
wafer W in the spin-drying. Specifically, FIG. 9A
shows the relationship of static build-up voltage with

the rinsing time. FIG. 9B shows the relationship of
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static build-up voltage with the rinsing liquid flow rate. FIG. 9C shows the
relationship of static build- up voltage with the wafer rotation number. In
order to obtain conspicuous relationships between the rinsing 5 process
conditions and static build-up, the chemical liquid cleaning was performed
without scanning of the cleaning liquid gjzzle 15 but only with formation
of the puddle. Further, the spin-drying conditions were set to have
constant values of 3,000 rpm and 20 seconds, 10 because the spin-drying
conditions only have small influences on the static build-up voltage, as

descHisEd" fatel in detdil With référefidé to Elts. 10.7THE WateEW. thak ow
rendered the resultssshawn jn FIGS. 9A10.9G had. the same %r.ran%erﬁegg

as that of the wafer W that 15 rendered the results shown in FIGS. and
SB. D032l Asshowirtin EIG. 94, fwith antincreaserinthe rrinsing timesther o
absmt{ti value of static build-up_ voltage becomes larger. The rinsing time

canriot be-20 Spetiically detérminbd BetatiBs itadpeds 5Ahé s nof
the ehermical liquid and properties thereof, such,as yviscasity, pytthe.

rinsing time is preferably set to be as short as possible within a range that
does hetafow L thendmemicat ligeidioc mesain orithetwater\Wi As showm25

in FIG. 9B, with id%cir ase inzﬂe ﬁﬁgggglg%ﬂiwgﬁgﬁggﬁévmer,r:g%

absoluife valug of static bGﬁ&-up VO
FKEtQQ,ﬁMBdEEZS'Further, the spin-drying conditions were

set to have constant values of 3,000 rpm and 20 seconds,
because the spin-drying conditions only have small
influences on the static build-up voltage, as described
later in detail with reference to FIG. 10. The wafer W
that rendered the results shown in FIGS. 9A to 9C had
the same arrangement as that of the wafer W that
rendered the results shown in FIGS. 5A and 5B.

[0051]

As shown in FIG. 9A, with an increase in the
rinsing time, the absolute value of static build-up
voltage becomes larger. The rinsing time cannot be
specifically determined because it depends on the type
of the chemical liquid and properties thereof, such as
viscosity, but the rinsing time is preferably set to be
as short as possible within a range that does not allow
the chemical liquid to remain on the wafer W. As shown
in FIG. 9B, with a decrease in the supply flow rate of
purified water, the absolute value of static build-up

voltage becomes smaller. As shown in FIG. 9C, with a
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decrease in the rotation number of the wafer W, the absolute value of
static build-up voltage becomes smaller. The rotation number during the
rinsing process is preferably set to be 1,000 rpm or less. On 5 the other
hand, the rotation number of the wafer W during the rinsing process is
preferably set to be 500 rpm or more, ig}éigilt of the processing uniformity
and processing time on the surface of the wafer W. [0052) 10 As shown
in FIG. 10, the rotation number of the wafer W during the spin-drying only
hasg small influence on the value of static build-up voltage. This is

thoUght 16 B&°dde 1o tHe EffetthaltHEeGE 6fstafie Btidsip Yoltage on
the wafey W has begn 15-substantially determined by the rinsing process.

[0053] The present invention has been described with reference to the
embdtiréents, butltke présentinventicre is dotlimitfedte these ing
embodiments. For exaﬁnple, a 20 semiconductor wafer is treated as a

subStrate; but ft° iSRSt ImitiRg Y TRE préSertinvetibh May b& appfied to°&
glassrsubstrate useddor adlat papghdisplay, (ERD) and.sq forth: 00541 25

The present invention does not exclude a scan rinsing process to be

perferfitBafterthes precess usingethe two-fluidteleanihg liguid oo the: like o

FOfgé%ﬁg%ehk%%, in light of the processing uniformity and
processing time on the surface of the wafer W.

[0052]

As shown in FIG. 10, the rotation number of the
wafer W during the spin-drying only has a small
influence on the value of static build-up voltage.
This is thought to be due to the effect that the value
of static build-up voltage on the wafer W has been
substantially determined by the rinsing process.

(00531

The present invention has been described with
reference to the embodiments, but the present invention
is not limited to these embodiments. For example, a
semiconductor wafer is treated as a substrate, but it
is not limiting. The present invention may be applied
to a glass substrate used for a flat panel display
(FPD) and so forth.

[(0054]

The present invention does not exclude a scan

rinsing process to be performed after the process using

the two-fluid cleaning liguid or the like. For example,
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where a recipe is arranged to perform the process using the two-fluid
cleaning liquid or the like for a short time, contaminants raised on a wafer
W by the two-fluid cleaning liquid or the like may still remain on the 5
wafer W when supply of the two-fluid cleaning liquid or the like is stopped.
Accordingly, a scan rinsing process is %;Brfo_[med preferably for a short
time thereafter, so that the contaminants can be reliably removed. 10
[0055] The supply point of the two-fluid cleaning liquid or purified water is
not necessarily arranged to trace a straight line. In this respect, the

clealfingiiquid “A6Z2e of Tirsing AeZAe Thay Be Fahged tdbedsss using
rotat@i%e,@Q;thﬁ&ti%@r&%ém\ﬁ%f”?ﬁ)i%ﬁ%{ e ap arc ,through the center of

a wafer W above the wafer W while supplying the two-fluid éiéaﬁinsg ﬁqlﬂld
or theilike, omto the wafertW. Furthet, the mannet described abovecas aiid
spin- rginlgl;, process for a wafer W is arranged to 20 rotate the wafer W

C a Il

whilé& sTPPIifg nitfogeh gas ohfo & water W TAltermaavely: awafer s

may:hermerely,iatated gt a,predetermined rotation n {0 dry the,
wafer W, without1 supplylgr%)g %lpitrogen gas. [0056] 25 #%%%é?dir}r/lle S d or

describedlabeve are itended onlyc to clirify the technical contentef the

present invention, and, therefore, the present invention should - 30
process 1s performed preferably for a short time
thereafter, so that the contaminants can be reliably

removed.

[0055]

The supply point of the two-fluid cleaning liquid
or purified water is not necessarily arranged to trace
a straight line. 1In this respect, the cleaning liquid
nozzle or rinsing nozzle may be arranged to be
rotatable, so that it can be moved to describe an arc
through the center of a wafer W above the wafer W while
supplying the two-fluid cleaning liquid or the like
onto the wafer W. Further, the manner described above
as a spin-drying process for a wafer W is arranged to
rotate the wafer W while supplying nitrogen gas onto
the wafer W. Alternatively, a wafer W may be merely
rotated at a predetermined rotation number to dry the
wafer W, without supplying nitrogen gas.

[0056]

The embodiments described above are intended only
to clarify the technical content of the present

invention, and, therefore, the present invention should



not be construed as being limited to the embodiments. Various
modifications may be made without departing from the spirit of the
present invention or the scope of the appended claims, Industrial
Applicability [0057] The present invention is preferably applied to a
cleaning process for a substrate, such ag a semiconductor wafer. LLOYD
WISE 31L ,AIMS 1] A substrate cleaning method comprising:
supplying a two-fluid. cleaning liquid onto a substrate, while rotating the
substrate in an 5 essentially horizontal state, thereby processing the

sub&trate” and e h rottingSthHesubstratd at achigRer: SperdtRantRaL S -
used in-sypplying: the we-fluid, ing liquid, thereby drying the, ;
substrate, after stopping supply of the two-fluid cleaning liquid, 16
whefgipnthelmethod-compfises aorrinsirg processnusing  purifiec: watepin
a perié)d %fter sto%)ging supply of the two-fluid cleaning liquid and before
rotafing the SUBStrate At thé Higher speed. [2] The substrate cleaning
method 15 according to €laimsl, whereil gﬁ gggygggymprises rotating
the substrate at a rotation number of 1,000 rpm or less, and causing a
supply pointiéfthe two-

The present invention is preferably applied to a
cleaning process for a substrate, such as a

semiconductor wafer.
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fluid cleaning liquid onto the substrate to travel at a speed of 15 to 30
mm/sec in a radial direction of the 20 substrate, while supplying the

two-fluid cleaning liquid. [3] The substrate cleaning method according to LLOYD WISE

claim 1, wherein the method comprises leaving a liquid film of the
cleaning liquid when 25 stooping suppB/iof the two-fluid cleaning liquid,
and then rota -.ing t e substrate at a higher speed than That used In
supplying rte two-fluid cleaning liquid, LLOYD WISE 32_ thereby drying
the substrate. The substrate cleaningmethodyagcording to claim I,
wherein the method comprises applying a spray of nitrogen gas to the
substrate wHilk 5 causing the $prayits travékfrom @scenter oftheod

substrate to a.peripheral ((adeB%e thereof, in drying the substrate. X57 A
substrate cléanifig metho: Jo%ﬁsﬁ&‘ib%8&&%&5%8&&@%%93&%O

of a predetermined chemical liquid; supplying purified water onto the

substrate, while rotating the substrate in an essentially horizontal state,
therelbsys petfoerhing anrinsing processrand 151atating the subsiraieat arhe

higher speed than that used in supplying the rinsing process, thereby

(ﬂwﬁﬁﬁmtrate; and then rotating the substrate at a higher
speed than that used in supplying the two-fluid
cleaning liquid, thereby drying the substrate, after
stopping supply of the two-fluid cleaning liquid,
wherein the method comprises no rinsing process using
purified water in a period after stopping supply of the
two-fluld cleaning liquid and before rotating the
substrate at the higher speed.

[2] The substrate cleaning method
according to claim 1, wherein the method comprises
rotating the substrate at a rotation number of 1,000
rpm or less, and causing a supply point of the two-
fluid cleaning liguid onto the substrate to travel at a
speed of 15 to 30 mm/sec in a radial direction of the
substrate, while supplying the two-fluid cleaning
liguid.

[3] The substrate cleaning method
according to claim 1, wherein the method comprises
leaving a liguid film of the cleaning ligquid when
stopping supply of the two-fluid cleaning liquid, and
then rotating the substrate at a higher speed than that

used in supplying the two-fluid cleaning liguid,
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the substrate, wherein the method comprises causinc a supply point of
the purified water onto the substrate to 20 travel at a speed set to be
higher at a central portion of the substrate than at a peripheral portion L

. ) o J - LLOYD WiSE
thereof in performing the rinsing process, so as to equalize a processing =
time per unit area over the substrate. 1. subs rate cleaning method 25
comprising: processing a s'un Irate cv use of predetermrne- chemical
liquid; LLOYD WISE - 33 supplying pi#ied wat onto the substrate, while
rotating the substrate in an essentially horizontal state, thereby
performing a rinsing process; and rotating the substrate at a higher speed

than that. @g§e@@§%@plgw tggbrgpyggcgr.ocess, thereby drying the

substrate, wherein the method comprises causing a supply point of the
purified water‘onto the substratente travelin-a radialdirection.ef the 4
substgactgb% d10 s,rettingea,rotation number of the substrate to be higher
for thé Stpply PSint 6f thepitified WafeF being: predentatch cenpaliportion

of the-gubsieale than gt petipheral padion hereof inperforming the
rinsing process, so as to equalize a processing time per URIt TS Afed While
over thelsupstratée spray to travel from a center of the
substrate to a peripheral edge thereof, in drying the
substrate.
[5] A substrate cleaning method
comprising:
processing a substrate by use of a predetermined
chemical liquid;
supplying purified water onto the substrate, while
rotating the substrate in an essentially horizontal
state, thereby performing a rinsing process; and
rotating the substrate at a higher speed than that
used in supplying the rinsing process, thereby drying
the substrate,
wherein the method comprises causing a supply
point of the purified water onto the substrate to
travel at a speed set to be higher at a central portion
of the substrate than at a peripheral portion thereof
in performing the rinsing process, so as to equalize a
processing time per unit area over the Substrate.
[6] A substrate cleaning method

comprising:

t

processing a subs

chemical liquid;
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i] A computer readable storage medium 20 that stores a software for a

computer to execute a control program, wherein the control program, LLOYD WISE

when executed, controls a cleaning apparatus in perform a substrate
cleaning method comprising: supplying a two- fluid cleaning liquid onto a
substrate, while rotating 25 the substrate in an essentially horizontal state,
thereby ne r_eb.,,, processing the stibstrate, and the., _otatl the

substrate at a higher speed than that used in supplying LLQyjj VASE - 34

the two-fluid _leaninc liquid, thereby drying the substrate, after stopping
supply of theStwa=fuieh &lezing liquid “whereimthe method Comprises Nosnil <
rinsin ss.using purified water in a period after 5 stopping supply of

the tw%%%cccielc%l%arsﬁﬁ% Iiaﬁzjd' and before rotatiiy’ fHe- sibstate 3 tehigher
speeds c8-EA camputey readable-storage medium, fhat stores a software

for a computer to execute a control program, wherein the control

program, whéf 40-éxéciited, EorFols acleating apparatusstoperformaa that
subst leaning method comprising: processing a substrate by use of a
prede(fiér%n%neé%pcnﬁ%eﬁﬁiléﬁfﬁ%idr;r%uﬁp%lr%%rﬁijéa%:it%’r oMG Py drving
substrate, whites vetating the substrate in an essentially horizontal 15

state, thereby performing a rinsing process; and rotating the substrate at

a higher spe&atRan thatgset: ik sdpplyingtheainsing process, thesehy,

(“wn%HEﬁt of the purified water onto the substrate TO

travel in a radial direction o

1

the substrate, and
setting a rotation number of the substrate to be higher
for the supply point of the purified water being
present at a central portion of the substrate than at a
peripheral portion thereof, in performing the rinsing
process, so as to equalize a processing time per unit

area over the substrate.

[ 7] A computer readable storage medium

that stores a software for a computer to execute a

9]

ntrol program, wherein the control program, when

(D

X

()
@]

uted, controls a c

bt

eaning apparatus to perform a

substrate cleaning method comprising: supplying a two-

(1]

< K . .. ) . . . ,
luid cleaning liguid onto a substrate, while rotating

-+

he substrate in an essentially horizontal state,

e SR

ha e al - P e e - o , !
L,n..,‘_,uy processzing the supbstrate; and nen rot

t

h

D

A e
[SRSIpS)

o3}
Q

substrate at a higher speed than that used in

m

Q

supplyin



substrate, wherein the method comprises causing a supply point of the
purified water onto the substrate 20 to travel at a speed set to be higher atL y
a central portion of the substrate than at a peripheral portion thereof in LOYD wise
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performing the rinsing process, so as to equalize a processing time per
unit area over the substrate. 25 i 9 A computer readable storage medium
thar stores a software for a computer-eXectte a control program, wherein
the control program, when LLOYD'Wi; E - 35 executed, controls a
cleaning apparatus no perform a substrate cleaning method comprising:

processing a-substrate by.use gf a predetermined chemical liquid;
supplying purified water onto 1the%s,ubs%déftlee?i\’/vh{lI]ké%rfso gtir% %/hlgjgul%&%te

in an®ssentalehorZontal stateptheseby:performing:a lnsing-progess;
and (rﬁtggng the iubstrate at a higher speed than that used in supplying
the rinsing process dhereby Gf g the® SBbatrates whereinthe anethod

comprises:causing aJl0-supply, point of the purified water onto the

substrate to travel in a radial direction of the su stratel,%n% g@ﬁiﬁﬁ% after

rotatiohdiumber sfthelsubstrate.to hehigher for the supply point of the ,
purified %/ater being present at a central portion of the substrate than at a

15 pgr(lep Yeral pOrton therddteingyetforairgy the rising isroeess; mosas

equahﬂ?arﬁQﬁ@Sgngt”neperﬂn%omputer readable storage medium

that stores a software for a computer to execute a
control program, wherein the control program, when
executed, controls a cleaning apparatus to perform a
substrate cleaning method comprising: processing a
substrate by use of a predetermined chemical liquid;
supplying purified water onto the substrate, while
rotating the substrate in an essentially horizontal
state, thereby performing a rinsing process; and
rotating the substrate at a higher speed than that used
in supplying the rinsing process, thereby drying the
substrate, wherein the method comprises causing a
supply point of the purified water onto the substrate
to travel at a speed set to be higher at a central
portion of the substrate than at a peripheral portion
thereof in performing the rinsing process, so as to
equalize a processing time per unit area over the
substrate.

-1 ‘ . N
(9] «A computer readable storage medium

ot

I
i1

ct

sTores a softwar

88

D

I0or a computer tTo execute a

(

+- . :
ontrol program, wherein the control program, when



10

15

20

25

area over the substrate. Lie-] The storage medium according to claim 7,
wherein the substrate cleaning method comprises 20 rotating the

substrate at a rotation number of 1,000 rpm or less, and causing a supply -L0YD WISE

point of the two- fluid cleaning liquid, pnto the substrate to travel at a
speed of 15 to 30 mm/sec in a radial direction of the substrate, while
supplying the two-fluid cleaning 25 liquid. ii]. The storage medium

accgg{(jgggtgodgla!:r,gnzu,rvgtﬂgr%n the substrate cleanugg method comprises

LLOYD WISE' 36 ..caving a liquid film of the cleaning liqaid-When ™ &
stoppingstipply of thertworfluigkeleaningriguics ang: then ratatingthe
substrate at a higher speed than that used in supplying the two-fluid
cleatting Tigait SPtherey BfyifigthE SEbSFael B! £ el storage aedium

accareing jo,clpim, 7y whezeip, {he substrate,deaning method comprises
applying a spray of nitrogen gas to the substrate while "causing the Spray
to travekfronya centerofthe:tG substratede aperiphieral edge thereof, in
cﬂWQg;Qg S%%ggggy performing a rinsin ess;

, bs g process; and
rotating the substrate at a higher speed than that used
in supplying the rinsing process, thereby drying the
substrate, wherein the methqd comprises causing a
supply point of the purified water onto the substrate
to travel in a radial direction of the substrate, and
setting a rotation number of the substrate to be higher
for the supply point of the purified water being
present at a central portion of the substrate than at a
peripheral portion thereof, in performing the rinsing
process, sO as to equalize a processing time per unit
area over the substrate.

[10] The storage medium according to claim
7, wherein the substrate cleaning method comprises
rotating the substrate at a roﬁation number of 1,000
rpm or less, and causing a supply point of the two-

fluid cleaning liquid onto the substrate to travel a

ot

a

speed of 15 to 30 mm/sec in a radial direction of th

0]

substrate, while supplying the two-fluid cleaning
liguid.
(117 The storage medium according to claim

7, wherein the substrate cleaning method comprises
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leaving a liguid film of the cleaning liguid when
stopping supply of the two-fluid cleaning liguid, and
then rotating the substrate at a higher speed than that
used in supplying the two-fluid cleaning liguid,
thereby drying the substrate.

[12V] The storage medium according to claim
7, wherein the substrate cleaning method comprises
applying a spray of nitrogen gas to the substrate while
causing the spray to travel from a center of the

substrate to a peripheral edge thereof, in drying the

substrate.



