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Invention 1. Field of the Invention [0001]The present invention relates to a coating treatment method, a
program, a non-transitory computer storage medium and a coating treatment 10 apparatus coating a
coating solution onto a substrate. 2. Description of the Related Art [0002]In a photolithography process

in a manufacturing process of a semiconductor device,lfor example, a resist coating treatment of

coating a 15 resist solution onto a semiconductor wafer (hereinafter, referred to as a "wafer") to form a

resist film, exposure processing of exposing the resist film to a predetermined pattern, a developing
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Background of the Invention

1. Field of the Invention
[0001] The present invention relates to a coating treatment method, a
program, a non-transitory computer storage medium and a coating treatment

apparatus coating a coating solution onto a substrate.

2. Description of the Related Art

[0002] In a photolithography process in a manufacturing process of a
semiconductor device, for example, a resist coating treatment of coating a
resist solution onto a semiconductor wafer (hereinafter, referred to as a
"wafer") to form a resist film, exposure processing of exposing the resist film
to a predetermined pattern, a developing treatment of developing the exposed
resist film and so on are performed in sequence to form a predetermined resist
pattern on the wafer.

[0003] In the above-described resist coating treatment, a so-called spin
coating method is frequently used in which a resist solution is supplied from
a nozzle to a central portion of the rotating wafer and a centrifugal force is
utilized to diffuse the resist solution over the wafer to thereby coat the resist
solution on the wafer. It is necessary to coat the resist solution on the wafer
with high in-plane uniformity when the resist coating as stated above is

performed. Besides, it is also important in this spin coating method to



coating method is frequently used in which a resist solution is supplied from a nozzle to a central
portion of the rotating wafer and a centrifugal force is utilized to diffuse the resist solution over the
wafer to thereby coat the resist solution on the wafer. It is necessary to coat the resist solution on the
wafer 25 with high in-plane uniformity when the resist coating as stated above is performed. Besides, it
is also important in this spin coating method to 2 reduce a supply amount of the resist solution on the
wafer because a most part of the resist solution suppli€d on the wafer is spun off and the resist
solution is expensive. [0004]A coating treatment method executing a first step to a third step 5 stated
below is proposed as a method of uniformly coating the resist solution with a small amount in the spin

coating meth@écﬁﬁ:é@%@%@?’%ﬁbﬁﬁ% 8t helirsb ReRdhriSsI G alliondesupelisdde e csntral

portion of the wafer rotating at high speed at a first rotation number to diffuse the resist solution on the
wafer. In this fiest stdpiltherassuspditienresippdsidtion stieplisdfen 10 speiwadél isrsingle arebist
therefore the resist solution does, not diffuse to an end of the wafer. Subsequently, in the second step,
the number o??i’tﬁ%%é%?wwﬂé‘?-is once decelerated to a second rotation number, and the supply
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solution, and the resist solution with a uniform film thickness is coated on the wafer, after the supply of

the resist sol0tith id sreadbesnawitpnstbogpéy (oatine serthahuapitediohoarl-opah fitst, in

2008-71960). 20 . .. . .
)tﬁe first step, the resist solution is supplied to the central portion of the wafer

rotating at high speed at a first rotation number to diffuse the resist solution
on the wafer. In this first step, the amount of the resist solution supplied on

10  the wafer is small, and therefore the resist solution does not diffuse to an end
of the wafer. Subsequently, in the second step, the number of rotations of
the wafer is once decelerated to a second rotation number, and the supply of
the resist solution in the first step is continued so as to improve fluidity of the
resist solution on the wafer. After that, in the third step, the rotation of the

15 wafer is accelerated to a third rotation number to diffuse the resist solution to
a whole surface of the wafer, and perform drying of the diffused resist
solution, and the resist solution with a uniform film thickness is coated on the
wafer, after the supply of the resist solution in the second step is stopped
(Japanese Patent Application Laid-open No. 2008-71960).

20

Summary of the Invention

[0005] However, it turned out that the in-plane uniformity deteriorates if
the supply amount of the resist solutions is further reduced, and in particular,
lowering of the film thickness of the resist solution at an outer peripheral
25 edge portion of the substrate becomes obvious even in a case when the

above-stated conventional method is used according to the present inventors.



Summary of the Invention [0005]However, it turned out that the in-plane uniformity deteriorates if the
supply amount of the resist solutions is further reduced, and in particular, lowering of the film thickness
of the resist solution at an outer peripheral 25 edge portion of the substrate becomes obvious even in
a case when the above-stated conventional method is used according to the present inventors. 3
According to a verification by the present inventors as for the above-stated problem, for example, the
supplied resist solutions is necessary to be approximatgly 0.5 ml (milliliter) when a diameter of the
wafer is 300 mm to uniformly coat the resist solution to an end portion of the wafer by using the 5
above-stated method, and the lowering of the film thickness of the resist solution at the outer

ipheral ed ' b the amount of the supplied resist.solution is set tq be, for
beample. 0 25 L e s T B AR A SR ahR HhaErnated oy
amount of thegasisesnlution vexameas, benedyepg Hednifesity sadhiini0 I§Si§é§9é‘é,§i?j? wihigdhe

wafer surface in the conventional method, and it Is impossible to suppress less than a predeteiiiiined
value. [0006]mp¢é§mﬁﬁbe@ué_m @mﬂ&kﬁ@qv@ssncatdéaam-gﬁm proifienis, 300 amotject
iereof i o uniogy goa o coRlng soluion witin & subsupte suiace vl cuppressing 2 supbly
5 above-stated method, and the lowering of the film thickness of the resist
solution at the outer peripheral edge portion can be seen when the amount of
the supplied resist solution is set to be, for example, 0.25 ml which is a half
of a required amount. Accordingly, there has been a limit in the supply
amount of the resist solution which can be reduced to uniformly coat the
10 resist solution within the wafer surface in the conventional method, and it is
impossible to suppress less than a predetermined value.
[0006]  The present invention is made to address to the above-stated
problems, and an object thereof is to uniformly coat a coating solution within
a substrate surface while suppressing a supply amount of the coating solution
15 to a small amount when the coating solution is coated on the substrate.
[0007] To attain the above stated object, a coating treatment method
coating a coating solution onto a substrate, includes: a first step of rotating
the substrate at a first rotation number; a second step of subsequently
decelerating the rotation of the substrate, and rotating the substrate at a
20  second rotation number which is slower than the first rotation number; a third
step of subsequently accelerating the rotation of the substrate, and rotating
the substrate at a third rotation number which is faster than the second
rotation number and slower than the first rotation number; a fourth step of
subsequently decelerating the rotation of the substrate, and rotating the

25  substrate at a fourth rotation number which is slower than the third rotation

number; and a fifth step of subsequently accelerating the rotation of the



15 to a small amount when the coating solution is coated on the substrate. [0007] To attain the above
stated object, a coating treatment method coating a coating solution onto a substrate, includes: a first
step of rotating the substrate at a first rotation number; a second step of subsequently decelerating the
rotation of the substrate, and rotating the substrate at a 20 second rotation number which is slower
than the first rotation number; a third step of subsequently accelerating the rotation of the substrate,
and rotating the substrate at a third rotation number whith is faster than the second rotation number
and slower than the first rotation number; a fourth step of subsequently decelerating the rotation of the
substrate, and rotating the 25 substrate at a fourth rotation number which is slower than the third

rotation numbeyand, a-fifth step:efi adbacauemlyacceleratingihe Itrsion AhiRe r 4tiRsL tq-"ae{vgéerem

rotating the substrate at a fifth rotation number which is faster than the fourth rotation number

a supply of the¢tzoatihg Solutihrddadi centrahpostionhétbénsabssipathyis ohtrcsatshopsstoticedtsam the
first step to a middle of the, second step or during the first step, and the fourth rotation 5 number is
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set to be approxim a conventiona cause a dryifg proceeds Whi e resist
solution cﬁffusgaﬁqb@rqlsa@@;gqhgﬁriQhE(yé;ngIt@gl%tgmg y@,ltﬁq)yqiggsstep, fluidity deteriorates, and

the resist solution dries as it is even if the resist solution reaches an end portion of the outer periphery

of the substral®@8&] resulfbis veridisddhaf thavieniogarEa film thickness of a resist solution

at an outer peripheral edge portion occurs when a supply amount of the resist

solution is set to be approximately half of a conventional method, because a

drying proceeds while the resist solution diffuses toward an outer periphery

10 of the substrate in the third step, fluidity deteriorates, and the resist solution

dries as it is even if the resist solution reaches an end portion of the outer
periphery of the substrate as a result of a hard study of the inventors.

[0009] It turned out by the further study of the inventors that the number

of rotations of the substrate is decelerated when the resist solution reaches the

15 substrate end portion in the third step, and the substrate is rotated at more

than “0” (zero) rpm and 500 rpm or less which is slower than the third

rotation number, and thereby it becomes possible to diffuse the resist solution

at the central portion of the substrate toward the outer periphery of the

substrate while suppressing the drying of the resist solution, namely, to adjust

20  a balance of the film thickness between the central portion of the substrate

and the outer peripheral portion of the substrate within the substrate surface.

Accordingly, it turned out that it is possible to coat the coating solution

without causing the lowering of the film thickness of the resist solution at the

outer peripheral edge portion and to uniformly coat the coating solution

25  within the substrate surface even when the supply amount of the resist

solution is suppressed to a small amount than the conventional method by



[0009] It turned out by the further study of the inventors that the number of rotations of the substrate is
decelerated when the resist solution reaches the 15 substrate end portion in the third step, and the
substrate is rotated at more than "0" (zero) rpm and 500 rpm or less which is slower than the third
rotation number, and thereby it becomes possible to diffuse the resist solution at the central portion of
the substrate toward the outer periphery of the substrate while suppressing the drying of the resist
solution, namely, to adjust 20 a balance of the film thickness between the central portion of the
substrate and the outer peripheral portion of the substrate within the substrate surface. Accordingly, it
turned out that it is possible to coat the coating solution without causing the lowering of the film
thickness of thetaeisigt Sl uidssataliecanutes peitdheral ttogenenen, antitehenifarily seatthetcgating
solution 25 within the substrate surface even when the supply amount of the resist solution is
suppressed tEORERAPERHBGHR AR Sh A EsivdiibrriPhethsd oy rsaehesnid tend parsiemoththtird

rotation numbe%se%{)éj éhen it is rotated at the fourth rotation number after the resist solution reaches the
end portion ot the suE)s'trate. [0010]Accordingly, in the present invention, at first, the coating solution 5

is supplied to[tipi egntral postendihiBR SibsHatgubuie 'RIFURGI KIS S IRERIeIRL B flist 'obIfdn

number in the first step, and therefore the coating solution can be uniformfy diffused even when the
supply amouns stipelisshtoglsolotiotrad thertionsitthis substratitewtide, totasinsithte ssibstased at the

second rotation humper in the second step, and therefore the coating solutign 10 supplied in the first
step is diffusé @}?ﬁ%&@éﬁﬁ%@%ﬁﬁ% th Eﬁ%%?ﬂn@@é?%ﬁ@ﬁ%éﬁ%%}%%%&%e is

rotated at the.thir tati e ich i r he sec rotafi I han
the first rotati%%ﬂnijrrﬁb%ﬁrﬁotmirg @g?gﬁ%gre%%$§%2h c%oaﬁg@psl%ﬁu%%%{%ﬁ?&i%gt% é‘fzﬁ ffused
to a whole sustdogiohithe shbsitasetriaehes Insalbseqyerirfobit) siep stiissgubstistedsaieidtet dhe

fourth rotation number which is slower than the third rotation number, and therefore the resist solution

at the centralsséfiuh krtgféosupstrabersiniftheseeongrate omdrtherpioss thethoatingsedutioie
suppressing the dryi 'thhf resist splution r@}he oating solution aon the substrate is smoothed and
planarijéd. A%uf@géa%ﬂla Q/(f,lreﬁc E%ﬂwéstoaf ﬁgiiﬂat Stﬂéuﬁﬁpﬁ%‘é?hyjlgﬁﬁé%@%ﬁ{% tion, it
Is possible togpitepmyGaaithe SABURE ROMION AN BRE sHbSYatsEHIAcE Whlle sHRPISRSREAe
supply amount of the coating solution t0 a small amount. [0011]The present invention according to
another aspectinlbeprodrach 26 fysteatitiginrthecsacpuié rrat at tomtrolmhit cantdoflogvactatinghe
treatment ap%aratus to execute a coatin%treatment method at the coating treatment )
irst rotation number 1n the third step, and therefore the coating solution on
the substrate is diffused to a whole surface of the substrate. In the
15  subsequent fourth step, the substrate is rotated at the fourth rotation number
which is slower than the third rotation number, and therefore the resist
solution at the central portion of the substrate is diffused toward the outer
periphery of the substrate while suppressing the drying of the resist solution
and the coating solution on the substrate is smoothed and planarized. As
20 stated above, according to the coating treatment method of the present
invention, it is possible to uniformly coat the coating solution within the
substrate surface while suppressing the supply amount of the coating solution
to a small amount.
[0011] The present invention according to another aspect is a program

25 operating on a computer at a control unit controlling a coating treatment

apparatus to execute a coating treatment method at the coating treatment



6 apparatus, wherein the coating treatment method includes: a first step of rotating a substrate at a
first rotation number; a second step of subsequently decelerating the rotation of the substrate, and
rotating the substrate at a second rotation number which is slower than the first rotation number; a
third 5 step of subsequently accelerating the rotation of the substrate, and rotating the substrate at a
third rotation number which is faster than the second rotation number and slower than the first rotation
number; a fourth step of subsequently decelerating thefrotation of the substrate, and rotating the
substrate at a fourth rotation number which is slower than the third rotation 10 number; and a fifth step
of subsequently accelerating the rotation of the substrate, and rotating the substrate at a fifth rotation

number whichijspastersthanibefau e aiatiom pubainwheraiethsdPRPhc RidRs: caalingtsatidipio a
central portion of the substrate is continuously perfol rued from the first step to a middle of the second
step or during €tatfingt stepbatiatbeatourfirsotantenios numtims amszeahdnstop (eérslbsryard B0 rpm

or less. [0012]Further, the present inyention according to another aspect is a non-transitory computer
readable stor Sgﬁg%&%ﬂgst{(ﬁﬁwdﬂ%%g%u?& &SQ?ﬁSW%tiﬁ&%nrﬁ%’rﬂﬁu@Fa?‘& 8 @it
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ubstrate

treatment apparatus, wherein the coating treatment method includes: a first step of rotatihg a's

at a first fotatkinmuiiserh seseroritlstep ofcsubsay uhstiodetielrraththheubkatior obie sohatiate, and
rotating the substrate at a second rotation number which is slower than the first rotation
the substrate at a third rotation number which is faster than the second
rotation number and slower than the first rotation number; a fourth step of
subsequently decelerating the rotation of the substrate, and rotating the
substrate at a fourth rotation number which is slower than the third rotation
10 number; and a fifth step of subsequently accelerating the rotation of the
substrate, and rotating the substrate at a fifth rotation number which is faster
than the fourth rotation number, wherein a supply of the coating solution to a
central portion of the substrate is continuously performed from the first step
to a middle of the second step or during the first step, and the fourth rotation
15 number is more than “0” (zero) rpm and 500 rpm or less.
[0012] Further, the present invention according to another aspect is a
non-transitory computer readable storage medium storing a computer
program operating on a computer at a control unit controlling a coating
treatment apparatus to execute a coating treatment method at the coating
20  treatment apparatus, wherein the coating treatment method includes: a first
step of rotating a substrate at a first rotation number; a second step of
subsequently decelerating the rotation of the substrate, and rotating the
substrate at a second rotation number which is slower than the first rotation
number; a third step of subsequently accelerating the rotation of the substrate,
25  and rotating the substrate at a third rotation number which is faster than the

second rotation number and slower than the first rotation number; a fourth



number; a third step of subsequently accelerating the rotation of the substrate, 25 and rotating the
substrate at a third rotation number which is faster than the second rotation number and slower than
the first rotation number; a fourth 7 step of subsequently decelerating the rotation of the substrate,
and rotating the substrate at a fourth rotation number which is slower than the third rotation number;
and a fifth step of subsequently accelerating the rotation of the substrate, and rotating the substrate at
a fifth rotation number which is 5 faster than the fourth fotation number, wherein a supply of the
coating solution to a central portion of the substrate is continuously performed from the first step to a
middle of the second step or during the first step, and the fourth rotation number is more than "0"
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10 coating treatment apparatlis coating a coating-solution onto a substrate, Includés: a rotation folding

unit holding atlderatatisg- e sutbatréteirehcoatingsolutiombezzetsuhphdngl theaoating sdluticmitd the
substrate; and a control unit controlling the rotation holding unit to execute: a first step of rotating the

substrate at alftétishiBHHRARbaRG s hteppalt subsequently B aelariiagmshaa otatinn of the

substrate, and,rotati substrate at.a second rptation numb hich, is slower than the,first rotation
number; a thi(rgc}i{ %t%%%%%%%e%ﬁ%n%ﬂ}ﬁégglet?%ﬁir?él thr o{g%t%nao?{tﬁé sf@&%%ﬂé)ﬁé,%%l&lhsﬁlét}ﬁ@@e 18
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the first rotation number; a fourth step of 20 subsequently decelerating the rotation of the substrate,
and rotating thelsubsrdte atcetdiatrpottitonallithbes dhstiate thandoti(nevoistprparfodned dmoor less

which is slowey than the third rotation number; and a fifth step of sybsequently accelerating the
rotation of the%ﬁb%f%téﬁ%@ﬁ&%%a ‘511% ShhaRe CRRYRRCR i F\‘&}Eb‘é‘rev\/ﬁéﬁ g@&st@??ﬂé@ﬁhe
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of the coating solution to a central portion o strat
[0013] Further, the present invention according to another aspect is a

10  coating treatment apparatus coating a coating solution onto a substrate,
includes: a rotation holding unit holding and rotating the substrate; a coating
solution nozzle supplying the coating solution to the substrate; and a control
unit controlling the rotation holding unit to execute: a first step of rotating the
substrate at a first rotation number; a second step of subsequently

15  decelerating the rotation of the substrate, and rotating the substrate at a
second rotation number which is slower than the first rotation number; a third
step of subsequently accelerating the rotation of the substrate, and rotating
the substrate at a third rotation number which is faster than the second
rotation number and slower than the first rotation number; a fourth step of

20 subsequently decelerating the rotation of the substrate, and rotating the
substrate at a fourth rotation number of more than “0” (zero) rpm and 500
rpm or less which is slower than the third rotation number; and a fifth step of
subsequently accelerating the rotation of the substrate, and rotating the
substrate at a fifth rotation number which is faster than the fourth rotation

25 number, and controlling the coating solution nozzle to continuously perform

a supply of the coating solution to a central portion of the substrate from the



first step to a middle of the second step or during the first step. [0014]According to the present
invention, it is possible to uniformly coat a coating solution within a substrate surface while
suppressing a supply amount of the coating solution to a small amount when the coating solution is
5coated on the substrate. Brief Description of the Drawings [0015]FIG. 1 is a longitudinal sectional
view illustrating an outline of a configuration of a resist coating apparatus according to an embodiment;
10[0016]FIG. 2 is a transverse sectional view illustrating the outline of the configuration of the resist
coating apparatus according to the embodiment; [0017]FIG. 3 is a graph illustrating the number of
rotations of a wafer and supply timings of a resist solution and a solvent in each step of a coating
treatment progase <1598 BIRIGar s AR %&Bﬂ&tg{éfag%_’@f"’d'ﬂ&l%gﬂ’fg Aspapggance which the
resist solution diffuses on a wafer rotating at a first rotation number; [0019]FIG."4B is an explanatory
view illustratif@@hbppeardmminling to the present invention, it is possible to uniformly

coat a coating solution within a substrate surface while suppressing a supply
amount of the coating solution to a small amount when the coating solution is

5 coated on the substrate.

Brief Description of the Drawings

[0015] FIG. 1 is a longitudinal sectional view illustrating an outline of a
configuration of a resist coating apparatus according to an embodiment;

10 [0016] FIG. 2 is a transverse sectional view illustrating the outline of the
configuration of the resist coating apparatus according to the embodiment;
[0017] FIG. 3 is a graph illustrating the number of rotations of a wafer
and supply timings of a resist solution and a solvent in each step of a coating
treatment process;

15 [0018] FIG. 4A is an explanatory view illustrating an appearance in
which the resist solution diffuses on a wafer rotating at a first rotation
number;

[0019] FIG. 4B is an explanatory view illustrating an appearance in
which the resist solution diffuses on the wafer rotating at a third rotation

20 number;

[0020] FIG. 4C is an explanatory view illustrating an appearance in
which a resist film is formed on the wafer;

[0021] FIG. 5 is a graph illustrating a film thickness of the resist film on
the wafer as for the present embodiment and a comparative example;

25  [0022] FIG. 6 is a graph illustrating the number of rotations of a wafer

and supply timings of a resist solution and a solvent in each step of a coating



which the resist solution diffuses on the wafer rotating at a third rotation 20 number; [0020]FIG 4C is
an explanatory view illustrating an appearance in which a resist film is formed on the wafer; [0021]FIG.
5 is a graph illustrating a film thickness of the resist film on the wafer as for the present embodiment
and a comparative example; 25 [0022]FIG. 6 is a graph illustrating the number of rotations of a wafer
and supply timings of a resist solution and a solvent in each step of a coating 9 treatment process
according to another embodiment; [0023]FIG. 7 is a gr&ph illustrating the number of rotations of a
wafer and supply timings of a resist solution and a solvent in each step of a coating treatment process
according to still another embodiment; 5 [0024]FIG. 8 is a graph illustrating the number of rotations of

awafer and sypRhhbRings 68 5 esid:RAKYB anddspMeHdaRachStep of a coating treatment
process according to yet another embodiment;
[0023] FIG. 7 is a graph illustrating the number of rotations of a wafer
and supply timings of a resist solution and a solvent in each step of a coating
treatment process according to still another embodiment;

5 [0024] FIG. 8 is a graph illustrating the number of rotations of a wafer
and supply timings of a resist solution and a solvent in each step of a coating
treatment process according to yet another embodiment;

[0025] FIG. 9 is a graph illustrating the number of rotations of a wafer
and supply timings of a resist solution and a solvent in each step of a coating

10 treatment process according to another embodiment;

[0026] FIG. 10 is a graph illustrating the number of rotations of a wafer
and supply timings of a resist solution and a solvent in each step of a coating
treatment process according to another embodiment;

[0027] FIG. 11 is a graph illustrating the number of rotations of a wafer

15 and supply timings of a resist solution and a solvent in each step of a coating
treatment process according to another embodiment;

[0028] FIG. 12 is a graph illustrating the number of rotations of a wafer
and supply timings of a resist solution and a solvent in each step of a coating
treatment process according to another embodiment;

20 [0029] FIG. 13 is a graph illustrating the number of rotations of a wafer
and supply timings of a resist solution and a solvent in each step of a coating
treatment process according to another embodiment;

[0030] FIG. 14 is an explanatory view illustrating an appearance in which
a resist solution diffuses on a wafer when a conventional coating treatment
25  method is used;

[0031] FIG. 15 is a graph illustrating the number of rotations of a wafer



[0025]FIG. 9 is a graph illustrating the number of rotations of a wafer and supply timings of a resist
solution and a solvent in each step of a coating 10 treatment process according to another
embodiment; [0026]FIG. 10 is a graph illustrating the number of rotations of a wafer and supply timings
of a resist solution and a solvent in each step or a coating treatment process according to another
embodiment; [0027]FIG. 11 is a graph illustrating the number of rotations of a wafer 15 and supply
timings of a resist solution and a solvent in each step dfa coating treatment process according to
another embodiment; [0028]FIG. 12 is a graph illustrating the number of rotations of a wafer and
supply timings of a resist solution and a solvent in each step of a coating treatment process according

to another emheHimeRl;2A1N92A DS ik itk SN dhaliating 16 suimhespiratalirns ofuaiy and

supply timings of a resist solution and a solvent in each step of a coating treatment process according
to another enibrsafiment; [J0030F G adriding explaatheryevidvo diusenting an appearance in which  a
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and supply timings of a resist solution and a solvent in each step of a coating
5 treatment process according to another embodiment; and
[0033] FIG. 17 is a graph illustrating the number of rotations of a wafer
and supply timings of a resist solution and a solvent in each step of a coating

treatment process according to the other embodiment.

10 Detailed Description of the Invention

[0034] Hereinafter, embodiments of the present invention are described.
FIG. 1 is a longitudinal sectional view illustrating an outline of a
configuration of a resist coating apparatus 1 as a coating treatment apparatus
according to an embodiment. FIG 2 is a transverse sectional view
15  illustrating the outline of the configuration of the resist coating apparatus 1.
Note that in the present embodiment, a resist solution is used as a coating
solution. Besides, a diameter of a wafer W used as a substrate is 300 mm in
the present embodiment.
[0035] The resist coating apparatus 1 has a treatment container 10 as
20  illustrated in FIG. 1. A spin chuck 20 as a rotating and holding unit which
holds and rotates the wafer W thereon is provided at a central portion in the
treatment container 10. The spin chuck 20 has a horizontal upper surface,
and the upper surface is provided with, for example, a suction port (not
illustrated) which sucks the wafer W. Suction through the suction port
25  allows the wafer W to be suction-held on the spin chuck 20.
[0036] The spin chuck 20 has a chuck drive mechanism 21 equipped



10 and supply timings of a resist solution and a solvent in each step of a coating treatment process
according to another embodiment; [0032]FIG. 16 is a graph illustrating the number of rotations of a
wafer and supply timings of a resist solution and a solvent in each step of a coating 5 treatment
process according to another embodiment; and [0033]FIG. 17 is a graph illustrating the number of
rotations of a wafer and supply timings of a resist solution and a solvent in each step of a coating
treatment process according to the other embodiment.l10Detailed Description of the Invention
[0034]Hereinafter, embodiments of the present invention are described. FIG. 1 is a longitudinal
sectional view illustrating an outline of a configuration of a resist coating apparatus 1 as a coating

treatment appariahiisfagcotdingle, aneiowedinent e 2rid aHRvesacrEienAhisaL A Husi@ting

the outline of the configuration of the resist coating apparatus 1. Note that in the present emquimen_t,
a resist solutisPesdsdtyashccoakinglsolitive. BeeithmnimniaRéter oF antltadey Vthesechask sdhisteate is
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illustrated) wHiob3u¢ks the&war’f&rd/\th&s;ﬂ@ndh[mlgliﬂjeasugﬁbmldﬁ i)rovided wl’lich receives
and collects liquid splashing or dropping from the wafer W. A drain pipe 23
for draining the collected liquid and an exhaust pipe 24 for exhausting an
atmosphere in the cup 22 are connected to a bottom surface of the cup 22.
[0038] As illustrated in FIG. 2, on a side of a negative direction in an X-
10  direction (a lower direction in FIG. 2) of the cup 22, a rail 30 is formed which
extends along a Y-direction (a right-to-left direction in FIG. 2). The rail 30
is formed, for example, from an outside on a negative direction side in the Y-
direction of the cup 22 (the left direction in FIG. 2) to an outside on a positive
direction side in the Y-direction (the right direction in FIG. 2). To the rail
15 30, for example, two arms 31 and 32 are attached.
[0039] On the first arm 31, a resist solution nozzle 33 as a coating
solution nozzle which supplies a resist solution on the wafer W is supported
as illustrated in FIG. 1 and FIG. 2.  The first arm 31 is movable on the rail 30
by means of a nozzle drive unit 34 illustrated in FIG. 2. This allows the
20  resist solution nozzle 33 to move from a waiting section 35 provided at the
outside on the positive direction side in the Y-direction of the cup 22 to a
position above a central portion of the wafer W in the cup 22 and further
move in a direction of the diameter of the wafer W above a surface of the
wafer W. The first arm 31 freely rises and lowers by means of the nozzle
25  drive unit 34 to be able to adjust a height of the resist solution nozzle 33.

[0040] To the resist solution nozzle 33, a supply pipe 37 communicating



25 allows the wafer W to be suction-held on the spin chuck 20. [0036]The spin chuck 20 has a chuck
drive mechanism 21 equipped 11 with, for example, a motor or the like and can be rotated at a
predetermined speed by the chuck drive mechanism 21. Further, the chuck drive mechanism 21 is
provided with a raising and lowering drive source such as a cylinder so that the spin chuck 20 is
vertically movable. 5 [0037]Around the spin chuck 20, a cup 22 is provided which receives and collects
liquid splashing or dropping from the wafer W. A drain pipe 23 for draining the collected liquid and an
exhaust pipe 24 for exhausting an atmosphere in the cup 22 are connected to a bottom surface of the
cup 22. [0038]As illustrated in FIG. 2, on a side of a negative direction in an X- 10 direction (a lower
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direction in FIG. 2). The rail 30 is forme ,}éo example, from an outside on a negative dlrt_actlor_w sm_ie in
the Y-directiodmfttie cesi &2 (tatiesh dingspon sobIG2)316, athoutsider avaupRsitive Arersidn sitiedn the
Y-direction (the right direction in FIG. 2). To the rail 15 30, for example, two arms 31 and 32 are
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5 [0041] On the second arm 32, a solvent nozzle 40 is supported which
supplies a solvent of the resist solution, for example, thinner. The second
arm 32 is movable on the rail 30 by means of a nozzle drive unit 41
illustrated in FIG. 2 and can move the solvent nozzle 40 from a waiting
section 42 provided at an outside on the negative direction side in the Y-
10  direction of the cup 22 to the position above the central portion of the wafer
W in the cup 22. The second arm 32 freely rises and lowers by means of the

nozzle drive unit 41 to be able to adjust the height of the solvent nozzle 40.
[0042] To the solvent nozzle 40, a supply pipe 44 communicating with a
solvent supply source 43 is connected as illustrated in FIG. 1. In the solvent
15 supply source 43, solvent is stored. The supply pipe 44 is provided with a
supply equipment group 45 including a valve for controlling a flow of the
solvent, a flow regulator and so on. Note that though the resist solution
nozzle 33 for supplying the resist solution and the solvent nozzle 40 for
supplying the solvent are supported on separate arms in the above
20  configuration, they may be supported on the same arm, and movement and
supply timings of the resist solution nozzle 33 and the solvent nozzle 40 may

be controlled by control of the movement of the arm.

[0043] Operations of a drive system such as the above-described rotation
operation and vertical operation of the spin chuck 20, the movement
25  operation of the resist solution nozzle 33 by the nozzle drive unit 34, the

supply operation of the resist solution of the resist solution nozzle 33 by the



by means of a nozzle drive unit 34 illustrated in FIG. 2. This allows the 20 resist solution nozzle 33 to
move from a waiting section 35 provided at the outside on the positive direction side in the Y-direction
of the cup 22 to a position above a central portion of the wafer W in the cup 22 and further move in a
direction of the diameter of the wafer W above a surface of the wafer W. The first arm n 31 freely rises
and lowers by means of the nozzle 25 drive unit 34 to be able to adjust a height of the resist solution
nozzle 33. [0040]To the resist solution nozzle 33, a supply pipe 37 communicating 12 with a resist
solution supply source 36 is connected as illustrated in FIG. 1. In the resist solution supply source 36,
the resist solution is stored. The supply pipe 37 is provided with a supply equipment group 38 including

a valve for co [ f istsolui ] cond
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aiin 32, a solv e ed which supplies a solvent of the resist solution, for example,
thinner. The deychd aorZ2 trimevable 4h, theeraiipplpyopeartsonf ahtizzleodvivatunittht Bobiated in
FIG. 2 and can move the solvent nozzle 40 from a waiting section 42 provided at an outside on the
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solvent nozzle 40 may be controlled by control of the movement of the arm. [0043]Operations of a

drive system €HEN) asahepabbdéste@Cide driataticto-ansiativ l akd(Y@aleperataroed thergpiamhuck
20, the movement 25 operation of the resist solution nozzle 33 by the nozzle drive unit 34, the
10  installed from the storage medium H into the control unit 50 are used as
various programs used to enable the resist coating treatment in the resist
coating apparatus 1.
[0044] Next, the coating treatment process performed in the resist
coating apparatus 1 constituted as described above will be described. FIG.
15 3 isa graph illustrating the number of rotations of the wafer W and the supply
timings of the resist solution and the solvent in each step of the coating
treatment process. FIG 4A to FIG 4C schematically illustrate a state of a
liquid film on the wafer W in main steps of the coating treatment process.
Note that a length of time of the process in FIG. 3 does not necessarily
20  correspond to an actual length of time for easy understanding of technique.
[0045] The wafer W transferred in the resist coating apparatus 1 is first
suction-held on the spin chuck 20. Subsequently, the solvent nozzle 40 at
the waiting section 42 is moved by the second arm 32 to the position above
the central portion of the wafer W. Then, a predetermined amount of

25 solvent is supplied from the solvent nozzle 40 to the central portion of the

wafer W under a state in which the wafer W is stopped as illustrated in FIG. 3.



supply operation of the resist solution of the resist solution nozzle 33 by the 13 supply equipment
group 38, the movement operation of the solvent nozzle 40 by the nozzle drive unit 41, the supply
operation of the solvent of the solvent nozzle 40 by the supply equipment group 45 and so on are
controlled by a control unit 50. The control unit 50 is made up of, for example, a computer 5 including a
CPU, a memory, and so on, and enables a resist coating treatment in the resist coating apparatus 1,
for example, by executing programs stored in the memigty. Note that programs which are stored, for
example, on a storage medium H such as a computer-readable hard disk (HD), flexible disk (FD),
compact disk (CD), magneto-optical disk (MO), or a memory card, and 10 installed from the storage
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treatment in the resist coating apparatus 1. [0044]Next, the coating treatment process performed in the
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rotations thereof is increased to, for example, 500 rpm which is a sixth rotation number. The wafer W
is rotated at tibspotitioof abaviorthef&atnpnp tatidar efdhwpieafer W, and the resist solution
10 nozzle 33 at the waiting section 35 moves to the position above the central
portion of the wafer W by the first arm 31, when the solvent diffuses to a
whole surface of the wafer W.
[0046] Subsequently, the rotation of the wafer W is accelerated to, for
example, 2000 rpm to 3500 rpm which is a first rotation number, 3000 rpm in
15 this embodiment as illustrated in FIG. 3, and thereafter the wafer W is rotated
at the first rotation number for, for example, 0.8 seconds. During the
accelerating rotation of the wafer W and during the rotation at the first
rotation number, a resist solution R is continuously supplied from the resist
solution nozzle 33 (Step S2 in FIG. 3). As illustrated in FIG. 4A, the resist
20  solution R supplied from the resist solution nozzle 33 diffuses on the wafer
W resulting from the rotation of the wafer W. In this step S2, the supply
amount of the resist solution R is set to be a small amount, and therefore the
resist solution R does not diffuse to an end of the wafer W. Besides, the
wafer W rotates at high speed at the first rotation number, but the resist
25  solution R on the wafer W is not completely dried because the rotation of the

wafer W at the first rotation number is performed for a short period of time of



5 one second, and thereby the solvent supplied to the central portion of the wafer W diffuses toward
an outer peripheral portion, namely, prewetting is performed, and thereby the surface of the wafer W
becomes a state wet by the solvent (Step Sl in FIG. 3). After that, the solvent nozzle 40 moves from
the position above the central portion of the wafer W, and the resist solution 10 nozzle 33 at the
waiting section 35 moves to the position above the central portion of the wafer W by the first atm 31,
when the solvent diffuses to a whole surface of the watér W. [0046]Subsequently, the rotation of the
wafer W is accelerated to, for example, 2000 rpm to 3500 rpm which is a first rotation number, 3000
rpm in 15 this embodiment as illustrated in FIG 3, and thereafter the wafer W is rotated at the first
rotation numhgrfepdgngxample, 0.8 seconds. During the accelerating rotation of the wafer W and
during the rotation at the first rotation number, a resist solution R is continuously supplied from the
resist solutior 0047l 33 (eS| Ghas)rtatlustrafedtio RiGfdA Wheisesist2aniatiotoR fupplied
from the resist solution nozzle 33 diffuses on the wafer W resulting from the rotation of the wafer W. In
this step 52, t%aéHBg‘Fy Q%ﬁ%ftﬂwé(?@smom&hﬁésﬁ%f% LoHANEABORE Al thepsiold the
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continuously performed from the step S2 is stopped (Step S3 in FIG. 3) after,
10  for example, 0.2 seconds has passed since a rotation start of the wafer W at
the second rotation number. In this step S3, the wafer W rotates at low-
speed at the second rotation number, and therefore the resist solution R on the
wafer W is smoothed and planarized because, for example, a force drawing to
the central portion acts on the resist solution R at the outer peripheral portion
15  of the wafer W.
[0048] After that, the rotation of the wafer W is accelerated to, for
example, 1000 rpm to 2500 rpm which is a third rotation number, 1500 rpm
in this embodiment, and thereafter the wafer W is rotated at the third rotation
number for, for example, 2.5 seconds (Step S4 in FIG. 3). In this step S4,
20  the resist solution R diffuses to the whole surface of the wafer W as
illustrated in FIG. 4B, and reaches the end portion of the wafer W..
[0049] Subsequently, when the resist solution R reaches the end portion
of the wafer W as illustrated in FIG. 4B, the rotation of the wafer W is
decelerated to, for example, more than “0” (zero) rpm and 500 rpm or less

25  which is a fourth rotation number, 100 rpm in this embodiment, and thereafter

the wafer W is rotated at the fourth rotation number for, for example, 1



10 for example, 0.2 seconds has passed since a rotation start of the wafer W at the second rotation
number. In this step 53, the wafer W rotates at low-speed at the second rotation number, and therefore
the resist solution R on the wafer W is smoothed and planarized because, for example, a force
drawing to the central portion acts on the resist solution R at the outer peripheral portion 15 of the
wafer W. [0048]After that, the rotation of the wafer W is accelerated to, for example, 1000 rpm to 2500
rpm which is a third rotation number, 1500 rpm in this dfibodiment, and thereafter the wafer W is
rotated at the third rotation number for, for example, 2.5 seconds (Step S4 in FIG. 3). In this step 54,
20 the resist solution R diffuses to the whole surface of the wafer W as illustrated in FIG. 48, and
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end portion of the wafer W as illustrated in FIG. 4B, the rotation of the warer W is dece d to, for
example, moristhassihl¢zeoo)l rffmsartt &0 sistnsor teser2 Rndtichés e fatuthpoteidon afiheetvdRH rpm
in this embodigpent, and thereafter the wafer W is rotated at the fourth rotation number for, for
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amount compared to the conventional method. As a result, the resist
solution R is uniformly coated within the surface of the wafer W without

10 generating lowering of the film thickness at an outer peripheral edge portion
of the wafer W.

[0050] After that, the rotation of the wafer W is accelerated to 800 rpm to
1800 rpm which is a fifth rotation number, 1500 rpm in this embodiment, and
thereafter the wafer W is rotated at the fifth rotation number for, for example,

15 10 seconds (Step S6 in FIG. 3). In this step S6, the resist solution R diffused
to the whole surface of the wafer W is dried as illustrated in FIG. 4C, and a
resist film F is formed on the wafer W.

’[005 1] After that, a rear surface of the wafer W is washed, and a series of
coating treatment in the resist coating apparatus 1 is finished.

20  [0052] Here, in the above-stated step S5, a verification is performed if it
is possible to uniformly coat the resist solution R within the surface of the
wafer W by diffusing the resist solution R at the central portion of the wafer
W toward the outer periphery of the substrate while suppressing the drying of
the resist solution R on the wafer W rotating at the fourth rotation number

25 when the number of rotations of the wafer W is set to be more than “0” (zero)

rpm and 500 rpm or less which is the fourth rotation number.



10 generating lowering of the film thickness at an outer peripheral edge portion of the wafer W.
[0050]After that, the rotation of the wafer W is accelerated to 800 rpm to 1800 rpm which is a fifth
rotation number, 1500 rpm in this embodiment, and thereafter the wafer W is rotated at the fifth
rotation number for, for example, 15 10 seconds (Step 56 in FIG 3). In this step S6, the resist solution
R diffused to the whole surface of the wafer W is dried as illustrated in FIG. 4C, and a resist film F is
formed on the wafer W. [0051]After that, a rear surfacel @f the wafer W is washed, and a series of
coating treatment in the resist coating apparatus 1 is finished. 20 [0052]Here, in the above-stated step
S5, a verification is performed if it is possible to uniformly coat the resist solution R within the surface
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periphery of the substrate while suppressing the drying ot the resist solution R on the water ating
at the fourth rthatiknenseb e 2hevreni ttesolutben AR rotatibies wiife Wefeshahigesideaemergsdan "0
(zero) rpom and 500ipm or less which is the fourth rotation number. 17 [0053]The inventors perform a
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5 namely a case when the time rotating at the third rotation number in the step
S4 is set to be a time until the resist solution R is completely dried without
rotating the wafer W at the fourth rotation number, to coat the resist solution
R on the wafer W having the diameter of 300 mm. Note that the supply
amount of the resist solution R is each set to be 0.25 ml in either case.

10 [0054] Results of this verification are represented in FIG. 5. A vertical
axis in FIG 5 represents the film thickness of the resist solution R, and a
horizontal axis represents a measurement point of the film thickness of the
resist solution R at the wafer W. At first, the result when the conventional
method is used is described as a comparative example. When the resist

15 solution R is coated by using the conventional method, the lowering of the
film thickness of the resist solution R is recognized at the outer peripheral
edge portion of the wafer W by referring to FIG. 5. Specifically, the film
thickness is lowered at an area entering into a center side of the wafer W for
approximately 30 mm from the end portion of the wafer W.

20 [0055] The inventors rotate the wafer W at the third rotation number
after the resist solution R is supplied on the wafer W, and investigated as for a
holding time at the fourth rotation number capable of coating the resist
solution R without causing the lowering of the film thickness of the resist
solution R at the outer peripheral edge portion of the wafer W by changing

25 the times rotating at the fourth rotation number. It turned out that the

lowering of the film thickness of the resist solution R at the outer peripheral



changed from one second to five seconds, and a conventional method, 5 namely_ a case_when_the time
rotating at the third rotation number in the step S4 is set to be a time until the resist solutlo_n Ris _
completely dried without rotating the wafer W at the fourth rotation number, to coat the reslst solultlon
R on the wafer W having the diameter of 300 mm. Note that the supply amount of the resist solution R
is each set to be 0.25 ml in either case. 10 [0054] Results of this verification are represented in FIG. 5.
A vertical axis in FIG 5 represents the film thickness of }Be resist solution R, and a horizontal axis
represents a measurement point of the film thickness of the resist solution R at the wafer W. At first,
the result when the conventional method is used is described as a comparative example. When the
resist 15 solutieieR isozeitcbiiusing ioe wwrisslions seiios baiwering ofthe fimdhighagss of
the resist solution R is recognized at the outer peripheral edge portion of the wafer W by referring to
FIG. 5. Specifidangs thethienfericknestat cowered beranrarset ertériverinhol a2 estaymide disdenaier W
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[0056] According to the above-stated embodiments, it is possible to

uniformly diffuse the resist solution R even in the case when the supply
10 amount of the resist solution R to the wafer W is small because at first, the
resist solution R is supplied to the central portion of the wafer W while
rotating the wafer W at the first rotation number in the step S2. After that,
the wafer W is rotated at the second rotation number in the step S3, and
therefore the coating solution supplied in the first step diffuses on the wafer
15 W while suppressing the drying thereof. After that, in the step S4, the wafer
W is rotated at the third rotation number which is faster than the second
rotation number and slower than the first rotation number, and therefore the
resist solution R on the wafer W is diffused to the whole surface of the wafer
W. In the subsequent step S5, the wafer W is rotated at the fourth rotation
20 number which is slower than the third rotation number, and therefore the
resist solution R at the central portion of the wafer W is diffused to the outer
periphery of the substrate while suppressing the drying of the resist solution
R, and the resist solution R on the wafer W is smoothed and planarized.
According to the coating treatment method of the present invention, it is
25  possible to uniformly coat the resist solution R within the surface of the

wafer W while suppressing the supply amount of the resist solution R to a



5 toward the outer periphery of the wafer W, and to unifonilly coat the resist solution R within the
surface of the wafer W by rotating the wafer W at the fourth rotation number for a predetermined time
as in the present embodiment. [0056] According to the above-stated embodiments, it is possible to
uniformly diffuse the resist solution R even in the case when the supply 10 amount of the resist
solution R to the wafer W is small because at first, the resist solution R is supplied to the central
portion of the wafer W while rotating the wafer W at thé%irst rotation number in the step S2. After that,
the wafer W is rotated at the second rotation number in the step S3, and therefore the coating solution
supplied in the first step diffuses on the wafer 15 W while suppressing the drying thereof After that, in
the step S4, thg MiatamnBiistrotated at the third rotation number which is faster than the second rotation
number and slower than the first rotation number, and therefore the resist solution R on the wafer W is
diffused to th¢ WANe surfddetsf thetwhiesunplythesubseqlichestepi §5s thetivafeR Weigutadetbat the

fourth rotation 20 number which is slower than the third rotation number, and therefore the resjst
solution R at RS SortiH t?fél\}\}é‘?é’ra\% iR f@ﬂ?é%té%%ehb‘ﬁ@&ncﬁ tﬁgsg’ﬁstéigiwhile

suppressing e o, of 1 ceslst soLion B RGeSt OUADIR o1 ey Mois Spagined

and planarized. According to the coating treatment m resent inve , ItIs 25 possible to

uniformlyscoattiierediét fol@ias Rilitvirhtie shwfacemnfribe weiemdhyvhite sipredSitieethersseply
amount of the resist solution R to a 19 small amount. [0057]Note that the supply amount of the resist
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[0058] . Besides, the resist solution R is supplied on the wafer W in the

step S3, and therefore fluidity of the resist solution R on the wafer W is able

to be improved. It is thereby possible to smoothly diffuse the resist solution

R to the end of the wafer W in the subsequent step S4.

15 [0059] Further, in the step S1, the prewetting by the solvent of the resist
solution R is performed on the wafer W, and therefore it is possible to
smoothly diffuse the resist solution R supplied on the wafer W in the
subsequent steps.

[0060] In the above-stated embodiment, the wafer W is rotated after the

20 solvent is coated on th¢ surface of the wafer W, then it is rotated at the
number of rotations of, for example, 500 rpm as a sixth rotation number for a
certain period of time, and thereafter the rotation of the wafer W is
accelerated to the first rotation number in the first step. However, the wafer
W may be accelerated to, for example, 2000 rpm after the solvent is coated as

25  illustrated in FIG. 6, then it is rotated at the number of rotations of 2000 rpm

for a certain period of time, for example, 0.3 seconds, and thereafter the



step S3, and therefore fluidity of the resist solution R on the wafer W is able to be improved. It is
thereby possible to smoothly diffuse the resist solution R to the end of the wafer Win the subsequent
step S4. 15[0059]Further, in the step Sl, the prewetting by the solvent of the resist solution R is
performed on the wafer W, and therefore it is possible to smoothly diffuse the resist solution R
supplied on the wafer W in the subsequent steps. [0060]In the above-stated embodiment, the wafer W
is rotated after the solvent is coated on the surface of @% wafer W, then it is rotated at the number of
rotations of, for example, 500 rpm as a sixth rotation number for a certain period of time, and thereafter
the rotation of the wafer W is accelerated to the first rotation number in the first step. However, the

wafer W mayrogaguselofine i@afsrewaniplip200fkiea t@ﬁ%@‘ﬁ?ﬁﬁ"&ﬂﬁéﬁ Geated sisc2p Hhtatiated in
FIG. 6, then it is rotated at the number of rotations of 2000 rpm for a certain period of time, for
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5 [0061] In such a case, the wafer W is rotated at 2000 rpm after the
solvent is coated in the step S1-1, and therefore it is possible to diffuse the
solvent on the wafer W within a short time compared to the case when it is
rotated at 500 rpm.  Accordingly, it is possible to shorten a required time for
the step S1-1 and step S1-2 compared to a required time for the step S1.

10 [0062] Besides, when the coating of the solvent is performed while
rotating the wafer W at the number of rotations of, for example, 2000 rpm in
the step S1 as stated above, the step S2 may be started without decelerating
the rotation of the wafer W, for example, as illustrated in FIG. 7, namely
without performing the above-stated step S1-2. In such a case, the step S2

15 is started under a state in which the rotation of the wafer W is kept at, for
example, 2000 rpm. Namely, in the present embodiment, this 2000 rpm
becomes the sixth rotation number. ~After that, in the step S2, the rotation of
the wafer W is accelerated to the first rotation number, and thereafter the
wafer W is rotated at the first rotation number. Concurrently with the start

20 of the step S2, the supply of the resist solution R from the resist solution
nozzle 33 is started, and this supply of the resist solution R is continuously
performed to a middle of the step S3. Note that the other steps S4, S5, S6
are the same as the above-stated embodiment, and therefore the descﬁption is
not given.

25 [0063] In such a case, the solvent is coated on the surface of the wafer W

in the step S1, and thereafter the step S2 is started without decelerating the



[0061]In such a case, the wafer W is rotated at 2000 rpm after the solvent is coated in the step SI-1,
and therefore it is possible to diffuse the solvent on the wafer W within a short time compared to the
case when it is rotated at 500 rpm. Accordingly, it is possible to shorten a required time for the step
SI-1 and step 51-2 compared to a required time for the step SI. 10 [0062] Besides, when the coating
of the solvent is performed while rotating the wafer W at the number of rotations of, for example, 2000
rpm in the step Si as stated above, the step S2 may bé ktarted without decelerating the rotation of the
wafer W, for example, as illustrated in FIG. 7, namely without performing the above-stated step S1-2.
In such a case, the step S2 15 is started under a state in which the rotation of the wafer W is kept at,

for example, 2804 G oNaReelaif #TR/PreseRtremRedie o thiscPOF BiR Regemes thesixthation

number. After that, in the step 52, the rotation of the wafer W is accelerated to the first rotation
number, and therdaftdeapt \aafdrighis sptatdd aothpdired ratatidheuatinere Goatad respodintbrtstart

20 of the step 52, the.supply of the, resist solution R from the resist solution nozzle 33 is started, and
thihs supply ()sf‘ﬁ]%cfggg?gﬁ uﬁoﬁ?&ﬁ%@%ﬁﬁﬁ’iﬁ&%lﬁ%ﬁﬁ@g {Srﬁ‘?n"i’d:(‘]?e%"f the §F§d%§.qﬁbtt’@ﬁ1§t'the_
other steps 54,,5%, t 1%993( < the ripgion is
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and thereafteRtheistep $Raswtdseduithout dacdierdingibeiBprotaibn dBhedusfehd/ rdgeraidre,
the rotation of the wafer W in the step S2 is kept at high speed compared to the above-stated

embodiment.%&f@%&hﬁ, %‘E@I&ﬂ{é%b@rﬁ@@é‘“@ﬁﬂmﬂgal forc.e acts on _the resist solution R on the wafer
o and e iy o L st st onien BN eyl sulesgap
e sk e B AT M P
in FIG. 8. [0065]Rbesxdefies atler tiveadtap W, the muittted ofth¢heaffirsy isodatieteratadhiocfons
exampl%400i(ﬂ{{)srg a&re I ?rsl WP .h8i.s the seventh rotation
[0065] For example, after the step S1, the rotation of the wafer W is
accelerated to, for example, 4000 rpm or less which is the seventh rotation
number, 4000 rpm in the present embodiment, and thereafter the wafer W is
rotated at the seventh rotation number. The rotation of the wafer W at the
15 seventh rotation number is performed for 0.1 seconds to 0.5 seconds, 0.2
seconds in the present embodiment (Step S2-1 in FIG. 8). After that, the
rotation of the wafer W is decelerated to the first rotation number, and
thereafter the wafer W is rotated at the first rotation number for, for example,
0.6 seconds (Step S2-2 in FIG. 8). Note that the resist solution R is
20 continuously supplied from the resist solution nozzle 33 to the central portion
of the wafer W in the step S2-1 and the step S2-2. Besides, the other steps
S1, 83, S4, S5, S6 are the same as the above-stated embodiment, and
therefore the description is not given.
[0066] In such a case, the resist solution R is supplied on the wafer W
25  while rotating the wafer W at high-speed at the seventh rotation number in

the step S2-1, and therefore it is possible to diffuse the resist solution R more



number, 4000 rpm in the present embodiment, and thereafter the wafer W is rotated at the seventh
rotation number. The rotation of the wafer W at the 15 seventh rotation number is perfotnied for 0.1
seconds to 0.5 seconds, 0.2 seconds in the present embodiment (Step S2-1 in FIG. 8). After that, the
rotation of the wafer W is decelerated to the first rotation number, and thereafter the wafer W is rotated
at the first rotation number for, for example, 0.6 seconds (Step S2-2 in FIG. 8). Note that the resist
solution R is 20 continuously supplied from the resist s&lution nozzle 33 to the central portion of the
wafer W in the step S2-1 and the step 52-2. Besides, the other steps Si, S3, S4, S5, S6 are the same
as the above-stated embodiment, and therefore the description is not given. [0066]In such a case, the

resist solutionsihisoshibpliad @nuihEfaaiey W 28 bk resaingiibe waBiyV ahlbjghiseaedrt thasgventh

rotation number in the step S2-1, and therefore it is possible to diffuse the resist solution R more 72

smoothly andsidianyRaeedhingigfanaduspiybenoene okthecasbist BxtsiidesRibnstideseatbedVinan be
more reduced, Besides, it is desctibed in the present embogdiment as for the case when the required

times for the heep %rf_q_egﬁ&%dg é%@-?sat?@ﬁﬁﬁ&?ﬁ%@ éﬁgﬁ’é’ &%%@@éfﬂﬁé&%f&&@%@ﬁ@ S2 of
the above-staterl profadimenteBus s rssilderstiarten e deanisdimesdo e psARZ 4and the

step 52-2 because the resist solution R can be smoothly diffused as stated above. For example;i

turned out by ik afviitightiore ot thedreeittodi thet g roeffdcti sapeddtbdé resuhiog dhetbepplyuareaunt of
the resist solution R as stated above can be fully obtained by 10 performing the rotation of the wafer W

at the seyentﬁlFﬁﬁaﬁigﬂrﬁ@tﬁﬁé‘m&%‘.l %H@% ep >Ieddpera sk the rgsiel ised waesiReaasbethe
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of the above-stated eano iment, thé wa may bé co

illustrated in FiGrcRtipatiestep #eSanbettaiatipaohihe alerdpsecelerateddap a0 éﬁmgn for

example, 550 rpm (Step 52-1 in FIG. 9). In this step 52-1, an acceleration of the rotation of t afer
W is a first aceBlertibm bftiier essisipralBi®mpMR/sas katednateopefemblpd ofutymshbtamstditdy
AoV B O R RRin S S HORITon of the Water W'at the seventh Toration namiber for .1
seconds to 0.5 seconds, and therefore it is possible to set the time rotating the
wafer W at the seventh rotation number for 0.2 seconds or less.
[0067] In the step S2 of the above-stated embodiment, the wafer W may
be constantly rotated with acceleration as illustrated in FIG. 9. In the step
15 S2, the rotation of the wafer W is accelerated from 500 rpm to, for example,
550 rpm (Step S2-1 in FIG. 9). In this step S2-1, an acceleration of the
rotation of the wafer W is a first acceleration of, for example, 500 rpm/s or
less, more preferably 100 rpm/s. As stated above, a rotation speed of the
wafer W is low just after the resist solution R is discharged to the central
20 portion of the wafer W, and therefore the strong centrifugal force is not
applied to the resist solution R on the wafer W. In addition, the first
acceleration of the rotation of the wafer W at this time is also small, and
therefore the centrifugal force applied to the resist solution R on the wafer W
can be suppressed. Accordingly, the resist solution R is uniformly diffused

25 in an outer direction.

[0068] Subsequently, the rotation of the wafer W is accelerated from 550



20 portion of the wafer W, and therefore the strong centrifugal force is not applied to the resist solution
R on the wafer W. In addition, the first acceleration of the rotation of the wafer W at this time is also
small, and therefore the centrifugal force applied to the resist solution R on the wafer W can be
suppressed. Accordingly, the resist solution R is uniformly diffused 25in an outer direction.
[0068]Subsequently, the rotation of the wafer W is accelerated from 550 23 rpm to, for example, 2800
rpm (Step S2-2 in FIG 9). In this step S2-2, the accelefation of the rotation of the wafer W is a second
acceleration of for example, 5000 rpm/s to 30000 rpm/s, more preferably 10000 rpm/s which is larger
than the first acceleration. As stated above, the wafer W is rotated 5 with acceleration at the second

acceleration whighds RygextianlbeIgsipepaie(stiop. Sndthereiae she resishsslytian San tigavafer
W can be smoothly and quickly diffiised. [0069]Next, the rotation of the wafer W is accelerated from
2800 rpm to thechistastationinthebeotiop 82 3he Ma®). W tisisasses @2d3attee kratéoslavétidorof the

rotation of the wafer,W | ird accelerati f, for example, 500.rpm/s qr | more preferably 100
rpm/s which S tﬁgﬁ @@?@7&)%‘8{ ggggé)rﬁﬂmﬁNB%é)%éﬁ?%&rﬁgf i@@é@fpgfgspﬂ 1% are
tne same as 1AR-APONRIA'AIR AMPAITABK AN IRDWGNRICEBEIRIANLS NAFIVED. foSiaRd
above, the wafgz%/?/ is rotated with acceleration with the 15 third accelératcléon wh%:th is smaller than the
second dccelertioncealbrhtimiore thieeresisosrlutioodrecatidie evifishdismangely tnatheteaféiryy.
Accordingly, it is possible to uniformly coat the resist solution R within the surface of the wafer W.

[0070]Note tHRESRECEIEOR sl Hacsalnes Winotasiscaahatiand aordhgiowafane Wasawbe, for

example, SOosz ﬂl‘?%ﬁ%?@pﬁ'cﬁ?y"ﬁﬁ‘fﬁ‘%%%'” FIG. 7 also in the present embodiment. Namely, the
rotation of the warer

[0069] Next, the rotation of the wafer W is accelerated from 2800 rpm to
the first rotation number (Step S2-3 in FIG. 9). In this step S2-3, the
10  acceleration of the rotation of the wafer W is a third acceleration of, for
example, 500 rpm/s or less, more preferably 100 rpm/s which is smaller than
the second acceleration. Note that the other steps S1, S3, S4, S5, S6 are the
same as the above-stated embodiment, and therefore the description is not
given. As stated above, the wafer W is rotated with acceleration with the
15  third acceleration which is smaller than the second acceleration, and therefore
the resist solution R can be diffused smoothly on the wafer W. Accordingly,
it is possible to uniformly coat the resist solution R within the surface of the
wafer W.
[0070] Note that the step S2 may be started without decelerating the
20 rotation of the wafer W to, for example, 500 rpm in the step S1 as illustrated
in FIG. 7 also in the present embodiment. Namely, the rotation of the wafer
W is accelerated from 2000 rpm to, for example, 2200 rpm with the first
acceleration in the step S2-1, subsequently the rotation of the wafer W is
accelerated from 2200 rpm to, for example, 2800 rpm with the second
25  acceleration in the step S2-2, and subsequently, the rotation of the wafer W is

accelerated from 2800 rpm to the first rotation number with the third



W is accelerated from 2000 rpm to, for example, 2200 rpm with the first acceleration in the step S2-1,
subsequently the rotation of the wafer W is accelerated from 2200 rpm to, for example, 2800 rpm with
the second 25 acceleration in the step 82-2, and subsequently, the rotation of the wafer W is
accelerated from 2800 rpm to the first rotation number with the third 24 acceleration in the step 52-3
as illustrated in FIG. 10. It is possible also in the above-stated case to uniformly coat the resist solution
R within the wafer surface while suppressing the supp?ﬁ' amount of the resist solution R to a small
amount as stated above. 5 [0071]In the above-stated embodiment, the wafer W is constantly rotated
with acceleration in the step 52, but the method of the accelerating rotation of the wafer W is not

limited to the soetechillasiraiethin §tp 32345 EldSrERidexamiE, e waters\phasibie etaieie with
acceleration such that the number of rotations of the wafer W is chan?ed in S-shape from, for 10
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ber of f fer W which 2000 before th S2 is start d
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this time, the ggcgleationefibergtation gl the wafer W increases little by little 15 from, for example
"0" (zero). The acceleration of the rotation of the wafer W decreases little by little at the completion

time of the st¢p05a] and thImnahn@eabbmaitat‘aiofemﬂmdi‘métd‘tsrmhethlvacfeanges tedmsfistitation
number. [0072]Besi the s ep 52, the wafer W ma¥o e rotated with 20 acceleration such,that the
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rotation of th IS con
FIG. 10. For example, the wafer W may be rotated with acceleration such

that the number of rotations of the wafer W is changed in S-shape from, for
10 example, 2000 rpm to the first rotation number in the step S2 as illustrated in
FIG. 11. Namely, the number of rotations of the wafer W which is at 2000
rpm before the step S2 is started is gradually accelerated so that the number
of rotations thereof changes continuously and smoothly after that. At this
time, the acceleration of the rotation of the wafer W increases little by little
15 from, for example “0” (zero). The acceleration of the rotation of the wafer
W decreases little by little at the completion time of the step S2, and the
number of rotations of the wafer W smoothly converges to the first rotation
number.
[0072] Besides, in the step S2, the wafer W may be rotated with
20 acceleration such that the number of rotations of the wafer W is changed
linearly from, for example, the sixth rotation number to the first rotation
number as, for example, illustrated in FIG. 12. At this time, the acceleration
of the rotation of the wafer W is constant.
[0073] As stated above, the rotation of the wafer W is constantly
25  accelerated in the step S2 in either cases illustrated in FIG. 11 and FIG. 12,

and therefore it is possible to uniformly coat the resist solution R within the



[0073]As stated above, the rotation of the wafer W is constantly 25 accelerated in the step 52 in either
cases illustrated in FIG 11 and FIG. 12, and therefore it is possible to uniformly coat the resist solution
R within the 25 wafer surface while suppressing the supply amount of the resist solution R to a small
amount. [0074]In the above-stated embodiment, the rotation of the wafer W is decelerated from the
first rotation number to the second rotation number in 5 the step S3, but step S7 in which the wafer W
is rotated at, for example, 1500 rpm to 2000 rpm as a @ighth rotation number which is slower than the
first rotation number and faster than the second rotation number may be performed between the step
S2 and the step S3 as, for example, illustrated in FIG 13. 10 [0075]According to the inventors, a

contact angle whifee EeYHiROWIRRR ?&%ﬁ%@%&%ﬁ@gb&%ﬁ{éﬁrﬁe%%ﬂ%% %?ﬁﬂ'ﬂ@%& an

effect of additives in the resist solution R in the Step S2. Besides, the wafer W is rotated at speed
at the first rotatiomalraberyand therefore the resist solution R on the wafer W is dried and the fluidity
at the surface f(ﬁ%resist 5 solution R is Iow(ir]ed. Acc,ordingly the resist solution R supplied in

a
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R is diffused on the wafer W by rotating the wafer W at the third rotation number in the subsequent
step S4, becdi¥B the 7846 spitian R pighitharptaiinrezsimbetredi shats wlosvdrttbautdrediiestion of

the wafer W as gellg\tlstrated in FIG 14'%5%%%{?3]1- e inveél{[ors studi%{d hard as for this_point, and %s a
result, it turnedtit that SR %o e HEPesiCofSHORR JPAE WhrdpifRber may be

performed between the step S2 and the step S3 as, for example, illustrated in
FIG. 13.

10  [0075] According to the inventors, a contact angle of the resist solution
R on the surface of the wafer W becomes large resulting from an effect of
additives in the resist solution R in the step S2. Besides, the wafer W is
rotated at high speed at the first rotation number, and therefore the resist
solution R on the wafer W is dried and the fluidity at the surface of the resist

15 solution R is lowered. Accordingly, the resist solution R supplied in
advance on the wafer W in the first step is not mixed with the resist solution
R supplied on the wafer W in the second step when the resist solution R is
supplied to the wafer W rotating at low-speed at the second rotation number
in the step S3 performed subsequently. In this case, it is verified that there

20  is a case when sharp-pointed long coating patches L appear in a radial pattern
when the resist solution R is diffused on the wafer W by rotating the wafer W
at the third rotation number in the subsequent step S4, because the resist
solution R irregularly diffuses in a streak state toward the outer direction of
the wafer W as illustrated in FIG. 14.

25 [0076] The inventors studied hard as for this point, and as a result, it

turned out that it is possible to diffuse the resist solution R on the wafer W



26 while suppressing the drying of the resist solution R when the resist solution R is supplied to the
wafer W rotating at 1500 rpm to 2000 rpm which is the eighth rotation number. Accordingly, it is
possible to coat the resist solution R without generating the coating patch on the substrate because
the resist 5 solution R diffuses in a concentric state of the wafer W when the wafer W is rotated at the
second rotation number. [0077]In the present embodiment, the rotation of the wafer W is decelerated
to, for example, 1500 rpm to 2000 rpm which is the eighth rotation number, 1500 rpm in the present
embodiment after the wafer W is 10 rotated at the first rotation number, and thereafter the wafer W is
rotated at the eighth rotation number as illustrated in FIG. 13. The rotation of the wafer W at the eighth

rotation numbgihif eipHReskianGrese 6F Mreef: st SRAQRMHIRINGHY RSS! £BRAIRIGH] he

resist solution R is continuously supplied from the resist solution nozzle 33 during the 15 decelerating
rotation and ti mstatipplaedhtoelpbtivedtatidv notatiergpathESQafepay {St20 BY pmlGh)hThehe

supplied resist sqlution R diffuses on the wafer W, resulting from the rotation of the wafer W. In this
step S7, the RIRBLH EPIRRA AL BIRE wihsoRri e iR IREE g rﬁﬁ%féﬁowmﬁémﬁa
therefore the gryj eJesi tion R cordi . the
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W. Note that in this step S7, the resist solution R diffuses to the outer peripheral portion of the wafer
W, but the redigtagid e sseondrafminaembrrend of the wafer W. Besides, it turned out that

water W at L LG rotalon RGeS e BN E% sCREmi aP erc by Wb 1VStgorof he
inventors.  decelerated to, for example, 1500 rpm to 2000 rpm which is the eighth
rotation number, 1500 rpm in the present embodiment after the wafer W is
10  rotated at the first rotation number, and thereafter the wafer W is rotated at
the eighth rotation number as illustrated in FIG. 13. The rotation of the
wafer W at the eighth rotation number is performed for 0.4 seconds or more,
0.5 seconds in the present embodiment. The resist solution R is
continuously supplied from the resist solution nozzle 33 during the
15 decelerating rotation and the rotation at the eighth rotation number of the
wafer W (Step S7 in FIG. 13).  The supplied resist solution R diffuses on the
wafer W resulting from the rotation of the wafer W. In this step S7, the
number of rotations of the wafer W is decelerated to the eighth rotation
number, and therefore the drying of the resist solution R on the wafer W can
20  be suppressed. Accordingly, the resist solution R supplied in advance in the
step S2 and the resist solution R supplied in the step S3 are easy to be mixed,
and therefore the resist solution R diffuses in the concentric state of the wafer
W. Note that in this step S7, the resist solution R diffuses to the outer
peripheral portion of the wafer W, but the resist solution R does not diffuse to
25  the end of the wafer W. Besides, it turned out that the drying of the resist

solution R on the wafer W can be fully suppressed when the rotation of the



[0078]Note that in the step S7 of the above-stated embodiment, the wafer W may be constantly
rotated with deceleration as illustrated in FIG. 15. 5 In the step 57, the rotation of the wafer W is
decelerated from the first rotation number to, for example, 1800 rpm (Step S7-1 in FIG 15). In this step
S7-1, the acceleration of the rotation of the wafer W is a fourth acceleration of, for example, (-30000
rpm/s) to (-5000 rpm/s), more preferably, (-10000 rpm/s). Subsequently, the rotation of the wafer W is
10 decelerated from 1800 rpm to the eighth rotation ndber (Step S7-2 in FIG. 15). In this step S7-2,
the acceleration of the rotation of the wafer W is a fifth acceleration of, for example, (-500 rpm/s) or
more and less than zero rpm/s, more preferably (-100 rpm/s), which is larger than the fourth

acceleration. {a{RG7HNEUEE 3ec3Rd MR WRIR WrsHeialed &t e, RiaNB olatieB AR {BeSter

S7, and therefore the resist solution R supplied on the wafer W in the step S2 can be diffused while
suppressing thg tingingthetigsititheoetlist BohetiinmR. supplied in the step S2 and the resist solution R

supplied in the step .57 are easy to be mixed, and therefore the resist solution 20 R can be diffused on
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illustrated in FIG 15. For example, in the step S7, the wafer W may be rotated with 28 deceleration

such that the FRIBbRR S1YORRES N offtHe craraDIe sl Sih gemin Sters ShdpénfrBhtiné first rbratiois
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smoothlfl converges to the eighth ratation number. | . )
0 decelerated from 1800 rpm to the eighth rotation number (Step S7-2 in FIG.
15). In this step S7-2, the acceleration of the rotation of the wafer W is a
fifth acceleration of, for example, (=500 rpm/s) or more and less than zero
rpm/s, more preferably (—100 rpm/s), which is larger than the fourth
acceleration.

15 [0079] In such a case, the wafer W is rotated at the eighth rotation
number in the step S7, and therefore the resist solution R supplied on the
wafer W in the step S2 can be diffused while suppressing the drying thereof.
The resist solution R supplied in the step S2 and the resist solution R
supplied in the step S7 are easy to be mixed, and therefore the resist solution

20 R can be diffused on the wafer W in the concentric state. Accordingly, it is
possible to prevent the generation of the coating patch of the resist solution R
and to uniformly coat the resist solution R within the wafer surface.

[0080] In the above-stated embodiment, the wafer W is constantly
rotated with deceleration in the step S7, in which the method of the

25  decelerating rotation of the wafer W is not limited to the method illustrated in

FIG. 15. For example, in the step S7, the wafer W may be rotated with



10 [0081] Besides, for example, as illustrated in FIG. 17, the wafer W may be rotated with deceleration
such that the number of rotations of the wafer W changes linearly from the first rotation number to the
eighth rotation number in the step S7. At this time, the acceleration of the rotation of the wafer W is
constant. 15 [0082]As stated above, the wafer W is rotated at the eighth rotation number in the step S7
in either cases illustrated in FIG. 16 and FIG. 17, and therefore it is possible to prevent the generation
of the coating patches L of the resist solution R as staté8l above and to uniformly coat the resist
solution R within the wafer surface. 20 [0083]Note that in the above-stated embodiment, the supply of
the resist solution R is performed from the step 52 to the middle of the step S3, but the supply of the
resist solutiondR¢ukt Ao didbelcomplatien bPeahins e TheTRATESH SQWipm RN the
wafer W is smoothed and planarized also in the case as stated above because it is possible to diffuse
the resist 25 stletdreRagetiecsantha foisionodd thewatenbertd cheheutsghtiphéatiof thermibstrate

while suppressing the drying e resist solutign R py rotating the 29 wafer W at the fourth rotation
number in theﬁ;ﬁ&té@f{)d&]ﬁ er[e red %]‘?@é%}ﬁ]é Eof Hatiras ety itheriatehadbednthe first

rotation number is decelerated little by little such that the number of rotations

5 thereof changes continuously and smoothly after that. At this time, the
acceleration of the rotation of the wafer W decreases gradually from, for
example, zero. The acceleration of the rotation of the wafer W increases
gradually at the completion time of the step S7, and the number of rotations
of the wafer W smoothly converges to the eighth rotation number.

10 [0081] Besides, for example, as illustrated in FIG. 17, the wafer W may
be rotated with deceleration such that the number of rotations of the wafer W
changes linearly from the first rotation number to the eighth rotation number
in the step S7. At this time, the acceleration of the rotation of the wafer W
is constant.

15 [0082] As stated above, the wafer W is rotated at the eighth rotation
number in the step S7 in either cases illustrated in FIG. 16 and FIG. 17, and
therefore it is possible to prevent the generation of the coating patches L of
the resist solution R as stated above and to uniformly coat the resist solution
R within the wafer surface.

20 [0083] Note that in the above-stated embodiment, the supply of the resist
solution R is performed from the step S2 to the middle of the step S3, but the
supply of the resist solution R may be stopped at the completion time of the
step S2.  The resist solution R on the wafer W is smoothed and planarized
also in the case as stated above because it is possible to diffuse the resist

25  solution R at the central portion of the wafer W to the outer periphery of the
substrate while suppressing the drying of the resist solution R by rotating the



described above with reference to the accompanying drawings, but the present invention is not limited
to the embodiment. It should be understood 5 that various changes and modifications are readily
apparent to those skilled in the art within the spirit as set forth in claims, and those should also be
covered by the technical scope of the present invention. The present invention is not limited to this
example but can take various fol ins. For example, in the above-stated embodiment, the coating
treatment of the resist 10 solution is described as an eX8mple, but the present invention is applicable
for a coating treatments of coating solutions other than the resist solution, for example, coating
solutions fowling an anti-reflection film, an SOG (Spin On Glass) film, and an SOD (Spin On Dielectric)

film, and so opdFepitiesitttieeaferiehstaiadi SMBOMPENt 5 AR @i‘@;ﬂ‘ﬂ'ﬁﬁ performing the coating
treatment on 15 the wafer, but the present invention is applicable for a case when the substrate is

other substra{é¥)$ddh as ar’F pDefielaeRaceh Dishlagnt mAsthetiputsdat aiphetoriwsknthebttan the

wafer. MCSLLP 3Q.What is claimed js: 1, A coating treatment method ¢oating a coating solution onto
a substrate, ¢ %ﬁﬁ&?ﬁa 5359%‘? sfé’bd&f FSF%FIBQ%%J@%@%PWEO TRBEs, buh $8&nd

step of deceﬁ;@émmwﬁﬂ% ak tﬁstSHHﬁRr@&et@&qer%&%@ﬂﬁﬁ%%ﬂPﬁfﬁtﬁrg@'ﬂae&é)%%a%&%‘é%g

number which is slower than the first rotation number before the coating solution reaches an en

portion of the thasteatesus changusdasié prafdidhseativanty aeeattilstingpheotatadan efdhk Hikgtrate
and 10rotating the substrate at a third rotation number which is faster than the second rotation
e art within the spirit as set forth in claims, and those should also be
covered by the technical scope of the present invention. The present
invention is not limited to this example but can take various forms. For
example, in the above-stated embodiment, the coating treatment of the resist
10 solution is described as an example, but the present invention is applicable
for a coating treatments of coating solutions other than the resist solution, for
example, coating solutions forming an anti-reflection film, an SOG (Spin On
Glass) film, and an SOD (Spin On Dielectric) film, and so on. Besides, the
above-stated embodiment is an example performing the coating treatment on
15 the wafer, but the present invention is applicable for a case when the

substrate is other substrates such as an FPD (Flat Panel Display), a mask

reticule for a photomask other than the wafer.



number and slower than the first rotation number; a fourth step of subsequently decelerating the
rotation of the substrate, and rotating the substrate at a fourth rotation number which is slower than the
third rotation number to diffuse the coating solution at a substrate central portionid@artd’an outer
15periphery of' the substrate while suppressing drying of a resist; and a fifth step of subsequently
accelerating the rotation of the substrate, and rotating tB3@ substrate at a fifth rotation number which is
faster than the fourth rotation number, wherein the first rotation number is 2000 rpm to 3500 rpm, and
a supply of the cBArihds sbhiief ¥ the central portion of the substrate is 20 continuously performed
from said first step to a middle of said second step or during said first step, and the fourth rotation
number is more than "0" (zero) rpm and 500 rpm or less. 2. The coating treatment method according
toclaml1l, MCSL.L.P31 wherein in said fourth step, the rotation of the substrate at the fourth
rotation number is perfé¥nfodtise ofieaseeshdnether serasids 23 THERD athlytrsatpiént metheiate,
according to claim | or claim 2, further 5comprising: a sixth step of rotating the substrate at a sixth
rotation numberSARIBHIE Elower than the first rotation number before said first step.

5 a first step of rotating the substrate at a first rotation number;

a second step of decelerating the rotation of the substrate, and rotating the
substrate at a second rotation number which is slower than the first rotation number
before the coating solution reaches an end portion of the substrate;

a third step of subsequently accelerating the rotation of the substrate, and

10 rotating the substrate at a third rotation number which is faster than the second rotation
number and slower than the first rotation number;

a fourth step of subsequently decelerating the rotation of the substrate, and
rotating the substrate at a fourth rotation number which is slower than the third rotation
number to diffuse the coating solution at a substrate central portion toward an outer

15 periphery of the substrate while suppressing drying of a resist; and

a fifth step of subsequently accelerating the rotation of the substrate, and rotating
the substrate at a fifth rotation number which is faster than the fourth rotation number,

wherein the first rotation number is 2000 rpm to 3500 rpm, and

a supply of the coating solution to the central portion of the substrate is

20 continuously performed from said first step to a middle of said second step or during
said first step, and the fourth rotation number is more than “0” (zero) rpm and 500 rpm

or less.

2. The coating treatment method according to claim 1,



The coating treatment method according to claim 3, 10wherein in said first step, an acceleration of the
rotation of the substrate is changed in a sequence of a first acceleration, a second acceleration which
is larger than the first acceleration and a third acceleration which is smaller than {he Sedond
acceleration, and the substrate is rotated with acceleration from the sixth rotation number to the first
rotation number. 15 5. The coating treatment method addording to claim 3, wherein in said first
step, the rotation of the substrate which is at the sixth rotation number before starting is gradually
accelerated such that théeramber seidofetivhs ehanie sotgntined ukty afteirthe stahtinguathdrtheion
acceleration of the rotation of 20the substrate is gradually decreased to make the rotation of the
substrate convefyenesthie frdorotedider sumsssoad dodemysietivlstime. 6. The coating treatment method
according to claim 3, MCSE.LP 32 wherein in said first step, the acceleration of the rotation of the
substrate is made constant, and the substrate is rotated with acceleration from the sixth rotation

number to the first rotation number. 57.The coating treatment method according to any one of' claims 3
to 6, 3. The coating treatment method according to claim 1 or claim 2, further

5  comprising:
a sixth step of rotating the substrate at a sixth rotation number which is slower

than the first rotation number before said first step.

4, The coating treatment method according to claim 3,

10 wherein in said first step, an acceleration of the rotation of the substrate is
changed in a sequence of a first acceleration, a second acceleration which is larger than
the first acceleration, and a third acceleration which is smaller than the second
acceleration, and the substrate is rotated with acceleration from the sixth rotation
number to the first rotation number.

15
5. The coating treatment method according to claim 3,

wherein in said first step, the rotation of the substrate which is at the sixth
rotation number before starting is gradually accelerated such that the number of
rotations changes continuously after the starting, and the acceleration of the rotation of

20 the substrate is gradually decreased to make the rotation of the substrate converge to the

first rotation number at a completion time.

6. The coating treatment method according to claim 3,



wherein a solvent is coated on the substrate while rotating the substrate at the number of rotations

which is faster than the sixth rotation number before said sixth step. S.The coatin
according to any one of claims 3 to 6, 10wherein in said sixth step, the solventt§

¢

tre_?atment method
Ua%ed on the

substrate while rotating the substrate at the sixth rotation number. 9. The coating treatment method
according to any one of claims 1 to 3, wherein in said fiB8t step, the substrate is rotated at a seventh
rotation number 15which is faster than the first rotation number before the substrate is rotated at the
first rotation number. 18hTtsendosiind) irshstenthmetbddraideoafitgetotitim of henbitrthe isevalth
rotation number is 4000 rpm or less, and 20in said first step, the rotation of the substrate at the
seventh rotatiorcpuiidberasdibgerhetrton Oretaedonds 20c0l8rsbenrasn the. STk twating treabaent

method according to any one of claims 1 to 10, further comprising:
the first rotation number.

5 7. The coating treatment method according to any one of claims 3 to 6,

wherein a solvent is coated on the substrate while rotating the substrate at the

number of rotations which is faster than the sixth rotation number before said sixth step.

8. The coating treatment method according to any one of claims 3 to 6,

10 wherein in said sixth step, the solvent is coated on the substrate while rotating

the substrate at the sixth rotation number.

9. The coating treatment method according to any one of claims 1 to 3,

wherein in said first step, the substrate is rotated at a seventh rotation number

15  which is faster than the first rotation number before the substrate is rotated at the first

rotation number.

10.  The coating treatment method according to claim 9,

wherein the seventh rotation number is 4000 rpm or less, and

20 in said first step, the rotation of the substrate at the seventh rotation number is

performed for 0.1 seconds to 0.5 seconds.

11.  The coating treatment method according to any one of claims 1 to 10, further

comprising:



MCSLLP 33 a seventh step of rotating the substrate at an eighth rotation number which is slower
than the first rotation number and faster than the second rotation number betwe@la §F1'L?Dfirst step and
said second step, wherein the eighth rotation number is 1500 rpm to 2000 rpm. 5 127 The coating
treatment method according to claim 11, wherein in said seventh step, the acceleration of the
rotation of the substrate is changed in a sequence of a $urth acceleration and a fifth acceleration
which is larger than the fourth acceleration, and the substrate is rotated with deceleration from the first
10rotation number to theseighth rdeatioh rtatibgrihe3subseateatirmg tregtthentativethoundecortiing e claim
11, wherein in said seventh step, the rotation of the substrate which is at the first rotation number
before starting islgveadutiiiyn ddwelBrsitedtstioh thamtree nohdestof 1Barotdigonsctivekeotaemgember
continuously after the starting, and the acceleration of the rotation of the substrate is gradually
increased to makewsenretadiohso b thie angbsadiieccodvisege to the eighth rotation number at the
completion time. 14. The coating treatment method according to claim 11, 20wherein in said seventh
step, the acceleration oThReciothtienebilthataitrstratebry mdde Canstint0AAdame substrate is rotated

with deceleration from the first rotation number to the eighth rotation number,
5

12. The coating treatment method according to claim 11,

wherein in said seventh step, the acceleration of the rotation of the substrate is
changed in a sequence of a fourth acceleration and a fifth acceleration which is larger
than the fourth acceleration, and the substrate is rotated with deceleration from the first

10 rotation number to the eighth rotation number.

13, The coating treatment method according to claim 11,
wherein in said seventh step, the rotation of the substrate which is at the first
rotation number before starting is gradually decelerated such that the number of
15  rotations thereof changes continuously after the starting, and the acceleration of the
rotation of the substrate is gradually increased to make the rotation of the substrate

converge to the eighth rotation number at the completion time.

14, The coating treatment method according to claim 11,
20 wherein in said seventh step, the acceleration of the rotation of the substrate is
made constant, and the substrate is rotated with deceleration from the first rotation

number to the eighth rotation number.

15. A program operating on a computer at a control unit controlling a coating



MCSLLP 34 treatment apparatus to execute the coating treatment method
according to any one of claimsltol4atthecoatingtreatmentapparatus.  16. A cgmputer readable
storage medium storing the program according to claim 15. 5 17. A coating treatment apparatus
coating a coating solution onto a substrate, comprising: a rotation holding unit holding and rotating the
substrate; a coating solution nozzle supplying the coatidé solution to the substrate; and 10 a control
unit controlling said rotation holding unit to execute: a first step of rotating the substrate at a first
rotation numbertGER06E MABB500 FpATUE Sbeoi BreptsrEBes tRECRE RS O AIYEOsG Hdrate,
and rotating the substrate at a second rotation number which is slower than the first rotation number
before the coatiplgismiution feach&s an elfd portién of the substPatiig third!s¥P O subsBRRAEHYY-
accelerating the 15 rotation of the substrate, and rotating the substrate at a third rotation number which
is faster than the second rotation number and slower than the first rotation number; a fourth step of
subsequently decelerating the rotation of the substrate, and rotating the substrate at a fourth rotation
number of morelthan "@: {oEYeNEHHHIBEIS O A BeRE WHItAS Y ARRET HAACHRAMES P SEatBH hrumber
to diffuse the coating solution at a 20 substrate central portion toward an outer periphery of the
substrate while suppressing drying of a resist; and a fifth stop of subsequently accelerating the rotation
of the substrate, and rotating the substrate at a fifth rotation number, which is faster than the fourth

rotation number! &nd cOntBRTHY SR EYRIngPEsTAtSN T2 b COAERRICSHjIon onto a substrate,
comprising:

a rotation holding unit holding and rotating the substrate;
a coating solution nozzle supplying the coating solution to the substrate; and
10 a control unit controlling said rotation holding unit to execute: a first step of rotating the
substrate at a first rotation number of 2000 rpm to 3500 rpm; a second step of
decelerating the rotation of the substrate, and rotating the substrate at a second rotation
number which is slower than the first rotation number before the coating solution
reaches an end portion of the substrate; a third step of subsequently accelerating the
15  rotation of the substrate, and rotating the substrate at a third rotation number which is
faster than the second rotation number and slower than the first rotation number; a
fourth step of subsequently decelerating the rotation of the substrate, and rotating the
substrate at a fourth rotation number of more than “0” (zero) rpm and 500 rpm or less
which is slower than the third rotation number to diffuse the coating solution at a
20  substrate central portion toward an outer periphery of the substrate while suppressing
drying of a resist; and a fifth step of subsequently accelerating the rotation of the
substrate, and rotating the substrate at a fifth rotation number which is faster than the

fourth rotation number, and controlling said coating solution nozzle to continuously



C S| L. P 35 perform a supply of the coating solution to the central portion of the substrate from the
first step to a middle of the second step or during the first step. 18. The coating fgaiment apparatus
according to claim 17, 5wherein said control unit controls said rotation holding unit to perform the
rotation of the substrate at the fourth rotation number for one second to ten seconds in the fourth step.
19. The coating treatment apparatus according to claim?27 or claim 18, 10wherein said control unit
controls said rotation holding unit to further execute a sixth step of rotating the substrate at a sixth
rotation numbernstfiivia skwbr i aheteafiveg rolation FumbepBErbrohefiréttepbotateHECEb S g
treatment apparatus according to claim 19, 15wherein said control unit controls said rotation holding
unit to change afirsicterciationdttel beatrso st s sussiae the Asd§if@nce of a first acceleration, a
second acceleration which is larger than the first acceleration, and a third acceleration which is smaller
than the second acceleration, and to rotate the substrate with acceleration from the sixth rotation

number to the first rotation number. 20 _ ,
18. The coating treatment apparatus according to claim 17,

5 wherein said control unit controls said rotation holding unit to perform the
rotation of the substrate at the fourth rotation number for one second to ten seconds in

the fourth step.

19. The coating treatment apparatus according to claim 17 or claim 18,
10 wherein said control unit controls said rotation holding unit to further execute a
sixth step of rotating the substrate at a sixth rotation number which is slower than the

first rotation number before the first step.

20. The coating treatment apparatus according to claim 19,

15 wherein said control unit controls said rotation holding unit to change an
acceleration of the rotation of the substrate in a sequence of a first acceleration, a second
acceleration which is larger than the first acceleration, and a third acceleration which is
smaller than the second acceleration, and to rotate the substrate with acceleration from
the sixth rotation number to the first rotation number.

20
21. The coating treatment apparatus according to claim 19,

wherein said control unit controls said rotation holding unit to gradually
accelerate the rotation of the substrate which is at the sixth rotation number before

starting such that the number of rotations changes continuously after the starting, and to



21. The coating treatment apparatus according to claim 19, wherein said control unit controls said
rotation holding unit to gradually accelerate the rotation of the substrate which is gtghe|gixth rotation
number before starting such that the number of rotations changes continuously after the starting, and
to MC SLIP 36 make the rotation of the substrate converge to the first rotation number by gradually
decreasing he acceleration of the rotation of the substrée at a completion time, in the first step.
522.The coating treatment apparatus according to claim 19, wherein said control unit controls said
rotation holdingralietehmekatipr atseferthoitabt geaveregion BraHEstuléiine spdeinbyagiddydbtate the
substrate with acceleration from the sixth rotation number to the first rotation number, in the first step.
1023.The coatin§uestitefcatssa itiioaceb ity ®iany b srbrife 106PPkliret ®smipriing: a
solvent nozzle supplying a solvent of the coating solution to the substrate, wherein said control unit
controls said rofgﬁbﬁfﬁblding unit and said solvent nozzle to coat the solvent on the substrate while
rotating the substrate at the number of 15rotations which is faster than the sixth rotation number before
the sixth step. 24.The coating treatment apparatus according to any one of claims 19 to 22, further

5 22.  The coating treatment apparatus according to claim 19,
wherein said control unit controls said rotation holding unit to make the
acceleration of the rotation of the substrate constant, and to rotate the substrate with

acceleration from the sixth rotation number to the first rotation number, in the first step.

10 23. The coating treatment apparatus according to any one of claims 19 to 22, further
comprising:
a solvent nozzle supplying a solvent of the coating solution to the substrate,
wherein said control unit controls said rotation holding unit and said solvent
nozzle to coat the solvent on the substrate while rotating the substrate at the number of

15  rotations which is faster than the sixth rotation number before the sixth step.

24.  The coating treatment apparatus according to any one of claims 19 to 22, further
comprising:
a solvent nozzle supplying a solvent of the coating solution to the substrate,
20 wherein said control unit controls said rotation holding unit and said solvent
nozzle to coat the solvent on the substrate while rotating the substrate at the sixth

rotation number, in the sixth step.

25.  The coating treatment apparatus according to any one of claims 17 to 19,



comprising: a solvent nozzle supplying a solvent of the coating solution to the substrate, 20 wherein
said control unit controls said rotation holding unit and said solvent nozzle to coat the solvent on the
substrate while rotating the substrate at the sixth rotation number, in the sixth $t&SLWICSLLP 37
wherein said control unit controls said rotation holding unit to rotate the substrate at a seventh rotation
number which is faster than the first rotation number béfbre the substrate is rotatcd at the first rotation
number, in the first step. 526.The coating treatment apparatus according to claim 25, wherein said
control unit controls saidheetaticaidoriinganittd seropds thiadotatidionf thllngbsmitdatmpieteetienth
rotation number which is 4000 rpm or less, for 0.1 seconds to 0.5 seconds, in the first step. 1027.The
coating treatmeftbapipEratus sxcordingtesiamybmdef whithsia Fagepghan thensisinetidosonumbenmit
controls said rotation holding unit to further execute a seventh step rotating the substrate at an eighth
rotation numbePOISHT KuRFER 2000 AdHiIE sl sofatiendimectirst Ferdtishs#imber and faster than
the second rotation number, between the first step and the second step. 15 28. The coating treatment
apparatus according to claim 27, wherein said control unit controls said rotation holding unit to
change the acceleration of the rotation of the substrate in a sequence of a fourth acceleration and a

fifth accelefatioRGhict 1§ ERHBREHETIRETLIREIAREEIEFAtHREdAG B Potate the substrate

wherein said control unit controls said rotation holding unit to perform the
rotation of the substrate at the seventh rotation number which is 4000 rpm or less, for

0.1 seconds to 0.5 seconds, in the first step.

10 27.  The coating treatment apparatus according to any one of claims 17 to 26,
wherein said control unit controls said rotation holding unit to further execute a
seventh step rotating the substrate at an eighth rotation number of 1500 rpm to 2000
rpm which is slower than the first rotation number and faster than the second rotation
number, between the first step and the second step.
15
28.  The coating treatment apparatus according to claim 27,
wherein said control unit controls said rotation holding unit to change the
acceleration of the rotation of the substrate in a sequence of a fourth acceleration and a
fifth acceleration which is larger than the fourth acceleration, and to rotate the substrate
20  with deceleration from the first rotation number to the eighth rotation number, in the

seventh step.

29.  The coating treatment apparatus according to claim 27,



20with deceleration from the first rotation number to the eighth rotation number, in the seventh step.
29. The coating treatment apparatus according to claim 27, M CS LH 38 Wll\?[:e%n l:515';\id control unit
controls said rotation holding unit to gradually decelerate the rotation of the substrate at the first
rotation number before starting such that the number of rotations continuously changes after the
starting, and to gradually increase the acceleration of tA8 rotation of the substrate to make the rotation
of the 5substrate converge to the eighth rotation number, in the seventh step. 30.The coating
treatment apparatus acdming seidlainn®d] uniiyvpeirEhlsaidomiesiunibebhanlseiidrostidnhvlding
unit to make the acceleration of the rotation of the substrate constant, and to rotate the substrate with
10deceleration frespletasctitbe rstation alitibeuhsithie aighh Fothtiontitmberbas fedosevéntinstapsh

that the number of rotations continuously changes after the starting, and to gradually
increase the acceleration of the rotation of the substrate to make the rotation of the

5  substrate converge to the eighth rotation number, in the seventh step.

30. The coating treatment apparatus according to claim 27,
wherein said control unit controls said rotation holding unit to make the
acceleration of the rotation of the substrate constant, and to rotate the substrate with
10 deceleration from the first rotation number to the eighth rotation number, in the seventh

step.



