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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

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, for 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 treatment of developing the exposed
resist film and so on are performed in sequence to form a predetermined resist
pattern on the wafer.

20  [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

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
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20, [0003]In the above-described resist coating treatnment, a so-called spin
coating nethod is frequently used in which a resist solution is supplied
froma nozzle to a central portion of the rotating wafer and a centri fugal
force is utilized to diffuse the resist solution over the wafer to thereby
coat the resist solution on the wafer. I} is necessary to coat the resist
solution on the wafer 25 with high in-plane uniformty when the resist
coating as stated above is performed. Besides, it is also inportant in this
spin coating nethod to 11111121111111012111211212111211211111111 *@&00002* 2
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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.



15 wafer is accelerated to a third rotation nunber to diffuse the resist
solution to a whole surface of the wafer, and performdrying of the

di ffused resist solution, and the resist solution with a uniformfilm
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 Inventior [0005] However, it turned out that
the in-plane uniformty deteriorates if the supply anount of the resist
solutions is further reduced, and in particular, lowering of the film
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sol ution
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 subsfrate 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



a substrate surface while suppressing a supply amount of the coating
solution 15 to a snmall anount when the coating solution is coated on the
substrate. [0007] To attain the above stated object, a coating treatnent
nmet hod coating a coating solution onto a substrate, includes: a first step
of rotating the substrate at a first rotation nunber; a second step of
subsequent|ly decelerating the rotation of the substrate, and rotating the
substrate at a 20 second rotation nunber which is slower than the first
rotation nunber; a third step of subsequently accelerating the rotation of
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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



15, substrate end portion in the third step, and the substrate is rotated at
nore than "0" (zero) rpmand 500 rpmor |less which is slower than the third
rotation nunber, and thereby it becones possible to diffuse the resi st
solution at the central portion of the substrate toward the outer periphery
of the substrate while suppressing the drying of the resist solution,
nanely, to adjust 20 a bal ance of the fi3 m t hi ckness between the central
portion of the substrate and the outer peripheral portion of the substrate
Wi thin the substrate surface. Accordingly, it turned out that it is
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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



apparatus, wherein the coating treatnment nethod includes: a first step of
rotating a substrate at a first rotation nunber; a second step of
subsequent |y decelerating the rotation of the substrate, and rotating the
substrate at a second rotation nunber which is slower than the first
rotation nunber; a third 5 step of subsequently accelerating the rotation
of the substrate, and rotating the substtate at a third rotation nunber
which is faster than the second rotation nunber and slower than the first
rotation nunber; a fourth step of subsequently decelerating the rotation of
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fourth 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



7 step,of subsequently decelerating the rotation of the substrate, and
rotating the substrate at a fourth rotation nunber which is slower than the
third rotation nunber; and a fifth step of subsequently accelerating the
rotation of the substrate, and rotating the substrate at a fifth rotation
nunber which is 5 faster than the fourth rotation nunber, wherein a supply
of the coating solution to a central pof&ion of the substrate is
continuously perforned fromthe first step to a mddle of the second step
or during the first step, and the fourth rotation nunber is nore than "0"
zero) r I 3 r LN t. :
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of the Draw ngs
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



[0015]FIG 1 is a longitudinal sectional viewillustrating an outline of a
configuration of a resist coating apparatus according to an enbodi nent; 10
[0016]FIG 2 is a transverse sectional viewillustrating the outline of the
configuration of the resist coating apparatus according to the enbodi nent;
[0017]FIG 3 is a graph illustrating the nunber of rotations of a wafer and
supply timngs of a resist solution and & solvent in each step of a coating
t reeat ment process; 15 [0018]FIG 4A is an explanatory view illustrating an
appearance in which the resist solution diffuses on a wafer rotating at a
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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 étransverse 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



and supply timngs of a resist solution and a solvent in each step of a
coating 9 treatnent process according to another enbodi nent; [0023]FIG 7

is a graph illustrating the nunber of rotations of a wafer and supply
timngs of a resist solution and a solvent in each step of a coating
treatment process according to still another enbodinent; 5 [0024]FIG8 is a
graph illustrating the nunber of rotati éhs of a wafer and supply tim ngs of

a-resist solution and a solvent in each step of a coating treatnent process
according to yet another enbodinment; [0025]FIG 9 is a graph illustrating

t he nunbe | waf.er ]&#B timngs of a resist

sol ution grﬁg{rgélg%ﬁl\t/dé}nggiaﬁEgg%lﬁ&sﬁe%n%Peggg})a [ ﬁé} t0 treat nent process
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a sol vent ghg sﬁgg%v finginodf offa ¢esist BOITRREABM sEIVeae:n cach &téh BF af oanes her
enbodi nent; [O FIG "11 is a graph illustrating the number of rotations
of a waf efredfmantpraderk uctordimgstoostild aheshat erbbdiment;and a sol vent in each
step of a coating treatnment process according to another enbodi nent;
[0028]F1 AR4]s a Hlepk id bustapht ilhgstratengthbarumber of atotatnenobfaa wedfer

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



and supply timngs of a resist solution and a solvent in each step of a
coating treatnent process according to another enbodi nent; 20 [0029]FIG 13
is a graph illustrating the nunber of rotations of a wafer and supply
ti.mngs of a resist solution and a solvent in each step of a coating
treatment process according to another enbodi nent; [0030]FIG 14 is an

expl anatory view illustrating an appeardfce in which a resist solution
di-ffuses on a wafer when a conventional coating treatnment 25 nethod is
used; [0031]FIG 15 is a graph illustrating the nunber of rotations of a
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and supply a resis on and a sol'vént in each step of a
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17 is a graph illustrating th unber of rotations of a water and supply

timngs ofand §Lq$1§ttiﬁ1@h%$ bfa RBIbt FobRi¥RMNnd 4 s@Wéhﬁhea@cﬁfstePC&Bé cofting |
treatment process according to the other enbodi ment. 10Detailed Description

of thesl ntesstinent pro6SsH dcrdingt teanothdraghbediment; ahde present invention
are descri bed.
[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



FIG1 is a longitudinal sectional viewillustrating an outline of a
configuration of a resist coating apparatus 1 as a coating treatnent
apparatus according to an enbodinent. 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 enbodinment, a resist solution is used
as a coating solution. Besides, a di anetér of a mafer Wused as a substrate
is 300 nmin the present embodi ment . [ 0035] The resist coating apparatus 1
has a treatnment container 10 as 20 illustrated in FIG 1. A spin chuck 20
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suction-held on the spin chuck 20. [0036] The spin chuck 20 has a chuck
drive mechgfingler 36 thatibepgsinichuwkt 20 i§ eertéedphrovableot or or the like and
can be rotated at a predeterm ned speed by the chuck drive nmechani sm 21.
Furthes, §0863Zhuck Alrdurel theeispin sk 26, praup @2diswptdvidedawhicly receives
Iomerlng drive source such as a cylinder sqo that the spin chuck 20 is
verti cal | yandoselias ligjuidspidshinged driapping fromh dlek veeder 3V cu 2izainspipeod3d ded
whi ch recel ves and collects |iquid splashing or drgppi fromthe wafer W
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is formed, for example, from an out51de 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



15, 30, for exanple, two arns 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 Wis supported as illustrated in FIG 1 and
FLG 2. The first arm 31 is novable on the rail 30 by nmeans of a nozzle
drive unit 34 illustrated in FIG 2. Thii allows the 20 resist solution
nozzle 33 to nove froma waiting sectio 235 provi ded 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 Win the cup 22 and further nove in a
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1. In the resi'st solution supply source the resist solutionis s ored

The suppl yapie €oBdontsoRi rt%/acﬂhﬁv\mﬂtheae&ls’p@d)kltﬁﬂwd)ﬁen\tr Wetor3thd selondi ng a
val ve for controlling ow of the resist solution flow regul ator and

so on.5 5[004%1] OOnrthesmmmml arm 32, aascslubnémtozzbaﬂ(bwl@uppostadpwlnehl
whi ch supplies a solvent of the resist solution, for exanple, thinner. The
second ar fupplies arseliene afntheneesisti solationy foeawanaples thomeare drhe scoond 41
illustrated in FI.G 2 and, can ve the saolvent nozz|e 40 froma waitin
section 42T &2 dedngvahle qu $hgerath 3Ihdnagseny olia ewzzim divve umtt‘ﬁb Y-

saror v iisgaed T a2 dblide BoNe SRt ey yar el T s Boligns
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resi st sohdpndAfeaift 43 tbde M@%ydcpﬁsﬁﬂﬁ Ké&ighs of1RE Yol whtatskAdgosol vent

nozzl e 40 for supplying the sol vent e supported on separate arnms in the
above 20 ¢004Rpur atT@the bbRentBOZ2E 40pRFUpPPly Pipt el saiBnanivatiapgdwity gnent

and supply timngs of the resist solution nozzle 33 and the solvent nozzle
40 may be sobvdntaduppdy Bpueend B dk cohnebtedmy dhestratedl inMElGrim  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



[ 0043] Qperations of a drive system such as the above-described rotation
operation and vertical operation of the spin chuck 20, the novenent 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 13 supply equi pnent group 38, the Eﬁvenent operation of the sol vent
nozzl e 40 by the nozzle drive unit 41, e supply operation of the sol vent
of- t he sol vent nozzle 40 by the supply equi pment group 45 and so on are
controlled by a control unit 50. The control unit 50 is nade up of, for

exanpl e, g@g@ﬁ@; el 89, the Rdven B eratidithSthetblvEtnBazk! 49 2

resist co nent=i € resi st coating apparatus 1, tor exanple, by
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stored, for exa n a storage ne such as a conputer-readable hard

di sk (HD) nofbRx#0! 8y ¢hékupph) eqeepieat otk 45And gBINEtaee ARteslledlibyka

(MD), or a nenory card, and 10 installed fromthe storage nediumH into the

control ugbhtrod uaies50sed les cuatrobunitps0ds anade spdof, doerabhmpieha conspster
coating treatnment in the resist coating apparatus 1. [0044] Next, the

coati n§ t imduding afCPtk ssmeandny, mad scmonhend esiablecaaesisycappng dreasment
constituted as described above will he described. FIG 15 3 is a graph

i |1 ust r at imghe wesistiepatingrapparatusohs foF examples by exesuéingnpragrsps, starafngs
of the resist solution and the solvent in each step of tlfﬂe coat i
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solvent is supplie romtﬁe sol vent nozzlie O to the central portion of

'ltzlhtca3 \gfaf er chatfgepparatAt B 1 n which the wafer Wis stopped as illustrated in

[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 thé 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.



14, After that, the chuck drive nechanism 21 is controlled to cause the spin
chuck 20 to rotate the wafer W and the nunber of rotations thereof is

i ncreased to, for exanple, 500 rpmwhich is a sixth rotation nunber. The
wafer Wis rotated at the nunber of rotations of 500 rpmfor, for exanple,
5 one second, and thereby the solvent sypplied to the central portion of
the wafer Wdiffuses toward an outer perfpheral portion, nanely, prewetting
is perforned, and thereby the surface of the wafer Wbecones a state wet by
the solvent (Step Si in FIG 3). After that, the solvent nozzle 40 noves

from the pasi i ahevenidie SR TALIRBESHPD 0% IRUIIET o AL T s St

sol ution nozz e waiting sectl noves to the positio bove
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diffuses to a ol e surtface of t bsequent

rotation gicrelSedvabefor\ekamplecbo0aipra WhicH 9 acxiakiRlretat?dWuribet. 0 BREO
rpmwhich is a first rotati on nunber, 3000 rpmin 15 this enbodi nent as

i |l ustrat eghfen Wl Is rélateihdt themahber ofhetanbes of/ 360 rphatfer Rir éxwmple, st
rotation nunber for, for exanple, 0.8 seconds. During the acceleratin

rotati®dn ohet sexomf, eandMhbertbyuthergotventr supplied tat theheefiraktpartioat 0brhe
nunber, a resist solution Ris conti nuousll?l/ supplied fromthe resist |

sol uti on meafer V3diffimasptospandh an @1y . pexiphenal partivad namelycprawetieg rssi st
20 solution R supplied fromthe resist solutigon _nozzle 33 diffuses on the
waf er wmgnﬁqmmgframdnﬁheﬁ@by thesndaceofthe W rWheqames astatesyehy thee

ther ef or e SpHendSteh SEIMMIE B aoBfiatota e el vt Hoain 4F AL GRER w
Besi des, L[}rfee 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 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



wafer Wrotates at high speed at the first rotation nunber, but the resist
25 solution Ron the wafer Wis not conpletely dried because the rotation
of the wafer Wat the first rotation nunber is perfornmed for a short period
of. time of 15 0.8 seconds. [0047] After that, the rotation of the wafer W
I's decelerated to, for exanple, 100 rpmt{o 500 rpmwhich is a second
rotati on nunber, 100 rpmin this enbodinrent as illustrated in FIG 3, and
thereafter the wafer Wis rotated 5 at the second rotation nunber for, for
exanpl e, 0.4 seconds. During the decelerating rotation of the wafer Wand
to a mdd Qf.d rotation at the second rotation nunber, the resist
solution R'T§ conti'nuously supplied fromthe resist solution nozzle 33.

Nanely, t ply & egl st b b i ' u fr t he
Step & i LOFTED.Y Rlet MRl opsh B e T Rl P o ol

has, passedx@iple, 300apat tO500Ih Whid webesndMetatidrenarterd] 00tpi b
nunber. In thi's step S3, the wafer Wrotates at | owspeed at the second

rotation gyighanboditdenhas dhwsteatedan'ERG.S3, @l tHoroaft& tie thadendV és rovated
snoot hed and pl anari zed because, for exanple, a force drawing to the

centrad pat tthensenonsl ootation nesitsdr $ot, ufioroexdnple,tOd setendgper Dpingrgalthe
portion 15 of the wafer W [0048] After_that, the rotation of the wafer Wis
accel er at de¢celeratiog rotatipn of theowvaipm Woanddo 2 pniddle of the sotamongat gaat i on
Dt Re ¢ hReeonatatatinn mumber. the Tesist Solution K 16 contimiously Supplied from <.
the resist solution nozzle 33. Namely, the supply of the resist solution R
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



nupnber for, for exanple, 2.5 seconds (Step S4 in FIG 3). In this step $4,
20 the resist solution R diffuses to the whole surface of the wafer Was
illustrated in FIG 4B, and reaches the end portion of the wafer W.

[ 0049] Subsequent |y, when the resist solution R reaches the end portion of
the wafer Was illustrated in FIG 4B, E%e rotation of the wafer Wis
decelerated to, for exanple, nore than " (zero) rpmand 500 rpmor |ess
25 which is a fourth rotation nunber, 100 rpmin this enbodi nent, and
thereafter the wafer Wis rotated at the fourth rotati on nunber for, for
exanpl e, 0 sgeg:%@?] ;i ksl ' | St S5
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conveni i onambart hokccordimglyesulis paskibleeto diffuse dhe aesikti wlutioh dRndty theoat ed
within the surface of the wafer Ww thout 10 generating |owering of the
film thi ckeBEsl portian i the pralesn¥r towamd dhe wutes pesiphery oathe wafer W
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[ 0052] Her gf thé wdter pove-stated step S5, a verification is perfornmed if it

[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.

V[OOS 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.



I S, possible to uniformy coat the resist solution Rwthin the surface of
the wafer Wby diffusing the resist solution R at the central portion of
the wafer Wtoward the outer periphery of the substrate while suppressing
the drying of the resist solution Ron the wafer Wrotating at the fourth
rotation nunber 25 when the nunber of r ?ations of the wafer Wis set to be
nore than "0" (zero) rpmand 500 rpmor *f'ess which is the fourth rotation
nunber. 17 [0053] The inventors performa conparative verification of how
the filmthicknesses of the resist solution R on the wafer Wchange between
cases whe ti | fer ; ; | neh are
changed flrrgg?g]ne %ﬂ@ﬁﬂtﬁ%\/é@@gﬁ@nﬁg ,0 Wﬁé& a&%oﬁ%ﬁ%#&%@%ﬁéﬁ? 5

nanely a ¢RRENME&: bPehbi fRist HAhtiBA Rt ohhthet WaTer Wt eidre BetReen i dhsebe
step S4 is set to be atine until the resist solution RiS conpletely dried

W t hout r qiladén nhet tignevafratatiicatthe hevaferirwh at ofhet ifourthund@tiont auanbér tdre
resist solution R on the wafer Whaving the dianmeter of 300 nm Note that

t he suppl yhanpedt fioin t bre r setiosid ol fivieosedonds,eantl aetonvemigofalinethdd)
either case. 10 [0054] Results of this verification are represented in FIG
5. A vBrtinaaelyd sasewhied tie tiope egeting athther third rofiationesembertingheegept
solution R and a horizontal axis represents a me,asuren}ant poi nt. of the
fi1mthiciSfetssetta he 2 sene unid) theirssisk slutine Ras«gompleiely dried without
result when the conventi gnal gEt.jhOd is used is described ?12 a corrpirative
exanpl e. VAEHIAGENG watetr Wit dBe fPHBR 19tRE 0B MBECh 0 CoH FheHe st PpaRiPBNal
nmet hod, t | oneri ng,. of e filmthij.ckness of e _resi sqlutipn R.i
recogni zegfaﬂn 2 %%Eeér pgﬁai"b‘}l%:{h? (baﬁké%%lﬂgl %Q@m'heﬁfﬁé? 3&“&/\/@9 ﬁ”eﬂ‘pi?/ri ng
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the film tHyrpliRaF alfs tésreb@8tsSA 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



solution R at the outer peripheral edge portion of the wafer Wby changing
25 the tinmes rotating at the fourth rotation nunber. It turned out that the
| owering of the filmthickness of the resist solution R at the outer

peri pheral 18 edge portion of the wafer Wdoes not occur in either cases
when the holding tines at the fourth rotation nunber are set at 1 second, 2
seconds, 3 seconds, and 5 seconds by refl rring to FIG 5. Accordingly, it
turned out that it is possible to diffuse the resist solution R at the
central portion of the wafer W5 toward the outer periphery of the wafer W
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Wis smal| because at first, ol ution s supplied to the

central peoksible @b diffaswahere¥istsolietiontRitdt nhe tceatradipirtidhadf the wafes W
rotation nunber in the step S2. After that, the wafer Wis rotated at the

seconds5 r otewiaod thenhger iperipbery tafpties waded Whendftor enitfoemdpatdat gheatesiston
supplied in the first step diffuses on the wafer 15 Wwhil e suppressing the
dryi ng t hephsion & wathinhthe suriace ©fshepwalier Wabyweatatingy/the wafer 8 astthehe

third rotation nunber which js faster than the second rotation nuner and
sl ower t hdfufthaotatien nﬂ@i%ﬁ%’r’i anprasietermmed imectoitheprasest smhagimangn R
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invention, i1t is possi b uniformy coat” the resist solution W t hin

the surfaggtfiing fge VHfBF Waththeefift o286 MUrhber FHER ¥t 820t Afiel fRat,
resist solutiom Rto a 19 snmall anount. [0057] Note that 't he supply anount

of the reghetwafdruW 4 ridtateduat €le f¥cond 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



coating the resist solution R w thout causing the lowering of the film

t hi ckness of the resist solution R at the outer peripheral edge portion of
the 5 wafer Wis 0.25 m when the coating treatnment nethod of the present
enbodi ment is used according to the investigation of the inventors. On the
ot her hand, the required supply anount the resist solution Ris 0.5 m
when t he above-stated conventional coating treatnent nmethod is used. It
turned out that the supply anount of the resist solution R can be
dramatically 10 reduced according to the present enbodi nent. [0058] Besi des,
the resis ' Ris supplied on the wafer Win the step S3, and
thereforeggﬁgi%%P3ﬂgf the resist solution Ron the wafer Wis able to be

i mproved. (gd)@si' t heyglythae$RE t&u?pq? aABRANbY tHé rbsise sbhifidieH péquiedifopn R
to the end of the wafer Win the subsequent step S4. 15 [0059] Further, in

the step Gbatihpethx aweisti selutiort MR sdth@nt calisinge thesiewesiagubifother filsn
performed on the wafer W and therefore it is possible to snmoothly diffuse
t he resi sthickhess off tRe epist isedutontReatviheeoutét i peripieeral leslgg yrortiost epshe
[0060] I n the above-stated enbodiment, the wafer Wis rotated after the 20
sol veni i svafent Wt isn0{2%e mlirwhen the tdoating dreanmentiemethod sof dhat presentt he
nunber of raqtations of, for exanmple, 50Q rpmas,.a sixth rotation nunber for
a certai neptiodimest isjused wram tatheinvestigasion o therinyaatagss e Omthe

e e sheaeshSn gl e oo e i ST
fg? ;? ?oﬁz tl%e? a%aé%é%té%de gorilgerllztligna% c%gﬁrqgittreét?nerr?tt %e%ﬁogtist@s%d?urﬁetrurgéd
out that the supply amount of the resist solution R can be dramatically

10 reduced according to the present embodiment.

[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 1s 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



for a certain period of tinme, for exanple, 0.3 seconds, and thereafter the
20 rotation of the wafer Wis decelerated to 500 rpmwhich is the sixth
rotation nunber (Step 51-1 in FIG 6), the rotation of the wafer Wis held
at 500 rpmfor a certain period of tinme (Step S1-2 in FIG 6), and
thereafter the nunber of rotations of tEg wafer Wmay be increased to the
first rotation nunber. 5 [0061] In sucha case, the wafer Wis rotated at
2000 rpm after the solvent is coated in the step 51-1, and therefore it is
possible to diffuse the solvent on the wafer Wwithin a short tinme conpared
to the c F i d S [ id the S ' to
shor ten_ a0 ig NafPE IV iR RcedAiPh SFOIE DElch is e S8R 35HRGh

required ﬁhﬁ%e?qsrtégg \}EHF&B BG. 6)1,%&%@@&01?%%%5%?@?% isge16i0a¢ 500 fgint he

solvent is perfor ile rotati’ng the wafer Wat the nunber of rotations

of , for efpertagPPeribdrof timchStep S -3 indBIG.6Y, addahenafidrihe shaRb&ZoffRy
be started wi thout decelerating the rotation of the wafer W for exanple,

as i | | ustratatidns offh&waferWnilay bé inurebsqibtd therfing roteti@baventsdrat ed st ep
S1-2. In such a case, the step S2 15 is started under a state in which the

rotatison fI0G6He walmerswth s kept, the wafereXans| sotagabat r3000 Npme| after the he
present enbodi nent, this 2000 rpm becones the sixth rotation nunber. After
that, in solyestdp ceated me thetgeponl dt amsbtheretorevitiis passiblertsr diffuse the
first rotatjon numjer, afnd hereafter, the wafer Wis rotﬁted at i_lhe Jirst
rotation $Rivsat o wralenWywiihin & phoitime oompargdio thewasp Whes ik ippl y
of the resis 0 jon R fromthe resist sol ut,ion nozzle 33 i.s start and
Ohi s eupprtatad Bha0DEBNE: | ARterAmElR 135 aureible S0PP s BeauiBed Ml Fohr o
of the st 3. t,e t t t her S4. S h as the
Sbove. st itk eneiniratd Sted 87 2EBHRREAMR A Thanitid B b S Den® o6
006 n ca . i e t f-ac W
Fnoond o SR CRSSesilbe, et ithe' Sofflko0r el SONEHE RERetortie WAL, [
the 21 r A f f, ' trat | t Wi n
the step %%%h?%%%twg?@r h%ﬁ?i%%?gﬁ?@éﬁtﬁé?éﬁtagwhgﬁg ié)\b/g-s a?’e%ggmnﬁgg}i #rl)é\at.
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d
solution Ron the wafer W and the uniformty of the filmthickness of the

20 O Ao DA Wik owtths ssGmOTIEIOT el
step S2 ofvitheutaperformig ¢he efood-stated stepeSwel.er Ismel 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 description 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



be , rotated at a seventh rotation nunber which is faster than the first
rotation nunber before the wafer Wis rotated at the first rotation nunber
as 1l0illustrated in FIG 8. [0065] For exanple, after the step Si, the
rotation of the wafer Wis accelerated to, for exanple, 4000 rpmor |ess
which is the seventh rotation nunber, 48?0 rpmin the present enbodi nent,
and thereafter the wafer Wis rotated at'the seventh rotation nunber. The
rotation of the wafer Wat the 15 seventh rotation nunber is perfornmed for
0.1 seconds to 0.5 seconds, 0.2 seconds in the present enbodi nent (Step

S2-1 10 FGaiBh oftletydaty L hEdetald 9 Ghidilin REE Whis degsiBeatad to

the first ' ro Qalon nunper, and ereaft i's rotat

first rotgbi qn pupbest f}ﬁghl‘; eclX@ refl: Qos%ﬁt?ngﬁo(lcs-ts?ﬁe 2 etnbddiméat. 8) -

Note that the resist so Ris continuously supplied fromthe resist
sol ution F\%é'r@ir%ﬂy,t 8 réheivedy istrdinoPedrittidngaf fdree Sat?e;,@é 251 tﬁglﬁesislﬂ%om@@n ®-1

and the step S2-Z. " Besides, the other steps Si, 5, S6 are the sane

as the abeunehstwafid Wiaadi theninifendityheff tieofiimtthéckdrss ofitheasiss sohitig ven.
[0066] I n such a case, the resist solution Ris supplied on the wafer W25
whi | e § ot Rt withinhthenmfader ¥irfachiain- Spdker be inprovedentBesidest thenrequibed i n
the step S2-1, and therefore it is possible to diffuse the resist solution
R more 2timgrbot Hieystapd Liean berhortensgor di ngl y, the supply amount of the
resist solution R onstilge waf er Wcan_be npore yedyced. Besides, .it_l

descri bed[0¢04he pAadhgistepsiipathe aboveostatadee Rsak ﬁh%wﬁ%w;@al’i mes
for th S2- d the st S2- 2 I th th i.ted
time for DRIORER & SockeninPiaiond SnReEa Bibolsi ST, thBt: et AT THUALGD o
to shorten the r ired,tines. f the S2-1,and the step S2-2.be

thesr esi sf! q}ti% OR Qﬁl B%asfgﬁoom hiSy réfqﬁggs 'bljtgg g"trgtrt JQ%aaIb(g%enu%’ercgyse
exarrp}&, $1t1u§tg£t%8 n ty the investigation of the inventors that an effect
capable of "feduci ng € supply anount of the resist solution R as stated

above can 1y { f i } e W at
t he sevenm@?ﬂjati gﬁﬁlng%%z@l?%?ﬁg? ?ﬁée%gﬁdggt tg)ﬂi‘gﬂg@%tz%%n s,fl{eaﬁ)gﬁ;e er eflsor e
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enbodi menhunither, U@0Er rpthnidythe 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, 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 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



be, constantly rotated with acceleration as illustrated in FIG 9. In the
step 15 S2, the rotation of the wafer Wis accelerated from500 rpmto, for
exanple, 550 rpm (Step S2-1 in FIG9). In this step S2-1, an accel eration
of the rotation of the wafer Wis a first acceleration of, for exanple, 500
rpms or less, nore preferably 100 rpniz As stated above, a rotation speed
of the wafer Wis low just after the re %st solution Ris discharged to the
central 20 portion of the wafer W and therefore the strong centrifugal
force is not applied to the resist solution Ron the wafer W In addition,

the first ' P8y t I S ft i |
e S L e T VR s

on the wakgfyti¥s R oR&heURRFGSWEEan ARCRIGH H8lYced.Ne BeRbd &, 6N HESRHDLR i1f
uniformy diffused 251n an outer direction. [0068] Subsequently, the

rotation ghe thresaitf @hb¥dieacaelfer ahe ¢ake whébthe 28quiradttdmet dor eharspdre,
2800 rpm (Stép S2-2 in FIG9). In this step S2-2, the acceleration of the

rotation &2-1hendwiestefy 53-2aseabmdsatieekamet avtheoteqiived ekasfoe théGoEp
rprn/s to 30000 rpm's, nore preferably 10000 rpm’'s which is larger than the
first fcc8ofthenabors-satedeemhbdiment,Heutvisfie possitde rtot shrartersthd réquired
accel eration at the second accel eration_which is |arger than the first

accel er at itiones fonthensteproid and thestep S2ol berawsethsnresist selptionR can be
coel or at Ml 28iScGas oSteked (RRAYC. oFaFi SFIRBbeS! (ST ST by e
% a thi r AUERABRIGR 608y ITVRBT, b 4 SE6 BAARI T tscuctlie 1B SHEPEY apl y
00Ut f AUEHASE MBRUR SO LA AT s
orat &8 vtk ARG B e 304 WAL et BT o SRR Pnubter 1B B 11 ©
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di ffused snoothl'y on the waf’_er W "Accordingly, It Is possible to unrformy
coat the RosfertWsatthkiseReMhMdthtiBntdignber fGC@ 20deconesvsiless.W [ 0070] Not e

that the step S2 nay be started without decelerating the 20 rotation of the
wafer Wt q00bkg] exdpite stef®B2 pifithe dbwvesstatedSemtdihiers] tias ecifer 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



in, FIG,7 also in the present enbodi nent. Nanely, the rotation of the wafer
Wis accelerated from 2000 rpmto, for exanple, 2200 rpmwith the first
acceleration in the step S2-1, subsequently the rotation of the wafer Wis
accelerated from 2200 rpmto, for exanple, 2800 rpmw th the second 25
acceleration in the step S2-2, and subsgguently, the rotation of the wafer
Wis accelerated from 2800 rpmto the f rotation nunber with the third
24 acceleration in the step S2-3 as illustrated in FIG 10. It is possible
also in the above-stated case to uniformy coat the resist solution R

Sl ut fon EPHELG fob e ie0d HfiSEes SHACERING) Y, ATRHY siBp 4210, iR ot
enmbodi ”Emacc&f?ﬁ%ﬁi‘gﬁ f & d ?ot%@i'?ﬁlt 8f"thé’ weteat wl jwid ?e@&?&'a‘é&éfér&ﬁohrbft KRrstep

S2, but the net e accelerating rotation of the water Wis not

limted t @xahepleB5000 rpn/dstor 30600 lmnﬂk%&emf&‘aﬁlﬁﬂ@ommlﬁ)@m@h ishe

wafer Wmay be rotated with accel eration such that the nunber of rotations

of the waflerge?thancthenfiest accedemhiape f Agnstatet abdvexaheplwafez0W0 is potdtedt he
first rotatlon nunber in the step S2 as illustrated in FIG 11. Nanel t he
number 5of withaadosherationt bt thafsecondwacedleration whixh ripnatgdrothart ithe s%mm

Is started is gradually accel erated so, that the nunber of raotations thereof
changes c@scelanatieny aaddthw@&mji efresistt selution R o thenwafeneW can be
accel eration of the rotat f the wafer Wincreases little by little 15
from for %Wﬁbllﬁéandql{lﬁ }’0911f accel eration of the rotation of the wafer

nunber of 1DBBA i ondNKL the kA O SoSVHEY WanRersisgated ThEt PRODRABERL | on
LT o ST AL 8 TN 0 B
b, prk Ay SR S UL A 9 04 SphBrdggiof B o1
accel er at 'e%%n?ﬁlef BHO" P! SRS, Hb%‘ﬁﬁ'@:f‘éraw;b §00CpthAMvhich 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



[0073] As stated above, the rotation of the wafer Wis constantly 25
accelerated in the step S2 in either cases illustrated in FIG 11 and FIG
12, and therefore it is possible to uniformy coat the resist solution R
W,thin the 25 wafer surface while suppressing the supply anount of the
resist solution Rto a small anount. [08%4]In t he above-stated enbodi nent,
the rotation of the wafer Wis decel erat@éd fromthe first rotation nunber
to the second rotation nunber in 5 the step S3, but step S7 in which the
wafer Wis rotated at, for exanple, 1500 rpmto 2000 rpmas a eighth
rotation I ¢h 4 t Hrist t agi oy ) : er
than the SUCHStRtH 0.8 storie 3 AP ISSIEe R I, 30 030 Y RRSUpE alad ]

the step §% gBovEQtateda@kqo ﬁﬁi’f?ﬁ%lhi‘k%gt i FEstisolutfon Ro@ﬁ%lﬁ‘} tRE Warrt O

the inventors, a contact angle o resi st solution R on the surface of

the waf er s\¥faee owbfle! Qipsressing thaGubpdyn Afoah Tt thef réist bblerkor R ttbea
resist solution Rin the step S2. Besides, the wafer Wis rotated at high

speed at shalf am®tunt akatated abovieer, and therefore the resist solution R on
the wafer Wis dried and the fluidity at the surface of the resist 15

sol uti®n FO03E1] ower kal. thac aboviensthted tdmmbodansnt,s theit waferR Wuppl ¢aatstantly
advance on the wafer Win the first step is not mxed with the resist
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result. 1 FIGINed QiindifAhe hulibd Btdtafioh8 df iHe'Wafeh & Which! il 2000 R

on the wa
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



26, whi | e suppressing the drying of the resist solution R when the resist
solution Ris supplied to the wafer Wrotating at 1500 rpmto 2000 rpm
which is the eighth rotation nunber. Accordingly, it is possible to coat
the resist solution R wi thout generating the coating patch on the substrate
because the resist 5 solution R diffuseg in a concentric state of the wafer
Wwhen the wafer Wis rotated at the se %nd rotation nunber. [0077]1n the
present enbodi nent, the rotation of the wafer Wis decelerated to, for
exanpl e, 1500 rpmto 2000 rpmwhich is the eighth rotation nunber, 1500 rpm

in the pr %ﬁ%&fﬁ&‘fﬁ@éﬁwﬁ% sﬁ??%ssiﬁ?tﬂ@%ﬁ?pw Aot '7itAb edsiat sbhigidh Rsto

rotation nu and thereafter the wafe is rotated at the eighth

rotation ngfﬂ}ﬁ[éﬁfodﬂt! ustrated in FIG 13. The rotation of the wafer W at
the eighth rotation nunber is performed for 0.4 seconds or nore, 0.5

seconds | ;00714% pr edprntheestbodd-sened ethbodasienat, el totationRof she omaferudlss y
supplied fromthe resist solution nozzle 33 during the 15 decelerating
rotati on deccletateddfrat the dirst netaticyhmniumberato die saobrd rotatidre numhloer W
(Step S7 in FIG 13). The supplied resist solution R diffuses on_the wafer
Wresu ti e steond3hut stent$ bm svhichehgawefen WV iswatated afs &or examphe Wb

er
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to the OU§T¢V Pgripheral 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 diyi nen@fsthe esiardinghyithelnSeifors) dGiitaet YhERNOPThE ebiks SeRRiGesed

when on O at f_he second Trotation nu_nber I's
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[0078] Note that in the step S7 of the above-stated enbodi nent, the wafer W
may be copddibtdsyin ehatredistigdludencReirnthestes S1.| uBesiles( the WhferlW 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



51ln the step S7, the rotation of the wafer Wis decelerated fromthe first
rotati on nunber to, for exanple, 1800 rpm(Step S7-1 in FIG 15). In this
step S7-1, the acceleration of the rotation of the wafer Wis a fourth
accel eration of, for exanple, (-30000 rpm's) to (-5000 rpm's), nore
preferably, (-10000 rpnis). Subsequentlg the rotation of the wafer Wis 10
decel erated from 1800 rpmto the eighth ?otation nunber (Step S7-2 in FIG
15). In this step S7-2, the acceleration of the rotation of the wafer Wis
a fifth acceleration of, for exanple, (-500 rpmis) or nore and | ess than

zero rpni &zhif@)gﬁp@regéi%]r%aﬂieyd iﬁg%fﬂiy fsistylGtohSR | eh&®thé hasist BEltRi t h
15 70079

accel eration. [ n such case, the wafer Wis rotated at the eighth
rotation RuiQipplicd e thé apafef Warstatingr &f 0560 trhen t&I0V0 FgRrhuwhivh B the
supplied on the wafer Win the step S2 can be diffused while suppressing
the dryi ngighiBreedtion hanilesi stAscondingly, R Buppdsible toncddtehstrepisbohnibr he
resist solution R supplied in the step S7 are easy to be m xed, and

t her ef or eRt ndth@sti genemaltimg tie 20akingapatoh onf thes substratehbeoatiser tiw iresishe
concentric state. Accordingly, it is possible to prevent the generation of
the cdatisolutiarcR éfffuses ineaiconcenirig staie RIdhe watain whenytheowatem® igsi st
solution Rwithin the wafer surface., [0080]1n the above-stated enbodi nent,

t he waf er rotated abha sgrond F3REEPBAWNPRT. decel eration in the step S7, in

Yainf:{‘e;“f@giﬁ’ﬂﬁfﬁ,géh- fgyg%?e&ft'eéir%écﬁﬂgn‘%;% eraptRLio e ¢ Ak Weps 7.

ﬁo?ngt“?oﬁ;dse%teaa#@? R Rt cp O SBHE @' 2ROCHAR, Witk 1 AR "PEhuf! on

totar on botafigt Alitheroy 3D0CHAINE e Prosent ihbBlfiflehfalibl e wAREEW is | o

by lijjle ?%é'féq Lhdhe LRt f}gfﬂftﬁ;]n ?xfurﬁlﬁ?éx‘?tajnglnﬁléeﬁﬁéf eRd vem?wsmc%'téwavsl y
y a t this tine, t

and snoot ter that. e acceleration of the rotation of

the vafer (¥ _fé@%hﬁﬁ%@ﬁatw@@mhw hsoMust@te@XAPIE, 13er oThd hetaise! 6f ahié on
of the rotatioh of the wafer Wincreases gradually at the conpletion tine

of the stemfer Wadtdhedghthvbetation notrdserdspepfornted taf 6r4 YWecomds of ynore,

converges to the eighth rotation numnber. 0 [0081] Besides, for exanple,
as il ust0af edetondd Gn lthe t preseat eenWodiynare. r ot Biedresisth stdutibar Ri as
such that the nunber of rotations of the wafer Wchanges linearly fromthe
first rotabntinuoushersuppli¢d &agnt ithe oresisbnseluticsr nozalee3st efursrg thethi s
time, the acceleration of the rotation of the wafer Wis constant

C .15
[0082]%s ¢deaekpaatingviotation ard dhewiatatipntat: the gightheretagpnnnumber @%t}f\@mber
in the step S7_jn _either, c s.illustrated.in FIG 16, and El 17, an
t her ef or eVY%ng é*] dotep gﬁemt ﬁ(gr antfbﬁéuﬁéh@aarﬁ‘bsﬁ Sﬂu@%ﬁcghﬁf\l% %%Slaﬁes L
of the resis ut i R as_stated above d to uniger coat, t hg~resj st
sol ution py%te{ ﬁWnr‘?sr‘rgH%&f ﬁprg&ﬁea%gtlon of the ‘Wafe? \RP n?ny this“step §7! tRé
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



20, [0083] Note that in the above-stated enbodi nent, the supply of the resist
solution Ris perforned fromthe step S2 to the mddle of the step S3, but
the supply of the resist solution R may be stopped at the conpletion tine
of the step S2. The resist solution R on the wafer Wis snoot hed and

pl anarized also in the case as stated agﬁve because it is possible to
diffuse the resist 25 solution R at the“ctentral portion of the wafer Wto
the outer periphery of the substrate while suppressing the drying of the
resist solution R by rotating the 29 wafer Wat the fourth rotation nunber

in the stg fggw[aQQﬁé]sécﬁﬁgfrﬁfdt% ﬁ%ﬂﬁ%eﬁémﬁ@& fBE 952 3bcoAYE 'E‘)trgﬁ?rét‘ﬁz

been descri above w't eference € ‘acconpanyi ng draw ngs,
present iB;frecHEiiﬁ{)eit 4n g'flﬂilé ﬁ?vérﬁofi‘.e enbodi ment. It should be understood
5 that varfous chandes and nodifications are readily apparent to those

skilled ipoopg] art Nbtehthntt fie thei step 89 6£tthEoabdvéRtdibadi Smbodihehbhotiee
shoul d al so be covered by the technical scope of the present invention. The

present i mufot Wmayp beadoristantl g dotated Iwish eeasleratibntascllustrated uakFiGusds.
fornms. For exanple, in the above-stated enbodi ment, the coating treatnent
of theSrednsthelbtepoSdt itha tatatiencofithd wafem Wxanpleecldrated fieomr twedirst

I nvention is applicable for a coating treatnments of_ coating solutions, other
than the rekition ssmberdn, fonexarnig) gSOQ@mr@tg@M—ilo&mFﬁ& ddng dn this
anti-reflection film an SOG (Spin_ On G ass) fil and an .(Spi

Di el ect ri 81D iY !, ahe gecelsratipn; gEdthe retaktosy cofs the ewag%gg) AR rit f@gﬁh

exanpl e pgaéglrepatri]gntgﬁ Tt ingmE)igat(E%WOOBn 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 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 éoating 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



15, the wafer, but the present invention is applicable for a case when the
substrate is other substrates such as an FPD (Fl at Panel Display), a mask
reticule for a photonask other than the wafer. 30 Wat is clainmed is: 1.
A.coating treatnent nethod coating a coating solution onto a substrate,
conprising: a first step of rotating thS substrate at a first rotation
nunber; 5 a second step of subsequently %ecelerating the rotation of the
substrate, and rotating the substrate at a second rotation nunber which is
slower than the first rotation nunber; a third step of subsequently

accel er at ijage fogri bR IAchOthaPth MuRbES b 3beat hetiaQrtWeiSERshsAd nat 2
s af'the ob &

third rotation nunber whic aster than t second rotati on Tiunber

and sl Owe'ﬂilé @ghaeﬂﬁ@ ffdmhSthe fit@! ¢ RBHHHMEnber to theae";g%‘ﬂlﬁ ot &P rimber as
subsequent|ly decelerating the rotation of the substrate, and rotating the

substr at e iBhsteateduin IFI@t 36 orNamebgr thehirotaticn sdfovies whfer Wieatt the dfirst
rotation nunber; and a fifth step of subsequently accelerating the

rotation ebtdtivm auindteras elecélerated littleaby igtletmichuthat tlat auaiber ¢f fathtions
rotati on nunber which is faster than the fourth rotation nunber,

wher ei i atheneplfyclingese continuogsholandi smaathly adtarr thatporAt ghioftimbge the
substrate is continuously perforned fromgsaid first step to a m ddle of
sai d secongcelesgtion oflthegotatien fofy the svaler Whdlacheasesugraduadbadrom, dorber
is more 20 than "0" (zero) rpm.and, 500 rpm or |.ess. ﬁ The cgat.i ng

treat ment SHANHUE, ZEEDr dilREG aeceleratiam of the rotation of the water 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 6f 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



wherein in said fourth step, the rotation of the substrate at the fourth
rotation nunber is perfornmed for one second to ten seconds. 3. The
coating treatnment nethod according to claiml1 or claim2, further 25
conprising: a sixth step of rotating the substrate at a sixth rotation
nunber which 31 is slower than the firzé rotation nunber before said first
step. 4. The coating treatnent method aécording to claim 3, wher ei n
in said first step, an acceleration of the rotation of the substrate is
changed in a sequence of a first acceleration, a second 5 accel eration

which is b&g{fﬁgw%ﬁ% rﬁt}&n irB?atti ﬁﬁh%éliiingﬂ?]lg ?Eﬂ &t hi rd accel erati on which

is small er e second acceleration, Ssubstrate is rotated with

accel erat L?(I!}ané] ?Te;?e neﬁe’féﬁe%%ﬁfﬂdﬁirrféiﬁb%'f Et(% mséliur Shveftish! #asnEEde

r.
5. The co t method according to 10wherein 1 n said

first stegesériBed O4lB6venwith trbﬁréﬁ@@tf(ﬁtthe\’\/@b@d?nipﬁnzin%h@raii/%@& rsitathen
nunber before starting is gradually accel erated such that the nunber of

rot at i onspessengeaventivn isoes limaedeo theermbadimegt. altsHhddasecahdentood of -
the rotation of the substrate is gradually decreased to nmake the rotation
of thes substireariowochanges and findificasionsairairadiinappercnt toathospklledin
15time. 6. The coating treatnment nethod according to claim 3, wherein
in said fthetarstwishin fheaspisiteantsebrfasth tineclaams; iand dhoseshoubdtalspebe s
made const ant, d the suhstrate is rotated with accel eration_fromthe
Sixth rot soveiechdbae: doqlimical rssoPeoOk: Ham PReseRy 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, coatin'g 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.



20, 7. The coating treatnment nethod according to any one of clains 3 to 6,
wherein a solvent is coated on the substrate while rotating the substrate
at the nunber of rotations which is faster than the sixth rotation nunber
before said sixth step. 8.The coating treatnent nethod according to any one
of claimse 3 to 6, 25wherein in said sixg& step, the solvent is coated on
the substrate while rotating the substrdte at the sixth rotation nunber.

32 9. The coating treatnment nethod according to any one of clainms 1 to 3,
wherein in said first step, the substrate is rotated at a seventh rotation
nunber whi aﬂﬁcﬁﬁ?ﬁ@ﬂi&ha” the first rotation nunber before the substrate
Is rotated at the first rotation nunber. 5 10. The coating treatnent nethod

accordingjto cla Rehtind er&athéhte MEMod Neot iQ”cBHﬁng sbRutfSiP Oohfm 1
| ess, and in salrd first step, the rotation of the substrate at the

sevent h r gBétrate, egfﬂgﬂsihg; performed for 0.1 seconds to 0.5 seconds. 11.The
coating treatnent nethod according to any one of clains 1 to 10, 10 further

conpri si ng: a fit seyeof fotatiap the sulisatategt & ferss idtatioatreumbegn ei ght h
rotation nunber which is slower than the first rotati on nunber and faster
t han the secondar seeondnstepnindr svdisegquantlsi detelesatisgephantstivd ofc tinel
step 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
10  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; and

a fifth step of subsequently accelerating the rotation of the substrate,
15 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 said first step to a middle of said
second step or during said first step, and the fourth rotation number is more
20 than “0” (zero) rpm and 500 rpm or less.
2. The coating treatment method according to claim 1,
wherein in said fourth step, the rotation of the substrate at the fourth
rotation number is performed for one second to ten seconds.
3. The coating treatment method according to claim 1 or claim 2, further
25  comprising:

a sixth step of rotating the substrate at a sixth rotation number which



wherein the eighth rotation nunber is 1500 rpmto 2000 rpm 15 12. The
coating treatnment nethod 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

| arger than the fourth acceleration, ang,the substrate is rotated with
deceleration fromthe first rotation nunoer to the eighth rotation 20
nanber. 13. The coating treatnment nethod according to claim1ll, wherein in
said seventh step, the rotation of the substrate which is at the first

rotation pBGerRREA rtﬁe Sﬁréi hi)t%@idnsn&h%@i‘%'ewredfﬁﬂlﬁs@%ﬁ?}hs”Ch that the

nunber of rotations thereof changes continuously after e starting, and

the 25 acgel er arhg ki chth@hi ARG Tabéoﬁﬁﬁgttbéﬁlﬁiﬂl%,gr adual |y i ncreased
to make the rotation of the substrate converge to the eighth rotation

nunber at the dheeimpliat ko tfirge. stepd.anThecelahiiog bf ethenestativet fdthe
according to claim 11, wherein in said seventh step, the

accel er at sobstedtet ie changedniof at Bequersd raf eai firstadeceberatians , a asecarie
substrate is rotated with deceleration from5 the first rotati on nunber to
t he eight Aceeleratiaom wihibler 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.
5. The coating treatment method according to claim 3,

10 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 the substrate is gradually decreased to make the
rotation of the substrate converge to the first rotation number at a completion

15 time.

6. The coating treatment method according to claim 3,

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.

20 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,

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

rotating the substrate at the sixth rotation number.



15, A.program operating on a conputer at a control unit controlling a
coating treatnent apparatus to execute a coating treatnent nethod at the
coating treatnment apparatus, wherein the coating treatnent nethod includes:
10a first step of rotating a substrate at a first rotation nunber; a
second step of subsequently deceIeratin% the rotation of the substrate and
rotating the substrate at a second rot abPon nunber which is slower than the
fi-rst rotation nunber; a third step of subsequently accelerating the
rotation of the substrate 15 and rotating the substrate at athird

rotation gunber rl‘él‘%l%é?@aﬁﬁ%fu%ﬁh%nt H?e‘thbﬁ c%%‘f{l’ﬁf{gt’ x A fihs 3G 3] over

than the first unbe our ubsequent|ly

decel erating t heyh&e iRRaR fi f&gﬁstégbﬁié 5 Bstrét%dl 0 e?tgtirt& 4 Sevehy maﬁsnat a

fourth rotati on nunber which is slower than the rotation n

20a fifth nsireBe0iviEbhSS duster |thanahe! Rratiotstibheimbeét beforef thehsulssthabriat e,
and rotating the substrate at a fifth rotation nunber which is faster than

t he fourt lrotaitdtat ehe firsbestation numbéer ei n a supply of a coating solution to
a central portion of the substrate is continuously perfornmed fromthe first
step tH alfiddl &huf codtengSrestmentimstbpdacodudinggta ¢laihi9,st step, and the
fourth rotation nunber is nore than "0" (zero) m and 500 rpmor less. 34
16. A non-t r ansiwhergin 8he seeenthaatatior nsmab ergts%iﬂﬂmms:r olessard comput er
program operating ong orrput er at a pontr%gunrt contraqlling a_ coating

treatnent appar atisai¢ fEREsiePe the sotation of thaswbstraiiahthe sevemb wiationg
treatment ApRECAls pérformed for 0.1 seconds to 0.5 seconds.

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

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 between said first step and said second step,

wherein the eighth rotation number is 1500 rpm to 2000 rpm.

15 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 rotation number to the eighth rotation

20 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 rotations thereof changes continuously after the starting, and the

25 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



S5wherein the coating treatnment nmethod includes: a first step of rotating a
substrate at a first rotation nunber; a second step of subsequently
decelerating the rotation of the substrate, and rotating the substrate at a
second rotation nunber which is slower than the first rotation nunber; 10a
third step of subsequently accelerating.,the rotation of the substrate, and
rotating the substrate at a third rotat Pon nunber which is faster than the
second rotation nunber and slower than the first rotation nunber; a
fourth step of subsequently decelerating the rotation of the substrate, and

rotating r at a fourth rotation nunber which is slower than the
15 third Fgﬁtggﬁhn%ér; and a fifth step of subsequently

accel erat ijng thqﬁ@éﬁti@t&aﬁleﬁt fiPRbAAcBor ARG tbQlalrhg ,t he substrate at a
fifth rotation nunber which is faster than the~fourth rotati on nunber,

wherein a suppl yvigdretn ¢aadaid Gevehth isedp ! therac&dleralo @t thenrathtioheoR the
substrate is continuously perforned fromthe first step to a mddle of the

second st gpbstrattuis made enkiarm} asd ¢he sabstratecisitated withadéasierativrefrons
nore than "0" (zero) rpmand 500 rpmor less. 17. A coating treatnent

appar af us thedirshrptationatimbests the eighthirotaticrubsmbere, conpri si ng: 25a
rotation holding unit holding and rotating the substrate; a coati an
sol uti on rdzzl e A PBPEYAMOPSALINZONNY eNPUiLNat 8 eortrobsnit controlling a

coating treatment apparatus to execute a coating treatment method at the
coating treatment apparatus,

wherein the coating treatment method includes:

10 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,

15 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 which is slower than the
third rotation number; and

20 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 a coating solution to a central portion of the
substrate is continuously performed from the first step to a middle of the

25 second step or during the first step, and the fourth rotation number is more

than “0” (zero) rpm and 500 rpm or less.



supstrate; and a control unit controlling said rotation hol ding unit
to execute: a first step of rotating the substrate at a first rotation
nunber; a second step of subsequently decelerating the rotation of the
substrate, and rotating the 5 substrate at a second rotati on nunber which
is slower than the first rotation nunbeél' a third step of subsequently
accelerating the rotation of the substr ‘ie, and rotating the substrate at a
third rotati on nunber which is faster than the second rotati on nunmber and
slower than the first rotation nunber; a fourth step of subsequently
decel eratiypg theg r L 0N t r d i n h rate
at a fourtlﬁ' rota i@é\ﬁ%ér?r%ér frkﬁ)orﬁgeﬁa%&%aﬁ% ze%tggféépmﬂlan OSStngE%%E)rQI ess
whi ch is shawiftet fiﬁ\a%fa!iﬁ é ﬁaﬁnr&%ﬁ_ta%:ﬁﬁﬁ&@r at andortrbi fulnit ebaRolfing a
subsequent |y "accelferating the rotation of " the substrate, and rotating the
subst r at ecahtifgf irbittérmt appamtaynioeexvbitehal Sodtdng efretmaent: heethodr 4t the
rotation nunber, and controlling said coating solution nozzle to
cont i nuousbytingnfeatmehd appatatpsy of the coating solution to a central
portion of the substrate fromthe first step to a mddle of the second step
or dur¥ng the fwhereistthe cagingeatwent methodanekidesappar at us according to
claim17, wherein_said control unit cgntrols, said rotation hol di ng
unit to perfor matfirst piepel mtabing s subsimie a@elizgt rofation ormberst at i on nunber
for one 20 second to ten seconffls in the fourth step. 19. The coati r}g
treatment appar 8t 86CeRE oF€Pn Pk Subsasnently odecelerating, the rotayipar &tn thai d
control unit controls said ratation holding unit .to further execute.,a.sixth
step of r SPREFRE (0 SOIRNEERS SRS A § SCAPPE NaHEE SWRCE WAIRH dRer
than the fjrs ot ati n e the first step. 25 20. The coating
t r eat ment S!iop‘ﬁél?glaﬁ]g&]g%@;g%{qrgg@%% 19, wherein said control unit
&epoéﬁéﬂtgs etntpra J@Q&ﬁng’iﬁ}@%@a‘fﬁﬂ Sf fid SfbSHatde
ratein a ce of aTtigs

controls said rqt
r ot at ?(I())n of thegstgli)ljs seque acceleration, a second

accel erat iaag magﬂg ithe |stibdfatd Bgn ﬂﬁﬁ% frbtattorP AARITAVhIth igFakstar thar ¢he

acceleratio _ i's smal er than t sec_ond accel eration, and to rotate
the subst gatendirbfatideCehRbat 28d Jb¥ertthgn the st RitatioAmuubeer to the 5
er.

first rotation nunb
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
15  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 number,
wherein a supply of a coating solution to a central portion of the
20 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” (zero) rpm and 500 rpm or less.
17. A coating treatment apparatus coating a coating solution onto a
substrate, comprising;:
25 a rotation holding unit holding and rotating the substrate;

a coating solution nozzle supplying the coating solution to the



21, The coating treatnent apparatus according to claim19, wherein
said control unit controls said rotation holding unit to gradually
accelerate the rotation of the substrate which is at the sixth rotation
nunber before starting such that the nunber of rotations changes 10
continuously after the starting, and to_nake the rotation of the substrate
converge to the first rotation nunber by3gradual |y decreasing the
acceleration of the rotation of the substrate at a conpletion tinme, in the
first step. 22. The coating treatnent apparatus according to claim 19,
wherein Sgiﬂtﬁﬁﬁtrﬁh unit controls said rotation holding unit to nmake 15
the accel Brat ? the rotation of the substrate constant, and to rotate

k b : . . _ : NSt ¢ . .
otatton namber 2 Qe Y Riling S8 Taiadbn Htlifd itk Bktoli®. altfst ot
- accordi nggfd 3PYrRAEnSf thel %‘ﬁ?ﬁtr%t;% 50 2%irst ‘%bFaﬁ%n GRIRBES | R%ecéPd t§fe%lpv%?t

nozzl e supptying a sofvent o coating solution to the substra

wher ei N SgibsARNtR} dételera®itic’ hé FothtionOlod! e fisthaf] HAU! réfeingAithe

sol vent nozzle to coat the sol'vent on the substrate whil'e rotatingthe
subst rat esabstrite auakecondl rovatadn anembbi erhich ifsasibesertthan theefisdtxiotation

rotati on nunber 25 before the sixth step. 24. The coating treatnent
appar at us nantmerdarthindostapyofoubsetjuehtdiy recckderatingthe 20tation vii¢he subptrats, ng:
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
10 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
number, and controlling said coating solution nozzle to continuously perform
15 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.
18. The coating treatment apparatus according to claim 17,
wherein said control unit controls said rotation holding unit to
perform the rotation of the substrate at the fourth rotation number for one
20 second to ten seconds in the fourth step.
19.  The coating treatment apparatus according to claim 17 or claim 18,
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.

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

wherein said control unit controls said rotation holding unit to change



a solvent nozzle supplying a solvent of the coating solution to the
substrat e, wherein said control unit controls said rotation hol di ng
unit and said 5 solvent nozzle to coat the solvent on the substrate while
rotating the substrate at the sixth rotation nunber, in the sixth step.

25. The coating treatnent apparatus accqrding to any one of clains 17 to
19, wherein said control unit controls 38id rotation hol ding unit to rotate
10 the substrate at a seventh rotation nunmber which is faster than the
first rotation nunber before the substrate is rotated at the first rotation

nurber. | ot DEedibf o 8P the 2otaflBE B9l GubERRLTH 2 WRRIALS oRoF G N0

to clai sal uni contro att1on

hol di ng Uﬁ%ér%lgir)até\ﬁrllgﬁ %?gé%ég@efe?&ﬁ&h%hwh #s‘(;farg&?ﬁ{arrﬁﬂf‘e fikstt 5&%@1‘{1%%“

rotation rpmor | ess, seconds to 0.5 seconds,

in the figgs8 SR acéélerdfi6n GOBIdHE $rafkFERin ARPIEASMS adESIRESHIOR, 49d 3DY
one of clains 17 to 26, wherein said control unit controls said rotation

hol di ng upbtaté @hé Wiibzerate Ovith eddederatiny €M theegixiiptratdtivh enbebsd thee at
an eighth rotation nunber of 1500 rpmto 2000 rpm which is slower than the

first 3ot frstorotatioheruraber.f aster than the second rotati on nunber, between
the first step and the second step. 28. The coating treatnent apparatus
accordi ng2io cl dihe antinsieetroent spparatosacodrdingtocdairn dOs said rotation
hol ding unit to change the acceleration of the rotation of the substrate in
a sequence of aWhgretth sag 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
10 continuously after the starting, and to make the rotation of the substrate
converge to the first rotation number by gradually decreasing the acceleration
of the rotation of the substrate at a completion time, in the first step.
22. The coating treatment apparatus according to claim 19,
wherein said control unit controls said rotation holding unit to make
15 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.
23. The coating treatment apparatus according to any one of claims 19 to
22, further cbmprising:
20 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 rotations which is faster than the sixth rotation number

25  Dbefore the sixth step.

24, The coating treatment apparatus according to any one of claims 19 to



acceleration and a fifth acceleration which is larger than the fourth
acceleration, and to rotate the substrate wth deceleration fromthe first
rotation nunber to the eighth rotation nunber, in the seventh step. 29. The
coating treatnent apparatus according to claim?27, 5wherein said contro
unit controls said rotation hol ding unib to gradually decel erate the
rotation of the substrate at the first Pdtation nunber before starting such
that the nunber of rotations continuously changes after the starting, and
to gradually increase the acceleration of the rotation of the substrate to

make t he t @t ) {“&ﬁ :sybstrate converge to the eighth rotation 10
nunber, i?zf ehggggé gst”Z . 30. The coating treatnent apparatus according

toclaim27, 4 s?(we’ﬁ rfdz&lé%hﬁg@ﬁﬁ? al salpbht wweobéaﬁﬁ'gdsdlaﬁahiwnhe
hol ding unit to make the accel efatiom of the rotation of The substrate

constant, saBstrhte,rotate the substrate with deceleration fromthe first
rotati on nunber to the eighth 15 rotation nunber, in the seventh step.
wherein said control unit controls said rotation holding unit and said

5 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,
wherein said control unit controls said rotation holding unit to rotate
10 the substrate at a seventh rotation number which is faster than the first
rotation number before the substrate is rotated at the first rotation number, in
the first step.
26. The coating treatment apparatus according to claim 25,
wherein said control unit controls said rotation holding unit to
15 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.
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
20 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.
28.  The coating treatment apparatus according to claim 27,
25 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
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acceleration and a fifth acceleration which is larger than the fourth
acceleration, and to rotate the substrate with deceleration from the first
rotation number to the eighth rotation number, in the seventh step.
29. The coating treatment épparatus according to claim 27,

wherein said 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 the rotation of the
substrate to make the rotation of the 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 deceleration from the first rotation number to the eighth

rotation number, in the seventh step.



