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Method of formlng coating film and apparatus
therefor

The present invention relates.a-method of forming

a coating film such as a resist film on a semiconductor
wafer or a layer formed thereon,

and an apparatus
therefor. |

As is well known, in.the field of semiconductor

techniques, a resist film is formed on the surface of a
‘layer as a mask for a patfern portion when a semiconduc—
tor layer, an insulating layer, or an electrode layer
formed on a semiconductor wafer is to be etched into a
predetermined pattern.

For example, spin coating is known as a method of

_ forming a resist film. According to this method, a

table is rotated with a semiconductor wafer being placed

and fixed thereon. For example, a resist solution

consisting of a solvent and a photo-sensitive resin is

dropped on the central portion of the upper surface of

the wafer. The resist solution is spirally diffused

from the central position of the wafer to its peripheral
portion in accordance with the rotational and centrifu-
gal forces of the wafer, thereby coéting the resist
solution on the semiconductor wafer.

According to this method, in the process of dlf—

fusing the resist solution from the central position

of the wafer to its peripheral portion, the solvent in

the resist solution evaporates. For this reason, the

viscosity of the resist solution varies'ig_a diffusion
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Met hpd of; form.ng coating.-filmand apparatus t her ef or The
present nvention relates a method of form ng a coating filmsuch as a
resist filmon a sem conduct or wafer or a |layer forned thereon, and an
appar at us therefor. 5 As is well known, in the field of

sem conduct or techni ques, a resist fipm-is formed on the surface of a
| ayer as a mask for a pattern portion when a sem conduc- " tor layer, an
insulating layer, or an electrode |ayer formed on a sem conduct or
wafer is to be @&iréediomt camd 1bhe phidknessi afdtpet resast film at the

central portion is different from that at the peripheral
‘portion. In addition, the peripheral velocity at the
peripheral portion is higher than that at the central

5 position, and a scattering amount of the resist solution
at the peripheral portion is much larger than that at
the central position. Thus, uniform coating can not be
obtained.

For this reason, as described in Jpn. Pat. Appln

10 KOKAI Publication Nos. 57-43422 and 59-141220, there
is piovided a method of adjusting the temperature of a
resist solution or a method of filling the same solvent
as in a resist solution in a resist film formation
atmosphere to suppress evaporation of the solvent in

15 the resist solution. As described in Jpn. Pat.

Appln. KOKAI Publication,Nos.'59—11895, 61-91655, and
61-150332, a method of dropping the solvent of a resist
- solution on a wafer surface prior to‘resist solution
coating is also proposed.

20 In the former method, however, the amount of resist
solution used in forming a resist film is large. For
example, only 1 to 2% of the total amount of resist
solution contribute to actual formation of the resist
film. For example, to form a 1-um thick resist film, 4

— 25 to 8 cc of a resist solution are required for an 8"

' semiconductor wafer. In the latter method, it is
difficult to obtain uniform coating and thus, the
conventional problems cannot be satisfactorily solved.

It is an object of the present invention to provide
30 a method which requires a smaller amount of coating
solution such as a resist solution and can form a
coating film having a uniform thickness, and an
apparatus .therefor. _
According to an aspect of the present invention,
35 there is provided a method of forming a coating film,
comprising the'steps of applying a solvent of a coating
solution on one surface of a substrate kept rotated or.
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For.ﬁxanple spin coating is known as a method of - formng a resist

film Accordlng to this nethod, a table is rotated with a

sem conduct or wafer being placed ' and fixed thereon. For exanple, a
resist solution 15 consisting of a solvent and a photo-sensitive resin is
dropped on the central portion of the uppers surface of the wafer. The
resist solution is spirally diffused fromthe central position.of the
wafer to its peripheral portion in accordance with the rotational and

centrifu- 20 gkbpbedcesottiing wite subsiaraltyy anmtied) wiieh rike sgolvent

sol ution on thea%eE‘QQQQ%C&%Eéﬁﬂaﬂhl speed to d#FGHdi Kk toldést Met hod,
I n the process gL di f - S|n th%ﬂ%eSISt SO utlon fromthe, centra

posi tion rPHQhwépan¢& 3G, L WPLEIRYiA 2
t he resi st soIupredeﬁeamﬂmaﬁeamodﬁt'dﬂncbatmngnsolution at sulsbanty of

the reSiStSSO|ukﬁgilﬁakhgsééﬁféfﬂgglfﬂémgubstrate while rotating the
' substrate at a second rotational speed, thereby dif-
fusing the coatlng solution to the entire area of one
surface to form a coating film. _
According to the present 1nvention, a substrate
10 (semiconductor wafer, liquid crystal substrate or the
- like) means a substrate itself and a substrate including
layers or a layer of other materials such as a metal
. layer and semiconductor layer. Therefore, a substrate
applied with a solvent indicates a solvent directly
15 applied on the substrate or a solvent applied on such a
layer formed on the substrate. That is, it means a
substrate on which a coating solution is to be applied.
The shape of the substrate is not limited. Thus, it may
have a circular disk shape, rectangular shape or the
20 like. : o
According to the present invention, a coating
solution indicates a solution which present in a
liquid state by a solvent, as is convéntionally used
in the common field. For example, it means a resist
\/ 25 (photo-sensitive) solution, magnetized solution on the
like.
According to the present invention, the size of,
for example, a semiconductor wafer serving as a
substrate, the rotational speed during coating a coating
30 solution, the inner diameter of a nozzle (second nozzle)
for the coating solution, supply time and amount of the
coating solution are preferably set as follows.
However, the conditions are not limited to these.

6" Wafer _
35 _ Rotational Speed: c 3,000 to 6,000 rpm
' Inner Diameter of Nozzle: 0.1 to 2.0 mm
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peri pher al
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portion is different fromthat
t he peri pheral
than that at the central 5

portion. In.
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and a scattering anount of the
paryion is much larger than that. at

2,000 to

Inner Diameter of Nozzle:

Supply Time
Flat wafer:

Uneven Wafer:

Supply Amount
Flat wafer:

Uneven Wafer{

12"
Rotational Spéed:

Wafer

1,000 to

Inner Diameter of Nozzle:
" Supply Time

Flat wafer:

Uneven Wafer:

Supply Amount
Flat wafer:

Uneven Wafer:

LCD Substrate:

Rotational Speed:

500

Inner Diameter of Nozzle:

Supply Time:
Supply Amount:

This invention can be more fully understood
the following detailed description when taken in

4 12 sec
~ 3 2 sec

2 to 1.0 cc
5 to 2.0 cc

4,000 rpm
0.5 to 2.0 mm
6 2 sec
4 2 sec

to
to

2.0 cc
3.0 cc

3,000 rpm

0.8 to 3.5 mm

9 tl1 sec
7 +#1 sec

1.0 to 3.0 cc
1.5 to 5.0 cc

to 2,000 4rpm

0.8 to 5.0 mm
12 4 sec
2.0 to 9.0 cc
from
con-

junction with the accompanying drawings, in which:

FIG.

.1 is a schematic view showing a resist coating

apparatus for performing a method of forming a coating
film according to an embodiment of the present inven-

tion;

FIG. 2 is a plan view of the coating apparatus;
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t he gentral position. Thus, uniformcoating can not be obt ai ned.
For this reason, as described in Jpn. Pat. Appln. 10 KOKAI Publ ication

Nos. 57-43422 and 59-141220, there is provided a nmethod of adjusting
the tenperature of a resist solution or a nethod of filling the same
sol vent as in aresist solution in-asresist filmformtion

at nosphere to suppress evaporation of the solvent in 15 the resi st
solution. As described in Jpn. Pat. Appl n.  KOKAI Publication Nos.
59- 11895, 61-91655, BRG. 3 is6a- t5@38¢, caamﬁtBh@Wdhgdﬁmﬁpﬁﬁ§QH&rgﬂﬂvent of
a resist 1 Yl 981:8”(@6%535 %%&ae% B bef 1R’ ) O WISt

Coa 1S, 2L S0 BIORESE L 20 5 ngaher Ander Hon ToR R R 5 AES or

exanpl e, only laip-dpepbtelievhdtel wathuat lepseesifsttime;  sol ution

Contributesto actuaIF&eéqaahogoo tg%ergg tional views respectively
showing the different modifications of a resist solution
supply nozzle and its distal portion; '

FIG. 5 is an enlarged perspective view showing a
spray head used in the coating apparatus;

10 ' FIG. 6 is a sectional view of the spray head;

FIG. 7 is a flow chart for explaining a method of
forming a resist film using the coating apparatus}

. FIG. 8 is a schematic perspective view showing an
entire resist coating/developing apparatus to which the
15  coating apparatus is applied;

FIGS. 9 and 10 are a perspective view and a
sectional view, respectively, showing the modification
of a spray head;

_ FIGS. 11 to 13 are sectional views respectlvely
20 - showing the different modifications of the nozzle
assembly of a spray head;

FIG. 14 is a perspective view showing the modifica-
tion of a nozzle assembly and a glass substrate as a
body on which a coating film is to be formed;

" 25 FIG. 15 is a graph showing a thickness variation
range by the relationship between the discharge time of
the resist solution and the rotational speed of an 8"
semiconductor wafer;
' FIG. 16 is a graph showing the relationship between
30 the discharge time and the discharge flow rate of the
resist solution, and the rotational speed'of the wafer;
FIG. 17 is a graph showing a thickness variation
range by the relationship between the discharge time of
the resist solution and the rotational speed of a 6"
35 semiconductor wafer; '
FIG. 18.is a schematic sectional view showing
an apparatus for forming a resist film in a solvent




fllm For, exanple, to forma 1-[err]mthick resist film 4 25 "to 8 cc of

a. resist solution are reqU|red for an 8" sem conductor wafer. In the
Latter nethod, it is ~difficult to obtain uniformcoating and thus,

t he conventional probl ens cannot be satisfactorily sol ved.

It is an object of the present invention-tg provide 30 a nmet hod whi ch
requires a snmaller amount of coating sol ution such as a resi st
solution and can forma coating filmhaving a uniformthickness, and
an appar astmospheeéor . 35 :

FIG..19 is a schematic sectional view showing an
apparatus for forming a resist film in a reduced
pressure atmosphere;

5 FIGS. 20 and 21 are a schematic sectional view and
a schematic plan view, respectively, showing a coating
apparatus having three resist solution supply nozzles;

FIG. 22 is a schematic plan view for explaining the
modification of the apparatus shown in FIG. 21;

10 FIG. 23 is a schematic plane view for explaining
the modification of the apparatus shown in FIG. 22;

FIG. 23A and 23B are cross-sectional views taken
along lines 23A-23B and 23B-23B in FIG. 23, respectively;

FIG. 24 is a schematic plane view for explaining the

15 other modification of the apparatus shown in FIG. 22;

FIG. 24A and 24B are cross sectional views taken
along lines 24A-24A and 24B-24B in FIG. 24, respectively;

FIG. 25 is a plan view for explaining an apparatus
having further different spray heads; and

20 FIG. 26 is a plan view showing the modification of
a spray head of the apparatus shown in FIG. 25.

An embodiment of the present invention will be
described in detail with reference to the accompanying
drawings.

e 25 In this description, a method of forming a coating
film and a forming apparatus or a coating apparatus
according to the present invention will be applied to a
method of forming a resist film of a semiconductor wafer
and a forming apparatus therefor.

30 As shown in FIG. 1, the coating apparatus comprises
a process vessel 1, a rotating member having a ver-
ticaliy movable mechanism, e.g., a spin chuck 2, a motor
2a such as a pulse motor as a means for rotating this
spin chuck 2, a spray'head 5, and a scanning mechanism

35 6. The process vessel 1 houses a target to be coated or
a disk-like substrate, e.g., a semiconductor wafer W (to
be referred to as a wafer hereinafter). The spin chuck
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- 23 - 3 According to the invention in a first aspect there is provided
a. met hod for formng a coating film n conprising the follow ng steps: a)
eotating said substrate having a solvent of a coating solution supplied to
one surface thereof at a first rotational speed to diffuse said sol vent
over ‘the entire area of said one surface- gnd b) rotating said substrate
having a coating solution supplied onto the substantially center portion of
said substrate at a second rotational speed which results in spreading of
the coating sol @t hohdsvéhet vefemt Wr onands wppsa sunfacaurimce harizontahi d

coating film agdate by vacuum suction, and is rotated at a variable
rotational speed according to a preset program. A
supply nozzle 3 (first nozzle) of a solvent A of a
5 coating solution and a supply nozzle 4 (second nozzle)
"of a resist solution B as the coating solution, both of
which are movable above the spin chuck 2, are close to
each other and integrally mounted on the spray head 5.
The scanning mechanism 6 is a means for holdiﬁg the
10 spray head 5 to move between a spray head waiting
' position and an operating position above the wafer. A
solvent supply path and a resist solution supply path
respectively from the nozzles 3 and 4 comprise tem-
perature adjustment mechanisms 10 for setting the '
15  solvent A and the resist solution B flowing through.
these paths to preset temperatures, respectively.
The supply nozzle 3 is connected to a solvent tank
7b through a solvent supply tube 7 as a solvent supply
. path and an opening/closing valve 7a. A predetermined
20 .amount of the solvent A in the solvent tank 7b can be
supplied to the wafer W in a predetermined time by
‘controlling the pressure of a nitride (N3) gas supplied
to the solvent tank 7b.
The resist solution supply nozzle 4 communicates
e . 25 with a resist solution tank 8b through a resist solution
supply tube 8 as a resist soclution supply path. A suck
back valve 8c, an air-operated valve 8d, a bubble
removing mechanism 8e for separating and removing
bubbles in the resist solution B, a filter 8f, and a
30 bellows pump 8g are subsequently provided to the tube 8.
The bellows pump 8g is controlled by a driving section
to be expandable and can supply (for example'drop) a
predetermined amount of resist solution on the central
portion of the wafer W through the nozzle 4. . Thus, this
35 mechanism can control a supply amount of the resist
solution so that it is less than that in a conventional
method. The driving section comprises, e.g., a ball
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c) supplying said coating solution while rotating said substrate at said
second rotational speed; characterized by d) supplying said solvent of said
coating solution on said one surface of said substrate while rotating said
substrate. ~ According to the invention in a second aspect, there is
provi ded an apparatus for formng a coati-n@ A1 mon a substrate,
conprising: a) nmeans for supporting a substrate with one surface facing
upward; b) supply nmeans for supplying a solvent of a coating solution on
sai d one surfac8casd assemblig 8kolconisdd tartad by tseHewhIhagv Bamtere perdi on

of said substrag@tachlkd @cibnkd SHEART ftle HAlAdWE mahs subsd reee about an
axis .per pendi C%H’x%rea%%bi%l %n%%%é rvjl"%: c t(ﬁcissas'cdreswu,bsz:;[r{cf1 tae sa%ef)iping motor
8h for linearly moving the screw by rotating the nut.

5 More particularly, the inner diameter of the resist
solution supply nozzle 4 is set to 0.1 to 2.0 mm, and
preferably 1.0 mm for a 6" wafer, 0.5 to 2.0 mm, and
preferably 1.5 mm for an 8" wafer, and 0.8 to 3.5 mm,
and preferably 2.0 mm for a 12" wafer. In this manner,

10 although the diameter of the nozzle is preferably set
in accordance with the size of the wafer, it can be
arbitrarily set within the range of 0.1 to 3.5 mm.

In any case, the nozzle can supply the resist solution
in a smaller amount for a longer time. When the supply

15 time is short, uniformity of the film thickness is
degraded, and when it is long, the resist solution does
not reach the peripheral portion of the wafer. Here,
the smaller supply amount of resist solution depends on
the inner diameter of the nozzle and the pressure for

20 - supplying the resist solution. _

' In the resist solution supply sYstem having the
above arrangement, the discharge time of the resist
solution is controlled by the drive time of the stepping
motor 8h for the bellows pump 8g (control precision:

" 25 +2 msec). The discharge amount of the resist solution

is set by the drive operation of the bellows pump 8g,
e.g., a drive time and a drive speed, and the
opening/closing opération (ON-OFF operation) of the
air-operated valve 8d for opening/closing the resist

30 solution supply path. For example, as shown in FIG. 3,

the discharge steps of the bellows pump 8g are divided
into a drive rise time (initial period after starting
discharge) TD1 when a flow rate gradually increases,

a drive time (intermediate period after dischatge) TD2

35 when the flow rate is kept constant, and a drive fall

time (last period before finish) TD3 when the flow rate

gradually decreases, according to film forming
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firs;'rogational speed when said solvent of said coating solution is
applied to said substrate to diffuse said solvent over the entire area of
said one surface and at second rotational speed when said coating solution
is applied to said substrate which results in spreading of the coating
solution over the entire area of said one surface to form said coating
film and . 2b
conditions. The discharge (supply) amount of the resist
solution, and also the discharge (supply) time can be
accurately controlled by controlling these steps singly
or in a combination. The abscissa of FIG. 3 indicates
5 a time (sec), and the ordinate indicates the discharge
flow rate (this is proportional to the driving time
of the bellows pump) of the resist solution from the
nozzle 4 and the operation timing of the air-operated
valve.
10 In addition, since the contraction operation of
the bellows pump 8g can be changed by controlling and
changing only the rotational speed of the stepping motor
8h, the discharge flow rate can be controlled during the
TD1l, TD2, and TD3 periods. For example, the discharge
15 flow rate is automatically controlled such that the
discharge flow rate is gradually increased by gradually
increasing the rotational speed of the stepping motor 8h
during the TD1 period, is kept constant by keeping the
rotational speed constant during the TD2 period, and is
20 gradually decreased by gradually decreasing the rota-
tional speed during the TD3 period. |
As shown in FIG. 3, the air-operated valve 84 is
turned on in accordance with the discharge steps of the
bellows pump 8g, and kept on during a predetermined
L 25 time T (e.g., 0.1 to 1.2 seconds) after the end of the
discharge steps of the bellows pump 8g. That is, the
bellows_pump 8g is turned off with a delay time to per-
form a delay operation, so that a pressure acting on the
resist solution through piping from the bellows pump 8g
30 to the supply nozzle ¢4 is reduced to be 0, thereby per-
forming the OFF operation. Therefore, instability of
the discharge of the resist solution in a step next to
the OFF operation can be eliminated, and the resist
solution B can be accurately discharged every time. The
35 setting of the drive times (TD1l, TD2, and TD3) of the
bellows pump 8g, and the ON-OFF operation of the air-
operated valve 8d are automatically controlled byl;3§£§1\
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d) sald supply nmeans supplying said coating solution while said rotating
means rotates said substrate at said second rotational speed; characterized
by e) said supply neans supplying said solvent of said coating solution on
said one surface of said substrate while said rotating nmeans rotates said
Substrate. According to the inventionoi » a third aspect, there is
provided a nethod for formng a coating filmon a' substrate, conprising the
following steps: a) rotating said substrate having a solvent of a coating
sol ution suppl i egeraténs odr Bacempudesobn: ¢hg Mfagsis afi d Peset over the

entire area of E?b@rﬁﬂe surface; and b) rotating said substrate having a

coating solutio
The importance in the setting of the drlve times

(TD1, TD2, and TD3) of the bellows pump 8g will be
5 described as follow. After the discharge flow rate of
the resist solution is set so that a predetermined
amount of a predetermined total discharge amount'(TD2)
is discharged, the residual amount to be discharged is
" supplied at a lower flow rate (TD3). In other words,

10 during the TD3 period, the discharge flow amount is
gradually decreased and supplied with a elapse of time.
Therefore, the problem that the thickness of the resist
film becomes thinner at the peripheral portion of the
processing target can be solved. |

15 Alternately, the dlscharge time of the resist solu-
tion may be controlled by the open1ng/clos1ng operation
of a variable orifice (not shown) provided to the resist
solution supply nozzle 4. In addition, the resist solu-
tion B may be supplied not using the bellows pump 8g,

20 but pressurizing N2 gas to the resist solution tank 8b.
In this case, the discharge time of the resist solution
B can be controlled by adjustment of the pressurization
amount of N2 gas.

According to the system of this embodiment, since

- 25 the consumption émount of the resist solution can be

reduced, contamination inside the processing vessel
is decreased so as to efficiently clean a cup, reduce:
particles in the cup, and reduce mist attaching the
target to be coated. Furthermore, according to an

30 experiment conducted by the present inventor, it was
confirmed that the consumption amount of the resist
solution was decreased to, for example, about. 1/4 per
day. .

_ Although the setting of the drive times (TD1l, TD2,

35 and TD3) of the bellows pump, and the setting of the
ON-OFF operation of the air-operated valve are automati-

cally controlled by the operation of a computer on the
r
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suppl i'ed ,onto the substantially center portion of said substrate which
results in spreading of the coating solution over the entire area of said
one surface to formsaid coating film characterized by c) supplying said
solvent of a coating solution on one surface of said substrate froma first
nozzl e positioned above the center of the .substrate while said substrate is
being rotated or stopped; d). noving said first nozzle to the outside of the
center of the substrate therefrom e) noving a second nozzl e above the
center of the sbhbsirac€ &rpreshs purgras.t fibeesespesitd veeSoid imgsrIeabei ng

integrally nounpgdihge eﬁaéﬁﬂpeaéb%s:ar&@ydcblr&%tct%@z@n@ Aihded SupRl Yi ng

said coating solution Trom second nozz mhll rotatin s | d :

substrat e. addition, on y he TD2 is ar 1trar y corre and
changed, and a sequencer can be newly added.

5 After the resist solution is discharged from the
supply nozzle 4, the suck back valve 8c provided to
the resist solution supply system draws, in the supply
nozzle 4, the resist solution B remaining by surface
tension on the inner wall of the distal end portion

10 of the resist solution supply nozzle 4. Therefore,
solidification of the residual resist solution can be
. ' prevented. In the resist solution supply nozzle 4

- which discharges a small amount of the resist solution
B, when the resist solution is normally drawn in the

15 resist solution supply nozzle 4 by the operation of the
negative pressure of the suck back valve 8c, air around
the distal end of the nozzle 4 also is drawn in the
nozzle 4, a residue of the resist solution B attached to
the distal end of the nozzle 4 enters the nozzle 4,

20 thereby causing clogging of the nozzle 4. In addition,
the wafer W is contaminated by generation of particles
which are formed by dried resist, and the yield may be
decreased. _ .

_ In order to solve the above problem, as shown in

e 25 FIG. 4A, the thickness of a portion 4b near the opening

is made larger as compared to a diameter of a nozzle
hole 4a of the resist solution supply nozzle 4. That
is, the nozzle 4 comprises a cylindrical distal end
portion 4b and an inverted conical trapezoidal portion
30 following to this cylindrical distal end portion.
Instead, as shown in FIG. 4B, an outer flange 4c is
provided to the cylindrical distal end portion or the
opening of the resist solution supply nozzle 4 so as to
prevent air drawing around the distal end of the nozzle
35 4 upon suck-back. In addition, as shown in FIG. 4C, a
small-diameter bent portion 4d extending in a lateral S-
shape is formed at the distal end of the vertically
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2c _°  According to the invention in a fourth as e provided an apparatus
for forn1ng a coating fi mon a substrate, conprising: a) nmeans for
supporting a substrate with one surface facing upward; b) supply neans for
supplying a .solvent of a coating solution on said one surface and a coating.
solution on a - 12 -

extending cylindrical portion of the resist solution
supply nozzle 4. The suck-back is performed near the
center of the bent portion 44, thereby preventing air
drawing around the distal end portion of the nozzle.

5 As shown in FIG. 5, the temperature adjustment
mechanisms 10 comprise temperature adjustment solution
supply paths 11 provided to surround the respective
outer circumferences of the solvent supply tube 7 and
the resist solution supply tube 8, circulating paths 12

10 each having two ends connected to the two ends of the
corresponding temperature adjustment solution supply
path 11, a circulating pump 13 provided to each cir-
culating path 12, and thermo modules 14, each connected

‘ to the course of the circulating path 12, for keeping

15 a temperature adjustment solution C (e.g., constant-
‘temperature pure water) at a constant temperature.

The solvent A flowing through the solvent supply
tube 7 and the resist solution B flowing through
the resist solution supply tube 8 can be kept at a
20 constant temperature (e.g., about 23°C) by the
| temperature adjustment mechanisms 10 having the above
arrangement. _
In FIG. S, the solvent supply nozzle 3 and the
solvent supply tube 7, and the resist solution supply

25 nozzle 4 and the resist solution supply tube 8 are
integrally formed, respectively. As will be described
below with reference to FIG. 6, however, they are pre-
ferably separately formed. '

The spray head 5 is constituted by a stainless

30 steel or aluminum alloy member. U-shaped holes which
respectively constitute the parts of contour paths 15
are formed in the upper portion of the spray head 5.
Each vertical through hole 5a extending through the
lower surface of the spray head 5 is formed on the

35 bottom portion of each hole. Each through hole 5a
comprises an inclined middle portion S5b whose diameter
becomes larger downward, and a lower large-diameter
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substantLaIIy center portion of said substrate; and c) rotating neans for
rotatlng sai d substrate about an axis perpendicular to said one surface of
sai d substrate when.said solvent of said coating solution is applied to
said substrate to diffuse sai.d solvent over the entire area of said one
surface and when said coating solution is applLied to said substrate which
results in spreading of the coating solution over the entire area of said
one surface to formsaid coating film characterized by d) said supply
neans suppl yi ngpeattiosobeent Aof isaetnedathmgasolist formed sai dheneimmerf ace

of sald substr ateruhhke:sAkda3uBatrate by LIS byl S IGH AL il o

stopped; -and e) sali g neans su é Sai d coating sol ution
said rotating nB@a3lest at 88ds4; ér§uﬁ§’f—‘ﬂ £d: op) tﬂ%ﬁ@irﬁYs(ﬁ%ds&p 3V iRns
conprises a firshenapaie herasgppkiicnothel dylandenicalomasilbsontdnd 4

solution agd a Sggolgserted through the through holes 5a to extend the
upper and lower portions of the respective nozzles 3
and 4, substantially conical seal members 16 made of
a synthetic resin and having vertical through holes
through which the nozzles 3 and 4 can extend are

10 packed in the inclined middle'portions 5b, and thread
members 17 having vertical through holes through which
the nozzles 3 and 4 can extend are threaded in the
thread-mounted lower portions 5c, thereby pressing the
seal members 16 against the inclined inner circumferen-

15 tial surfaces of the middle portions 5b. 1In this
manner, the nozzles 3 and 4 are liquid-tightly mounted
on the spray head 5. As shown in FIG. 6, an O-ring 18
is interposed between the upper surface of each middle
portion 5b and the upper portion of each seal member 16,

20 so that water-tightness between the contour path 15 and

- the respective nozzles 3 and 4 can be assured.

A holding pin 19 extends on the upper surface of
the spray head 5 at one side. When a scanning arm 6a
holding the holding pin 19 is moved by the scanning

— 25 _mechanism 6 in X and Y (horizontal), and 2 (vertical)
directions, the spray head 5, i.e., the solvent supply
nozzle 3 and the resist solution supply nozzle 4 are
selectively moved between an operation position above
the central portion of the wafer W and a waiting posi-

30 tion above a nozzle waiting portion 20. In this case,
four kinds of the spray heads 5 (FIG. 2) are disposed
in accordance with kinds of the resist solutions. That
is, the four spray heads 5 are prepared at the nozzle
waiting portion 20, and the resist solution supply

35 nozzles 4 of these spray heads 5 communicate with tanks
in which different resist solutions are contained,
respectively. 1In this case, only the resist solution
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ﬁoz;le suppl ying said coating solution, wherein said first and second
nozzle are integrally nounted in a novable spray head.

- 14 -

supply nozzle 4 is provided to each spray head 5, and
the solvent supply nozzle 3 may be mounted on the distal
end of the scanning arm 6a in advance to be commonly

~ used for all the spray heads 5. Furthermore, a plura-

5 lity of solvent supply nozzles 3 are linearly disposed,
and the solvents are supplied from a plurality of por-
tions along the radial direction of the wafer. In this
case, different outlet diameters of nozzles are provided
to cope with different discharge flow rates and changed

10 according to discharge flow rate, theteby arbitrarily
| controlling discharge from the respective nozzles.
As shown in FIG. 1, the process vessel 1 comprises
a cylindrical outer vessel la surrounding the wafer W
held by the spin chuck 2, and an annular inner vessel 1d
15 positioned near the lower surface of the wafer W and
having a horizontal piece 1b and a cylindrical wall 1c.
"An exhaust port le and a liquid discharge port 1f are
provided to the bottom portion of the outer vessel la.
An exhaust pipe 21 connected to a suction means, e.g., a
20  vacuum pump (not shown), is  connected to the exhaust
' port le, and a liquid discharge pipe 22 is connected to
the liquid discharge port 1f.
As shown in FIG. 2, a rinse solution supply nozzle
23 is provided to a side opposing to the nozzle waiting
25 position with respect to the spin chuck 2. The rinse
solution supply nozzle 23 is also provided to one end
portion of a moving mechanism 24 for vertically moving
and pivoting the rinse solution supply nozzle 23. The
moving mechanism 24 retreats from the process vessel 1
30 -'durlng not supplying a rinse solution, and pivots and
moves downward the rinse solution supply nozzle 23
waiting above to supply the rinse solution to the
peripheral portion of the wafer W.
The procedure of forming a resist film by the
35 coating apparatus having the above arrangement will be
described with reference to a flow chart of FIG. 7,
using an 8" wafer. : -
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5

According to the present invention, a substrate 10

a

(sen1conductor wafer, liquid crystal substrate or the i ke) neans a
substrate itself and a substrate including | ayers or a |layer of other
materials such as a netal - layer and sem conductor |ayer. Therefore,
substrate applied with a solvent indiastes a solvent directly 15

applied on the substrate or a solvent applied on such a-

on the substrate. That is, it neans a substrate on which_a coating
solution is to be appl Featering stmucimase ist pmeyidaskthat® WafentSUbmi t ed.

Thus,

It may

10

15

20

25

30

35

porting arm (not shown). By this means, one wafer W
which is unloaded and positioned from a wafer carrier
is moved on the stationary spin chuck 2 by a convey
arm (not shown), and held and supported by the spin
chuck 2 by vacuum suction (preliminary positioning).
In this stationary state, the wafer W is in a still

- state (0 rmp) without rotation, or is rotated at lower

speed (range between about 500 to 1,500 rpm, e.g., rota-
tional speed: 1,000rpm) than normal rotational speed
(range between about 1,500 to 3,500 rpm, e{g., rota-
tional speed: 2,500 rpm) during processing for about 1
to 3 sec, e.g., 2.0 sec (step 1). During or before

this rotation, 1.0 cc of methyl-3-methoxypropionate
(MMP) as the solvent A of the coating solution is
supplied (dropped) on the center of the wafer surface
within, e.g., 0.5 sec from the solvent supply nozzle 3
of the spray head 5 clamped by the scanning arm 6a to be
moved above the central portion of the wafer W by the
scanning mechanism 6 (step 1la).

Then, the solvent A is diffused along the entire
surface of the wafer W and scattered from the wafer by
rotating the spin chuck 2 for about 2 to 10 sec, e.g.,
6.0 sec, at high speed (rotational speed: range between
about 3,000 to 5,000 rpm, e.g., 4,000 rpm) (step 2).
During 6.0 sec, in order to suppress an average
variation between different wafers W (variation in
average film thickness), the spin chuck 2 is rotated

for about 1 to 5 sec, e.g., 2.0 sec, at low speed

(rotational speed: range between about 1,000 to

2,000 rpm, e.g., 1,500 rpm) (step 2a). Thereafter, the
spin chuck 2 is preferably rotated at a higher speed
(range between about 2,000 to 4,000 rpm, e.g., rota-
tional speed: 2,900 rpm) than normal rotational speed
(2,500 rpm) upon processing to control the film
thickness of the peripheral portion of the wafer W

(step 2b). ;__________f________

t Has Been Replaced-

\\II\I\\ M

| ayer forned



have a circul ar di sk shape, rectangul ar shape or the 20 like.

According to the present invention, a coating ' solution indicates a.
sol ution which present in a liquid state by a solvent, as is
conventional ly used in the common field. For exanple, it neans a
resi st 25 (phot o-sensitive) solution,_nagnet.ized solution on the

I i ke. According to the present invention, the size of, for
exanpl e, a sem conductor wafer serving as a substrate, the rotationa
speed during coatlngThecnatahgoﬂal speedt ofnthehwaifpueW disameducest a

nozzl e (second §927]8do rpm. !PhilnesCHaLalEeStULLORsSbYRAl Byl Wi and
anount of the coat | “solution are prefgg y

However, the cdﬁﬁ@?¥hm%n5r aAbt UNERPRBBSEOfN e51s% %%lm%TOQHHQ§ 35
Rotational Speeghiong the coated @af@fstw GheAOropetional speed is

5 not reduced, and this unevenness is to be prevented.
The rotational speed of the wafer W is equal to the
rotational speed (rotational speed: 2,900 rpm) during
resist supply (to be described below) after the step
of suppressing the average variation. This is because
10 it is assured by an experiment that this rotational
speed is effective to stabilize the thickness of the
\ resist film, and the effective stabilization is to be
enhanced. '
When the 6.0 sec have elépsed in the step 2, and
15 a solvent film is formed on the surface of the wafer
(before the solvent A is dried), the wafer W is rotated
at the rotational speed in the range between about
2,500 and 3,500 rpm, e.g., 2,900 rpm, and 1.5 cc of
the coating solution, e.g., the resist solution B. are
20 supplied (dropped) from the resist solution supply
nozzle 4 on the central portion of the solvent film on
the wafer surface within 3.5 sec'(step 3). The time
when the solvent A.is dried can be obtained by an
experiment in advance. For example, while interference
— 25 fringes are visually checked on the surface of the wafer
W, the surface of the wafer W is not dried, and if the
interference fringes are not seen, the surface is dried,
thereby knowing the end of drying. 1In this case, the
supply time for 3.5 sec is the drive time of the bellows
30 pump 8g, i.e., is divided into the drive rise time TD1,
the normal drive time TD2, and the drive fall time TD3;
By this arrangement, the respective times (number of
cycle steps) can be independently controlled, and the
supply amount of the resist solution can be accurately
35 minutely controlled. The rotational speed of the wafer
in step 3 need not be set higher than that in step 2,
but also may be set equal to or lower than that in step
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fnnqr'Eianeter of Nozzl e: - 0.1to 2.0 M

-4- Supply Tine Fl at Wafer:
4 2 sec Uneven Wafer: 3 2 sec
Supply Anmount 5 Fl at Wafer: _ . 0.2to 1.0 cc

Uneven Wafer: - 0.5 to 2.0 gq -

2. At this time, the supply speed of the resist solu-
“tion and the rotational speed of the wafer are pre-
ferably set in consideration of drying speed of the
solvent. The above conditions are set to match dif-

S fusion speed of the resist solution on the wafer with
the drying speed of the solvent, so that the resist film
having a uniform thickness can be formed in a small
amount of resist solution. |

At the end of step 3, the resist supply nozzle 4 is
10  returned to the waitihg position, and the rotational
speed of the wafer W is reduced to 2,500 rpm (normal
\ rotation) to rotate it for 15 sec (step 4).' After
coating process is finiéhed_in this manner, the solvent
supply nozzle 23 is moved above the peripheral edge
15 portion of the wafer W, and a solvent for resist is
supplied for, e.g., 9.0 sec to dissolve and remove a
residual resist solution on the peripheral portion of
the wafer W, while the rotational speed of the wafer W
is kept at 2,506 rpm. In addition, the solvent for
20 resist is sprayed from a back cleaning nozzle (not
shown) to the lower surface of the wafer W to.remove
the resist solution attached to the lower surface of
the wafer W (stép 5), thereby finishing the coating
operation.
— 25 The coating apparatﬁs having the above arrangement
according to the present invention is singly used as
a resist coating apparatus of the semiconductor wafer
W, and can be incorporated for use in a resist coating/
developing apparatus of the semiconductor wafer W (to be
30 described below). The structure of the resist coating/
developing apparatus in which the coating apparatus of
the above embodiment is incorporated will be described
below. | | _
As shown in FIG. 8, a resist coating/developing
35 apparatus 40 comprises a carrier station 30 at one end.
- A plurality (e.g., four) of cassettes 31 for containing,
e.g., a large number of semiconductor wafers W as

b
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8" Vafer | Rot at i onal Speed: 2,000 to 4;000 rpm

| nner Di aneter of Nozzl e: 0.5to 2.0 nm 10 Supply Tine
Flat Wafer: : 6 2 sec Uneven Wafer:

4 2 sec Suppl y Anmount : Fl at Wafer: o :
0.5to 2.0 cc 15 Uneven Wafer: 18 - 1.0 to 3.0 cc
12" Waf er Rot atironal Speed: 1,000 to 3,000 rpm

| nner Di ameter of Nozzl e: 0.8 to 3.5 mMm " Supply Time 20
Fl'at Wafer: a processing target ca@d besgounted in the canyiewerstafer:
71 sec tionURBLY ARPWlkiliary arm 33 fdt Aloadif/unloading and

1.0 to 3.0 cc .
positioning the semiconductor wafer W is provided on the

central portion of the carrier station 30. Main arms 42
5 are provided to be movable at the central portion of the
resist coating/developing apparatus 40 in the longitudi-
nal direction and to receive the semiconductor wafer W
from the auxiliary arm 33. The various types of process
mechanisms are disposed on the two sides of transfer

10 paths of the main arms 42. More particularly, as these
processing mechanisms, a brush scrubber 41f for cleaning
the semiconductor wafer W by bushing and a high-pressure
jet cleaning unit 41g for cleaning the wafer W by high-
pressure jet water are parallely disposed on the carrier

15 station 30 side, and two developing units 4le are
parallely disposed and two heating units 41b adjacent
to these units are stacked on the opposite side of the
transfer path of the main arm, . all of which serve as
process stations. '

20 On the side of the above process mechanisms, an
adhesion process unit 4la for hydrophobically treating
the semiconductor wafer W before a photoresiét is coated
on the wafer W is provided through a connection unit 35,
and a cooling unit 41c is disposed under the adhesion

- 25 process unit 4la. Heating unit- 41b are disposed to be

stacked in two arrays each consisting the two heating
units sideways these units 4la and 4lc. :
Two resist coating apparatuses 41d for coating the
photoresist solution on the semlconductor wafer W are
30 parallely disposed on the opposite side of the heating
units 41b, the adhesion process unit 4la, and the like
to interpose the transfer path of the main arm 42. An
exposing unit (not shown) for exposing a predetermined
micropattern on the resist £film, and the like are pro-
35 vided sideways the resist coating apparatus 41d.
In the resist coating/developing apparatus having
the above arrangement, an unprocessed wafer W to be
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Uneven. Waf er : 1.5 to 5.0 cc 25 LCD Substrate:

Ret ati onal Speed: , : 500 to 2,000 4rpm | nner Di aneter
of Nozzl e: : 0.8 to 5.0 mm Supply Ti ne: :

12 4 sec Suppl y Amount : : 2.0 to 9.0 cc 30
This invention can be nmore fully understcodd r-om the foll ow ng -

det ail ed description when taken in con- “junction with the -
acconpanyi ng draw ngs, in which: FIG 1 is a schematic view

showi ng a resi s€o@$&d i§ Picke%apﬁhrfafms the yafenreamoier nd2 hoyl thef or ni ng

a coating 35 Gukiaeeq dirt0 330 o L£MRH IR MulocddEn P Rs@in i sHeEN-

tion; an|<:iI %he2 w'a%e%" QJ aorr]1 \Qh%wa?jxflhiearcyoaa;[rl'n? g3 ?pfsa r]:?é]lfds ! and con-
veyed by the main arm 42 sequentially to the process

5 mechanisms 41la to 4le, and properly processed. The pro-
cessed wafer W is conveyed by the main arm 42 again, and
stored in the wafer carrier 32 by the auxiliary arm 33,
thereby completing the processing operation of the wafer
W. ' .

10 The bellows pump 8g having a motor pump arrangement
has been described, in which a predetermined amount of
the resist solution B in the resist solution tank is
supplied to the wafer W by supply solution operation by
expansion and contraction of the bellows through the

15 ball screw 8k driven by the stepping motor 8h. However,

” a diaphragm may be used instead of the bellows. In
addition, a linear motor may be used for linearly
movement instead of the stepping motor, and a belt
drive may be used. Still further, an electronic air

20 pump for electrically controlling an air cylinder may
be used. | ' _

Since the temperatures of the solvent and the
resist solution are controlled by the temperature
adjustment mechanism 10, the thickness variation of

. 25 the resist film can be reduced.  According to the con-

ventional drawback,'by a change in cooling temperature,
the resist film thickness is thin at the central portion
of the processing target and is thick at the peripheral
portion of the processing target when the cooling tem-
30 perature is high. However, according to this system
that the resist solution is supplied after the solvent
is coated, the presént inventor confirms in an experi-
ment that the uniform thickness of the resist film can
be obtained despite of a change in cooling temperature.
35 In addition, conventionally, the thickness of the resist
film is thin at the central portion of the processing
target and is thick at the peripheral portidn of the
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- 5- . FIG 3 is atimng chart show ng the discharge

f4om/rate (driving tinme of a bellows punp) of a resist solution from
a nozzle and the operation timng of an air-operated valve with a

| apse of tine; 5 FIGS. 4A to 4C are sectional views respectively
showi ng the different nodifications of a-re® st solution supply
nozzle and its distal portion; = - FIG 5 is an enl arged

perspective view show ng a spray head used in the coating appar at us;
processing target when the temperature inside the pro-

cessing vessel is high, similar to the change in cooling
temperature. However, according to this system that the
resist solution is supplied after the solvent is coated,
5 the present inventor confirms in an experiment that the
uniform thickness of the resist film can be obtained
despite of a change in temperature inside the processing
vessel.
| In the above embodiment, the arrangement that the
10 solvent supply nozzle 3 is formed in the spray head 5
- integrally with the supply nozzle 4 has been described.
. The arrangement, however, is not limited to this, and
the solvent supply nozzle 3 may be provided integrally
with the rinse solution supply nozzle 23 to supply the
15 solvent as shown in FIGS. 9 and 10.

In this example, the common temperature adjustment
mechanism 10 is disposed in the supply path of the
solvent and the supply path of the resist solution.

The spray head 5 and the scanning arm 6a of the scanning
20 mechanism 6 are integrally formed, a temperature adjust-

ment solution supply path 10a is formed in the spray

head 5 and the scanning arm 6a, and the solvent

supply tube 7 and the resist solution supply tube 8

are disposed in this supply path 10a, so that the same

- 25 temperature adjustment solution C can adjust the tem-

peratures of the solvent A and the resist solution B.

By this arrangement, the structure of the temperature

adjustment mechanism 10 can be simplified, and the tem-

peratures of the solvent A and the resist solution B can
30 be kept equal to each other.

The arrangement and structure of the spray head 5
and the nozzles are not limited to the above example,
and the spray head 5 and the nozzles may be disposed, as
shown in FIGS. 11 to 13. _

35 In the example shown in FIG. 11, the selvent supply
nozzle 3 is disposed coaxially with the resist solution
supply nozzle 4 around the outer circumference of the
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10 ,° . FIG 6 is a sectional view of the spray head, - FIG 7
ie a flow chart for explaining a nethod of o forn1ng aresist film
using the coating apparatus; FIG 8 is a schematic perspective
vi ew showi ng an entire resist coating/devel opi ng apparatus to which
the 15 coating apparatus is applied; - 21 - FIGS. 9 and 10 are a
perspective view and a sectional view, respectively, show ng the
nodi fication of a spray head; FIGS. 11 to 13 are
sectional views suggiaciiozsilye 420 Theshmesiimt tswluli fdrersupplpdidézzhei éns of

the nozzle %ﬂ@ﬂyd%yghfi§§§§%§'H%%%le 3 constltuéécé ééubie 3pipe

perspective V|em/ oW ng t §¥noz | e as Iy and
a gl ass substrafS&TyEtyre, and jhe Hetadh @ %a’iri?lgs‘? YFRTY sSSEBPHE f or ned:;
25 FI G nbzzle a @aindsh Quwignaa d o Kee ssower | Biiamnthe distaange by

the relatlgnshlp %e ér¥%§¥§¥j§%§¥%fdﬂn%&gply nozzle 4. As a matter
of course, the distal end of the solvent supply nozzle 3
may be at the same level as that of the distal end of
the supply nozzle 4, or the former may be shorter.
Alternatively, the resist solution supply nozzle 4 may

10 be disposed outside the solvent supply nozzle 3.

' As shown in FIG. 12, a mechanism that the resist
solution supply nozzle 4 and the solvent supply nozzle 3
‘are placed side by side, and an outlet port 60 for these
nozzles is commonly used may be employed.

15 As shown in FIG. 13, the distal end of the solvent
supply nozzle 3 is inserted into the solvent in an annu-
lar solvent storage tank 62 formed inside the spray head
5 and having an outlet port 61 at the center, and the
‘distal end of the resist solution supply nozzle 4 is

20 positioned at the'upper portion inside the tank 62 to
expose the distal end of the nozzle 4 in a gasified
solvent atmosphere. In this manner, since the distal
end of the solvent supply nozzle 3 is disposed at the
outer circumference of the distal end of the resist

- 25 solution supply nozzle 4, the resist attached to the

resist solution supply nozzle 4 can be cleaned by the
solvent, and the resist solution can be prevented from
drying, thereby preventing generation of particles by
drying of the resist.

30 A nozzle mechanism shown in FIG. 14 is suitable for
a case that a body-on which a coating film is to be
formed does not have a disk-like shape, but a rec-
tangular shape, such as a glass substrate used for a
liquid crystal display apparatus, and a coéting film is

35 formed on this substrate. 1In this example, the solvent
supply nozzle 3 is disposed along the outer circum-
ference of the resist solution supply nozzle 4, and the
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the résist solution and the rotational speed of an 8" sem conduct or
waf er; FIG 16 is a graph showing the relationship between 30
t he discharge time and the discharge flow rate of the resi st
-solution, and the rotational speed of the wafer; _ FIG 17 is a
graph showi ng a thickness variation - gAnge by the rel ationship

bet ween the di scharge tine of the resist solution and the rotational
speed of a 6" 35 sem conduct or wafer; FIG 18 is a schenmatic
sectional view diiswiadgend of tdre awzmla B forbfanghed) intesd splerahityn a

sol vent (e.g., four) of portions in this example. As a result,

the solvent is supplied to the four portions at the
same. time. Preferably, these branched nozzles 3a are

5 disposed to correspond the four corners of the rectangle
similar to a glass substrate G, respectively. The
solvent is supplied to the corresponding positions on
the diagonal lines with respect to the center of the
substrate G at the same time. In this manner, even if

10 the substrate is rectangular, diffusion of the_Solvent
can be made uniform to a certain degree.

. Examples of the method of forming a resist film
will be described with reference to experiments.
Experiment 1 _

15 For example, methylmethoxypropionate (MMP) is used
" as a solvent A, and a dischargé amount is determined
in accordance with a degree of unevenness (the upper
surface of a wafer or a film formed on the wafer is
flat or uneven or has a stepped portion). In general,
20 the discharge amount for an uneven surface is set
larger than that for a flat surface. For example,
the discharge amount for the uneven surface is 0.7 cc,
and the discharge amount for the flat surface is
0.9 cc. | .

— 25 In this example, 0.7 cc of the solvent were dropped
on the central portion of the surface of an 8" wafer W
while rotating the wafer W at a rotational speed of
1,000 rpm, thereby diffusing the solvent along the
wafer W in the circumferential direction. In this

30 rotating state, 0.9 cc of a resist solution were dropped
on the central portion of the wafer W before the solvent
A on the wafer W was dried, i.e., 2 sec after dropping
the solvent A. The resist solution B was dropped while
the dropping (discharge) time and the rotational speeds

35 of the wafer W during and after dropping were;properly
changed. Results are shown in FIG. 15. The ordinate in
FIG. 15 represents a difference (thickness variation
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-6-, " atnDéphere; FIG 19 is a schenatic sectional view

showi ng an appar-atus for formng a resist filmin a reduced

pressure atnosphere; 5 FIGS. 20 and 21 are a schematic sectional

vi ew and a schematic plan view, respectively, show ng a coating 3
apparatus having three resist solution sup@3y nozzl es; o FIG .22 is
a schematic plan view for explaining the ~nodi ficcation of the apparatus
shown in FIG 21; 10 FIG 23 is a schematic plane view for

expl ai ni ng repgenp fietiwesn ¢ resiste Ggpamanisiahdiay ing B/ @rayimum

thickness and a resist film portion having a minimum
thickness, and the abscissa répresents the rotational
- speed of the wafer W.
5 As can be apparent'from FIG. 15,'£he thickness
| variations became minimum within the respective dropping
times to be as small as 50 * or less when the discharge
time of a resist solution B was 2.5 sec and the rota-
tional speed of the wafer W was 1,000 rpm, the discharge
10 ° time of the resist solution B was 2.0 sec and the rota-
tional speed of the wafer W was 3,500 rpm, the discharge
. ' | time of the resist solution B was 1.0 sec and the rota-
tional speed of the wafer W was 4,500 rpm, and the
_ discharge time of the resist solution B was 0.7 sec and
15 the rotational speed of the wafer W was 5,000 rpm. In
this case, the resist films formed on the wafers were
uniform. Judging from this experiment, it is found
that a film having a uniform thickness can be formed by
properly selecting the rotational speed of the wafer W
20 in accordance with the discharge time of the resist
solution. The relationship between the discharge time,
the rotational speed, and the discharge flow rate is
shown in FIG. 16. _

In Experiment 1, the resist solution B had the

25 discharge amount of 0.9 cc. However, it is found that
the same effect as described above can be obtained when
the discharge amount of the resist solution B is set to
0.5 to 2.0 cc for a flat surface and 1.0 to 3.0 cc for a
stepped surface.

30 Experiment 2 | _

For example, ethyl cellosolve acetate (ECA) or
methylmethoxypropionate (MMP) is used as a solvent A,
and-a discharge amount is determined in accordance with
a degree of unevenness. .In using ECA, 0.2 cc of the

35 solvent are dropped on a flat surface, and 0.3 cc of
the solvent are dropped on an uneven surface. In using-
MMP, 0.4 cc of the solvent are dropped on a flat
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ﬁIG; 23A and 23B are cross-sectional views taken along lines 23A-23B
and 23B-23B in FIG 23, respectively; . FIG 24 is a schematic

pl ane view for explaining the 15 ot-her ‘nodification of the apparatus
shown in FIG 22; FI G 24A and 24B are cross sectional views

t aken along lines 24A-24A and 24B-24B4 » FIG 24, respectively;

"FIG 25 is a plan view for explaining an apparatus -havi ng further

di fferent spray heads; and 20 FIG 26 is a plan view show ng the
modi fi cation of surfacea epday -Bess of tthe ssparentuarshdwcppedar 5.

An enbodi ment ofjpkhenPseseRkel Nvention wll be described in detai
with reference to the a%%ananyl drawi n

description, a net hodRofhisr ﬁlxﬁﬁ‘Pgecoé‘ﬁen&"lven A I“?ﬁsarf%F%PE%ﬁ rﬁ"hgthe
apparatus or a eeatiral appaiahusf the sacEacl IUF tz dheflEtesedfer wention

mﬁl! be ap l'Ed gl% rotatlg%tQ%% % Eé%”ﬁ'E%f%ré§¥§¥iéﬂéi“é£eéh of

sen1conduc or wa
1,000 rpm, thereby diffusing the solvent along the wafer

W in the peripheral direction. In this rotating state,
0.2 to 0.3 cc of the resist solution B were dropped on
the central portion of the wafer W before the solvent A

10 on the wafer W was dried, i.e., 2 sec after dropping the
solvent A. The resist solution B was dropped while the

. dropping (discharge) time and the rotational speeds of

' the wafer W during and after dropping were pfoperly
changed. Results are shown in FIG. 17.

15 _ As can be apparent from FIG. 17, the thickness
variations became minimum within the respective dropping
times to be as small as 50A or less when the discharge
time of a resist solution B was 2.5 sec and the rota-
tional speed of the wafer W was 2,000 rpm, the discharge

20 time of the resist solution B was 2.0 sec and the rota-
tional speed of the wafer W was 3,000 rpm; the_diséharge
time of the resist solution B was 1.5 sec and the
rotational speed of the wafer W was 5,000 rpm, and the
discharge time of the resist solution B was 1.0 sec’

— 25 and the rotational speed of the wafer W was 6,000 rpm.
Judging from this experiment, it is found that a film
having a uniform thickness can be formed by'properly
selecting the rotational speed of the wafer W in '
accordance with the discharge time of the resist solu-

30 tion.

| Judging from both the experiments, the solvent A
is dropped on the surface of the wafer W, the wafer W
is rotated at a predetermined rotational speed (e.g.,
1,000 rpm), and the solvent A is diffused over the’
35 entire upper surface of the wafer W. The resist
'solution B is discharged on the wafer W in a predeter-
mined amount (0.6 to 0.9 cc for an 8" wafer, and 0.2 to
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and ,a'formng apparatus therefor. 30 As shown in FIG 1{ t he coating

apparatus conpri ses a process vessel 1, a rotating nenber having a
ver - tically novabl e mechanism e.g., -a spin chuck 2, a notor

2a such as a pulse notor as a neans for rotating this spin chuck 2, a
spray head 5, and a scanni ng nechani sm 35 2%6.- The process vessel 1 houses
a target to be coated or a disk-like substrate, e.g., a sem conductor
wafer W(to be referred to as a wafer hereinafter). The spi n chuck

0.3 for a 6" wafer) for a predetermined perlod of time
(0.7 to 2.5 sec for an gv wafer, and 1.0 to 2.5 sec for
a 6" wafer) in accordance with the size of the wafer
before the solvent A is dried. 1In addition, the wafer W
5 is rotated at a predetermined rotational speed (5,000 to
1,000 rpm for an 8" wafer, and 6,000 to 2,000 rpm for a
6" wafer). Therefore, the resist film having a uniform
thickness can be formed on the surface of the wafer.
In addition, an amouht of resist solution used can be
10 decreased. This is estimated that since the resist
solution B is diffused to follow drying of the solvent A
\ - dropped in advance and diffused from the central portion
of the wafer W to the peripheral edge portion (i.e., the
resist solution B reaches a portion immediately before
15 the solvent film gradually drying from the central por-
tion to the peripheral edge poftiop dries), the solvent
A and the resist solution B contact in a uniform ratio
with good wettability. '
Other coating apparatuses will be described with
20 reference to FIGS. 18 to 20. The same reference
numerals as in the apparatus in FIGS. 1 and 2 denote
substantially the same parts in the coating apparatuses,
and a detailed description thereof will be omitted.
The apparatus shown in FIG. 18 is constituted such
~ 25 that the resist coating method is performed in a solvent
' A atmosphere. For this reason, a process vessel 1 has
a sealed structure, and a saturation atmosphere of the '
solvent'A is constituted inside the sealed process
vessel 1. -
30 ' The main portion of the process vessel 1 is consti-
tuted by an outer vessel 30, an inner vessel 31, and a
cover member 32. The upper surrounding portion of the
outer vessel 30 surrounds a wafer W and can vertically
move. The inner vessel 31 constitutes the bottom por~
35 tion of the process vessel 1. The cover member 32
covering the opening of the upper portion of the outer

vessel 30.
'I'lns Shéet Has Been R
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27- s L 2 holds t he waf er Won its upper surface in a horizonta
state by vacuum suction, and is rotated at a variable rot ati onal
speed according to a preset program supply nozzle 3 (first nozzle

of a solvent Aof a 5 coating solution and a supply nozzle 4 (second:

nozzl e) of a resist solution B as the&ocating solution, both of
whi ch are novabl e above the spin chuck 2, are close to . each ot her
integrally nounted on the spray head 5. The scanni ng_nechani sm 6

means for hol di ng t h&heo outesprgssedad G aunpiiacda veehirdsbeal ewvhar

wai ting

PRISISAN A% VoRP A AT MAFIdIm Bhouatde wabgra Apin
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10 for setting tthe outer vessel main body 30a to be vertically movable.

"5

10

15

20

25

30

35

"The movable wall 30b can be vertically moved by a ver-
_tlcally mov1ng arm (not shown) with respect to the outer
vessel main body 30a.

A cylindrical wall 31b extends on the uppér surface
of a bottom portion 3la in the inner vessel 31. The
bottom portion 3la is preferably inclined outward so as
to exhaust a waste solution. A doughnut-like rotary
member 3le is disposed to be rotatable in a horizontal
plane at the upper end of the cylindrical wall 31b
through a bearing 31d, and connected to the spin chuck 2
to be rotated. An annular solvent reservoir channel 31f
whose upper surface is open is formed at the peripheral
edge portion of the rotary member 3le, and the solvent

- A is stored in the solvent reservoir channel 31f. A
cylindrical vertical wall 31g extends downward under the
solvent reservoir channel 31f of the rotary member 3le,
and a plurality of communication ports 31h communicating
with an exhaust port l1e and a liquid discharge port 1f
at the lower portion are formed at proper positions of
the vertical wall 31g.

The dome-like cover member 32 comprises a rotating
shaft 32c suspended by a suspending arm 32a through a
bearing 32b to be rotatable in a horizontal plane. The
coVer member 32 air-tightly contacts the rotary member
31e through a seal member 324, e.g., an OFring, provided
to the inner circumferential surface of the opening at
the lower portion. In this contact state, an enclosed
space 35 is defined, and the rotational force from the
rotary member 3le is transmitted to the cover member 32.
The cover member 32 is verticaily moved by the
suspending arm 32a which is vertically moved by a ver-
tically moving mechanism (not shown). A solvent supply
nozzle 3 and a resist solution supply nozzle 4 are

)

and
is a

SNB
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15 , solvent A and the resist solution B flow ng through t hese paths
to preset tenperatures, respectively. The supply nozzle 3 is
connected to a solvent tank 7b, through a sol vent supply tube 7 as a .
sol vent supply - path and an opening/cl osing valve 7a. A predeterm ned
20 - ampunt of the solvent A in the sol vwent7 tank 7b can be supplied
to the wafer Win a predetermned tine by ' controlling the pressure of
a nitride (N2) gas supplied to the solvent tank 7b. The
resi st sol uti onpxoepdldedndor ke 4£cd@tablie diagetder with the esdver smeémbesn

tank 8b throughsg, re%*h%t n%%itkésors and 4 et 4RO P ESnRetfsl Stosgl ution

supply path. A suck val ve an air-op erate val ve 8d, a bupble

renovi ng nmechanSOhvEe &u%ﬂarpﬁﬁhﬁg'*%rﬂi‘dr é?rﬁﬁﬁfgs supphypBRER 34 Wh&C
resist sol uti onektend ithrudif .tndctaXing sid D3 pringndgaos ersubsegugnt | y

8£Px:ggds; fgﬁéaﬂﬁéc ed to a-g% Jgﬂé(gﬁiﬂiﬁn%£%5 gngogt 8%&39 ggl&tion
supply tube are mounted in the cover member 32 to be
rotatable therewith.

In the coating apparatus having the above arrange-'
ment, when the solvent A is stored in the solvent reser-

10 voir channel 31f, and the cover member 32 is closed, the
solvent A is evaporated and the saturation atmosphere of

| the solvent A can be realized inside the enclosed space

35 or the process chamber. 1In this atmosphere, a resist
film is formed on the wafer according to the above

15 method. More specifically, the solvent A is dropped
on the wafer W to form a film of the solvent A on the
wafer W while the enclosed space 35 is filled with the
saturated solvent A. Before the solvent A is dried, a
resist solution B is supplied to the wafer W at a prede-

20 termined rotational speed of the wafer W for a predeter-

o mined period of time in a predetermined amount, so as to
form the resist film on the surface of the wafer.

Since the coating process can be performed in the
solvent atmosphere using'this'apparatus, drying of the

s 25 solvent after coating can be suppressed, and uniformity
of the film thickness can be further achieved.

In the above description, the solvent reservoir
channel 31f is provided on the rotary member 3le of the
inner vessel 31, and the solvent A is stored in this

30 channel 31f, so that the saturation atmosphere of the
solvent is realized inside the enclosed space 35.
However, the structure is not limited to this. For
example, a larger amount of the solvent A is discharged
from the solvent supply nozzle 3 to realize the solvent

35 atmosphere inside the enclosed space 35, or the mist of
the solvent in saturation state is introduced to the
enclosed space 35 using, e.g., an inlet pipe, to realize
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Eo he“expandabl e and can supply (for'exanplé drop) a pr edet er m ned

almount of resist solution on the central portion of the wafer W

t hrough the nozzle 4. Thus, this 35 mechani sm can control a supply anount
of the resist - solution so that it is less than that in a conventional
met hod. The driving section conprises, e ®8 -a ball '

- o 8_ ’ .

the solvent atmosphere inside the enclosed space 35.

The apparatus shown in FIG. 19 is constituted such
that the resist coating method is performed in a reduced
pressure atmosphere. For this reason, the process

5 vessel 1 has a sealed structure, and a pressure in the
process chamber is reduced to a predetermined value to
perform'resist coating in this reduced pressure
atmosphere. '

The apparatus shown in FIG. 19 is substantially the

10 same apparatus as that shown in FIG. 18 except that the
solvent reservoir channel 31f is not provided{ In this
\ _ appératus, a pressure in the enclosed space 35 can be
reduced to a predetermined value, e.g., 90:mmH20, by a
vacuum pump 36 connected to an exhaust pipe 21 connected
15 to the exhaust port le through the communication port
31h formed on the rotary member 3le. "

The coating method in the apparatus shown in
FIG. 19 is basically the same as the above-mentioned
method except that the atmosphere differs from the above

20 solvent atmosphere, and a detailed description thereof
will be omitted.

In the coating process in the reduced pressure
atmosphere, since scattering particles can be induced
toward the communication port 31h, the resist solution B

- 25  dropped on the wafer W is prevented from séattering and
' attaching again to the inner surface of the process
vessel, thereby preventing contamination of the wafer W
by particles and a decrease in yield. In addition to
prevention of a resist particle from attaching to the
30 inner surface of the process vessel, according to the
present invention, since a small amount of resist solu-
tion is used, maintenance and inspection for the vessel
are not time-consuming. '

A coating apparatus in which a plurality (e.g.,

35 three in this embodiment) of resist solution supply
nozzles 3 are provided to a spray head 5 will be
described with reference to FIGS. 20 and 21.
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scremrassenbly 8k constituted by a screw having one end attached to

one end of the bel I ows punp and a nut threadably engaged with this
screw, and a stepping notor ~8h for linearly nmoving the screw by
rotating the nut. 5 More particularly, the inner dianeter of the resist
solution supply nozzle 4 is set to 0.1 te 290-nm and preferably. 1.0
mmfor a 6" wafer, 0.5 to 2.0 nm and . preferably 1.5 mmfor an 8"
wafer, and 0.8 to 3.5 mm -and preferably 2.0 mmfor a 12" wafer. In

this manner, 10 aIAanghwnhendFéﬁetéﬂ offoulre nogzdles iarepridineamly set
i n accor dance %REPBQ@dshEetﬁE hiscwaf Ehd bbr‘iﬁ%nb%f the ¥ RddAdd Y set

within the range o case, the nozzle can supply
the resist sol ufPEAY head;j Hh§ﬁﬁlPEPX&WE&nFn@oPQ§Q%9ﬁy%StR%ﬁ? adnsh t he
supply 15  timaouftelobh, auhbhsinyt ¥ 10f toh®ef |ﬂdﬁatﬂamjmese®u1s a -

ceu aded, 10 MElabl oS8l %! G ¥ nEYMH0Rne 10 WialRBED he
tion indicated by an arrow. All the four nozzles are
moved together with the movement of the spray head 5.
The first nozzle 3 is for supplying a solvent, and other
three nozzles 4a, 4b, and 4c are for supplying different
10 kinds of resist solutions under an AND/OR condition. In
this embodiment, the respective resist solution supply
U nozzles 4a, 4b, and 4c are connected through resist
solution supply mechanisms to corresponding tanks in
which the different kinds of resist solutions are con-
15 tained (one tank 8b and one solution supply mechanism
are represented in FIG. 20). '
In this apparatus, different kinds of coatlng films
can be formed without exchanging the spray head 5.
In the apparatus according to the embodiment shown
20 in FIGS. 20 and 21, the resist solution supply nozzles
are linearly disposed. However, the arrangement is not
limited to this. For example, the nozzles may be
disposed on the circumference using the solvent supply
nozzle as a center. .In addition, the solvent supply
- .25 nozzle 3 and the resist solution supply nozzles need
not be provided integrally in the spray head 5. For
example, as indicated by a dashed line in FIG. 22, the
solvent supply nozzle 3 may extend to the right or left
of the spray head 5 (in the example shown in FIG. 22,
30 four resist solution supply nozzles 4a to 4e are used).
Furthermore, as indicated by the dashed line in
FIG. 22, a moving arm 23a supporting a rinse solution
supply nozzle 23 may be further extended above the
center of a wafer W on a spin chuck 2, and the solvent
35 supply nozzle 3 may be provided to the distal end of
this arm. In this case, a moving mechanism 24 may be
constituted to vertically move the arm 23a, and the
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fheishalher supply anount of resist solution depends on t he inner
di aneter of the nozzle and the pressure for 20 supplying the resist

sol ution. In the resist solution supply system having the

above arrangenent, the discharge tinme of the resist solution is
controlled by the drive tinme of the steppimp - notor 8h for the bell ows
punp 8g (control precision: 25 2 nmsec). The discharge anount of the

resi st solution is set by the drive operation of the bellows punp 8g,

e.g., a drive tihedghid of dilerar e EuURPLY tPesition kpehhagrinssi aglu-

operation (ON- Ofi PR @PdI3nHz1d1©23 and Bhd - RPEGIRE €6 Veh¥es8llveat
openi ng/ cl osi ng the resist, 30

. solytio I h. F npl.e,
ohown Tn Fr G 'S SuPDLY RowL Gkt B dhie (BmPLY A%es Le) IR phta  BoRPE-

di vi ded | demtdydrchengedse tThe folvénial speplpdnezéke 3tmayi be
di scharge) _.TD1 I Qer e ye time
(i ntermnmedi z?te p\g}lf‘sg)c?aszi%% g&%ﬂ{h%;%e SET RS Water w wi‘tﬂ&h\‘_

extending the arm 23a above the center of the wafer w.
Instead, as indicated by a chain line in FIG. 22, the
rinse mechanism may be provided to the opposite side
(upper left side in FIG. 22) of the wafer W.

10 Alternatively, as indicated by a chain double-dashed
line in FIG. 22, the rinse mechanism may be provided to
.the wafer W side to pivot the arm 23a using the moving
mechanism 24 as a center or parallely move the arm 23a
as indicated by an arrow 107, thereby moving the rinse

15 nozzle 23 to the wafer W.

- The solvent supply nozzle may be fixed to the
housing 111 of the coating apparatus using mounting
member (not shown). 'In this case, the solvent supply
nozzle is mounted at a position without interfering to

20 loading/unloading the wafer W, and the solvent is obli-
quely sprayed toward the rotational center of the wafer
W, preferably. '
The spray form of the solvent by the solvent supply
nozzle may take one flow, or a lot of flows, or may be
e 25 not spreaded. As has been described in the above embo-
diment, a plurality of solvent supply nozzles may be
provided. 1In this case, fof example, outlet diameters
are differed from each other to .control discharge states
from the respective nozzles corresponding to discharge

30 flow rates or changes in discharge flow rate. Instead,

in order to supply different solvents from the
respective nozzles, the nozzles may be connected to
corresponding tanks, and the kinds of solvents or a
discharge sequehce is. selected, thereby obtaining

35 optimal coating conditions. |

In still another coating apparatus shown in FIG. 23,
four spray heads 5a to 5d are disposed in an array above
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35 , When the flowrate is kept constant, and a drive fall time (last

"period before finish) TD3 when the flow rate gradual | y decreases,
according to filmformng _ -9-
conditions. The discharge (supply) anmount of the resist ' sol ution
and al so the discharge (supply) time can-bel - accurately controlled by

controlling these steps singly

a housing 111. Each of supply nozzlées 3a to 34 for a.
solvent A and each of supply nozzles 4a to 4d for a resist
solution B are provided intégrally to a corresponding one
of the spray heads. Each of the spray heads is supported
5 by one end of a corresponding one of horizontally
extending arm members 200a to 200d bent in a crank-shaped
manner. The other end of each of the arm members 200a to
2004 is connected to a corresponding one of mounting por-
tions 20la to 2014 on which support pins 19a to 194 extend
10 upward. These mounting portions are provided with bores
202a to 202d formed in the upper surfaces and supported in
an array on a table 206 to be moved at one time. The-
table 206 can be moved in the Y direction by a moving
mechanism 207,.and the four mounting portions 20la to 2014
15 can be also moved with this movement at the same time. A
scanning arm 6a is disposed near the table 206, of which
holding portion 210 is extended so that its lower surface
may oppose the table 206. Thus, a holding hole 6b and a
projection 212 having the substantially same diameter as
20 the inner diameter of the bores 202a to 202d, which as
formed on the lower surface of the holding portion 210
may be faced with the support pin and the bore of any
one of the mounting portions 201a to 201d. The holding
hole 6b is connected to a vacuum means (not shown) so
I\ 25 that is constitutes a suction port for sucking the sup-
port pin for supporting the mounting portion. When the
| holding portion 210 comes down from the upper position
onto the selected one of the mounting portions 20la and
2014, it supports the mounting portion by means of
30 vacuum suction. The scanning arm 6a is supported by a
drive unit 216 to be movable in the X and vertical
directions with respect to the housing 111. |
The apparatus having the above arrangement will be
described below.
35 The table 206 is moved in the Y direction to posi-
tion the selected mounting portion pin (assuming the pin
+201b in this case) to a position opposing the'holding

This Sheet Has Been Replaced




or in"a conbinati on: The abscissa of FIG 3 indicates 5 atinme (sec),

and the ordinate indicates the discharge flowrate (this is
proportional to the driving tine of the bellows punp) of the resist
solution fromthe nozzle 4 and the operation timng of the
air-operated val ve. 10 | n adgh tion, since the contraction
operation of the bell ows punp 8g can be changed by controlling and
changing only the rotational speed of the stepping notor 8h, the

di scharge fl ow p&rdicen Zjé)._cor'ilheji,l dthelwdaming arm 6a IDImo¥@?, iantth&D3
periods. For exmi%e%ﬂlporg'ﬁp@{e_g%ri% ur; OV IRl & hS M@@l@é&kxon

controll ed such that the di schar ge owrate I's gradually I ncreased
by gradually 210 is,qqved @pavfe tha MNTYHaINS Jo¥et 10 t HR1Rt EPpEAYSROE S
8h duringd lemeEDAgueT ised tHat ke esldimgthdle kelepiHdehf8ged with

oo P IR £ P50 e B b ibin HB1E7HET Y
supported by the holding portion 210. 1In this state,
the scanning arm 6a is moved upward by the drive unit
216 to lift the mounting portion 201b from the table
206. In addition, the spray head 5b is moved in

10 = the X direction to position the solvent supply nozzle 3b
| above the central portion of the wafer W. Thereafter, a
\, resist film is formed on the wafer W according to the
same coating method as in the above embodiments.
Each of the four solvent supply nozzles 3a to 3d is
15 connected to a common tank or a corresponding one of
various tanks, and a predetermined amount of solvent can
be sprayed from the nozzles in the same manner as in the
above embodiments. Similarly, each of the four resist
solution supply nozzles 4a to 44 is connected to a '
20 corresponding one of tanks which-contain different kinds
of coating solutions, and a predetermined amount of
coating solution can be sprayed from the nozzle for a
predetermined period of time. _
In the coating apparétus having the above arrange-
e 25 ment, since an arbitrary one of the plurality of the '
spray heads can be selectively used, resist films under
different conditions can be easily formed at high speed.
Since the connection portion between the scanning arm 6a
and the mounting portion 201b does not pass above the

30 wafer W during movement, particles which tend to be
produced at the connection portion will not fall on the
wafer w.

FIG..24 is an apparatus shown in FIG. 23, and shows
another arrangement relationship of a rinse mechanism,
35 as in FIG. 22. The arrangement relationship is the
same as in FIG. 22, and a description thereof will be
omitted. However, its content will be easily understood
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tional speed during the TD3 peri od. As shown in FIG 3, the
air-operated valve 8d is turned on in accordance with the discharge
steps of the bel | ows punp 8g, and kept on during a predeterni.ned 25
time T (e.g., 0.1 to 1.2 seconds) after the end of the di schar ge
steps of the bellows punp 8g. That is, the 33 - bell ows punp 8g is turned
off wwth a delay tine to per- forma delay operation, so that a
pressure acting on the resi st solution through piping fromthe

bel | ows punp 8g b3 persameskibled iwzHhe arts reduced to be 0, thereby

per- formng the OfodPeiditfsn sHb®E eiRrerGi nssabikbt ¥ek of
the di scharge of the resui% solution i )

operation can bSRAIHIBRAR,S a?ﬁlet’?’%u?g%‘?s?ﬁeg ggé}“%%)ﬁgﬂt PoR éaéﬁ%oggged

_?_E)gurgtnglél/_ di)sglttaj g.emcﬁm:m/gtixlte.td'maﬁovab]eetingﬁhé Khéidectéoni.med (TDL,

P2 4209 T ofagdflane, pupphl 40161090 SnoB00eA BRI P0G Srl o

_ head 5 fixed on the left side of the arm 6a. Each of
resist solution supply nozzles 4 is mounted on a
corresponding one of the four spray heads 5 provided to
the other side of the arm 6a through a mounting plate.

10 In this example, in order to position a predetermined
resist solution supply nozzle above the central portion
of a semiconductor wafer W and use the nozzle, the arm
6a is constituted to be movable also in the Y direction
by a drive mechanism 6, or the mounting plate is consti-

15 tuted to be movable in the Y direction with respect to
the arm 6a by a drive mechanism (hot shown). .

In the example shoﬁn in FIG. 26, an elongated spray
head 5 for supporting a plurality (e.g., three in this
case) of solvent supply nozzles 3 in an array is used.

20 In this case, the elongated spray head 5 is mounted on

| an arm 6a to extend in a direction perpendicular to the
arm 6a (X direction), as indicated by a solid line, or
in a direction parallel to the arm 6a (Y direction), as
indicated by a dashed line. In this example, the

25 elongated spray head 5 supporting the nozzle 3 is

. positioned above a wafer W, and the arm 6a is positioned
to match with the diameter of the wafer W, so that the
solvent can be supplied to the wafer W from four por-
tions along the radial direction at the same time.

30 A resist solution, an ARC (Anti Reflection Coating)
solution, or the like may be used as the above coating
solution. As the resist solution a mixture of phendl-
novolac resin and naphthoquinone diazide ester may be
used. .

35 As the solvents, in addition to

" methyl-3-methoxypropionate (MMP, boiling point: 145°C,
viscosity: 1.1 cps), ethyl lactate (EL, boiling point:
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- 10 ¢ ) operation of a conputer on the basis of a present

pf ogr am The inportance in the setting of the drive tines

(TD1, TD2, and TD3) of the bellows punp 8g.will be 5 descri bed as foll ow.
After the discharge flow rate of the resist solution is set so that a
predeterm ned _ - 34 -

154°C, viscosity: 2.6 cps), ethyl-3-ethoxypropionate
(EEP, boiling point: 170°C, viscosity: 1.3 cps), ethyl
pyruvate (EP, boiling point: 144°C, viscosity: 1.2
cps), and proplyleneglycol monomethylether acetate
5 (PGMEA, boiling point: 146°C, viscosity: 1.3 cps),
2-heptanone (boiling point: 152, viscosity: 1.1),
cyclohexane (used for an ARC solution), all of which are-
well-known in this art, can be used.
Each of the above embodiments has exemplified the
10 apparatus for forming a coating film according to the
present invention applied to the resist coating appara-
\ ' tus for a semiconductor wafer. However, this apparatus
can be applied to a coating apparatus for a processing
target,'e.g., an LCD'substrate, a CD, and the like, in
15 addition to a resist and can also be applied to, e.g.,
a polymide-based coating solution (PIQ), a coating
solution (SCG) containing a glass agent, and the like,
as a matter of course.
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amount of a predeternined total discharge amount (TD2) I s di scharged,
t he resi dual ampunt to be discharged is - supplied at a lower flow rate
(TD3). In other words, 10 duri.ng the TD3 period, the discharge flow
anount is gradually decreased and supplied with a el apse of tine.
Therefore, the problemthat the thickness qf .the resist f1 1 m becones
thi nner at the peripheral portion of the pr ocessi
.solved. 15 Al ternately,
tion may be contilelimed by the opening/closing operation® ¢ ‘of"a Vartable
orifice (not shown) provided to the resist sol ution supply nozzle 4.
In addition, the resist solu- tion B may. be supplied not using the
bel | ows punp 8g, 20 l-bud preided ioff feuuingh? (Patdg kit EPmPF ﬁl"tlﬁnk
8b. I n t hitheC @%@ é)stlﬁ «di scharge tinme of the resist solution

can
can be controlled by AT Yol Ve SF U SRR so1ut1 8PEA" ol o
surface of a substrate kept rotated or stopped;
5 ' rotating said substrate supplied with said solvent

at a first rotational speed to diffuse said solvent
through an entire area of said one surface;

supplying a predetermined amount of coating
solution on the substantially centering portion of

i 10 said substrate while rotating said substrate at a second
rotational speed, thereby diffusing said coating solu-
tion to the entire area of said one surface to form the
coating film. | '

2. A method according to'claim 1, characterized in

15 that an amount of coating solution is set in accordance
with a rotational speed of said substrate.

3. A method according to claim 2, characterized in
that the amount of the coating solution and the rota-
tional speed of said substrate are set to make a

20  thickness variation fall within a range of not more than
50A. '

4. A method according to claim 1, characterized in

- that the first rotational speed differs from the second

. rotational speed. ' '

25 5. A method according to claim 4, characterized in
that the first rotational speed includes a high rota-
tional speed for scattering the solvent from said
substrate, and a low rotational speed which follows the
high rotational speed.

30 6. A method according to claim 1, characterized in
that the first rotational speed is substantially equal
to the second rotational speed.

7. A method of forming a coating film, comprising
the steps of:

35 supplying a solvent of a coatlng solution on one
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According to the systemof this enbodiment, since 25 the consunption
amount of the resist solution can be reduced, contam nation inside

t he processing vessel -~ is decreased so as to eff|C|entIy cl ean a=cup
reduce particles in the cup, and reduce m st a flllllwu“"uﬂllluuni
target to be coated. Furthernore, according to an 30 uct ed
by the present inventor, it was confirmed that the‘cohsu "t o’ anount
of the resist sol ution was decreased to, for exanple, about 1/4 per
day. stirtflemeg loft lee ssdsttined eotkapie mhtiaked iopsstapped TDEros5a  and
TD3) of the belg_gglgpm%aﬂyuithe setting of the CN-CFF operation of

the air-operated valve aré autonati - ' cally control]ed f
operation of a Conpug§¥q&1qg“§a1d substrate supplied with th vent

~ to diffuse the solvent through the entire area of said
5 one surface; and

supplying a predetermined amount of coating
solution on the substantially centering portion of said
substrate for a predetermined period of time while, from
a nozzle means, thereby diffusing the coating solution

10 to a peripheral portion of said substrate to form the
coating film. '
\; 8. A method according to claim 7, characterized in

that a diffusing speed of the coating solution to the
peripheral portion of said substrate is substantially
15 equal to a drying speed of the solvent.
9. A method of forming a resist film, charac-
terized by further comprising:
the step of supplying a solvent of a resist
solution on one surface of a substrate kept rotated or

20 stopped; | _

' the step of rotating said substrate supplied with
said solvent to diffuse the solvent through an entire
area of said one surface;

the resist film forming step of supplying a
N 25 predetermined amount of resist solution from a nozzle
having a predetermined inner diametef on the substan-
tially centering portion of said semiconductor wafer
for a predetermined period of time while rotating said
semiconductor wafer at a rotational speed of 1,000 to
30 6,000 rpm, thereby diffusing the resist solution to the
entire area of said one surface of said semiconductor
wafer to form the resist film. ”
10. A method according to claim 9, characterized in
that the rotational speed of said semiconductor wafer is
35 set to be lower as a diameter .of said semiconductor
wafer becomes larger in the resist film forming step.
11. A method according to claim 9, characterized in
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- 11 - ) basis of a preset program the respectlve se tings can be
|ndependently arbitrarily corrected and changed__Ln_~____§QQLLLQH~ﬁ0nIy t he

ID2 is arbitrarily corrected and changed, ﬁm";mluencer ‘can be new y

added. 5 Aiter the resist solution is disc ”l tﬂl’ﬂﬂm
t

supply nozzle 4, the suck back val ve 8c p+r@i<ded
sol ution supply systemdraws, in the supply nozzle 4 the rési st

solution B remai ning by surface " tension on the inner wall of the
di stal end portitdrat the rotational speed in the resist film forming

step is 3,000 to 6,000 rpm for a 6" wafer, 2,000 to
4,000 rpm for an 8" wafer, and 1, 000 to 6,000 rpm for a
12" wafer.
5 12. A method according to claim 9, characterized in
that the inner diameter of the nozzle is 0.1 to 2.0 mm
for a 6" semiconductor wafer, 0.5 to 2.0 mm for an 8"
semiconductor wafer, and 0.8 to 3.5 mm for a 12" semi-
conductor wafer.
10 13. A method according to claim 9, characterized in
. that a supplying time in the resist film forming step is
. set shorter for one uneven surface of said semiconductor
wafer than for one flat surface thereof.
14. A method according to claim 13, characterized
15  in that the supplying time in the resist film forming
step is 4 %2 sec for one flat surface of a 6" semicon-
ductor wafer, 3 2 sec for one uneven surface of a 6"
semiconductor wafer, 6 +2 sec for one flat surface of an
8" semiconductor wafer, 4 g2 sec for one uneven surface
20 of an 8" semiconductor wafer, 9 +1 sec for one flat sur-
face of a 12" semiconductor wafer, and 7 *1 sec for one
uneven surface of a 12" semiconductor wafer.-
15. A method according to claim 9, characterized in
that a supplying amount of the resist solution in the
" 25 resist film forming step is set larger for one uneven
surface of said semiconductor.wafer than for one flat'
surface thereof. |
16. A method according to claim 14, characterized
in that a supplying amount of the resist solution in the
30 resist film forming step is 0.2 to 1.0 cc for one flat
surface of as" semiconductor wafer, 0.5 to 2.0 cc for
one uneven surface of a 6" semiconductor wafer, 0.5 to
2.0 cc for one flat surface of an 8" semiconductor
wafer, 1.0 to 3.0 cc for one uneven surface of an 8"
35 semiconductor wafer, 1.0 to 3.0 cc for one flat surface
of a 12" semiconductor wafer, and 1.5 to 5.0. cc for one

uneven surface of a 12" semiconductor wafer.
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10 of the resist solution supply nozzie 4. Therefore,

soli'dification of the residual resist solutlon can be prevent ed. In
the resist solution supply nozzle 4 ch di schar smal'| anmount of
the resist solution B, when the resi st sol ut ﬂ““lﬁummuﬂlll&m awn |n
the 15 ' resist solution supply nozzl e 4-by the o

negati ve pressure of the suck back valve 8c, air around the "di st al

of the nozzle 4 also is drawn in the
sol ution B attachedlfie

nozzle 4, 20

t he mafer Wis contan1n
formed by drledrF§§PsP

ﬁ‘x%”te%ec%‘é%‘lrﬂ: A iR Q.fs té“‘i‘nﬂ@&?—ﬂee & phénsTidhdieDac
neratlo rticles whi ch are
%ﬁ e eStfir eased.

end

nozzl e 4, a residue of the_resist
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portion of a substrate and diffusing the coating solu-
tion to an entire area of said one surface of said
substrate to form the coating film by rotating said
substrate after a solvent of the coating solution

supplied to one surface of said substrate is diffused in
a previous step upon rotation of said substrate, wherein

a contact angle between said one surface of said
substrate and a peripheral edge of said coating film
during diffusion of the coating solution on said one
surface of said substrate is set smaller than that set
w1thout performing the previous step.

19. A method of forming a coating film, comprlsing
supplying a coating solution to a substantially central
portion of a substrate and diffusing the coating solu-
tion to an entire area of said one surface of said

-substrate to form the coating film, after a solvent of

the coating solution supplied to one surface of said
substrate is diffused in a previous step upon rotation
of said substrate, wherein an affinity between said one
surface of said substrate and the cbating solution
during diffusion of the coating solution on said one
surface of said substrate is set larger than that set
without performing the previous step. _

20. A method of forming a coating film, charac-
terized by further comprising the steps of:

supplying a solvent of a coating solution on one
surface of a substrate kept rotated or stopped;

rotating said substrate supplied with the solvent
to diffuse the solvent througﬁ an entire area of said
one surface; and '

sequentially supplying the coatlng solutlon from a
nozzle on substantially central portion of sald

'il*l!ll Ll

s Sheet Has Been Rep]aced



hole 4a of the resist solution supply nozzle 4. That I's, the nozzle 4

conprlses a cylindrical distal end portion 4b_and an |nverted4ron|cal
t rapezoi dal portion 30 following to this cyllndrlcal di st a

I nstead, as shown in FIG 4B, an outer flange 4c |s. EWl W m the'
cyllndrlcal di stal end portion or the - 5open|ng | ution
supply nozzle 4 so as to prevent air draw ng around the distal end of
t he nozzle 35 4 upon suck-back. In addition, as shown in FIG 4C, a

snall-dianeterIsnhstxﬁﬁécnvemianiiniﬁiqﬂipezd¢@1@ham S—dischargaaﬁéoWs
formed at the disigl gndhefiipes ¥erddsad! Yan intermediate period when
the discharge flow rate is substantially constant, and a
last period when the discharge flow rate gradually
5 decreases while rotating said substrate, thereby dif-
fusing the coating solution to the entire area of said
one surface of said substrate to form the coating film,
wherein the last period is controlled.
21. A method of forming a coating film, charac-
10 terized by further comprising the steps of:
supplying a solvent of a coating solution on one
P " surface of a substrate kept rotated or stopped;
rotating said substrate supplied with the solvent
to diffuse the solvent through an entlre area of said
15 one surface; and _ '

- sequentially supplying the coating solutlon from a
nozzle on the substantially central portion of said
substrate over an initial period when a discharge flow
rate gradually increases, an intermediate period when

20 the discharge flow rate is substantially constant; and
a last period when the discharge flow rate gfadually
decreases while rotating said substrate, thereby dif-
fusing the'coating solution to the entire area of said
one surface of said substrate to form the coating film,
(' 25 wherein a deceleration during the last period when the
discharge flow rate gradually decreases is controlled.

22. A method of forming a coating film, charac-

terized by further comprising the steps of: _
supplying a solvent of a coating solution on one
30 surface of a substrate kept rotated'or stopped;
rotating said substrate supplied with the solvent
to diffuse the solvent through an entire area of said
one surface; and |
sequentially supplying the coating solution from a
35 nozzle on the substantially central portion of said
substrate over an initial period when a dischargé flow
rate gradually increases, an intermediate.périod when

] fn'; 5 Sheet -Ias Been Replaced
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12 - extendi ng cylindrical portion of the resi t supply nozzle

4. 'The suck-back is perfornanced near the center of the bent portion

4d, thereby prevenlung arr arammng around the distal end portion of

t he nozzl e. , the tenperature adjustnent

mechani sns 10 corrprl mm"mulu Inlmmjj ust-mt- sol uti on supply paths 11
provided to surround *thé résptctyve” outer circunferences of the

sol vent supply tube 7 and ~ the resist solution supply tube 8,

circul ati ng pat kel gisgchargsecifliowinete vies evbks tantiect b censhentwoardds of
the corr 35%0'1%'5'%9 PRRRY AHEE Y WBildBHr &0 £l d N SO P Yadualipat h 11,

ulatin rovided to each cir-
acire g pléecreasps wﬂgie rotating said substrate, thereby dif-

fusing the coating solution to the entire area of said
5 one surface of said substrate to .form the coating film,
wherein respective discharge times of the initial
period, the intermediate period, and the last period are
independently controlled. _ '
23. A method of forming a coating film, charac-
10 terized by further comprising the steps of:
supplying a solvent of a coating solution on one
. surface of a substrate kept rotated or stopped;
rotating said substrate supplied with the solvent
to diffuse the solvent through an entire area of said

15 one surface; '

. controlling a pump to supply the coating solution
‘to a nozzle through a supply path by said pump over an
initial period when a discharge flow rate gradually
increases, an intermediate period when the discharge

20 flow rate is substantially constant, and a last period
when the discharge flow rate gradually decreases so as
to supply the coating solution on the substantially
central portion of said rotated substrate, thereby d4if-
fusing the coating solution to the entire area of said

- 25 one surface of said substrate to form the coating film;
and '
closing said supply path 0.1 to 1.2 sec after said
pump is stopped;
wherein at least one of a discharge time and a
30 deceleration of the last period is controlled.
' 24. An apparatus for forming a coating film,
characterized by further comprising:
means for supporting a substrate with one surface
facing upward and rotating said substrate about an axis
35 perpendicular to said one surface of said substrate;
at least one first nozzle for supplying a solvent

of a coating solution on said substrate;

M !lilli
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culatlng path 12, and therno nodul es 14, each connected to the course

of ‘the C|rculatlng~pa%h—%2~—#9p_keeang 15 a tenperature adjustnent

solution C (e.g., co erature pure water) at a constant
t enper at ur e. l,m" &M,@”“an through the solvent ‘supply -
0

tube 7 and the re5|st*s ng-t lir eugh the resist solution
supply tube 8 can be kept at a 20 constant tenperature (e.g., about
23[err]C) by the t enper at ure adj ust ment nmechani sms 10 haV|ng t he '
above arrangengfans for supplyingritBe 5olvieatsdioseatid st nozzl e 3
and the SRbYEME;supply tube 7, and the resist solution supply 25

nozzle 4 and the resist_solution su tube_8 I ntegrally forned,
respectively. As wil F% bLeas cPPSeﬁeggn& nRzE G %lrotrhsﬁ’é’ﬁ)é'r qz(kge FIG 6,
however, they aceapirg solutibar ehl g sepstah&@aHMywmahtral portion To

spray head 5 'Ss£QESEﬁE§E§thY a stainless
means for supplying the coating sblution to said
second nozzle; and |
means for supporting at least one of said first and
second nozzles such that said supported nozzle moves

10 between a dropping position above said substrate and a
waiting position 6ffset from said substrate.

. 25. An apparatus according to claim 24, charac-
terized in that the means for supporting at least one of
said first and second nozzles comprises a spray head for

15 supporting said first and second nozzles parallel to
each other, and means for moving said spray head in a
horizontal plane.

26. An apparatus according to claim 24, charac-
terized in that said spray head comprises means  for

20 independently'selectively adjusting temperatures of said
first and second nozzles. _

27. An apparatus according to claim 24, charac-
terized in that said spray head comprises means for
heating said first and second nozzles to the same

N\ 25 temperature. -

' 28. An apparatus according to claim 24, charac-

terized in that said first and second nozzles constitute
a double pipe structure, and a distal end of said second
nozzle is positioned in said first nozzle. _

30 29. An apparatus according to claim 24, ¢harac-
terized in that said first and second nozzles comprise a
common outlet port. :

30. An apparatus according to claim 24, charac-
terized in that a distal end of said second.nOZZle is

35 positioned in a solvent atmosphere.

31. An apparatus ac¢cording to claim 24, charac-
terized in that a distal end of said firStfﬁongg is
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t30 “steel or al um num al I oy nmenber. U-shaped hol es mhlch _
Tespectlvely constitute the parts of contour paths 15 ‘are fornmed in
. the upper portion of the Sf ﬁ head. 5. Each vertical through hole 5a

ext endi ng through(mmll ll l Mnuisurface of the spray head 5 is formed on
the 35 bottom p Eagh-t hrough hol e 5a conpri ses

an inclined mddle portlon Bb Whose di anet er becones ‘| arger downwar d,

and a | ower | arge-di aneter
: branched into a plurality of portions.

32. An apparatus according to claim 24, charac-
terized in that said second nozzle comprises a cylindri-
cal distal end portion, and an inverted conical

5 trapezoidal portion following said cylindrical distal
end portion.

33. An apparatus according to claim 24, charac-
terized in that said second nozzle comprises a dylindri-
cal distal end portion, and an outer flange provided to

10 an opening of sald cyllndrlcal distal end portlon

34. An apparatus according to claim 24, charac-
terized in that said second nozzle comprises a ver-
tically extending cylindrical portion, and a laterally
S-shaped bent portion having a smaller diameter than

15  that of a cylindrical portion connected to said vertical

cylindrical portion. | '

35. An apparatus according to claim 24, charac-
terized by further comprising means for holding a plura-
lity of spray heads at the waiting position, and wherein

20 the means for moving said spray head has means for

selectively supporting one of said plurality-of spray
heads, and a mechanism for driving said. spray head sup-
porting means.

36. An apparatus according to claim 24, charac-

[ 25 terized in that the means for supplying the coating
solution has a container containing the coating solu-
tion, a communication path for causing said container to
communicate with said second nozzle, and pump means for
supplying the coating solution in said container to said

30 second nozzle through said communication path, said pump
means having a bellows pump and a stepping motor for
expanding and contracting said bellows pump so as to
cause said bellows pump to supply the coating solution.

37. An apparatus according to claim 24, charac-

35 terized by further comprising a process vessel having a
reduced pressure chamber in which said substrate:is con-
tained to be processed. | s
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13 R portlon 5¢c. An internal thread is forned in the inner
C|rcunferent|al surfaceof thisTowgr ortion. nozzles 3 and 4 are

mounted on the SPrg 1| t he above arrangenent, the
cylindrical nozzl el |ﬂll mmum inserted through the through hol es 5a
to extend the . tpper fand | dwer portlen§ of the respective nozzles 3

and 4, substantially conical seal nenbers 16 nade of a synthetic resin

and havi ng verti cal through hol es t hrough which the nozzles 3 and 4
can extend are 10 3fackd8 PRPERETUScRCFOFIHGIt® sdadim it sicharact hr ead

nmenbers 17 havi tgrieeti bgl fulirlth@ghrc]: stlﬁ@owg‘)ﬂ%éﬁteaz?ssélhe %?ﬂﬁihgc
?Rgribﬁa&Zéé?ﬂga?ﬁesh%@éﬁ% o FOBEELIET 68 HE A SeRad metnd TS
ci rcunf eren- OrttablsannacessgtuthélmmddtmqsphﬁnnubfﬂtheIsbl&éﬁt
5 inside said process vessel. -
39. A coating film forming apparatus characterized
by further comprising:
a housing;
substrate support means, rotatably mounted in said
10 housing, for supporting a substrate with one surface
facing upward; | .
at least one first nozzle for supplying a solvent
of a coating solution on said substrate;
- at least one second nozzle for supplying the
15 coating solution on a central portion of said substrate:;
a spray head having a distal end portion for sup-
porting said first and second nozzles and a proximai end
portion rotatably supported by said housing, said spray
head being positioned on one side of said substrate sup-
20 port means; | .
means for pivoting said spray head to selectively
_position a nozzle between a dropping position above said
substrate and a waltlng p051t10n offset from said
substrate; and
“ 25 an arm movable in said housing, having a rinse
solution nozzle, and positioned on the other side of
said substrate support means.
40. An apparatus according to claim 39,_chafac—
terized in that said spray head supports a plurality of
30 second nozzles. _ '
41. A coating film forming apparatus characterized
by further comprising:
a housing;
substrate support means, rotatably mounted in said
35 housing, for supporting a substrate with one surface
facing upward; '
a plurality of spray heads detachably,hounted in

Tlus Sheet Has Been Replaced

!IIIIII I!!Ill 0 II'




“mannér, the nozzles 3 and 4 are liquid-tightly nounted on the spray
head 5. As shown in FIG 6, an Oring 18 IS i nterposed between the
-upper surface of each m ddle portion 5b and the upper portion of each

o h?’reigelﬂlﬂﬂ"ﬂﬁmﬂfﬂl i

hol ding pin 19 ext ends. 6n the" upper* surface of the spray head 5 at
one side. Wen a scanning arm 6a " holding the holdi.ng pin 19 is noved
by t he scanni n§gad® howsdnghiand eagh Xaainkhyy § Hokrsomezzleafidrz (vertical)

fllhrectlonts tlh%t @id@e@d s”owelnac oft e SAVERy |§<st5m&y?n on gazﬁlte 3 and

e resist solu ozzl e el ective et yeen an
operation posi FP&?%@B%E and & ‘f@ﬁt‘?%ﬁsz% f‘?’bns‘b?p g? ﬁg

wai ting posi- 3@luttiicm cabm/e:emtnailzlgmmbidm nof poaid osuBQtrate,t h| s case,

four kindg of the spy 3%1% SCE); élec%lrhrg%c@{& A 5ROS6eht in a' HoPtE8RYGRCE

wi th kinds of the res I ons
: plane and each having one end portion for supporting a

corresponding one of said plurality of spray heads and
the other end portion; and -
means for_supporting'said other end portion of a
10 selected one of said plurality of connection arms and
selectively moving said selected connection arm between
a supplying position where said corresponding spray head
is positioned above said substrate and a waiting posi-
tion where said corresponding spray head is offset from

15 said substrate, while said other end portion of said
selected connection arm is kept offset from said
substrate.

42, A coating film forming apparatus characterized
by further comprising:
20 - a housing;
substrate support means, rotatably mounted in said
housing, for supporting a substrate with one surface
facing upward;
a plurality of spray heads detachably mounted in
I\ 25 said housing and each having a first nozzle for
supplying a solvent of a coating solution on said
substrate and a second nozzle for supplying the coating
solution on a central portion of said substrate;
- a plurality of connection arms bent in a horizontal
30 plane and each having one end portion for supporting a
corresponding one of said plurality of spray heads and
the other end portion;
means for supporting said other end portion of a
selected one of said plurality of connection arms and
35 selectively moving said selected connection arm between
a supplying position where said corresponding spray head
is posifioned above said substrate and a waiting

Thls Sheef Has Been Replaced .
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is, ‘the four spray heads 5 are prepared at the nozzle wai ting portion
20 and the r esi-st—solut+on—supphy, 35 nozzles 4 of these spray heads 5

-conmuni cate with |ch different resist solutions are
cont ai ned, I HEHNII"HI llrnl t'hi s case, only the resist solution

- 14 - s|5*prov i ded Lb each spray head 5, and

position where said corresponding spray head is
retracted from said substrate, while said other end por-
tion of said selected connection arm is kept retracted
from said substrate; and
5 ' a moving arm movable in said housing, having a
rinse solution nozzle, and positioned on the other side
of said substrate support means.
43. - An apparatus according claim 42, characterized
in that said moving arm comprises a distal end portion
10 for supporting said first nozzle, an intermediate por-
tion for supporting said rinse nozzle, and a proximal
end portion rotatably supported by said housing.
44. An apparatus for forming a coating film,
_ characterized by further comprising:
15 - means for supplying a solvent of a coating solution
on one surface of a substrate kept rotated or stopped;
means for rotating said substrate supplied with
said solvent at a first rotational speed to diffuse said
solvent through an entire area of said one surface;
20 means for supplying a predetermined amount of
coating solution on the substantially centering portioh
of said substrate while rotating said substrate at a
second rotational speed, thereby diffusing said coating
solution to the entire area of said one surface to form
R 25 the coating film.
45. An apparatus for forming a coating film,
characterized by further comprising:
nozzle means for supplying a solvent of a coating
solution on one surface of a substrate kept rotated or
30 ‘'stopped, from a nozzle means; _
means for rotating said substrate supplied with the
solvent to diffuse the solvent through the entire area
of said one surface; and
means for supplying a predetermined amount of
35 - coating solution on the substantially centering portion
of said substrate for a predetermined period of time,
from a nozzle means, thereby diffusing the coating
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,the‘solvent supply nozzle 3 may be nounted on the distal end of the
\3cann|ng ar m 6a -+n—advanee—to—be—eeymonl y used for all the spray heads
>5. Furthernore, - of solvent supply nozzles 3 are linearly
di sposed, aanlmmﬂl Wls"l“le supplied froma plurality of por-

tions along the radia ison+=0f the wafzr~ In this case, different
outlet dianeters of nozzles are provided - to cope with different

di scharge flow rates and changed 10 according to discharge flow rate,

t hereby arbi t r @oljuEion toenmeninheyall eowkirn febnsahe $@§§§€§t9etﬁozzles
As shown in Fl Gorl tHHe JuAGess fMagsel 1 conprises a cylindrical

outer vessel |a surrounding the wafer W hel d by the spin chuck 2, and
an annul ar inner vessel 1d 15 positioned near the | ower surface of the
waf er W and havi ng a horizontal piece Ib and a cylindrical wall 1c.
An exhaust port le and a liquid discharge port 1f are provided to the
bottom portion of the outer vessel |a.

—
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”An exhaust pi pe 21 connected to a suction neans, e.g., a 20 vacuum punp

(ﬂbt shomn) I S ¢connected to the exhaust port le, and a liquid

di scharge pipe 22 is connected to the. liquid discharge port 1f.

As shown in FIG 2, a rinse solution supply nozzle 23 is provided to
a side opposing to the nozzle waiting 25- 1pesition with respect to the
spin chuck 2. The rinse ~ solution supply nozzle 23 is al so provided
to one end portion of a nmoving mechanism 24 for vertically noving
and pivoting thdbsitasetsol uti on supply nozzle 23. The movi ng

mechani sm-24 retreats fromthe process vessel 1 30 during not supplying a

rinse solution, and pingiSioAbr FORMfﬁ@Mﬁb(¥§M§M§ ' g%lon
supply nozzle 23 THEREROR "above to supply the rlnse s utlon o the

peripheral portion of the wafer W ~The procedure of formng a
resist filmby the 33, CRALGLRRY Fobh iy I eI AP WAR EOREIE0L" !
a spin chuck for supporting a substrate with one surface
facing upward and rotating the substrate about a ver-
tical axis, a first nozzle for supplying a solvent of a
5 coating solution on the substrate, and a second nozzle
for supplying the coating solution on a central portion
of the substrate. The first and second nozzles are sup-
ported by a head such that the supported nozzle moves
between a dropping position above the substrate and a
10 - waiting position offset from the substrate. The
solvent and coating solution are diffused along the sur-
face of the substrate by rotating the spin chuck.

____________—————f——.—-——‘—'-—_
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descrlbed mnth ref erence to a flow chart of FIG 7, using an 8"

waf er. - 15 A centering
structure is prOV|ded to a [err] porting arn1(not shown). By this
freans, one wafer W- whi ch is-unl oaded and positioned froma wafer

carrier is noved on the stationary spin chuck 2 by a convey
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5 .armiynot shown), and held and supported by the spin chuck 2 by
vacuum suction (prelimnary positioning). In this stationary state,
‘the wafer Wis in a still state (O.rnp) without rotation, or is
Fotated at | ower speed (range between about 500 to 1,500 rpm e.g.,
rota- 10 tional speed: 1,000rpn) than normal rotational speed :
(range between about 1,500 to 3,500 rpm e.g., rota- tional speed:
2,500 rpm during processing for about 1 to 3 sec, e.g., 2.0 sec
(step 1). During or before this rotation, 1.0 cc of

met hyl - 3- net hoxypr opi onate 15 (MW) as the solvent A of the coating
solution is supplied (dropped) on the center of the wafer surface
within, e.g., 0.5 sec fromthe solvent supply nozzle 3 of the spray
head 5 cl anped by the scanning arm6a to be moved above the central
portion of the wafer Wby the 20 scanni ng nmechanism6 (step |a).

Then, the solvent Ais diffused along the entire

F16 2
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surface of the wafer Wand scattered fromthe wafer by rotating the

spin chuck 2 for about 2 to 10 sec,-e.g., 6.0 sec, at high speed
(rotational speed: range between 25 about 3,000 to 5,000 rpm e.g.,
4,000 rpn) (step 2). - During 6.0 sec, in order to suppress an average
vari ation between different wafers W {(variation in average film
t hi ckness), the spin chuck 2 is rotated for about 1 to 5 sec, e.g.,
2.0 sec. at | ow speed 30 (rotational speed: range between about 1,000 to
2,000 rpm e.g., 1,500 rpm (step 2a). Thereafter, the spin chuck 2
Is preferably rotated at a hi gher speed (range between about 2,000 to
4,000 rpm e.g., rota- tional speed: 2,900 rpm than normal
rotational speed 35 (2,500 rpn) upon processing to control the film
t hi ckness of the peripheral portion of the wafer W (step 2b) .
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-+ 16 - = The rotational speed of .the wafer Wis redyced to
1,500 rpm .This is because it is assured by an experinment that
unevenness of the resist filnms occurs anong the coated wafers Wwhen
rotational speed is 5 not reduced, and this unevenness is to be
prevent ed. The rotational spegd of the wafer Wis equal to the
rotational speed (rotatiapal di 2,900 rpnm) during

A\
14 THERMO
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resist supply (to be described below) after the step of'suppressing

the average variation. This is because 10 it Is assured by an experinent
that this rotational speed is effective to stabilize the thickness of
the resist film and the effective stabilization is to be
enhanced. When the 6.0 sec have elapsed-in the step 2, and 15 a
solvent filmis formed on the surface of the wafer - (before the
solvent Ais dried), the wafer Wis rotated . at the rotational speed
in the range betrween .about 2,500 and 3,500 rpm e.g., 2,900 rpm and
1.5 cc of the[coafing soruttom g.g., the resrst—sotutton—B—arg 20
suppl i ed (drogped) tromthe resist sol ition supplyj nozzl e 4 onlthe
central portign of jhe aolvqu fig {4 the 7 surfagqg within 3.5
sec (step 3). (The t me | en the vent A ipsfdriedqcansbe o@bained by
an experji ment | i n a&yan For e, whd erfer nce}/
r {14 f b Iy fe— f)—— 14
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25 . fringes are visually checked on the surface of the wafer- W the

surface of the wafer Wis not dried, and if the i nterference fringes
are not seen, the surface is dried, t hereby know ng the end of
drying. In this case, the supply time for 3.5 sec is the drive tine
of the bellows 30 punp 8g, i.e. |s d|V|ded|ntothe drive rise time TDI,
the normal drive tine B2 a'Lhc at—t+rre—TB3- - By this -
arrangenent, the respéctRG/'@TEr’rﬁEanGHUGK of cycle pte can be

i ndependent |y control [|eROTATIONAE SPEED 5600 ¥ #500:npmpf "h’Eé)T Rifst

sol ution can be accur at b s@ttel y controlled. Thejrotational speed
of the wafer . in qﬂné n2f:-f:-(|¢%1 not _be set higher than fhat in step 2

but al so nay be set equal to or |ower t an that in step

SUPPLY SOLVENT | _
ROTATIONAL SPEED : 500 ~1500rpm  [~STEP 10
TIME: 0.5 sec

SCATTER SOLVENT
ROTATIONAL -SPEED : 3000~ 5000 rom |[~STEP2
TIME: 6.0sec

SUPPRESS AVERAGE VARIATION
ROTATIONAL SPEED : 1000~2000rpm [~-STEP 2d
TIME: 2.0 sec o

?}gﬁNESS AT
ROTATIONAL SPEED : 2000~4000rpm [~STEP2b
. 1.5se '

- SUPPLY RESIST SOLUTION
- - ROTATIONAL SPEED: 2500~ 3500rpm |~STEP3
TIME: 3.5sec |

COATING PROCESS |
ROTATIONAL SPEED : 2500rpm —-STEP4
TIME: 15.0 sec

" SIDE / BACK RINSE -
ROTATIONAL SPEED : 2500 rpm ~ STEPS
TIME: 9.0 sec -
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- 17 - - 2. At this tine, the supply speed o the resist solu

tion and the rotational speed of the wafer are pre- ferably set in
consi deration of drying speed of "the solvent. The above conditions
are set to match dif- 5 fusion speed of the resist solution on the wafer
W th the drying speed of the solvent, so that Bn resist film

havi ng a uniformthickness can be fornmed in a snall apoynt of resist
sol uti on. _ At the end of step 3, the 4rpi st &1 'v2|@24 is 10
returned to the waiting position, and tmaiﬁ?ationr

SOLUTION

RESIST | i
F1G. 9 sowrtion LsOl-VE_NT_

‘This Sheet Has Been Replaced




speéd of-the wafer Wis reduced to 2,500 rpm (nor nal rotation) to

rotate it for 15 sec (step 4). After coating process is finished in
this manner, the sol vent supply nozzle 23 is noved above the

peri pheral edge 15 portion of the wafer W and a solvent for resist is
supplied for, e.g., 9.0 sec to dissolve and renove a resi dual resist
sol ution on the peripheral portion of- the wafer W while the
rotational speed of the wafer W is kept at{@@gs00Q pm 1§ addition, the

sol vent for 20 resist is sprayed froma back cleaninig nozzfe (not

shown) to the | ower surface of the st
solution attached to the | ower sur b) ,
t hereby finishing the coating [ 1 hg_ 5@
apparatus having the above arrange 4113
invention is singly used as > — 5b
seni conduct or waf er '
50— _ B —16
_ 5b ] | — 5¢C
s 17 4/ 18 3 N7
. |
RESI¢ST !
N SOLVENT
~ - SOLUTION
S A - 10a

F 6 | ] ZQ
£l

F16 12 |

L

N

N
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|
I
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I
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W and can be incorporated for use in a resi st coating/ _devel opi ng
appar atus of. the sem conductor wafer W(to be 30 descri bed below).. The

structure of the resist coating/ . devel opi ng apparatus in which the
coat i ng apparatus of t he above enbodi ment i.s incorporated will be
descri bed bel ow. - - As shown in FIG 8, a resist
coati ng/ devel opi ng 35 apparatus 40 conprises a carrier station 30 at one
end. A plurality (e.g., four) of cassgttes 31 foriggntal g ng,
e.g., a large nunber of sem conductor wafers; Wa /
\77
- /50
72 18
3
FIG 13 2
Z
|
1 |
[\
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.18 -~ a processing target can be nounted in the carrier sta-

tion 30. An auxiliary arm 33 for | oadi ng/unloadi ng and positioning the
sem conductor wafer Wis provided on the central portion of the
carrier station 30.-Main arns 42 5 are provided to be novahle at the
central portion of the resi st coating/devel opi ng apparatus 40 in the
| ongi t udi - nal direction and to receive the sem conductor wafer w
fromthe auxiliary arm 33. The various types of process mechani sns are
di sposed on the<imo s} des of transfer&é adkkS@€ the main arns 42. More
particularly, as”thesg processin a brush scrubber 41f for
cl eani ng &Zhe sen conductor wafer A4.T5€6i gh-pressure
j et cleaning it 41qg| flor ¢l eaning th
e 3.556C
e
S
>
%))
7]
=
XS 50
§§i§ \— N N
. | I
—a ! | L
| | | |
- : ! I |
N~ l 1 o } I ! !
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e
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pressure-jet water are parallely disposed on the carrier 15 station 30

side, and two developing units 4le are -paral lely disposed and two
heating units 41b adjacent to these units are stacked on the opposite
side of the transfer path of the main arm all of which serve as
process stations. 20 On the side of the above process. nmechani sns, an
adhesi on process upit 4la for hydrophobically treating t he

sem conductor wafef Wbhefore a photoresist is coated on the wafer W

i s provided through a connection 20ée®@5.  1.5send a cooling unit 4lc is
di sposed und®f t he adhe% §ge@>d rocess units4la. Hegiggmgunit 41b are
di sposed to_be st acked i wo arrays &afh consi st ng the two heating

units si dev@s t hege un esi st coating
appar at usesz41d fof coat{ng the phot or e§i st solVtion on the
sem conducter wafef War pyral l el y di spoged on t e opposite side of

t he heatinga

A

THICKNESS V.
RANGE

o

=]

(= ) IR,

] | . -
| 1000 2000 3000 4000 5000 6000
ROTATIONAL SPEED (rpm)
FIG 17 | P
320 S\l 34 32¢
N :33/ Z32b 32
- 7 A XNNNXE] 35 ENCLOSED [
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uni ts -41b, the adhesion process unit 41a, and the |ike to interpose

the transfer path of the main arm42. An exposing unit (not shown)
for exposing a predeterm ned mcropattern on the resist film and t he
I-i ke are pro- 35 vi ded si deways the resist coating apparatus 41d.
In the resist coating/devel opi ng apparat us having t he above
arrangenent, an 'unprocesse.dma.f_g; Wig he B o
1o B || 34
320 ) 9N %3%
NN _
— NN w 32 _.__
: 4
. 13 QNN 7 aob
H NN i -
'zz%_ REDUCED ~ |
\;; PRESSURE ATMOSPHERE | 3
N Y - :
N M
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‘ 3ie ] 314
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e L2 it
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g
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coated is picked up fromthe wafer carrier 32 by the auxiliary arm

33 of a | oadi ng/unl oad ng nechanism and the wafer Won the
auxiliary arm33 is held and con- . veyed by the main arm 42
sequentially to the process 5 mechani sns 4la to 4le, and properly
processed. The pro- cessed wafer Wis conveyed by the main arm 42
agai n, and stored in the wafer carrier 32 by the auxiliary arm 33,
t hereby conpl eting the processing operation of the wafer W 10
The bel l ows punp 8g having a notor punp arrangenent has been
descri bed, in which a predeterm ned anount of the resist solution B
in the resist solution tank.is - supplied 1 by supply
sol ution operation by S|on and cont bel | ows
‘through the 15 ~ ball scre‘W%é&l tVéUié h. However,
a di aphragm may be used instead of the bBBIQws 8d|REMOVING
: | \ g MECHANISM
SV [—Av I ge | 8f
7~ |
(-
I.;
id - ' __;\eg |
EXHAUST -' N STEPPINGI
T LIQUID MOTOR
__ X AT DISCHARGE |
O (M S 8h
| 2 GAS l
L VAC - | é—__S |
SOLVENT| | | 47
RESIST
SOLUTION
COATING -
SOLUTION

FIG 20
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additiony a linear notor may be used for linearly novenent instead
of the stepping notor, and a belt drive may be used. Still further
an electronic air 20 - punp for electrically controlling an air cylinder
may be used. : Since the tenperatures of the solvent and
t he resist solution are controlled by the tenperature

adj ust ment nmechani sm 10, the thickness variation of 25 the resist film
~ can be reduced. According to the con- venti onal drawback, by a
change in cooling tenperature, the resist filmthickness is thin at
the central portion of the processing target and is thick at the
peri pher al portion of the processing target when the cooling tem
30 perature is high. However, according to this system ~that the
resist solution is supplied-after the sol vent is coated, the. present
inventor confirnms in an experi- ment that the uniformthickness of -
the resist filmcan -

)
Aﬁb
s

N | Y
N | \_/
N\

s

F16 22
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be obtained despite of a change in cooling tenperature. 35 I n addition

conventionally, the thickness of the resist filmis thin at .the
central portion of the processing target and is thick at the
peri pheral portion of the : - 20-
processing target when the tenperaturgqinside the pro- cessi ng vessel
i s high, sig in-caBling ' '
30 4a
. @24 '
50
Y 2000~ 3b\<b é4b'
238 |23B 200by ;

23A 201 b»-@ 23A

b
3Cy__4c
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2000l {50
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tenmpecature.
solution is supplied after the sol vent
confirms in an experinent that the

f-i 1l m can be obtained

However,

this systemthat the resi st

Is coated, 5 the present inventor
uni form thickness of the resist
desplte of a change in tenperature inside the

according to

processi ng vessel . Inmt he above enbodi nent, the arrangenent
that the 1 is forpmed in-t head 5
integrallylwith the supply nozzle 4 has been described.. The
arrangenen Bpwever is not |]j ed to this, and 3a0t4g@ s¢l vent supply
nozzle 3 my2 rovi ded s mnth the ringe (sol ufi on supply
nozzl e 23 I he : ' X Shown | n[FF$9_9 :
In this exanple the Z3enper at urg ;djuaﬂﬁﬂhLF;g:l Adchani sm 10 is
di sposed i p the of the ~0I?pgb;\nd tbedagﬂﬁly pat h of the
resi st sol UP4R | s:hrguug ca a of the
scanni ng - ¢
Tl L 2000 I8 S 5,
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29~wm&mmsm6eue|MemaHyf0Hmd a tenperature adjust- ment

solution supply path 10a is formed in the spray head 5 and the
scanning arm 6a, and the sol vent supply tube 7 and the resist
sol ution supply tube 8 “are disposed in this supply path 10a, so that
the sane 25 tenperature adjustnment solution C can adjust the tem
peratures of the solvent A and the resist solution B. By this
arrangenent, the structure of the tenperature ~adj ust ment: nechani sm 10
can be sinplified, Jand the tem peratures of the Jsgtvent A and the
resist solution B ¢gan 30 be kept equal to eac The
arrangenent and stfucture of S ay head 5 3 ° 4ﬂanozz|es are not
limted to the aboye exanpl/A pW t he s ay |hea 55?md t he nozzl es
may be di sposed, a$ Ehown in Fles. 11 ted 1".E§§'" In the
exanpl e shown in FIG 11, {the sol vent supp§y~?> ' kﬁn€4b is dlsposed
coaxially with the|resist solution -5
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pIy nozzle 4 around the outer circunference of the

- 29 - supply nozzle 4. The resist solution; :supply nozzle 4

andl the solvent supply nozzle 3 consti te a doubl e pipe ©  structure,
and the distal end of the solvent supply - nozzl e 3 extends downward

~to be lower than the distal 5 end of the resrst-ﬁgbtﬁdéukm%ugﬁ%éf fozzl e

4. As a matter

29 JUL 1996

Method of form coating fil d t
Method of rming coa i g ilm an appara us

The present invention relates a method of forming
a coating film such as a resist film on a semiconductor
wafer or a layer formed thereon, and an apparatus.
therefor. . o

5 - As is well known,'in the field of semiconductor
techniques, a resist film is formed on the surface of a
layer as a mask for a-pattern portion when a semiconduc-
tor layer, an insulating layer, or an electrode layer |
formed on a semiconductor wéfer is to be etched into a
10 predetermined pattern. _ . |

For example, spin- coatlng is known as a method of
forming a resist film. According to this method, a
table is rotated with a semiconductor wafer being placed

S

_ and fixed thereon. For example, a resist solution

" 15 consisting of a solvent and a photo-sensitive resin is
dropped 6n the central portion of the upper surface of
the wafer. The resist solution is spirally diffused
from the central position.of the wafer to its peripheral
portion in accordance with the rotational and centrifu-

20 gal forces of the wafer, thereby coéting the resist
solution on the semiconductor wafer.

- According to this method, in the process of dif-
fusing the resist solution from the central position
of the wafer to its peripheral portion, the solvent in

25  the resist solution evaporates. For this reason, the
viscosity of the resist solution varies in a diffusion



ofzcourse, the distal end of the solvent supply nozzle 3 may be at

the-same | evel as that of the distal end of . th | y_nozzle 4. or
the former may be shorter. Al ternatively, the |regpsic [ pply
nozzle 4 my 10 be di sposed outside the solvent sup s '
As shown in FIG 12, a nechanismthat the zesi st sgl ution pal v
nozzl e 4 and the solvent supply nozzle 3 are ced Bbb sijdg,
and an outlet port 60 for these nozzles is co nly used may Hhe

enpl oyed. 15 directimnshené therticlickBesshefdtbeargsi® ht

s?_ppl y n?ZZLeét:e%cr?tfé!geéé@éjaéﬂtPstﬂffﬁékﬁﬁﬂé firBmathathérk—the—peridpheaaadivent
ot 61 ai 1 he R - antp A E15R, Hper Berapherel MELA HolthTon
supply nozzl e 4emipl¥ral ppsrtionetisahigheruppen pbett et iths dentml ank 62
LS vent arfeboiAl ey dh sl aha satghe B g hudel Ben AL sotution
at the peripheral portion is much larger than that at
the central position. Thus,_uniform coating can not be
obtained. _
For this reason, as described in Jpn. Pat. Appln.
10 KOKAI Publication Nos. 57-43422 and 59-141220, there
 is prbvidéd a method of adjusting the temperature of a-
resist solution or a method of filling the same solvent
as in a resist solution in a resist film formation
atmosphere to suppress evaporation of the solvent in
15 = the resist solution. As described in Jpn. Pat. _
Appln. KOKAI Publication Nos. 59-11895, 61-91655, and
61-150332, a method of dropping the solvent of a resist
solution on a wafer surface prior to resist solution
coating is also proposed. | |
20 In the former method, however, the amount of resist
solution used. in forming a resist film is large. For
example, only 1 to 2% of the total amount of - resist
solution contribute to actual formation of the resist
film. For example, to form a l-um thick resist film, 4
_ 25 to 8 cc of a resist solution are required for an 8" |
semiconductor wafer. .In the latter method, it is
"difficult to obtain uniform coating and thus, the
conventional problems'cannot be satisfactorily solved.
It is an object of the present invention to provide
30 a method which reqﬁirés a smaller amount of coating
solution such as a resist solution and can form a
coating film having a uniform thickness, and an
apparatus .therefor. | |
According to an aspect of the present invention,
-~ 35 there is provided a method of forming a coating film,
. comprising thelsteps of applying a solvent of a coating
solution on one surface of a substrate kept rotated or-
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engd of the solvent supply nozzle 3 is disposed at the outer
circunference of the distal end of the resist 25 solution supply nozzle

4, the resist attached to the resi st solution supply nozzle 4 can be
cl2aned by the sol vent, and the resist solution §ap.f .
from dryi ng, thereby prevent| ng gen&x ation of paft T
drying of the resist. 30 A nozzl e nmechani sm sho in FIG 14 is

suitable for case that a body on which a coatl
f ormed does not Sﬁ%&@ldﬁﬁ?ﬂﬁw g subsifkrate applied

such as a gl assagulasthiaist lﬁﬂﬁﬁﬂfnaﬂ. speed Ho qli Fifwsey sk
apparatus, and 2

exanpl e, the sol ‘}}%%?1%51“% ! l rplfﬂ% )?rr?oazch r%g? gsqﬁ%é“ S%Zd - 1T
circum predeterotinegde ammingt oblagatting yplythoazatd aubahdnthe
| 5 tially the center of the substrate while rotating the
substrate at a second rotational speed,.thereby_dif-
fusing the coating solution to the entire area of one
surface to form a coating film.
According to the present invention, a substrate
10 (semiconductor wafer, liquid cryétal substrate or the
. ‘like) means a substrate itself and a substrate including
layers or a layer of other materials such as a metal
layer and semiconductor layer. Therefore, a substrate
applied with a solvent indicates a solvent directly .
15 applied on the substrate or a solvent applied on such a
layer formed on the substrate. That is, it means a
'~ substrate on which a coating solution is to be applied.
The shape of the substrate is not limited. Thus, it may
, have a circular disk shape, rectangular shape or the
20 like. o o .
- According to the present invention, a coating
solution indicates a solution which present in a
liquid state by a solvent, as is convéntionally used
in the common field. For example, it means a resist
25 . {photo-sensitive) solution, magnetized solution on the
like. '
According to the present invention, the size of,

'tlang?'n‘%‘i Y

for example, a semiconductor wafer serving as a

substrate, the rotational speed during coating é'coating
30 solution, the inner diameter of a nozzle (second nozzle)

for the coating solution, supply time and amount of the

coating solution are preferably set as follows.

However, the conditions are not limited to these.

_ 6" Wafer _
35 ~ Rotational Speed: - 3,000 to 6,000 rpm
 Inner Diameter of Nozzle: . 0.1 to 2.0 mm

T]ns Sheet Has, Been Replaced
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£ di st al
(e.g., four) of portions in this exanple.

end of the nozzle 3 is branched into a plurality

supplied to the four portions at the

branched nozzles ‘3a are 5

rectangl e

10

15

20

30

- 35

: simlar to a glass substrate &
solvent is supplied to the correspondi ng positions on

Supply Time
Flat wafer:
Uneven Wafer:
Supply Amount
Flat wafer:
Uneven Wafer:
8" wafer
Rotational Speed:

Inner Diameter of Nozzle:

Supply Time

Flat wafer: -

Uneven Wafer:
Supply Amount

. Flat wWafer:

Uneven_Wafer{
12" wafer
Rotational Speed:

Inner Diameter of Nozzle:

Supply Time
Flat wafer:
Uneven Wafer:
Supply Amount
Flat wafer:
Uneven_Waferﬁ

LCD Substrate:
_Rotational Speed:

Inner Diameter of Nozzle:

Supply Time:
Supply Amount:

respecti Velly.

As a result,

t he sol vent

S

sanme tine. Prgferabl e
di sposed to correspond the fo@EPbM?M gﬁEEtThe'

The

29 JUL 1996

4 +2 sec |

o
mn

1,000 to
' 0.8

1.0
1.5

- 3 +2 sec

to 1.6 cc
to 2.0 cc

4,000 rpm
to 2.0 mm

6 2 sec
4 +2 sec
to 2.0 cc

to 3.0 cc

3,000 rpm
to 3.5 mm

9 %1 sec
7 1 sec

to 3.0 cc
to 5.0 cc

‘500 to 2,000 4rpm

0.8

2.0

to 5.0 mm
12 +4 sec
to 9.0 cc

This invention can be more fully understood from
the following detailed description when taken in con-
junction with the accompanying drawings, in which:

FIG..l is a schematic view showing a resist coating

apparatus for performing a method of forming a coating
film according to an embodiment of the present inven-

tion;

FIG. z.is a plan view of the coating apparatus;




t hg di agona
t he ‘same ti me.

lines wth respect to the center of the Substrate G at

In this manner, even if 10 the substrate is rectangular

di ffusion of the solvent can be made uniformto g—certain degree
Exanpl es of the nethod of formng a resist film Wi REPEKCHMSquSWEEF
reference to experinents. Experinment § 15 Fqr—exatrpte;

nmet hyl net hoxypr opi onate (MW) is used as a sol vgnt h
anount is determ ned in accordance with a degreg @t
upper surface BIGa Bafisr aotimihg whizatmetiosm nighd fI
or uneven or hag gy SkgpRefapavihgnkimel ofeRCERII0RE pin) @é@@r&qﬁm
for an uneven sur ace I's ﬁa han t hat Fﬁ .

exanpl e,

sptubicrnfrge énﬁ&ﬁ?lﬁoran@hé?h@né\?&?%%éém@% of &n

and the di schargeraspepatear velleef Watthswr lapsel ©f time;0. 9 cc.

5 -

10

15

20

_ 25

30
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FIGS. 4A to 4C are sectional views respectively
showing the different modifications of a resist solution
supply nozzle and its distal portion;

FIG. 5 is an enlarged perspective view showing a
spray head used in the coating.apparatus;

FIG. 6 is a sectional view of the spray head;

FIG. 7 is a flow chart for explaining a method of

forming a resist film using the coating apparatus;

'FIG. 8 is a schematic perspective view showing an
entire resist coating/developing apparatus to which the
coating apparatus is applied;

'FIGS. 9 and 10 are a perspectiVe_view and a
sectional view, respectively, showing the modification
of a spray head; _

FIGS. 11 to 13 are sectional views respectively
showing the different modifications of the nozzle
assembly. of a spray head; :

FIG. 14 is a perspective view shdwing the modifica-
tion of a nozzle assembly and a glass substrate as a

- body on which a coating film is to be formed;

FIG. 15 is a graph showing a thickness variation
range by the relationship between the discharge time of
the resist solution and the rotational speed of an 8"

semiconductor wafer;

FIG. 16 is a graph showing the relationship between
the discharge time and the discharge flow rate of the
resist solution, and.the rotational Speed:of the wafer;

FIG. 17 is a graph showing a thickness variation
range by the relationship between the discharge time of
the resist solution and the rotational speed of a 6"
semiconductor wafer;

FIG. 18.is a schematic sectional view showing
an apparatus for forming a resist film in a solvent




254 In this exanple, 0.7 cc of the solvent were dropped on the
central portion of the surface of an 8" wafer W while rotatin
wafer Wat a rotational speed of 1,000 rpm thereb | £ s
sotvent al ong the wafer Win the circunferenti al
30 rotating state, 0.9 cc of a resist solgution were
central portion of the wafer Wbefore the solvent _
was dried, i.e., 2 sec after dropping t he sol vent { A
solution B was dtmppptewei;| e t he droppi ng (di schange -
rotational speeds 35pyc0f 1iohq Jaf QUM NG AR GHAe v LEPPPAGEL
properly change&. Resul'ts are shown 1n FIG_ 15  Th '

FI G 15 repr esePPBagagust &axndomine ighaasial ibkipnin a

pressure atmosphere; :

5 FIGS. 20 and 21 are a schematic sectional view and
a schematic plan view, respectively, showing a coating
apparatus having three resist solution supply nozzles;

FIG. 22 is a schematic plan view for explaining the
modification of the apparatus shown in FIG. 21;

10 " FIG. 23 is a schematic plane view for explaining

the modification of the apparatus shown in FIG. 22;
FIG. 23A and 23B are cross-sectional views taken
along lines 23A-23B and 23B-23B in FIG. 23, respectively;
FIG. 24 is a schematic plane view for explaining the
15 other modification of the apparatus shown in FIG. 22;
FIG. 24A and 24B are cross sectional views taken
along lines 24A-24A and 24B-24B in FIG. 24, respectively;
FIG. 25 is a plan view for explaining an apparatus
“having further different spray heads; and '
20 FIG. 26 is a plan view showing the modification of
a spray head of the apparatus shown in FIG. 25.
~ An embodiment of the present invention will be
described in detail with reference to .the accompanying
drawings. : | _ _
- 25 In this description, a method of forming a coating
film and a forming apparatus or a coating apparatus
according to the present invention will be applied to a
method of forming a resist film of a semiconductor wafer
and a forming apparatus therefor.’

30 As shown in FIG. 1, the coating apparatus comprises
a process vessel 1, a rotating member having a ver-
tically movable mechanism, e.g., a spin chuck 2, a motor
2a such as a pulse motor as a means for rotating this
spin chuck 2, a spray head 5, and a scanning mechanism

- 35 6. The process vessel 1 houses a target to be coated or
| ‘a disk-like substrate, e.g., a semiconductor wafer W (to
be referred to as a wafer hereinafter). The spin chuck



- 23 - range) between a resist filmportion having a maxi num
t hi ckness and a resist filmportion having a m ni num t hi ckness, and
t he absci ssa represents the rotational speed of the wafer W

As:can be apparent fromFI G 15, the thickness var
mnimumw thin the respective dropping - 7 -tines to eRgf“gﬁWW&?q§ﬂ§6
[err] or |ess when the discharge time of a resist $olution B was}?2
sec and the rota- tional speed of the wafer Wwa$ 1, @9 HHmM9¥he
di scharge 10 2t hoddsf thieewadsirsW ool ttisomppemswux. a mnd hoeizonbal

tional speed of sthgeBlekaBhRs sictddn,PEnd N8 HxdtdIfat a variable

rotational speed according to a preset program. X
supply nozzle 3 (first nozzle) of a solvent A of a

5 - coating solution and a supply nozzle 4 (second nozzle)
of a resist solution B as the coating solution, both of
which are movable aboﬁe the spin chuck 2, are close to
each other and integrally mounted on the spray head 5.
The scanning mechanism 6 is a means for holding the

10 spray head 5 to move between a spray head waiting
position and an operating position above the wafer. A
solvent supply path and a resist solution supply path
respectively from the nozzles 3 and 4 comprise tem-
perature adjustment mechanisms 10 for setting the

15 solvent A and the resist solution B flowing through.
these paths to preset temperatures, respectively.

The supply nozzle 3 is connected to a solvent tank
7b through a solvent supply tube 7 as a solvent: supply
path and an opening/closing valve 7a. A predetermined

20 amount of the solvent A in the solvent tank 7b can be
supplied to the wafer W in a predetermined time by
controlling the pressure of a nitride (N2) gas supplied
to the solvent tank 7b. _

The resist -solution supply nozzle 4 communicates

- 25 with a resist solution tank 8b through a resist solution
sﬁpply tube 8 as a resist solution supply path. A suck
back valve 8c, an air-operated valve 8d, a bubble
removing mechanism 8e for separating and removing
bubbles in the resist'solution B, a filter 8f, and a

‘30 bellows pump 8g are subsequently provided to the tube 8.
The bellows pump 8g is controlled by a driving section
to be expandable and can supply (for example drop) a
predetermined amount of resist solution on the central
portion of the wafer W through the nozzle 4. Thus, this

35 mechanism can control a supply amount of the resist

.~ solution so that it is less than that in a conventional
method. The driving'section comprises, e.g., a ball



tipe of the resist solution B was 1.0 sec and the rota- tional speed

of the wafer Wwas 4,500 rpm and t he di scharg

solution B was 0.7 sec and 15 ~ the rotational speed ofREthﬁCMNJr SkzEda
5000 rpm In this case, the resist filns forned oM THE Wafery vere
uniform Judging fromthis experinent, it &8s found td1 a%@5ln1
havi ng a uni formthickness can be fornmed by - propey| gﬁbctlng t
rotational speed of the wafer W 20 i n accordance t b—the-di-seharge
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shown in FIG nt t he resitst splut
the 25 di schgpéj'@agﬁmﬂt eagageg‘er@ﬁ: ;%}/H/écr?"‘l' |%n¢ ound ?%}E_ng mogor
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amount of the reatel bRy S 1 frher diamdker'Of2tReCfelobed T!at
solution supply nozzle 4 is set to 0.1 to 2.0 mm, and
preferably 1.0 mm for a 6" wafer, 0.5 to 2.0 mm, and
preferably 1.5 mm for an 8" wafer, and 0.8 to 3.5 mm,
and preferably 2.0 mm for a 12" wafer. 1In this manner,
10 although the diameter of the nozzle is preferably set
in accordance with the size of the wafer, it can be
arbitrarily set within the range of 0.1 to 3.5 mm.
In ény case, the nozzle can supply the resist solution
_ in a smaller amount for a longer time. When the supply
15 time is short, uniformity of the film thickness is
degraded, and when it is long,'the'resist solution does
not reach the peripheral portion of the wafer. Here,
. the smaller supply amount of resist solution depends on
the inner diameter of the nozzle and the pressure for
20 supplying the resist solution. '

In the resist solution supply system having the
above arrangement, the dlscharge time of the resist
solution is controlled by the drive time of the stepping
motor 8h for the bellows pump 8g (control precision:

25 +2 msec). The discharge amount of the resist solution
is set by the drive operation of the bellows pump 8g,
e.g., a drive time and a drive speed, and the
opening/closing operation (ON-OFF operation) of the
air-operated valve 8d for opening/closing the resist
30 solution supply path. For example, as shown in FIG. 3,
the discharge stéps of the bellows pump 8g are divided
into a drive rise time (initial period after starting
discharge) TD1l when a flow rate gradually increases,
a drive time (intermediate period after dlscharge) TD2
35 when the flow rate is kept constant, and a drive fall
~ time (last period before finish) TD3 when the flow rate
gradually decreases, according to film forming



st epped surface.
cel l-osol ve acetate (ECA) or met hyl met hoxypr opi onate (MVP
a solvent. A
a degree of unevenness. In using ECA, 0.2 cc of the 35
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conditions. The discharge (supply) amoun
solution,.and also the discharge (suppl
accurately controlled by controlling these steps singly
or in a combination. The abscissa of FIG. 3 indicates
a time (sec), and the ordinate indicates the'discharge
flow rate (this is proportional to the driving time
of the bellows pump) of the resist solution from the
nozzle 4 and the operatlon tlmlng of the air-operated
valve. _

In addition, since the contraction operation of
the bellows pump 8g can be_changed by controlling and
changing only the rotational speed of the stepping motor
8h, the discharge flow rate can be controlled during the

" TD1, TD2, and TD3 perlods For example, the discharge

flow rate is automatically controlled such that the
discharge flow rate is gradually increased by gradually
increasing the rotational speed of the stepping motor 8h
during the TD1 period, is kept constant by keeping the
rotational speed constant during the;TDZ'period, and is
gradually decreased by gradually decreasing the rota-
tional speed'during the TD3 period.

As shown in FIG. 3, the air-operated valve 8d is
turned on in accordance with the discharge steps of the
bellows pump 8g, and kept on during a predetermined
time T (e.g., 0.1 to 1.2 seconds) after the end of the

discharge steps of the bellows pump 8g. That is, the

bellows pump 8g is turned off with a delay time to per-
form a delay operation, so that a pressure acting on the
resist solution through piping from the bellows pump 8g
to the supply nozzle 4 is reduced to be 0, thereby per-
forming the OFF operation. Therefore, instability of
the discharge of the resist solution in a step next to
the OFF operation can be eliminated, and the resist
solution B can be accurately discharged every time. The
setting of the drive times (TD1, TD2, and TD3) of the
bellows pump 8g, and the ON-OFF operation of the air-
operated valve 8d are automatically controilled by the



- 24 - surface, and 0.5 cc of the solvent are dropped on an

unevén surface. In this exanple, the solvent A was dro
central portion of the surface of a 6" flat wafer W5

wafer Wat a rotational speed of 1,000 rpm thereby

sol vent al ong the wafer Win the peLigbeLal directiom.

rotating state, 0.2 to 0.3 cc of the resist solutionliB m&l@ M
t he central portion of the wafer Wbefore the solvent A1l
was dried, i.e.opé@ratioafl bér adcopputgrt loa the eslisemf /A

solution B mas ggggggﬂ while the dr oppi ng (dlscharge)_ngg,and—Phe"”””
rotational speets ~ the wafer Wduring and after dropplng were '
properly change@herdaporsagce difolhs seattdng pf the drive times

(TD1, TD2, and TD3) of the bellows pump 8g will be
5 described as follow. After the dischafge flow rate of
the resist solution is set so that a predetermined
amount of a predetermined tqtél discharge amount (TD2)
' is discharged, the residual amount to be discharged is
" supplied at a lower flow rate (TD3). In other words,

10 during the TD3 period, the discharge flow amount is
gradually decreased and supplied with a elapse of time.
Therefore, the problem that the thickness of the resist
film becomes thinner at the peripheral portlon of the
processing target can be solved :

15 . Alternately, the dlscharge tlme of the resist solu- -
tion may be controlled by the openlng/closing operation
of a variable orifice (not shown) provided to the resist
solution sppply nozzle 4. In addition, the re51st solu-
tion B may;be supplied not using the bellows pump 8g,

20 but presSﬁrizing N2 gas to the resist solution tank 8b.
In this case, the discharge time of the resist solution
B can be controlled by adjustment of the pressurization
amount of N2 gas. _ . :
| According to the system of this embodiment, since

—_ 25 the consumption amount of the resist solution can be
reduced, contamination inside the processing vessel
is decreased so as to efficiently clean a cup, reduce
particles in the cup, and reduce mist attaching the
target to be coated. Furthermore, according to an

30 experiment conducted by the present inventor, it was
confirmed that the consumption amount of the resist
solution was decreased to, for example, about 1/4 per
day. . _ -

Although the setting of the drive times (TDl, TD2,

. 35 and TD3) of the bellows pump, and the setting of the

- ON-OFF operation of the air-operated valve are automati-
cally controlled by the operation of a computer on the-
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supply nozzle 4, the suck back valve 8c provided to
the resist solution supply system draws, in the supply
nozzle 4, the resist solution B remaining by surface
tension on the inner wall of the distal ehd portion

10 of the resist solution supply nozzle 4. Therefore,
solidification of the residual resist solution can be
prevented. In the resist solution supply nozzle 4
which dischargesla small amount of the resist solution
B, when the resist solution is normally drawn in the

15  resist solution supply nozzle 4 by the operation of the
negative pressure of the suck back valve 8c, air around
the distal end of the nozzle 4 also is drawn in the

- nozzle 4, a residue of the resist solution B attached to
the distal end of the nozzle 4 enters the nozzle 4,

20 thereby causing clogging of the nozzle 4. In addition,
the wafer W is contaminated by generation of particles
which are formed by dried resist, and the yield may be
decreased. | :

In order to solve the above problem, as shown in
- 25 FIG. 4A, the thickness of a portlon 4b near the opening
is made larger as compared to a diameter of a nozzle
hole 4a of the resist solution supply nozzle 4. That
is, the nozzle 4 comprises a cylindrical distal end
portion 4b and an inverted conical trapezoidal portion

30 following to this cylindrical distal end portion.

' Instead, as.shown in FIG. 4B, an outer flange 4c is
provided to the cylindrical distal end portion or the
opening of the resist solution supply nozzle 4 so as to
prevent air drawing around the distal end of the nozzle -

. 35 4 upon suck-back. In addition, as shown in FIG. 4C, a-
 small-diameter bent portion 4d extending in a lateral S-
shape is formed at the distal end of the vertically
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extending cylindrical portion of the resigt solutiom
supply nozzle 4. The suck-back is performed—near-the.
center of the bent portion 4d, thereby preventing air
drawing around the distal end portion of the nozzle.
As shown in FIG. 5, the temperature adjustment-

mechanisms 10 comprise temperature adjustment solution
supply paths 11 provided to surround the respective
outer circumferences of the solvent supply tube 7 and
the resist solution supply tube 8, circulating paths 12
each having two ends connected to the two ends of the
corresponding temperature adjustment solution supply
path 11, a circulating pump 13 provided to each cir-
culating path 12, and thermo moduies 14, each connected
to the course of the circulating path 12, for keeping

a temperature adjustment solution C (e.g., constant-
temperature pure water) at a constant'temperature.

The solvent A flowing through the solvent supply
tube 7 and the resist solution B flowing through

the resist solution supply tube 8 can be kept at a
constant temperature (e.g., about 23°C) by the
temperature adjustment mechanisms 10 having the above
arrangement. ' ' '

In FIG. 5, the solvent supply nozzle 3 and the
solvent supply tube 7, and the resist solution supply .
nozzle 4 and the resist solution supply tube 8 are
integrally formed, respectively. As will be described
below with reference to FIG. 6, however, they are pre-
ferably separately formed.

The spray head 5 is constituted by a stainless
steel or aluminum alloy member. U-shaped holes which
respectively constitute the parts of contour paths 15
are formed in the upper portion of the spray head 5.
Each vertical through hole 5a extending through the
lower surface of the spray head s'is formed on the
bottom portion of each hole. Each through hole S5a
comprises an inclined middle portion Sb whose diameter
becomes larger downward, and a lower 1arge—diameter



0.3 for a 6" wafer) for a predeterm ne period of time (0.7 to 2.5 sec

foran 8" wafer, and 1. 0 to 2.5 sec fo a 6" wafer) in accordance wth
the size of the wafer before the solvent A is dried n—ade
wafer W5 is rotated at a predeterm ned rotational ggqg@ENﬁNﬁdﬂ*_
1,000 rpmfor an 8" wafer, and 6,000 to 2,980_rpmfon g 5 mafv
Therefore the resist filmhaving a uniform t hi cneigfqgg

. on the surface of the wafer. I n addition, an anount SIS
sol ution used cporbtoiO5c.dednedatdrnalhithriesdeds foMad
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upper and lower portions of the respective nozzles 3
and 4, substantially conical seal members 16 made of
a synthétic resin and having vertical through holes
through which the nozzles 3 and 4 can extend are
10 packed in the inclined middle'portions 5b, and thread
‘members 17 having vertical through holes through which
the nozzles 3 and 4 can extend are threaded in the
thread-mounted lower portions 5c, thereby pressing the
- seal members 16 against the inclined inner circumferen-
15 tial surfaces of the middle portions 5b. In this
manner, the nozzles 3 and 4 are 1iquid—tightly mounted
on the spray head 5. As shown in FIG. 6, an O-ring 18
is interposed between the upper surface of each middle
portion 5b and the upper portion of_each seal member 16,
20 so that water-tightness between the contour path 15 and
the respective nozzles 3 and 4 can be assured.

A holding pin 19 extends on the upper surface of
the spray head 5 at one side. When a scanning arm 6a
holding the holding pin 19 is moved by the scanning

- 25 mechanism 6 in X and Y (horizontal), and Z (vertical)
directions, the spray head 5, i.e., the solvent supply
nozzle 3 and the resist solution supply nozzle 4 are
selectively moved between an operation position above
the central portion of the wafer W and a waiting posi-

30 tion above a noézle waiting portion 20. In this case,
four kinds of the spray heads 5 (FIG. 2) are disposed
in accordance with kinds of the resist solutions. That
is, the four spray heads 5 are prepared at the nozzle
waiting portion 20, and the resist solution supply
- 35 nozzles 4 of these spray heads 5 communicate with tanks
 in which different resist solutions are contained,
respectively. In this case, only the resist solution



A and the resist solution B contact in a uniformratio wi th good

wet t'ability. Ot her coating apparatuses will be described with 20
reference to FIGS. 18 to 20. The same reference nunerals as in the
apparatus in FIGS. 1 and 2 denote substantial ly the e | he
coating apparatuses, and a detail ed deseription lthHd&EM

omtted. . The apparatus shown in FI'G 18 is dons ed such {21
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and the solvents are supplled from a plurality of por-
tions along the radial direction of the wafer. 1In this
case, different outlet diameters of nozzles are provided
to cope with different discharge flow rates and changed
10 according to discharge flow rate, thefeby arbitrarily
controlling discharge from the respective nozzles.
" As shown in FIG. 1, the process vessel.i comprises
a cylindrical outer vessel la surrounding the wafer W
- held by the spin chuck 2, and an annular inner vessel 1d
15 positioned near the lower surface of the wafer W and
having a horizontal piece 1b and a'cylindrical wall lc.
An exhaust port le and a liquid discharge port 1f are.
provided to the bottom portion of the outer vessel la.
An exhaust pipe 21 connected to a suction means, e.g., a
20 vacuum pump (not éhown), is connected to the exhaust
port le, and a liquid discharge pipe 22 is connected to
the liquid discharge port 1f.
As shown in FIG. 2, a rinse solution supply nozzle
23 is provided to a side opposing to the nozzle waiting
25 position with respect to the spin chuck 2. The rinse
solution supply nozzle 23 is also provided to one end
portion of a moving mechanism 24 for vertically moving
and pivoting the rinse solution supply nozzle 23. The
moving mechanism 24 refreats from tle process vessel 1
30 - during not supplying a rinse solution, and pivots and
moves downward the rinse solution supply nozzle 23
waiting above to supply the rinse solution to the
peripheral portion of the wafer W.
The procedure of forming a resist film by the
. 35 coating apparatus having the above arrangement will be
" described with reference to a flow chart of FIG. 7,
using an 8" wafer.



nmove. The inner vessel 31 constitutes the bottompor- 35 tion of the

process vessel 1. The cover nenber 32 covering the opening of the
upper portion of the outer - vessel 30.
- 26- The outer vessel 30 conprises a cylindrgd

vessel main body 30a surrounding the wafer 1% en a spin

A centering structure is provided t
porting arm (not shown). By this means,|o
which is unloaded and positioned from a wafer carrier

is moved on the stationary spin chuck 2 by a convey-
5 arm (not shown), and held and supported by the spin

chuck 2 by vacuum suction (preliminary positioning).
In this stationary state, the wafer W is in a still
state (0 rmp) without rotation, or is rotated at lower
speed (range between about 500 to 1,500 rpm, e.g., rota-

10 tional speed: 1,000rpm) than normal rotatidnal speed
(range between about 1,500 to 3,500 rpm, e.g., rota-
tional speed: 2,500 rpm) during processing for about 1
to 3 sec, e.g., 2.0 sec (step 1). During or before
this rotation, 1.0 cc of methyl-3-methoxypropionate

15 (MMP) as the solvent A of the coating solution is

supplied (dropped) on the center of the wafer surface
within, e.g., 0.5 sec from the solvent supply nozzle 3
of the'spfay head Slclamped by the scanning arm 6a to be
moved above the central portion of the wafer W by the

20 scanning mechanism 6 (step la). -

Then, the solvent A is diffused along the entire
surface of the wafer W and scattered from the wafer by
rotating the spin chuck 2 for about 2 to 10 sec, e.g.,
6.0 sec, at high speed (rotational speed: range between

- 25 about 3,000 to 5,000 rpm, e.g., 4,000 rpm) (step 2).
During 6.0 sec, in order to suppress an average
variation between different wafers W (variation in
average film thickness), the spin chuck 2 is rotated

- for about 1 to 5 sec, e.g., 2.0 sec, at low speed
30 .(rotational speed: - range between about 1,000 to
2,000 rpm, e.g., 1,500 rpm) (step 2a). Thereafter, the
spin chuck 2 is preferably rotated at a higher speed
(range between about 2,000 to 4,000 rpm, e.g., rota-
tional speed: 2,900 rpm) than normal rotational speed

. 35 (2,500 rpm) upon processing to control the film

' thickness of the peripheral portion of the wafer W
(step 2b). -



chuck 2, and a cylindrical novable wall 30b nounted to t he outer
vessel main body 30a to be vertically novable. 5 The nmovable wal |l 30b_can

be vertically noved by a ver- tically noving arm (
respect to the outer . vessel nmain body 30a.

wal | 31b extends on the upper surface - 16f -a bottom pprf
I nner vessel 31. The 10 bottom portion 31la is preferabjyli

SO as t o exhaust a waste solution. A doughnut-Iike
3le is disposed to bBheoratablienah speed pdnthe waferpMyj

of the Cy'ind“ '1\A§bb §% nghagua@caub,@arﬂtngs%@s
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sol vent reservout, chaanela31bnaenis uhEefisdalss! ¥ el dntild, extends

downwar d der %
The rotational speed of_the wafer W is equal to the

rotational speed (rotational speed: 2,900 rpm) during
resist supply (to be described below) after the step
of suppressing the average variation. This is because

10 it is assured by an experiment that this rotational
speed is effective to stabilize the thickness of the
resist film, and the effective stabilization is to be
enhanced. '

Ser Vol

When the 6.0 sec have elapsed in the step 2, and
15 _a solvent film is formed on the surface of the wafer
(before the solvent A is dried), the wafer W is rotated
at the rotational speed in the range between about
2,500 and 3,500 rpm, e.g., 2,900 rpm, and 1.5 cc of
, the coating solution, e.g., the resist solution B. are
20 'supplied (dropped) from the resist solution supply -
nozzle 4 on the central portion of the solvent film on
the wafer surface within 3.5 sec (step 3). The time
when the solvent A is dried can be obtained by an
experiment in advance.. For example, while interference
. 25 fringes are visually checked on the surface of the wafer
W, the surface of the wafer W is not dried, and if the
interference fringes'are not seen, the surface is dried,
thereby knowing the end of drying. In this case, the
suPply time for 3.5 sec is the drive time of the bellows
30 pump 8g, i.e., is divided into the drive rise time TD1,
the normal drive time TD2, and the drive fall time TD3.
By this arrangement, the respective times (number of
cycle steps) can be independently controlled, and the
" supply amount of the resist solution can be accurately
- 35 ‘minutely controlled. The rotational speed of the wafer
 in step 3 need not be set higher than that in step 2,
but also may be set equal to or lower than-that in step



20, solvent reservoir channel 31f of the rotary menber 3le,
plurality of comunication ports 31h comuni cating -

port e and a liquid discharge port 1f at the

formed at proper positions of the vertical wal

done-|i ke cover nmenber 32 conprises a rotatimg

a suspendi ng arm 32a through a bearing 32b to

hori zontal plane. The cover nmenber 32 air-tigh
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the drying speed of the solvent, so that the resist film
having a uniform thickness can be formed in a small
amount of resist solution. .
At the end of step 3, the resist supply nozzle 4 is
10 returned to the waitihg position,'and the rotational -
speed of the wafer W is reduced to 2,500 rpm (normal
rotation) to rotate it for 15 sec (step 4). After
coating process is finished in this manner, the solvent
supply nozzle 23 is moved above the peripheral edge
15 portion of the wafer W, and a solvent for resist is
supplied for, e.g., 9.0 sec to dissolve end remove a
residual resist solution on the peripheral portion of
the wafer W, while the rotational speed of the wafer W
is kept at 2,500 rpm. In addltlon, the solvent for
20 resist is sprayed from a back cleaning nozzle (not
shown) to the lower surface of the wafer W to.remove
the resist solution attached to the lower surface of
the wafer W (step 5), thereby finishing the coating
operation.
- 25 The coating apparatus having the above arrangement
according to the present- invention is singly used as
a resist coating apparatus of the semiconductor wafer
W, and can be incorporatea for use in a resist coating/
developing apparatus of the semiconductor wafer W (to be
30 " described below). The structure of the resist coating/
developing apparatus in which the coating apparatus of
the above embodiment is incorporated will be described
below. |
As shown in FIG. 8, a resist coating/developing
- 35 apparatus 40 comprises a carrier station 30 at one end.
A plurality (e.g., four) of cassettes 31 for containing,
e.g., a large number of semiconductor wafers W as
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provided to be rotatable together with
The nozzles 3 and 4 respectively connected to a

and a resist sup |y path 34 which extend through
32c and are rotatably 5 connected to a-sdsvent supp

a processing target can be mounted in
tion 30. .An auxiliary arm 33 for loadihg * g and
positioning the semiconductor wafer W is provided on the
central portion of the carrier station 30. Main arms 42
are provided to be movable at the central portion of the
resist coating/developing apparatus 40 in the longitudi-
nal direction and to receive the semiconductor wafer W
from the auxiliary arm 33. The various tYpes of process
mechanisms are disposed on the two sides of transfer
paths of the main arms 42. More particularly, as_thése
processing mechanisms, a brush scrubber 41f for cleaning
the semiconductor wafer W by bushing and a high-pressure
jet cleaning unit 41g for cleaning the wafer W by high-
pressure jet water are parallely disposed on the carrier
station 30 side, and two developing units 4le are

‘parallely disposed and two heating units 41b adjacent

to these units are stacked on the opposite side of the
transfer path of the main arm, all of which serve as
process stations.

On the side of the above process mechanisms, an

- adhesion process unit 4la for hydrophobically treating

the semiconductor wafer W before a photoresist is coated
on the wafer W is provided through a connection unit 35,
and a cooling unit 4lc is disposed under the adhesion
process unit 4la. Heating unit- 41b are disposed to be
stacked in two arrays each consisting the two heating
units sideways these units 4la and 4lc.

Two resist coating apparatuses 41d for coating the
photoresist solution on the semiconductor wafer W are
parallely disposed on the opposite side of the heating
units 41b, the adhesion process unit 4la, and the like
to interpose the transfer path of the main arm 42. An
exposing unit (not shown) for exposing a predetermined
micropattern on the resist film, and the like are pro-
vided sideways the resist coating apparatus 41d.

In the resist coating/developing apparatus having
the above arrangement, an unprocessed wafer W to be



supply tube are nounted in the cover nenber 32 to be rot at abl e
t her'ewi t h. In the coating apparatus having the above arrange-
ment, when the solvent Ais stored in the solvent reser- 10 \LQIE
314, and the cover nenber 32 is closed, the sofVgat; m ENENewaﬁﬁia ed
and the saturation atnosphere of t he 3@l vent Alcdql

rasec

t he encl osed space 35 or the process chanber. Iin thIS at

resi st filmis formed on the wafer according t tlhe2Q0dY

More speci fical b;aateﬂelsopi@ktedAups fihoopidee wafemwmcigtisiewnf 32 by tbhéorim a
filmof the sol f tJ%? Y- To R e 35 |s
filled wth the 4ER1 LT urat egssa%n? jE@f/‘ore Eeit; a
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;Er?agéegf SLg1nedE%gR%%% 4% iie, anJ propeéi%wﬁkégeéee§1onTﬁe pro-

cessed wafer W is conveyed by the main arm 42 again, and
stored in the wafer carrier 32 by the auxiliary arm 33,
.thereby completing the processing operation of the wafer
w. :

10 The bellows pump 8g having a motor pump arrangement
has been described, in which a predetermined amount of
the resist solution B in the resist solution tank is
supplied to the wafer W by supply solution operation by
expansion and contraction of the bellows through the .

15 - ball screw 8k driven by the stepping motor 8h. However,
a diaphragm may be used instead of the bellows. In
addition, a linear motorfmay'be used for linearly
movement instead of the stepping motor, and a belt
drive may be used. Still further, an electronic air

20 pump for electrically controlling an air cylinder may
‘be used.

Since the temperatures of the solvent and the
resist solution are controlled by the temperature
adjustment mechanism 10, the thickness variation of

- 25 the resist film can be reduced. According to the con-
ventional drawback,'by a change in cooling temperature,
the resist film thickness is thin at the central portion
of the processing target and is thick at the peripheral
portion of the processing target when the cooling tem-

30 perature is high. However, according to this system
that the resist solution is supplied after the solvent
is coated, the present inventor confirms in an experi-
ment that the uniform thickness of the resist film can
be obtained despite of a change in cooling temperature.

. 35 In addition, conventionally, the thickness of the resist
"~ film is thin at the central portion of the processing
target and is thick at the peripheral portion of the



Since the coating process can be perforned in the sol vent at nosphere
using this apparatus, drying of .the 25 sol vent after coating can be
suppressed, and uniformty -of the filmthickness can be further

achi eved. In the above description, the solvent
channel 31f is provided on the rotary nenberg 3le of
31, and the solvent Ais stored in this 30 channé
saturation atnosphere of the solvent is reali
space 35. Hooeess ingh & astgalc twhan iishewdxempema
exampl e, a | ar ggesauRuNvelsdiNa SHUMM! Adadl s

sol vent supply nozz to realize the so vent 35
encl osed space %smperatyEen sEiqjfever, JRORBIRGBMRO |

i ntroduced to th@smt solutasel ipanppihiedidfter. the @dsnlv@ﬂfet 19! aeatéa

realize 5 the present inventor confirms in an experiment that the
uniform thickness of the resist film can be obtained
despite of a change in temperature inside the processing.
vessel. '

In the above embodiment, the arrangement that the
10 solvent supply nozzle 3 is formed in the spray head 5
integrally with the supply nozzle 4 has been described.
The.arrangement,'however, is not limited to this, and
the solvent supply nozzle 3 may be provided integrally
with the rinse solution supply nozzle 23 to supply the
15 solvent as shown in FIGS. 9 and 10. '

In this example, the common temperature adjustment
mechanism 10 is disposed in the supply path of the
solvenf and the supply path of the resist solution.

The spray head 5 and the scanning arm 6a of the scanning
20 mechanism 6 are integrally formed, a temperature adjust-
ment solution supply path 10a is formed in the spray
head 5 and the scanning arm 6a, and the solvent.
supply tube 7 and the resist solution supply tube 8
are disposed in this supply path 10a, so that the same
- 25 temperature adjustment solution C can adjust the tem-
o peratures of the solvent A and the resist solution B.
By this arrangement, the structure of the temperature
adjustment mechanism 10 can be simplified, and the tem-
- peratures of the solvent A and the resist solution B can
30 be kept equal to each other.

The arrangement and structure of the spray head 5
~and the nozzles are not limited to the above example,
and the spray head 5 and the nozzles may be disposed, as
shown in FIGS. 11 to 13.

35 In the example shown in FIG. 11, the solvent supply
" nozzle 3 is disposed coaxially with the resist solution
supply nozzle 4 around the outer circumference of the -
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t he sol vent atnosphere inside the enclosed space 35.

The apparatus shown in FIG 19 is constitued such that the resist
coating nethod is perfornmed in a reduced pressure atnosphere.. . .Eor—t

reason,
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the process 5 vessel 1 has a seal ed structurf, SHEFTe
process chanber is reduced to a-rAadet erm ned Jﬁ%ﬂgc@wmﬂe

performresist coating in this reduced pressure a sphere
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supply nozzle 4. The resist solution sufgply nozzle 4
and the solvent supply nozzle 3 constitjte a double pipe

hi s
in

structure, and the distal end of the sol¥ent supply
nozzle 3 extends downward to be lower than the distal
end of the resist solution supply nozzle 4. As a matter
of course, the distal end of the solvent supply nozzle 3
may be at the same level as that of the distal end of
the supply nozzle 4, or the former may be shorter.
Alternatively, the resist solution supply nozzle 4 may
be disposed outside the solvent supply nozzle 3.

As shown in FIG. 12, a mechanism that the resist

~solution supply nozzle 4 -and the solvent supply nozzle 3

are placed side by side, and an outlet port 60 for these
nozzles is commonly used may be employed.

As shown in FIG. 13, the distal end of the solvent
supply nozzle 3 is inserted into the solvent in an annu-
lar solvent storage tank 62 formed inside the spray head
5 and having an outlet port 61 at the center, and the
distal end of the resist solution supply nozzle 4 is
positioned at the'upper portion inside the tank 62 to
expose the distal end of the nozzle 4 in a gasified
solvent atmosphere. 1In this manner, since the distal
end of the solvent supply nozzle 3 is .disposed at the
outer circumference of the distal end of the resist
solution supply nozzle 4, the resist attached to the
resist solution supply nozzle 4 can be cleaned by the
solvent, and the resist solution can be prevented from
drying, thereby preventing generation of particles by'
drying of the resist.

A nozzle mechanism shown in FIG. 14 is suitable for
a case that a body on which a coating film is to be
formed does not have a disk-like shape, but a rec-
tangular shape, such as a glass substrate used for a
liquid crystal display apparatus, and a coating film is
formed on this substrate. In this example, the solvent
supply nozzle 3 is disposed along the outer circum-
ference of the resist solution supply nozzle 4, and the



The apparatus shown in FIG 19 is substantially the 10 same apparat us |

t hat 'shown in FIG 18 except that the sol vent reser J«ehanﬁérla%
not provided. In this - apparatus, a pressure in thelepgfigsed: space.
can be reduced to a predeterm ned value, e.g., 90 . by a

- vacuum punp 36 connected to an exhaust pipeR1l. connecteq 15 g u Lﬁﬁ%
exhaust port |e through the comunication port 31 r%e on the
rotary nenber 3le. The coating nmethod in the .

p
FIG 19 is basi ddkitelt eadsafe the vz zde\Ve-imerhranehed intonatbbdraki
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similar to a glass substrate G, respectively. The

solvent is supplied to the corresponding positions on
the diagonal lines with respect to the center of the
substrate G at the same time. In this manner, even if

10 the substrate is rectangular, diffusion of the solvent
can be made uniform to a certain degree.

Examples of the method of forming a resist film

will be described with reference to experiments.
Experiment 1

15 For example methylmethoxyproplonate (MMP) is used
as a solvent A, and a discharge amount is determined
in accordance with a degree of unevenness (the upper
surface of a wafer or a film formed on the wafer is
flat or uneven or has a stepped portion). In general,
20 the discharge amount for an uneven surface is set
larger than that for a flat surface. For example,
the discharge amount for the uneven surface is 0.7 cc,
and the discharge amount for the flat surface is
0.9 cc. . | | |
~ 25 In this example, 0.7 cc of the solvent were dropped
| on the central portion of the surface of an 8" wafer W
while rotating the wafer W at a rotational speed of
1,000 rpm, thereby diffusing the solvent along the
wafer W in the circumferential direction. In this
30 rotating state, 0.9 cc of a resist solution were dropped
on the central portion of the wafer W before the solvent
A on the wafer W was dried, i.e., 2 sec after dropping
the solvent A. The resist solution B was dropped while
the dropping (discharge) time and the rotational speeds
35 of the wafer W during and after dropping were properly
| changed. Results are shown in FIG. 15. The ordinate in
FIG. 15 represents a difference (thickness variation



attaching again to the inner surface of the process vessel, thereby

preventing contanm nation of the wafer W by parti o

inyield. In addition to ~ prevention of a resist pRE?h.M]E@*—f :
attaching to the 30 i nner surface of the process vegss accor di ng tjo |t he
present invention, since a small anount of 2®si st sol lﬂpﬁﬂbs used

mai nt enance and inspection for the vessel are no
A coating apparatus in which a plurality (e.g
enbodi nent) of xéesigst) dsitwaesh sumRist film mrzmecsndﬁ Y@%r%\ﬁ‘@’éﬁ“

spray head 5 wi lthiRness. adsridebiv 11 ISFEIBIe Hav e 21.
thickness, and the abscissa represents the rotational
speed of the wafer W.

5 As can be apparent from FIG. lS,'fhe thickness
variations became minimum within the respective dropping
times to be as small as 50 * or less when the discharge
time of a resist solution B was 2.5 sec and the rota-
tional speed of the wafer W was 1,000 rpm, the discharge

10 ° time of the resist solution B was 2.0 sec and the rota-
tional speed of the wafer W was 3,500 rpm, the discharge
time of the resist solution B was 1.0 sec and the rota-
tional speed of the wafer W was 4,500 rpm, and the

_ discharge time of the resist solution B was 0.7 sec and

15 the rotational speed of the wafer W was 5,000 rpm. In
this case, the resist films formed on the wafers were
uniform. Judging from this experiment, it is found .
that a film having a uniform thickness can be formed by
properly selecting the rotational speed of the wafer W

20 in accordance with the discharge time of the resist
solution. The relationship between the discharge time,
the rotational speed, and the discharge flow rate is
shown in FIG. 16.

In Experiment 1, ‘the resist solutlon B had the

25 discharge amount of 0.9 cc. However, it is found that
the same effect as described above can be obtained when
the discharge amount of the resist solution B is set to
0.5 to 2.0 cc for a flat surface and 1.0 to 3.0 cc for a
stepped surface. i

consum ng

30 Experiment 2
For example, ethyl cellosolve acetate (ECA) or
methylmethoxypropionate (MMP) is used as a solvent A
and-a discharge amount is determined in accordance with
a degree of unevenness. In using ECA, 0.2 cc of the
. 35 solvent are dropped on a flat surface, and 0.3 cc of
. the solvent are dropped on an uneven surface. In using’
MMP, 0.4 cc of the solvent are dropped on a flat



- 29 - ' As shown in FIG 21, four nozzles are linearly

di sposed at the distal end portion of the el ongated - spray head 5
whose proximal end portion is pivotaliy nounted on a housing 111 to
be rotatable about a 5 scanni ng mechanism®6 in a hori qé"]ﬁgﬁf
di rec- tion indicated by an arrow. -Ald4t-he four no zﬂf@éA’F“" St
noved together wth the novenent of the spray head 5. The first
nozzle 3 is for supplying a solvent, and ot her t hr I‘;{ﬁ_ﬂ.%% 4p,
and 4c are for supflegeng aid fGerkemc af the mplvgnt @K%td oﬂ% 8Rder &n

AND/ OR" condi ti Ofineveh surface.
In this example, the solvent A was d:oppeé—on"thf‘”'"‘

central portion of the surface of a 6" flat wafer W

5 while rotating the wafer W at a rotational speed of
1,000 rpm,; thereby diffusing the solvent along the wafer
W in the peripheral direction. In this rotating state,
0.2 to 0.3 cc of the resist solution B were dropped on
the central portion of the wafer W before the solvent A

10 on the wafer W was dried, i.e., 2 sec after dropping the
solvent A. The resist solution B was dropped while the:
dropping (discharge) time and the rotational speeds of
the wafer W during and after dropping were'ptoperly
changed. Results ‘are shown in FIG. 17.

15 As can be apparent from FIG. 17, the thickness
variations became minimum within the respective dropping
times to be as small as 50A or less when the discharge

" time of a resist solution B was 2.5 sec and the rota-
tional speed of the wafer W was 2,000 rpm, the discharge

20 time of the resist solution B was 2.0 sec and the rota-
tional speed of the wafer W was 3,000 rpm; the discharge
time of the resist solution B was 1.5 sec and the
rotational speed of the wafer W was 5,000 rpm, and the
discharge time of the resist solution B was 1.0 sec

- 25 . and the rotational speed of the wafer W was 6,000 rpm.
Judging from this experiment, it is found that a £ilm
having a uniform thickness can be formed by properly
selecting the rotational speed of the wafer W in '
accordance with the discharge time of the resist solu-

30 tion.

Judging from both the experiments, the solvent A
is dropped on the surface of the wafer W, the wafer W
is rotated at a predetermined rotational speed (e.g.,
1,000 rpm), and the solvent A is diffused over the-
35 . entire upper surface of the wafer W. The resist
'~ solution B is discharged on the wafer W in a predeter-
mined amount (0.6 to 0.9 cc for an 8" wafer, and 0.2 to



this enbodi nent, the respective resist solution supply nozzl es 4a,
4b, "and 4c are connected through resi st sol ution supply mechani snms to
correspondi ng tanks in whi ch the different ki nds—of—+tesi-st—sot-uti
are con- 15 tained (one tank 8b and one sol ution sulpEPLABEREN SHEET
are represented in FIG 20). Ln o5hi-s appar af ugs—difTerent

'n the apparatus according to the embodi ment shown 20| |i % EHAL 28 a
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' 1,000 rpm for an 8" wafer, and 6,000 to 2,000 rpm for a
6" wafer). Therefore, the resist film having a uniform
thickness can be formed on the surface of the wafer.
In addition, an amount of resist solution used can be
10 decreased. This is estimated that since the resist
solution B is diffused to follow drying of the solvent A
dropped in advance and diffused from the central portion
of the wafer W to the peripheral edge portion (i.e., the -
resist solution B reaches a portion immediately before
15 the solvent film gradually drying from the central por-
' tion to the peripheral edge pdrtiop driés), the solvent
A and the resist solution B contact in a uniform ratio
with good wettability.
Other coating apparatuses will be described with

20 reference to FIGS. 18 to 20. The same reference
numerals as in the apparatus in FIGS. 1 and 2 denote
substantially the same parts in the coating apparaﬁuses,
and a detailed description thereof will be omitted.

The apparatus shown in FIG. 18 is constituted such
- 25 that the resist coating method is performed in a solvent
A atmosphere. For this reason, a process vessel 1 has
a sealed structure, and a saturation atmosphere of the
solvent A is constituted inside the sealed process
vessel 1. '

30 The main portion of the process vessel 1 is consti-
tuted by an outer vessel 30, an inner vessel 31, and a
cover member 32. The upper surrounding portion of the
outer vessel 30 surrounds a wafer W and can vertically
move. The inner vessel 31 constitutes the bottom por-

35 tion of the prbcess vessel 1. The cover member 32

i covering the opening of the upper portion of the outer
vessel 30. '



sol vent supply nozzle 3 may extend to fhe right or left of the spray
head -5 (in the exanple shown in FIG 22, 30 four resist solution supply

nozzles 4a to 4e are used). Furthernore, as indicated b 8
dashed line in ' FIG 22, a noving arm 23a supportin e cppEuty on
supply nozzle 23 may be further extended -atgs/e-t he Hg@@ﬂ&% ' er

Won a spin chuck .2, and the solvent 35 supply nozzl
to the distal end of this arm In this case, a
may be const i Minxeeduten srasisedl 130 meoRPLIRSHIran

chuck 2, and a cylindrical movable wall B0b mo
the outer vessel main body 30a to be vertically movable..
5 ‘The movable wall 30b can be vertically moved by a ver-
tically moviﬁg arm (not shown) with respect to the outer
vessel main body 30a. E
A cylindrical wall 31b extends on the upper surface
of a bottom portion 3la in the inner vessel 31. The
10 bottom portion 31la is preferably inclined outward so as
to exhaust a waste solution. A doughnut-like rotary
member 3le is disposed to be rotatable in a horizontal
plane at the upper end of the cylindrical wall 31b _
- through a bearing 31d, and connected to the spin chuck 2
15 to be rotated. An annular solvent reservoir channel 31f
- whose upper surface is open is formed at the peripheral
| edge portion of the rotary member 3le, and the solvent
A is stored in the solvent reservoir channel 31f. A
cylindrical vertical wall 31g extends downward under the
20 solvent reservoir channel 31f of the rotary member 3le,
and a plurality of communication ports 31h communicating
with an exhaust port le and a liquid discharge port 1f
at the lower portion are formed at proper positions of
the vertical wall 31g. |
— 25 The dome-like cover member 32 comprises a rotating
shaft 32c suspended'by a suspending arm 32a through a
bearing 32b to be rotatable in a horizontal plane. The
cover member 32 air-tightly contacts the rotary member
3le through a seal member 324, e.g., an O;ring, provided
30 to the inner circumferential surface of the opening at
the lower portion. In this contact state, an enclosed
space 35 is defined, and the rotational force from the
rotary member 3le is transmitted to the cover member 32.
The cover member 32 is vertically moved by the
35 suspending arm 32a which is vertically moved by a ver-
. tically moving mechanism (not shown). A solvent supply
nozzle 3 and a resist solution supply nozzle 4 are
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ei ght of the rinse supply position by the rince sol u-
zl e 23 and the height of t supply position by the
may be i ndepen- dently changed. The sol vent .supply
5 disposed toward the center of the wafer Wwithout
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solvent supply path 33 and a resist supply path 34 which

D

extend through the rotating shaft 32c and are rotatably
connected to a solvent supply tube and a resist solution
supply tube are mounted in the cover member 32 to be
rotatable therewith. '

In the coating apparatus having the above arrange-
ment, when the solvent A is stored in the solvent reser-
voir channel 31f, and the cover member 32 is closed, the
solvent A is evaporated and the saturation atmosphere of
the solvent A can be realized inside the enclosed space
35 or the process chamber. In this atmosphere, a resist
film is formed on the wafer according to the above
method. More specifically, the solvent A is dropped
on the wafer W to form a film of the solvent A on the
wafer W while the enclosed space 35 is filled with the
saturated solvent A. Before the solvent A is dried, a
resist solution B is supplied to the wafer W at a prede-
termined rotational speed of the wafer W for a predeter-
mined period of time in a predetermined amount, so as to
form the resist film on the surface of the wafer.

Since the coating process can be.performed in the
solvent atmosphere using this~apparatus, drying of the
solvent after coating can be suppressed, and uniformity
of the film thickness can be further achieved.

In the above description, the solvent reservoir
channel 31f is provided on the rotary member .31e of the
inner vessel 31, and the solvent A is stored in this
channel 31f, so that the saturation atmosphere of the
solvent is realized inside the enclosed space 35.
However, the structure is not limited to this. For
example, a larger amount of the solvent A is discharged
from the solvent supply nozzle 3 to realize the solvent
atmosphere inéide the enclosed space 35, or the mist of
the solvent in saturation state is introduced to the
enclosed space 35 ﬁsing,'e.g., an inlet pipe, to realize



mechani sm 24 as a center or parallely nove the arm 23a as indicated
by an arrow 107, thereby noving the rinse 15 nozzle 23 to the wafer W

The sol vent supply nozzle nay be fixed to the hous -QF
coat i ng apparatus using nounting menber (not shown fﬁ?ﬂﬁ@ﬁﬁiﬁigfﬁfT
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process chamber is reduced to a predetermined value to

perform resist coating in this reduced pressure
atmosphere.
The apparatus shown in FIG. 19 is substantially the
10 same apparatus as that shown in FIG. 18 except that the
solvent reservoir channel 31f is not provided. 1In this
apparatus, a pressure in the enclosed space 35 can be
reduced to a prédetermined value, e.g., 90.mmH20, by a
vacuum pump 36 connected to an exhaust pipe 21 connected
15 to the exhaust port le through the communlcatlon port
31h formed on the rotary member 3le. '
The coating method in the apparatus shown in
FIG. 19 is basically the same as the above—mentloned
method except that the atmosphere differs from the above
20 solvent atmosbhere, and a detailed description thereof
will be omitted.
In the coating process in the reduced pressure
atmosphere, since scattering particlés can be induced
toward the communication port 31h, the resist solution B
- 25  dropped on the wafer W is prevented from scattering and
attaching again to the inner surface of the process.
vessel, thereby preventing contamination of the wafer W
by particles and a decrease in yield. 1In addition to
prevention of a resist particle from attaching to the
30 inner surface of the process vessel, according to the
present invention, since a small amount of resist solu-
tion is used, maintenance and inspection for the vessel
are not time-consuming.
A coating apparatus in which a plurallty (e.qg.,
35 three in this embodiment) of resist solution supply
' nozzles 3 are provided to a spray head 5 will be
described with reference to FIGS. 20 and 21.



30. flow rates or changes in discharge flow rate. Instead, I n

order to supply different solvents fromthe respective nozzles, the
nozzl es may be connected to correspondi ng tanks, and the kinds.of

sol vents or ¢ di scharge sequence is sel ected, therepy ﬂﬂ@@EﬂEﬂ@fﬁ&Er
optimal coating conditions. ln2gtid | anot her coatlng—apparatTs
showmn in FIG 23, four spray heads 5a to 5d are dispoged in. a
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As shown in FIG. 21, four nozzles are ipearly

disposed at the distal end portion of the egongated

spray head 5 whose proximal end portion is pivotally
mounted on a housing 111 to be rotatable about a
scanning mechanism 6 in a horizontal plane in a direc-
tion indicated by an arrow. All the four nozzles are
moved together with the movemént'éf the spray head 5.
The first nozzle 3 is for supplying a solvent, and other
three nozzles 4a, 4b, and 4c are for supplying different
kinds of resist solutions under an AND/OR condition. 1In
this embodiment, the respective resist solution supply
nozzles 4a, 4b, and 4c are connected through resist
solution supply mechanisms to corresponding tanks in
which the different kinds of resist solutions are con-
tained (one tank 8b and one solution supply mechanism
are represented in FIG. 20). | |

In this apparatus, different kinds of coating films
can be formed without exchanging the'spray head 5.

In the-apparétus according to the embodiment shown
in FIGS. 20 and 21, the resist solution supply nozzles
are linearly disposed. However, the arrangement is not
limited to this. For example, the nozzles may be
disposed on the circumference using the solvent supply
nozzle as a center. . In addition, the solvent supply
nozzle 3 and the resist solution supply nozzles need
not be provided integrally in the spray head 5. For
example, as indicated by a dashed line in FIG. 22, the
solvent supply nozzle 3 may extend to the right or left

of the spray head 5 (in the example shown in FIG. 22,

four resist solution supply nozzles 4a to 4e are used).
Furthermore, as indicated by the dashed line in

FIG. 22, a moving arm 23a supporting a rinse solution
supply nozzle 23 may be further extended above the
center of a wafer W on a spin chuck 2} and the solvent
supply nozzle 3 may be provided to the distal end of
this arm. In this case, a moving mechanism 24 may be
constituted to vertically move the arm 23a, and the



-31- “a housing 111. Each of supply nozzles 3a to 3d for a
sol vent A and each of supply nozzles 4d for a resist

provided integrally to a corresponding one of the f
the spray heads is supported 5 by one end of a corres
hori zontal |y extendi ng arm nmenbers 200y t-0 200d ben

manner. The other end of each of the arm nmenbters 200a to
connected to a correspondi ng one of nounting por-
on whi ch suppor hefght d¥athe ¥dshsextserppli0 posipvicond. by

poriions are pr%gbﬁega‘&%g} Wde 23 %%H&t%ﬁg% to be m)vgd at

surfaces and support . an array on a ‘
time. The FHDPAY2PeSddd o byo e iSHRNY VR LRt 3 JRaByPE HBIPRED-

mechani sm 207, gagth e chengeduntineg suivdon sy tmo201d 35maycba be al so
moved MnthsthlSdggégg%gtg@hggaaéﬁgn%éﬂgg% of\the wafer W without
extending the arm 23a above the center of the wafer Ww.
Instead, as indicated by a chain line in FIG. 22, the .
rinse mechanism may be provided to the opposite siae
(upper left side in FIG. 22) of the wafer W.
10 Alternatively, as indicated by a chain double-dashed
line in FIG. 22, the rinse mechanism may be provided to
the wafer W side to pivot the arm 23a using the moving
mechanism 24 as a center or parallely move the arm 23a
as indicated by an arrow 107, thereby moving the rinse
15 nozzle 23 to the wafer W.
The solvent supply nozzle may be fixed to the
housing 111 of the coating apparatus using mounting
member (not shown). 'In this case, the solvent supply
nozzle is mounted at a position without interfering to
20 loading/unloading the wafer W, and the solvent is obli-
quely sprayed toward the rotational center of the wafer
W, preferably. '

one

The spray form of the solvent by .the solvent supply
nozzle may take one flow, or a lot of flows, or may  be
- 25 not spreaded. As has been described in the above embo-
diment, a plurality of solvent supply nozzles may be
provided. 1In this case, for example, outlet diameters
are differed from each other to control discharge states
from the respective nozzles corresponding to discharge
30 flow rates or chénges in discharge flow rate. Instead,
in order to supplyldifferent solvents from the
respective nozzles, the nozzles may be connected to
corresponding tanks, and the kinds of solvents or a
discharge sequence is. selected, thereby obtaining
- 35 optimal coating conditions.
In still another coating apparatus shown in FIG. 23,
four spray heads 5a to 54 are disposed in an array above



scanning arm 6a is di sposed near the tabl e 206, of which hol di ng
portion 210 is extended so that its |ower surface may oppose-the-tabl e

206. Thus, a holding hole 6b and a projection 21 ¥ IQ&MM SﬁLET
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202d, which as formed.on the | ower surjmce of thel h Idlngkggw%ﬁpn 2 0
may be faced with the support pin and the bore of any

nounting portions 20la to 201d. The hol di ng hol e ¢blis con a

vacuum means (na@ howsdmng sli5 Eadiatof ssuppiky inez zkes |38t Poadpépr aor

sucking the sup P tadd ed&H St 441 8B 1gH)
t he holdlngziﬁﬁﬁon 310 cones l%ﬁ?ﬁly st

romt up€ pOSI tion ) onto
the sel ected onSBUEIRD R AR r@r%if SbrntRgrA LY to a sexgespendipgorrs
the nmounting pordﬂ dhespEaNcheddsS)  Eacie i thetspnay hbadscasnsogpairibeda

o SUPPOrL R Y o, e, 5 o g A B RokBfoledtdVer 2
- extending arm members-200a to 2004 bent in a crank-shaped
manner. The other end of each of the arm members 200a to
2004 is connected to a corresponding one of mounting por-
tions 20la to 201d on which support pins 19a to 194 extend
10 upward. These mounting portions are provided with bores
202a to 2024 formed in the upper surfaces and supported in
an array on a table 206 to be moved at one time. The:
table 206 can be moved in the Y direction by a moving
mechanism 207, and the four mounting portions 201a to 2014
15 ‘can be also moved with this movement at the same time. A
scanning arm 6a is disposed near the table 206, of which
holding portion 210 is extended so that its lower surface
may oppose the table 206. Thus, a holding hole 6b and a
. projection 212 having the substantially same diameter as
20 the inner diameter of the bores 202a to 2024, which as
formed on the lower surface of the holding portion 210
may be faced with the support pin and the bore of any
one of the mounting portions 20la to 201d. The holding
hole 6b is connected to a vacuum means knot shown) so
- 25 that is constitutes a suction port for sucking the sup-
port pin for supporting the mounting portion. When the
holding portion 210 comes down from the upper position
onto the selected one of the mounting portions 20la and
2014, it supports the mounting portion by means of
30 vacuum suction. The scanning arm 6a is supported by a
drive unit 216 to be movable in the X and vertical
directions with respect to the housing 111.
The apparatus having the above arrangement will be
described below. | '
35 The table 206 is moved in the Y direction to posi-
~ tion the selected mounting'portion pin (assuming the pin
201b in this case) to a position opposing -the holding -
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The table 206 is noved in the Y direction to posi-
nounting portion pi-n (assumng the pin 201b in thi
posi ti on opposi ng-the hol di ng
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portion 210. Then, the scanning arm 6a i oved in the
X direction by the drive unit 216, the holdi
210 is moved above the mounting portion 201b to cause it
to come down so that the holding hole 6b is engaged with
the support pin 19b and the mounting portion 201b is
supported by the holding portion 210. In this state,

the scanning arm 6a is moved upward by the drive unit

216 to lift the mounting portion 201b from the table

206. In addition, the spray head 5b is moved in

the X direction to position the solvent supply nozzle 3b
above the central portion of the wafer W. Thereafter, a
resist film is formed on the wafer W according to the
same coating method as in the above embodiments.

Bach of the four solvent supply nozzles 3a to 3d is
connected to a common tank or a corresponding one of
various tanks, and a predetermined amount of solvent can
be sprayed from the nozzles in the same manner as in the

-above embodiments. Similarly, each of the four resist

solution supply nozzles 4a to 44 is connected to a
corresponding one of. tanks which contain different kinds
of coating solutions, and a predetermined amount of
coating solution can be sprayed from the nozzle for a
predetermined period of time.

In the coating apparatus having the above arrange- .
ment, since an arbitrary one of the plurality of the '
spray heads can be selectively used, resist films under
different conditions can be easily formed at high speed.

~ Since the connection portion between the scanning arm 6a

and the mounting portion 201b does not pass above the
wafer W during movement, particles which tend to - -be
produced at the connection portion will not fall on the
wafer W. , . _ '

FIG..24 is an apparatus shown in FIG. 23, and shows
another arrangement relationship of a rinse mechanism,
as in FIG. 22. The arrangement relationship is the
same as in FIG. 22, and a description thereof will be
omitted. However, its content will be easily understood



partion 2.10. Then, the scanning arm6a is noved in the X direction
by the drive unit 216, the hol ding portion 210 i s noved above the
nounting portion 201b to cause it to come down sg 1ha

hole 6b is engaged with 5 the support pin 19b and tthpnMﬁﬂﬂHﬁi'

201b is supported by the holding port3zn- 210. Iin

the scanning arm6a is noved upward by the drive unit % “ﬂ6|lft t he
nounting portion 201b fromthe table 206. | n addi ead
5b is noved in by a pemson dkikiednin cpwsatton the § ' | e
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- head 5 fixed on the left side of the arm 6a. Each of
resist solution supply nozzles 4 is mounted on a
corresponding one of the four spray heads 5 provided to
the other side of the arm 6a through a mounting plate.
10 In this example, in order to position a predetermined
resist solution supply nozzle above the central portion
of a semiconductor wafer W and use the nozzle, the arm
6a is constituted to be movable also in the Y direction
_ by a drive mechanism 6, or the mounting plate is consti-
15 tuted to be movable in the Y direction with respect to
'~ the arm 6a by a drive mechanism (not shown).
In the example shown in FIG. 26, an elongated spray
‘head 5 for supportihg a plurality (e.g., three in this
case) of solvent supply nozzles 3 in an array is used.

20 In this case, the elongated spray head 5 is mounted on

an arm 6a to extend in a direction perpendicular to the
arm 6a (X direction), as indicated by a solid line, or
in a direction parallel to the arm 6a. (Y dlrectlon),_
indicated by a dashed line. In this example, the-

o 25 elongated spray head 5 supporting the nozzle 3 is
positioned above a wafer W, and the arm 6a is positioned
to match with the diameter of the wafer W, so that the
solvent can be supplied to the wafer W from four por-
tions along the radial direction at the same time.

30 A resist solution, an ARC (Anti Reflection Coating)
solution, or the like may be used as the above coating
solution. As the resist'solution a mixture of phenol-
novolac resin and naphthoquinone diazide ester may be
used.

35 As the solvents, in addition to

" methyl-3-methoxypropionate (MMP, boiling point: 145°C,
viscosity: 1.1 cps), ethyl lactate (EL, boiling point:



above enbodinents. Simlarly, each of the four resist . sol ution supply

nozzlies 4a to 4d is connected to a 20 correspondi ng one of tanks which
contain different kinds of .coating solutions, and a predeterni
anount of coating solution can be sprayed fromt he—r

predeterm ned period of tine. -l 34t he coating

t he above arrange- 25 ment, since an arbitrary one of

t he spray heads can be sel ectively used, resist fllnsgqmdet

di fferent condilbene,cadsbesdiyi:l R .6ocped ,atethydh Jsedd x«propidham@ t He
connection port be nni o M '
portion 201b dogﬁﬁﬁbtbggggngbgcaﬁﬁh 13% <. V? qﬁﬁhﬁw ny ‘nove

particles whi chPYéﬂP]atg WEP, boildngdpeddist ]{4He Go rkibdn will
not fall on thecpsy, anaf ﬁ: }6& lene lycol Hoﬁon&nﬁﬁh@W@&a@ shown in

ELSLaﬁ?sn?gd Sh?%EMEA bodl 1ng po ang @@B J§§g5§¥E”" cg S rinse
2-heptanone (b0111ng point: 152, viscosity: 1.1),
cyclohexane (used for an ARC solution), all of which are
well-known in this art, can be used.
Each of the above embodiments has exemplified the

10 apparatus for forming a coating film according to the
present invention applied to the resist coating appara-
tus for a semiconductor wafer. However, this apparatus
can be applied to a coating apparatus for a processing
target, e.g., an LCD substrate, a CD, and the like, in

15 addition to a resist and can also be applied to, e.g.,
a polymide-based coating solution (PIQ),ia coating
solution (SCG) containing a glass égent, and the like,
as a matter of course.
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1. A method of forming a coating film, comprising
the steps of:

'supplying a solvent of a coating solution on one
surface of a substrate kept rotated or stopped;

rotating said substrate supplied with said solvent
at a first rotational speed'to diffuse said solvent
through an entire area of said one surface;

supplying a predetermined amount of coating
solution on the substahtially centering portion of
said substrate while rotating said substrate at a second
rotational speed, thereby diffusing said coating solu-
tion to the entire area of said one surface to form the
coating film. '

2. A method according to.claim 1, characterized in
that an amount of coating solution is set in accordance
with a rotational speed of said substrate.

3. A method according-to claim 2, characterized in
that the amount of the coating solution and ﬁhe_rota—
tional speed of said substrate are set to make a
thickness variation fall within a range of not more than
SOA. ' 5 |

4. A method according to claim 1, characterized in
that the first rotational speed differs from the second
rotational speed.

5. A method according to claim 4, characterized in
that the first rotational speed includes a high rota-
tional speed for scattering the solvent from said
substrate, and a low rotational speed which follows the
high'rotatiohal speed.

6. A method according to claim 1, characteriéed in
that the first rotational speed is substantlally equal
to the second rotatlonal speed.

7. A method of forming a coating film, comprising
the steps of:

supplying a solvent of a coating solution on one -

l’hls Sheet Has Been Rep ]aced .
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this scase}naf s5olpuet. siMeply nozzles 3 in an array is used. 20 In
this case, the ePongate spray head 5 .is mounted on
' supplying a predetermined amount of coating

solution on the substantially centering portion of said
substrate for a predetermined period of time while, from
a nozzle means, thereby diffusing the coating solution
10 to a peripheral portion of said substrate to form the
-coating film.
| 8. A method according to claim 7, characterized in
that a diffusing speed of the coating solution to the
peripheral portion of said substrate is substantially
15 equal to a drying speed of the solvent.
9. A method of forming a resist film, charac-’
terized by further comprising:
the step of supplying a solvent of a resist
solution on one surface of a substrate kept rotated or
20 stopped;
the step of rotating said substrate supplied with
said solvent to diffuse the solvent through an entire
area of said one surface;
the resist film forming step of supplylng a
- 25 predetermined amount of resist solution from a nozzle
having a predetermined inner diameter on the substan-
tially centering portion of said semiconductor wafer
for a predetermined period of time while rotating said
‘semiconductor wafer at a rotational speed of 1,000 to
30 6,000 rpm, thereby diffusing the resist solution to the
' entire area of said one surface of said semiconductor
wafer to form the resiSt film.
10. A method according to claim 9, characterized in
that the rotational speed of said semiconductor wafer is
35 set to be lower as a diameter .of said semiconductor
wafer becomes larger in the resist film forming step.
11. A method according to claim 9, characterized in
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an-arm6a to extend in a direct to the arm 6a (X
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that the inner diameter of the nozzle is 0.1 to 2.0 mm
for a 6" semiconductor wafer, 0.5 to 2.0 mm for an 8"
semiconductor wafer, and 0.8 to 3.5 mm for a 12" semi-
conductor wafer.

13. A method according to claim 9, characterized in
that a supplying time in the resist film forming step is
set shorter for one uneven surface of said semiconductor
wafer than for one flat surface thereof. _

l4. A method according to claim 13, characterized
in that the supplying time in the resist film forming
step is 4 +2 sec for one flat surface of a 6" semicon-
ductor wafer, 3 +2 sec for one uneven surface of a 6"
semiconductor wafer, 6 *2 sec for one flat surface of an
8" semiconductor wafer, 4 g2 sec for one uneven surface
of an 8" semiconductor wafer, 9 +1 .sec for one flat sur-
face of a 12" semiconductor wafer, and 7 *1 sec for one
uneven surface of 'a 12" semiconductor wafer.

15. A method according to claim 9, characterized in
that a supplying amount of the resist solution in the
resist film forming step is set larger for one uneven
surface of said semiconductor.wafer than for one flat

tHAR YUY Mstionay L0008 BhoRG. peciadl

.surface thereof.

l6. A method according to claim. 14, characterized
in that a supplying amount of the resist solution in the
resist film forming step is 0.2 to 1.0 cc for one flat
surface of a 6" semiconductor wafer, 0.5 to 2.0 cc for
one uneven surface of a 6" semiconductor wafer, 0.5 to
2.0 cc for one flat surface of an 8" semiconductor
wafer, 1.0 to 3.0 cc for one uneven surface of an 8"
semiconductor wafer, 1.0 to 3.0 cc for one flat surface
of a 12" semiconductor wafer, and 1.5 to 5.0.cc for one

uneven surface of a 12" semiconductor wafer.

Thxs Sheet Has Been Rep lac

Illlll IIIIH l Ill Illl




- 34- 154C, viscosity: 2. 6 cf

boi l i ng point:

boi li ng point:
nononet hyl et her acetate 5

1.3 cps),

10

15

20

25

30

35

C et XYy pr opi onat e ( EEP
170[err] C, visc ﬂi gm‘ Iﬁutﬂi}l ﬂEt hyl pyruvat e (EP,
144[err]C, VISC and gggpL4¢£uu¥???hﬁ-*

b0| ' ng point: 146[@1{;1{4;_@“%%% & Eﬂ/:

29 JUL 196
17. A method according to claim 9, |characterized

that the resist solution is a mixture of phenol—novolac
resin and naphthoquinone diazide ester. T

18. A method of forming a coating film, comprising
supplying a coating solution to a substantially central
portion of a substrate and diffusing the coating solu-
tion to an entire area of said one surface of said
substrate to form the coating film by rotating said
substrate after a solvent of the coating solution
supplied to one surface of said substrate is diffused in
a previous step upon rotation of said substrate, wherein
a contact angle between said one surface of said '
substrate and a peripheral edge of said coating film
during diffusion of the coating solution on said one
surface of said substrate is set smaller than that set

2- hept anone (b0|I|ng poi % 152, viscosi yl e

without performing the previous step.

19. A method of forming a coating film, comprising
supplying a coating solution to a substantially central
portion of a substrate and diffusing the coating solu-
tion to an entire area of said one surface of said
substrate to form the coating film, after a solvent of
the coating solution supplied to one surface of said
substrate is diffused in a previous step upon rotation
of said substrate, wherein an affinity between said one

surface of said substrate and the coating solution

during diffusion of the coating solution on said one
surface of said substrate is set larger than that set
without performing the prev1ous step.
20. A method of forming a coating film, charac-
terized by further comprising the steps of:
- supplying a solvent of a coating solution on one
surface of a substrate kept rotated or stopped;
rotating said substrate supplied with the solvent
to diffuse the solvent througH an entire area of said
one surface; and
sequentially supplying the coating solution from a
nozzle on substantially central portion of said
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cyel ohexane (used for an ARC solution), all of which are wel | - known in
this art, can be—used- Each of the above enbqdi.nent-s

exenplified the 1 forming a coating fllnfﬁd%ﬁ qlhg 1o+t he
present invention |“ﬂmaEUE" ﬂl& !k5|st coating appara us for a
sem conduct or waf ers appaggtus can be lap I ngﬁW
coating apparatus for a processing arget, e. g a substrate
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sol ution (SCG awteaigrnadpally atscroepses, canl ihketmeédiate
the discharge flow rate is substantially constant, and a
last period when the diScharge flow rate gradually
5 decreases while rotating said substrate, thereby dif-
fusing the coating solution to the entire area of said
one surface of said substrate to form the coating film,
wherein the last periodlis controlled.
21. A method of forming a coating film, charac-
10 terized by further comprising the steps of:
supplying a solvent of a coating solution on one
surface of a substrate kept rotated or stopped;
rotating said substrate supplied with the solvent
to diffuse the solvent through an entire area of said
15 one surface; and _ |
sequentially supplying the coating solution from a
~nozzle on the substantially central portion of said
substrate over an initial period when a discharge flow
rate gradually increases, an intermediate period when
20 the discharge flow rate is substantially constant, and
a last period when the discharge flow rate gradually
decreases while rotating said substrate, thereby dif-
fusing the coating solution to the entire area of said
one surface of said substrate to form the coating film,
- 25 wherein a deceleration during the last period when the
discharge flow rate gradually decreases is controlled.
22. A method of fofming a coating film, charac-
terized by further comprising the steps. of: :
supplying a solvent of a coating solution on one
30 surface of a substrate kept rotated or stopped;
rotating said substrate supplied with the solvent
to diffuse the solvent through an entire area of said
one surface; and -
sequentially supplying the coating solution from a
35 nozzle on the substantially central portion of said
substrate over an initial period when a discharge flow
rate gradually increases, an intermediate:period when
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the discharge flow rate is substantially\cofistant, and
a last period when the discharge flow rat ually

decreases while rotating said substrate, theréby dif-
fusing the coating solution to the entire area of said
5 one surface of said substrate to form the coating film,
wherein respective discharge times of the initial
- period, the intermediate period, and the last period are
independently controlled. _ '
23.. A method of forming a coating film, charac-
10 terized by further comprising the steps of:
supplying a solvent of a coating solution on one
surface of a substrate kept rotated or stopped;
rotating said substrate supplied with the solvent
to diffuse the solvent through an entire area of said
15 one surface; '
controlling a pump to supply the .coating solution
to a nozzle through a supply path by said pump over an
initial period when a discharge flow rate gradually
increases, an intermediate period when the discharge
20 flow rate is substantially constant, and a last period
when the discharge flow rate gradually decreases so as
to supply the coating solution on the substantially
central portion of said rotated substrate, thereby dif-
fusing the coating solution to the entire area of said
- 25 one surface of said substrate to form the coating film;
and
closing said supply path 0.1 to 1.2 sec after said
pump is stopped;
wherein at least one of a dlscharge time and a
30 deceleration of the last period is controlled.
24. An apparatus for forming a coating film,-
characterized by further.comprising:'
| means for supportihg a substrate with one surface
facing upward and rotating said substrate about an axis
35 perpendicular to said one surface of said substrate;
. at least one first nozzle for supplying a solvent
of a coating solution on said substrate; -
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a first rotational speed to diffuse said sol vent over the entire
area of said onesurface; and : rotating said substrate having a

coatlng sol ution ul d onto the substantially center portion
of” sal d| |“|“ HIIIL““ wﬂ econd rotational speed whic —

results in spreadi hg of % hd cdati*ng sglﬂ I on over
of said one surface to fornlsaid “coating film

o d Z'eQ%nZaLStS??E'n 38EhERuBBY Spohhe: B8t upo
nozzle;
at least one second nozzle for supplying the
coating solution on a substantially centra portion of
5 said substrate;

means for supplying the coating solution to said
second nozzle; and
means for supporting at least one of said first and
second nozzles such that said supported nozzle moves
10 between a dropping position above said substrate and a
waiting position offset from said substrate.
_ 25. An apparatus according to claim 24, charac-
terized in that the means for supporting at least one of
said first and second nozzles comprises a spray head for
15 supporting said first and second nozzles parallel to
each other, and means for moving said spray head in a
horizontal plane. .
26. An apparatus according to claim 24, charac-
terized in that said spray head comprises means for
20 independently.selectively adjusting temperatures of said
first and second nozzles. _
27. An apparatus according to claim 24, charac-
terized in that said spray head comprises means for
heating said first and second nozzles to the same
— 25 temperature.
28. An apparatus according to claim 24, charac-
terized in that said first and second nozzles constitute
a double pipe structure, and a distal end of said second
nozzle is positioned in said first nozzle.

30 29. An apparatus according to claim 24, charac-
terized in that said first and second nozzles comprise a
common outlet port.

30. An apparatus aécording to claim 24, charac-
terized in that a distal end of said second nozzle is
. 35 positioned in a solvent atmosphere.
. 31. An apparatus according to claim 24, charac-
terized in that a distal end of said first:-nozzle is
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d): .supplying said solvent of said coating solution on ' sai d one
surface of said substrate while rotating sai d substrate.

s ML 0

said substrate. - 42 -

branched into a plurality of portions.
32. An apparatus according to claim\24, charac-
terized in that said second nozzle compri a cylindri-
cal distal end portion, and an inverted conical
5 trapezoidal portion following said cylindrical distal
end portion. :

33. An apparatus according to claim 24, charac-
terized in that said second nozzle comprises a cylindri-
cal distal end portion, and an outer flange provided to

10 an opening of said cylindrical distal end portion.

34. An apparatus according to claim 24, charac-
terized in that said second nozzle comprises a ver-
tically extending cylindrical portion, and a laterally
S~-shaped bent portion having a smaller diameter than

15  that of a cylindrical portion connected to said vertical
' cylindrical portion. _ _

35. An apparatus according to claim 24, charac-
terized by further comprising means for holding a plura-
lity of spray heads at the waiting position, and wherein

20  the means for moving said spray head has means for
selectively supporting one of said plurality of spray
heads, and a mechanism for driving said spray head sup-
porting means. :

.36. An apparatus according to claim 24, charac-

— 25 terized in that the means for supplying the coating
solution has a container containing the coating solu-
tion, a communication path for causing said container to
communicate with said second nozzle, and pump means for
supplying tlie coating solution in said container to said

30 second nozzle through said communication path, said pump
means having a bellows pump and a stepping motor for
expanding and contractigg_said bellows pump so as to
cause said bellows pump to supply the coating solution.

37. An apparatus-accordihg to claim 24, charac-

: 35 terized by further comprising a process vessel having a
" reduced pressure chamber in which said substrate is con-
tained to be processed.

' T‘h1~ bheet Has Been Replaced
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36- 3. A nethod according to claim 2, characterized in that
the amount of the—eeating sotution and the rotational NOUSIN~N a V=Y=Ya BaoR SN SEC VRIC S

L SR

- 43 - | 29 JUL 1996

38. An apparatus according to claim 24, charac-
terized by further comprising a process vess®l,In which
said substrate is contained to be processed, and means
for realizing a saturation atmosphere of the solvent

5 inside said process vessel.

39. A coating film forming apparatus characterized
by further comprising:
a housing;
substrate support means, rotatably mounted in said
10 housing, for supporting a substrate with one surface
facing up&ard;
at least one first nozzle for supplying a solvent
of a coating solution on said substrate;
at least one second nozzle for supplying the
15 coating solution on a central portion of said substrate;
a spray head having a distal end portion for sup-
porting said first and second nozzles and a proximal end
portion rotatably supported by said housing, said spray
head being positioned on one side of said substrate sup-
20 port means;
means. for pivoting said spray head to selectively
position a nozzle between a dropping position above said
substrate and a waltlng position offset from said
substrate; and
- 25 an arm movable in said housing, having a rinse
solution nozzle, and positioned on the other side of
said substrate support means.
40. An apparatus according to claim 39, charac-
terized in that said spray head supports a plurallty of
30 second nozzles. _
41. A coating film forming apparatus characterized
by further comprising:
"a housing;
substrate support means, rotatably mounted in said
35 housing, for supporting a substrate with one surface
facing upward

ﬁ__\\_._
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4.- A net hod accordlng to claim1, characterized in that t he

fitst rotational—speed di ffers fromthe second r ot apmk*?ﬁ

A et hod accordin .characterized in tha REPLAG
rotational speed i ﬂl"'"m” fati onal speed fqr {Scatt ering th
sol vent fron1said nd a low rotational sgeqd | gULf bo

t he high rotatlonal speed . -Adgethod accordi ng C Qin11,
said housing and each having a first nozzle for
supplying a solvent of a coating solution on said
substrate and a second nozzle for supplying the coating
solution on a central portion of said substrate;

5 a plurality of connection arms bent in a horizontal
plane and each having one end portion for supporting a
corresponding one of said plurality of spray heads and
the other end portion; and | |

means for supporting said other end portion of a
10 selected one of said plurality of connection arms and
selectively moving said selected connection arm between
a supplying position where said corresponding spray head
is positioned above said substrate and a waiting posi-
tion where said corresponding spray head is offset from
15 said substrate, while said other end portion of said
selected connection arm is kept offset from said
substrate.
42. A coating film forming apparatus characterized
by further comprising:
20 a housing; _
substrate support means, rotatably mounted in said
housing, for supporting a substrate with one surface
facing upward;
a plurality of spray heads detachably mounted in

- 25 'said housing and each having a first nozzle for
supplying a solvent of a coating solution on said
substrate and a second nozzle for supplying the coating
solution on a central portion of said substrate;

" a plurality of connection arms bent in a horiZontal
30 plane and each having one end portion for supporting a
corresponding one of said plurality of spray heads and
the other end portion;
means for supporting said other end portion of a
selected one of said plurality of connection arms and
: 35 selectively moving said selected connection arm between
a supplying position where said corresponding spray head
is positioned above said substrate and a waiting

Tlns Sheet Has Been R laced- ]
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characterized in that the first rotational speed is substantially
equal to the second rotatitoral speed. 7. A nmethod accordln

claim1l, char a diffusing spee
solution to a ,mﬂﬁ mmmm,wm‘ on of said substrate isREQ]
equal to a drying spéedL frnthe sol vent. 8. A nethod &cclordi ng toﬁﬁlaim
1, characterized in that - 45 - 29 JUL 6

position where said corresponding spray
retracted from said substrate, while sail
tion of said selected connection arm is kept retracted
from said substrate; and
5 a moving arm movable in said housing, having a
rinse solution nozzle, and positioned on the other side
of said substrate support means.
43. An apparatus according claim 42, characterized
in that said moving arm comprises a distal end portion
10 for supporting said first nozzle, an intermediate por-
tion for supporting said rinse nozzle, and a proximal
end portion rotatably supported by said housing.
44. An apparatus for forming a coating £ilm,
characterized by further comprising:
15 means for supplying a solvent of a coating solution
on one surface of a substrate kept rotated or stopped;

. means for rotating said substrate supplied with
said solvent at a first rotational speed to diffuse said
solvent through an entire area of said one surface;

20 means for supplying a predetermined amount of
coating solution on the substantially centering portion
of said substrate while rotating said substrate at a
second rotational speed, thereby diffusing said coating
solution to the entire area of said one surface to form
. 25 the coating film.
45. An apparatus for forming a coating film,
characterized by further comprising:
nozzle means for supplying a. ‘'solvent of a coatlng
solutlon on one surface of a substrate kept rotated or
30 stopped, from a nozzle means; '
means for rotating said substrate supplied with the
solvent to diffuse the solvent through the entire area
of .said one surface; and
means for supplying a predetermined amount of
. 35 coating solution on the substantlally centering portlon
of said substrate for a predetermined period of time,
from a nozzle means, thereby diffusing the: coating

 This Sheet Has Been Replaced - |
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4Q said coating filmis a resist film said coating solution is

a resist sol uti-en,—sardTresist—sotution is suppl i ed=r=E=TIOZ 2] 4 rnp
a_predeterm ned i and sai d second rot af i BEHAVETER!
17000 to (lmmlpmulllllﬂ[mmmet hod according to cl agmfc
_ 29 JuL 1996
- 46 - '
solution to a peripheral portion of Said fubstrate to

form the coating film. =
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characterlzed I n that the rotational Speed of said substrate is set to

be * " lower as a diameter of said substrate becones l'arger in t he
-step where said reSist filmis formed by said suppl e# Sai-d-resi st
sol uti on. 10. A nethod according to claimS8, chqr BERICERIENT i SHAFMAat
the rotational speed in said. resist filn1fornfng step i & 3, 000 to
6,Q00 rpm for a 6" wafer, 2,000 to 4, 0%9 rpm for fanf 89 4a Lﬂc“§%h?
1,000 to 6,000 gpupfLetra 12" wafer. “A et hod accpr fi ng to B,
characterized in that the inner dianeter of said npzzte—+s—-0~1-10.2.0D
nn1f0r a "METHOD OF FORMING COATING FILM AN

THEREFOR"

An apparatus for forming a coating film, comprises
a spin chuck for supporting a substrate with one surface
facing upward and rotating the substrate about a ver-
tical axis, a first nozzle for supplying a solvent of a
5 coating solution on the substrate, and a second nozzle
 for supplying the coating solution on a central portion
of the substrate. The first and second nozzles are sup-
_ported by a head such that the supported nozzle moves
between a dropping position-aboVe the substrate and a
10 waiting position offset from the substrate. The
solvent and coating solution are dlffused along the sur-
face of the substrate by rotating the spin chuck.




6" subst rate, 0.5 to 2.0 mmfor an 8" substrate, and 0.8 to 3.5 mmfor

a 12¥ substrate. 12. A method according to claim 8, characterized
in that a supplying tine in the resist filmformng f‘@nﬁ-?gt.h. T
shorter for one uneven surface of 'said substrate than FAGTHERT SHEET
surface thereof. 13. A nethod according to claim 12, :
" 1| 29.JUL 199
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38: ' ; characterized in that the supplying time in the resist film

forming step is 4 2 sec for one flat surface of a 6" substrate, 3
[err] 2 sec for one uneven surface of a 6" substrate, 6 2 sec for
one flat surface of an 8" substrate, 4 +2 sec for one O S T.ac
of an 8" substrate, 9 1 sec for one - flat surface of ﬁ@;xggﬁ@ﬁﬁggé
and;7 1 sec for one uneven surface of a 12" substra 14 A
met hod - according to claimS8, characterized in that 29 JUL 1996
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a suppLylng anount of the resist solution in the resist

step is set larger for one uneven surface of said substrate tha
one .flat surface thereof. 15. A nethod according to claim13;-

characterized in that a supplyi ng amount of the r
resist filmformng stepis 0.2 to 1.0 cc for

i substrate, 0.5 to 2.0 cc for one une
sJBgtrate 0.5 to 2.0 cc for one flat sur an
to 3.0 cc for one uneven surface of ad/ 87 /subst riat e,
one flat surface of a 12" substrate,
surface of a 12" substrate.
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16. ' A nmet hod according to claim8, characterized in that t he
resi st solution is a mxture of phenol -novol ac resin and napht hoqui none

di azi de ester. 17. A nethod according to claim]l,

| REPLACEMENT SHEET
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chardcterized in that a contact angle between said one surface of said

substrat'e and a peripheral edge of said coating film during diffusion
of the coating solution on said one surface of sai d substrate is set
smal l er than that set - wthout performng the previ

met hod according to claim1, characterized in that REPLAQ %Pﬁ Jsﬁ? "
bet ween sai d one surface of said sub@; and thejc atl ng sol uti op
S

during diffusion of the coating on sai d ope “Eﬁ_qq%sa d
nng the

substrate is s - larger than that—s®t w thout perfér prew u$
st ep. ?( | ! - H
e B 1 A 7 13- |
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19. . 'A .met hod according to claim1, characterized in that in said
step d) conprises a sequentially supplying of a predet er m ned anount
of -coating solution froma nozzle on substantially_a.central..po+ti

~of said substrate over an initial riod (TD1) mh?nﬁgggﬁggﬁafgéﬁﬁﬁo
i???:; Tp2y=spetremy===—""

rate gradual ly increases, an inter, Nat e period

digcharge flow rate is substantially cPggaapt, and a t r
when the di scharge flow1rate gradual | y decr eases vh||ef§b4§€‘?g€
the entir

substrate, thereby ﬂ qgg |ng solutlon

f d f q fil
e c one st o T S 06 | B fstepy 17
T_IME 2.0sec |

—t

SUPPLY SOLVENT -
ROTATIONAL SPEED : 500 ~1500rpm  [~STEP 10

TIME: 0.5 sec

SCATTER SOLVENT
ROTATIONAL SPEED: 3000~ 5000 rpm [~STEP2
TIME: -6.0sec

SUPPRESS AVERAGE VARIATION
ROTATIONAL SPEED : 1000~2000rpm [~-STEP 24
TIME: 2.0 sec '

gﬁNESS AT
ROTATIONAL SPEED 2000~4000rpm —~-STEP2b
- 4 €C

" SUPPLY RESIST SOLUTION
- ROTATIONAL ‘SPEED : 2500~ 3500rpm ~-STEP 3
TIME: 3.5sec

COATING PROCESS | '
ROTATIONAL SPEED : 2500 rpm —-STEP4
TIME: 15.0 seC

SIDE / BACK RINSE
ROTATIONAL SPEED : 2500 rpm ~STEPS
TIME:'9.0 sec \

FIG 7



20. + ‘A nethod according to claim 19, characterized in that a
decel eration during the |ast period when the discharge flowrate
gradual |y decreases is controll ed. '

ot
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21. ' A met hod according to claim 19, characterized in that
respective discharge tinmes of the initial period, the I ntermedi ate

period, and the |ast period are i ndependent |y control [@"722 A

met hod according to claim19, char i zed by chrlTor1#Mg a Sakp
to supply said coating solution to 823'7 nozzl e throu supply patn
bysgai d punp over said initial geri sai 3 i nt er pedifatle. p&r Jg ,_wggd
said | ast period and cl osi ng sai ply p 08 0. 10t 0 [1.[Psec aft &f

A

said punp is stopped, wherein at |east one of a [ cﬁ scharge-trne—and
deceleration of the last period is '
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23.. 'An apparatus for formng a coating filmon a substrate,

conprising: - a) nmeans for supporting a substrate with one surface
faci ng upwar d; b) supply nmeans for supplying a solvent of a coating
solution on said one surface and a coating sol ution on a-
substantially center portion of said substrat e; c) rotating
means for rotating said substrate aboyt9oany axii=perpquicular to
sai d one surface of said C 0a '
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subst'ratg_a at a first rotational speed when said sol vent of said
coating solution is applied to said substrate to diffuse said

sol vent over the entire area of sai”d one surface and at
‘'second rotational speed when sai d coating sol utjiQn.i.s..applie

said substrate which results ﬁ ig adi ng of thepgPACEMENT SHEET
304 uy,

solution over the entire area of sai face ’
:E: ec 1.0sec | L 20 JUL 1996
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to fo?n1$aid coating film and d)

coating solution

at

sai d second rotational speed;

sai d supply neans supplying said sol vep
on said one surface of said

rotates said

THICKNESS VARIATION

RANGE

SOLVENT i A
RESEVOIR ez
CHANNEL 31f [

substrat e.

2.0sec

(A)

2.5sec

sai d supply nmeans suppl ying said

characterized by

whil e said rotating nmeans rotates said substrate

e)

aid LT 10, %.

gt e while sLﬂREHUﬁ%W?%b
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24. - An -appar atus according to claim 23, characterized by said

supply neans conprising at |east one first nozzle for supplying said
sol vent of a coating solution on said substrate and g-Reans—for-————
supplyi ng the solvent to said first nozzle, at |east dkte’isec‘-éh”d‘_ nozzl e

for supplying said coating solutiq I d substant}] aftyTtentTal
pogti on of said substrate and a neans /fpj ﬁ]p Iyi ng the g
solution to said second noz? e, and a / suppbr ﬁam é%?sbt
one of said first and seconc nozg es sg h that said su nnr*ﬂf‘ A7
noves between a dropping 16 said substrale and a wait i ng

position of fset from s3ap@ { 242b An appar atus—acTtordimng 1o
_cI ai m 24, characterized i{n th t ﬁ
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42 . . the neans for supporting at |east one of said first and

second nozzl es conprises a spray head for supporting said first and
second nozzles parallel to each other, and nmeans for noving said spray
head in a horizontal pl ane.
~ | REPLAGEMENT. SHEET |
. | 29 JUL 1996
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26. + An apparatus according to claim 24, characterized in that

sai d spray head conprises neans for independently sel ectively

adj usting tenperatures-of said first and second nozzles.-—"27. . An
appar atus according to claim 24, characterized in\tgat. ' _said-sp{ay
head conprises neans for heating said first and sgc 0zzles to'tRe
sagQe tenperature. 28.. An apparatus ac ding to claiym\24 JuL‘Hvb |
characterized in that said first second nozzl es oz's%ltute a

doubl e pi pe 14/17

i1



of said second nozzle is positioned in

§tructur¢, and a distal end
said-first nozzle. 29. An apparatus according to claim 24,
characterized in that said first and second nozzl es conpr|se a.co

apparatus according to clai

out | et port. 30. An
characterized in that a distal end of s econd n
NG ~sol vent at nosphere. <1§?;§ji> .
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31. - An apparatus according to claim 24, characterized in that

distal end of said first nozzle is branched into a

portions.
t hat.

“

32. An apparatus according to claim 24,
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sai d second nozzle conprises a cylindrical distal end portion, and an

i nverted conical trapezoidal portion following said cylindrical distal
end portion. 33. An apparatus according to claim 24, characterized
i n that said second nozzle conprises a cylindrical dis
portion, and an outer flange provided tg Qpeni ng of
cWdndrical distal end portion. 34. /Rn,apppratus accor di
characterized in that sai d_second.nozz+e conprises a Vver
ext endi ng cylijndrical portion, and a laterally S—s_gBe
- portion having a snaller dianeter than that of a : i’: 4a
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Sy
> 1]

:'éylindfical portion connected to said ve}fical
}35. An appar atus. according to claim 24,
for holding a plurality of spray heads at the wai t i

“the neans for novi ng said spray head has neans for{ g
supporting one of said plurality of spray heads,
driving said spray, head supporting neans.35

R

) cylindrical portion’
characterized by a neans

ition, wherein

1. A method for forming a coating film on a substrate,

comprising the following steps:

a) rotating szid substrate having a solvent of a

coating solution supplied to one surface thereof at

a first rotational speed to diffuse said solvent

over thelentire area of said one surface; and

b) rotating said substrate having a coating solution

supplied onto the substantially center portion of

said substrate at_a second rotational speed which

results in spreading of the coating solution over

'the entire zrea of said one surface to form said

coating film; and

c) supplying said coating solution while rotating said

substrate at szid second rotational speed;

characterized by

d)  supplying said solvent of said coating solution on

said one surface of said substrate while rotating

said substrate.

2. A'method according to claim 1,
characterized in that

said amount of cozting solution is set

in accordance

with a rotational speed of said substrate.



<44 .36; An appar at us accofding to claim 24, characterized in that

the supply neans for supplying the coating solution has a cont ai ner

scontaining the coating solution, a comuni cati on pa gausi ng said
container to _ ni cat e mnth sai d second nozzl e, JoREPIAYSE ¥ TV e o SN
suppl yi ng the coati ]iﬂﬂutﬂ ' mm lma i d cqptainer to said ECONTY A e
t hrough said commu d punp nmeans Qa in 3 np

and a steppi ng notor for expandlng and contracti ng
cause said bellows punp to supply the coft

So as to

1,

2 method according to claim 2,
characterized in that

the amount of the coating solution and fhé:rotational_
speed of said substrate are set to make a thickness

variation fazll within a range of not more than 50%.

A method according to claim 1,
characterized in that
the first rotationzl speed differs from the second

rotational speed.

A method according to clain 4,

characterized in that

the first rotationzl speed includes a high rotational
speed for scattering the solvent from said substrate,
and a low rotational speed which follows the high

rotational speed.

A method according to claim 1,
characterized in that
the first rotationzl speed is substantially equal to the

second rotational speed.

A nethod according to claim 1,

characterized in that

a diffusing speed of the coating solution to a
peripheral portion of said substrate is substantizlly

equal to a drying speed of the solvent.

A method according to claim 1,

characterized in that




« 37. An apparatus according to claim 24, characteri zefr

_process vessel havrng*a—TEdUCed—pré§sure chanber I n

. Substrate is contai An appar at ug
cl aim 24, charelm || m mmlll mE proc_,—e;ss vessel ,” in wh

substrate Is containmede L t® be processed, and neans for B¢
saturation at nosphere of the solvent inside said proc.;w

An apparatus according .t é [ 3, characteni zed ' | '

sai d supply neans%ggﬁpFPgFﬁ gaflﬁ% 55515% 1F§P ﬁﬁ9f1 suppl yi ng

sol vent of a.coatkBlution is & resist solution, said resist solution is
supplied by a2 nozzle having a predetermined inner

diameter and szid second rotatlonal speed is 1,000 to
6,000 rpm.

9. A nethod according to claim 8,
characterized in that

the rotational spezd of said substrate is set to be
&
cu

lower as a diameter of said substrate becomes larger in
the step where said resist film is formed by said

supplying of said resist solution.

10. A method according to claim 8,
characterized in that
the rotational speed in said resist film forming step is
3,000 to 6,000 rpm for 2 6" wafer, 2,000 to 4,000 rpm

for an 8" wafer, and 1,000 to 6,000 rpm for a 12" wafer.

11. A method accordin ng to claim 8,
characterized in thag
the inner diameter of said nozzle is 0.1 to 2.0 mm for-a
6" substrate, 0.5 to 2.0 mm for an 8" substrate, and 0.8

to 3.5 mm for a 12" substrate.

12. A method according to claim 8,
characterized in that
a supplying time in the resist film forming step is set
shorter for one uneven surface of said substrate than
for'one flat surfzce thereof.

13. A method according to claim 12,

-



. solution on said substrate and at | east one second nozzl e for supplylng

the coating solution on @ central portion

. Spray head hav'ngT%sm1a}ﬂL§&ﬁh. gh portion forlsu st and
second nozzl esm end portion rot 'Mﬂmiﬂﬂ“é il

by sai d housi ng, m

substrate support

14.

15.

16.

17.

sdi bei hg positioned on of sai d

r pgvotBBg

characterized in that

the supplying time in the resist film forming step is ¢
+2 sec for one flzt surface of a 6" substrzte, 3 %2 sec
for one uneven suriece of a 6" substrate, 6 £2 sec for
one flat surface of &n 8" substrate, 4 g2 sec for ons
uneven surface of &n €" substrate, 9 *£1 sec for one
flat surface of z 12" substrate, and 7 1 sec for one

uneven surface oi & 12" substrate.

A method according to claim 8,

characterized in that

a supplying amount of the resist solution in the resist
film forming step is set larger for one unsven surface

of said substrate than for one flat surface thereof.

A method according to claim 13,

characterized in that

a supplying amount of the resist solution in the resist
film.forming step is 0.2 to 1.0 cc for one flat surface
of a 6" substrate, 0.5 to 2.0 cc for one uneven surface
of a 6" substrate, 0.5 to 2.0 cc for one flat surface of
an 8" substrate, 1.0 to 3.0 cc for one uneven surface of
an 8" substrate, 1.0 to 3.0 cc for one flat surface of a
12" substrate, and 1.5 to 5.0 cc for one uneven surface

of 2 12" substrate.

A method according to claim 8,
characterized in that
the resist solution is a mixture of phenol-novolac resin

and naphthoquinone diazide ester.

| REPLACEMENT SHEET

A method according to claim 1,
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. said spray head to selectively position a nozzle between a droppi ng
position above said substrate and a waiting position offset fromsaid

. Substrate, and an arm novabl e in said housing, having a rinse solution
nozzl e, and . positioned on the other sjde of sallﬂlﬂm]m“ﬂm
nmeans. 40. An apparatus according to clal m 39, n. t hat
said spray head supports a plurality of second nozzl'es.* An apparatus
according to claim 23, characterized by a housi ng, sald suppl y

means conpri si ng éhtakbeériyed®fin tha3pray heads detachably nounted in said
housi ng

a2 contact angle between said one surface of seaid
substrate and & peripheral edge of said coeting film
during diffusion of the coating solution on said one
surface of said substrate is set smaller than that set

without performing the previous step.

18. 2 method according to clzim 1,
characterized in that
an affinity between said one surface of szid substrate
and the coating solution during diffusion of the coating
solution on said one surface of said substrate is set
larger than that set without performing ths previous

step.

19. A method according to claim 1,
characterized in that
in said step d) comprises a sequentially supplying of a
predétefmined amoﬁnt of coating solution irom z nozzle
on substantially a central portion of said substrate
over an initial period (TD1) when aldiSéharge flow rate
gradually increases, an intermediate pexriod (TD2) when
the discharge flow rate is substantially constant, and a
last period (TD3) when the discharge flow rate gradually
decreases while rotating said substrate, thereby
diffusing the coating solution to the entire arez of
said one surface of said substrate to form thn

e*cea%rne————-____
REPLACEMENT SHEET

film, wherein the last period is controlled.

23 JuL 1998

20. A method according to claim 19,

characterized in that

a deceleration during the last period when the discharge

flow rate gradually decreases is controlled.



~respectively having a first nozzle for supplying said solvent of a

coating solution on said substrate and a second nozzl e for supplylng
-said coating solution on a central portion of said subst+ate,_a

plurality of connection arns bent in a horlzontaJI”' ach

havi ng one end portion for supporting a(xﬁQespondlng I @ Eﬁ"w
plurality of spray heads and the other end por tii on?

supporting said other end portion of a selected one of said pIurallty
of connection arns and sel ectively noving said sel ected connection arm-

between a s si,t1on ere said, correspondi ng spray head is
posi ti oned %ﬁgvéégg?gﬁgﬂbgFF3¥glﬁﬁdg%.Cla fﬁng posi tion where said
correspondi Nng SpsBYrheddrised inOthset fromsaid substrate, while said

ot her end portion of said selected connection armis kept offset from

sai d subst r akespective discharge times of the initial period, the
intermediate period, and the last period areg

independently controlled. REPLACEMENT SHEEY

23 JUL 1998

22. A method according to claim 19,

characterized by

controlling a2 pump to supply said. coating solution to
said nozzle through a supply path by said pump over said
initial period, said intermediate period, and said lést
period and closing said supply path 0.1 to 1.2 sec after
said pump is stopped, wherein at least one of a
discharge time and a.deceleration of the last period is

controlled.

23. An apparatus for forming a coating film on a substrate,

comprising:

a) means for supporting a substrate with one surface

facing upward;

b) supply means for supplying a solvent of a coating
solution on said one surface and a coating solution
on a substantially center portion of said

substrate;

~c) - rotating means for rotating said substrate about an
axis perpendiculer to said one surface of said
substrate at a first rotational speed when szid
solvent of said coating solution is applied to said

substrate to diffuse said solvent over the entire




. 46 42. An apparatus according to claim 23, characterized by a
housi ng, said supply neans conprising a plurali ds

. detachably nounted in said housing respectiv ' gt nozzle
for supplying a solvent of a coatiagg sol uti OE ﬁm“nH “mte and a
; L M 5 *

second nozzle for supplying the coating solution

area of said one surface and at second rotational
speed when said coating solution is applied to said
substrate which results in spreading of the coating
solution over the entire area of said one surface

to form sazid cozting film; and

d) said supply msans supplying said coating solution
while said rotating means rotates said substrate at

said second rotational speed;
characterized by

e) sazid supply mezns supplying said solvent of said
coating solution on said one surface of said
substrate while said rotating means rotates said

substrate.

24. BAn apparatus according to claim 23,
characterized by
said supply means comprising at least one first nozzle
for supplying szid solvent of a coating solution on said
substrate and a means for supplying the solvent to said
first nozzle; at least one second nozzle for supplying
~said coating solution on said.substantially central
portion of said substrate and a means for supplying the
coating solution to said second nozzle, and a means for
supporting at least 6ne of said first and second nozzles
such that said supported nozzle moves between a droppiﬁg
position above said substrate and a waiting position

offset from said substrate.

25. 2n apparatus according to claim 24, HEPLACEMENT SHEETYT
characterized in that 23 JUL 1908




scentral portion of said substrate, a plurality or connection arns bent

in horizont al

pl ane and each havi ng one end—portion far supporting a

.correspondi ng one of said plurality of spray e other end
portion, a means for supporting sai¢.ot her ebﬂﬁwmﬁmﬂhﬂ!ﬂ!"l/
sel ected one of said plurality of connecti“n arns ¢ L tely

novi ng sai d sel ected connecti on arm bet ween . a supplying position where

sai d correspondingﬁzg{ay head i s,positioned above said substrate and a

wai ti ng

connection arm

novabl e

it
posi ;
fromsaid substr L& ,5ai.d ~at, ek dg (o] Al | ct ed
 3efontl'n AR BB FR° spraBOREaRt U ibarl
i n saiid Hawsitngndhsecogdanozpiessphutildelndzrlesclarsther,

afRSr £03aSYPRBFELBBOANI ABaSH Apenddd s&id firsttandted

roms ng arm

positioned on the other side of said subatrate sgpport

- 26.

27.

28.

28.

30.

) neans.
and means Ior moving sald spray head in a horizontal

plane.

An apparatus accerding to claim 24,
characterized in thzt
said spray head comprises means for independently
selectively adjusting temperatures of said first and

second nozzles.

An apparatus- according to claim 24,
characterized in that
said spray head comprises means for heating said first

and second nozzles to the same temperature.

An apparatus according to claim 24,

characterized in that .

said first and second nozzles constitute a double pipe
structure, and a distal end of said second nozzle is

positioned in said first nozzle.

An apparatus according to claim 24,
characterized in that
said first and second nozzles comprise a common outlet

port.

An apparatus according to claim 24,
characterized in that

a distal end of said second nozzle is positioned in a

solvent atmosphere. | REPLACEMENT SHEET

23 JUL 1998




543. An apparatus according to claim42, characterized in that
'said noving armconprises a distal end portion for ~ supporting said
.first nozzle, an internediate portion for €

nozzle, and a proxi mal end portion mgta;abig- '
housi ng. 44. An apparatus according to claim 2 Jn"ﬂmiﬂli " "Iﬂ I
: * [ L M. S *

31. 2An apparatus according to claim 24,
characterized in that
a distal end of szid first nozzle is branchzd into a

plurality of portions.

32. An apparatus according to claim 24,
characterized in that
- said second nozzle comprises a cylindrical distal end
portion, and an inverted.conical trapezoidzl portion

following said cylindrical distal end portion.

33. An apparatus according to claim 24,
characterized in that |
said second nozzle comprises a cylindrical distzl end
portion, and an outer flange provided to an opening of
said cylindrical distal end portion.

34. An aﬁparatus according to claim 24,
. characterized in that
said second nozzle comprises a vertically extending
cylindrical portion, and a laterally S-shaped bent

portion having a smaller diameter than that of =

cylindrical portion connected to said vertice

cylindrical portion. | REPLACEMENT SHEET
23 JuL 1998

35. An apparatus according to claim 24,

characterized by

a means for holding a plurality of spray hsads at tﬁe
waiting position, wherein the means for moving szid
spray head has meazns for selectively supporting one of
said plurelity of spray heads, and a mechanism for

_ .

driving said spray head supporting means.




.Ccharacterized by control neans for controlling said supply nmeans to
supply said coating solution over an ?nitial peri od (TD1) when a
.discharge flow rate gradually increases, 5 i nt er medi at e iod (TD2)
“when the discharge flow rate is subs4t4ant|al |mn Hm waﬁﬁﬂa | ast
period (TD3) when t he discharge flowrate g s while
rotating said substrate. 45. A net hod accordlng to cla|n11
characterized in that said substrate is a sem conductor wafer.

36. An apparatus according to claim 24,

characterized in that

the supply means for supplying the coatinc¢ solution hszs
a container containing the coating solution, a
comnunication path for causing said container to

“communicate with szid second riozzle, and pump means for

m

supplying the coatihg solution in said conteiner to szid
second nozzle through said communication pzth, said pump
means having a bellows pump and a stepping motor for
expanding and contracting said bellows pump so as to

cause said bellows pump to supply the cozting solution.

37. An apparatus according to claim 24
characterized by
a process vessel heving a reduced pressure chamber in

which said substrazte is contained to be processed.

3B. An apparatus according to claim 24
characterized by
- a process vessel, in which said substrate is contained

to be processed, and means for realizing a saturation

atmosphere of the solvent inside said process q’ﬁiﬁﬂﬂEMENT SHEE1:

39. An apparatus according to claim 23, 23 JUL 1998

characterized by

a housing, said supply means comprising at leaSt one
first nozzle for supplying a solvent of a coating
solution on szid substrate and at least ons second
nozzle for supplving the coating solution on a central
portion of said substrate, and a spray head having a
distal end portion for sunporting said first and second

nozzles and a proximal end portion rotatably supported



~46. An apparatus according to claim 23, charaeterized in that  said
Substrate is a sem conductor wafer. 47. A meth ,mtgimorm n a coating

filmon a substrate, conprising the follow g m,’uu rotating
sai d substrate having a solvent of a 45 coat i Iled to

one surface thereof to diffuse said solvent over the &ntire area
of said one surface; and b) rotating said substrate having

a coating solutiQy sajid housing, szid spray head being positioned on one

' side of said substrate support means, means for pivoting
said spray head to seleétively position & nozzle between
a dropping position above said substrate and & waiting
position offset from said substrate, and an arm movable
in said housing, hzving a rinse solution nozzle, and
positioned on the other side of said substrate support

means.

40. An apparatus according to claim 39,
characterized in that

said spray head supports a plurality of second nozzles.

41. An apparatus accordéing to claim 23,

characterized by
a housing, said supply meéns comprising a plurality'of
spray heads detachzbly mounted in said housing
respectively having a first nozzle for supplying said
solvent of a coating solution on said substrate and a

_ second nozzle for supplying said coating solution on a
central portion of said substrate, a plurality of
connection arms bent in a horizontal plane and each
having one end portion for supporting a corresponding
one of said plurality of spray heads and the other end
portion, and means for supporting said other end portion
of a selected one of said plurality of connection arms
and selectively moving said selected connection arm
between a supplying position where said corresponding
spray head is positioned above said substrazte and a
waiting position where said corresponding spray hezd is
offset from said substrate, while said other end portion

of said selected con mection arm is Lept oifset ;row said

substrate. REPLACEMENT SHEET |
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.supptied onto the substantially center portion of - said substrate
which'results in spreading of the coating solution over the entire

.area of said one
characterized by

42,

43.

44 ..

surface to form sa

e TR

An apparatus according to claim 23,

characterized by

a housing, said supply means comprising a plurzlity of

ply
spray heads detachably mounted in said housing

respectively having & first nozzle for supplving a

.

solvent of a cozting solution on said substrate and a

[4}]

second nozzle for supplying the coating solution on
central portion of said substrate, a plurality of
connection arms bent in horizontal plane and each having
one enq portion for supporting a corresponding one of
said plurality of spray heads and the other end portion,
a means for supporting said other end portion of &
selected one of said plurality of connection arms and
selectively moving said selected connection arm betwesen
a supplying position where said corresponding spréy head
is positioned azbove said substrate and a waiting
position where said corresponding spray head is
retracted from said substrate, while said other end
portion of said selected connection arm is kept
retracted from said substrate, and a moving arm novable
in said housing, having a rinse solution nozzle, and
positioned on the other side of said substrate support

means.

An apparatus according to. claim 42,

characterized in that

said moving arm comprises a distal end portion for
supporting said first nozzle, an intermediate'portion
for supporting said rinse nozzle, and a proximzl end

portion rotatably supported by said housing.

REPLACEMENT SHEET
23 JuL 198

An apparatus according to claim 23,




c) supplying said solvent of a coating solution on one- surface of
said substrate froma first nozzle posi ti oned above the center of

the substrate while sai d substrate i s—being Totated or stopped;

d) noving said first nozzle to the outs#de of t umm“f of the
substrate therefrom e) noving a secondl mmu“ilmu center of
t he : substrate fromthe outside thereof, said gecdnd
nozzl e being i ntetgrrddderdired ey i n a spray head with said first
nozzl e; and _
' control means for controlling said supply means to
supply said coating solution over an initizl period
(TD1) when & disc nerge flow rate gradually increaSes,'an

flow rate

ﬂ)

intermediate periocd (TD2) when the dischar
is substantially coastaent, and a last period (TD3) when

the discharge flow rete gradually decreases while

rotating said substrate.

45. A nethod according to claim 1,
characterized in that

said substrate is z semiconductor wafer.

46. BAn apparatus according to claim 23,
characterized in that

said substrate is & semiconductor wafer.

47. A method for forming a coating film on a substrate,

comprising the following steps:

a) rotating said substrate having a solvent of &
coating solution supplied to one surface thereof to
diffuse said solvent over the entire area of said

one surface; and

b) rotating said substrate having a coating solution
supplied onto the substantially center portion of
said substrate which results in spreading of the
coating solution over the entire area of said one

surface to form said coating film;

'REPLAGEMENT SHEET

characterized by
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1) suppl yi ng sai d coating solution fromsaid second nozzl e while

rotating said substrate. 48. An apparatus for formng a coating filmon a

~substrate, conpri si ng: _ a) neans for te with
one surface faci ng upward; 48b) sup lying a
sol vent of a coating solution on said on !nmnl lllmmgatl ng
sol ution on a substantially center port|

substrate; and
c) . supplying sezid solvent of a coating soslution on one
surface of szid substrate from a first nozzle
positioned zbove the center of the substrate while

said substrate is bewng rotated or stooped;

d) moving szid first nozzle to the outsics of the

center of the substrate therefrom;

e) moving a second nozzle abové the center of the
substrate fro: the outside thereof, szid second
nozzle being integrally mounted in a spray head

with said first nozzle; and

£) _supplying seid coating solution from szid second

nozzle while rotating said substrate.

48. An apparatus for forming a coating film on z substrate,

comprising:

a) means for supoorting a substrate with one surface

facing upward;

b) supply meens for supplying a solvent of a coating
solution on szid one surface and a coztingfs —
_ . "9 REPLACEMENT SHEET
on a substantially center portion of szid

substrate; and ' 23 JUL 1998

c) rotating means for rotating said substraz teﬂﬂﬁmﬂ?iﬁr—-—____
axis perpendicular to said one surface of said
substrate when said solvent of said cozting
solution is eapplied to said substrate to diffuse

said solvent cover the entire area of szid one



,C) rotating neans for rotating said substrate about an axis

perpendi cul ar to said one surface of said : substrat e when sa
. solvent of said coating solution i stLIﬁm“ L lBlHubst r at e to
di ffuse . said solvent over th&%entir

49 surface and when said coating sol utioh |s applle

surface and when said coating solution is applied
to said substrate which results in spreading of the
coating solution over the entire area of said one

surface to form said coating film;

characterized by

-
n
a1
' »
0

d) said supply means supplying said solvent o
coating solution on said one surface of said
substrate while said said substrate is rotated by

said rotating means or stopped; and

e) said supply means supplying said coating solution

while said rotating means rotates said substrzte;

£) wherein said supply means comprises a first nozzle
for supplying said solvent for said coating
solution and & second nozzle supplying said coating
éolution, wherein said first and second nozzle are

integrally mounted in a movable spray head.

REPLACEMENT SHEET
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ie—<ai d substrate which results in spr eadi ng of the coating sol ution

over the entire area of said one surface to formsaid coating film

" characterized by - d) sai d supply means suppl ying said sol vent of sa d
coating' scékution on said one surface of said subst r ate while-saidq said
Substrate is rotated by . said rotating neans or sﬁgﬂmmmdSHEﬁél)

said supply neans supplying said coating 2ol-ution
neans rotates said substrat e;

10
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: direction,_and the thickness of the rgs

ot atli ng

central portion is different from thag at the.periphera
portion. 1In addition, the peripheral velocity at the
peripheral portion is higher than that at the central
position, and a scattering amount of the resist solution
at the peripheral portion is much larger than that at
the central position. Thus, uniform coating can not be
obtained. | | |

For this reason, as described in Jpn. Pat. Appln.
KOKAI Publication Nos. 57-43422.and 59-141220, there
is provided a method of adjusting. the'température of a
resist solution or a method of fllling the same solvent
as in a resist solution in a re51st £ilm formation
atmosphere to suppress evap@tatlon of the solvent in
the resist solution. As described in Jpn. Pat

. Appln. KOKAI Publication Nos. 59- -11895, 61-91655, and

61-150332, a method of droppihgfﬁhe solvent of a resist
solution on a wafer surface prior to resist solution
coating is also proposed. '

In the former method, however, the amount of resist

‘solution used in forming a resist film is large. For

example, only 1 to 2% of the total amount of resist
solution contribute to actual formation of the resist
film. For example, to form a l-pm thick resist film, 4
to 8 cc of a resist solution are required for an 8"
semiconductor wafer. In the latter method, it is
difficult to obtain uniform coating and thus, the
conventional problems cannot be satisfactorily solved.

It is an object of the present invention to provide
a method which requires a smaller amount of coating
solution such as a resist solution and can form a
coating film having a uniform thickness, and an
apparatus.therefor.



f) Wherein said supply neans conprises a first nozzle . for supplyi hg
sai d solvent for said coating solution and a seco |

sai d coating solution, wherein said first and secoan@rpPpPACEMENT SHEET
integral ly» nounted in a novable spray_head. '

According to the invention in a first aspedt[) ghsee 38

provided a method for forming a coating film ¢n substrate;

comprising the following steps:

a) zrotating said substrate hav1ng a solvent of a coating
solution supplied to. one surface thereof at a first
rotational speed to diffuse said solvent over the entire area
of sald one surface; and.
b) rotating said substrate having a coatlng solution
supplied onto the substantially center portion of said
substrate at a second rotational speed which results in

- spreading of the coating solution over the entire ‘area of
said one surface to form said coating film; and
¢) supplying said coating solution while rotating said
substrate at said second rotational spéed;
characterized by
d) supplying said solvent of said coating solution on said
one surface of said substrate while rotating said substrate.

According to the invention in a second aspect; there is
provided an apparatus for forming a coating film on a
substrate, comprising:

a) means for supporting a substrate with one surface facing
upwaxrd; |

b) supply means for supplying a solvent of a coatlng
solution on sald one surface and a coating solution on a
substantially'center portion of said substrate;

" ¢) rotating means for rotating said substrate about an axis
perpendicular to said one surface of said substrate at a
first rotational speed when said solvent of said coating
solﬁtion is applied to said substrate to diffuse said solvent
over the entire area of said one surface and at second
rotational speed when said coating solution is applied to
said substrate which results in spreading of the coating
solution over the entire area of said one surface to form
said coating film; and



REPLACEMENT SHEET
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d) said supply means supplying said coating soluttorrwhiiz—
said rotating means rotates said substrate at said second
rotational speed; '

characterlzed by

e) said supply means supplying said solvent of said coatlng
solution on said one surface of said substrate while said
rotating means rotates said substrate.

‘According to the invention in a third aspect, there is
provided a method for forming a coating film on a’ substrate,
comprising the following steps: ' '
a) rotating said substrate having a solvent of a coating
solution sﬁpplied to one surface thereof to diffuse said
solvent over the entire area of said one surface; and
b) rotating said substrate having a coating solution
sdpplied onto the substantially center portion of said
substrate which results in spreading of the coatihg solution
over the entire area of said one surface to form said coating
£ilm;
charaéterized by
c) supplying said solvent of a coating solution on one
surface of said substrate from a first nozzle positioned
above the center of the substrate while said substrate is
being rotated or stopped;

d) moving said first nozzle to the out51de of the center of
the substrate therefrom;

e) moving a second nozzle above the center of the substrate
from the outside thereof, said second nozzle being integrally
mounted in a spray head with said first nozzle; and

f) supplying said coating solution from said second nozzle
while rotating said substrate.
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According to the invention in a fourth as;

provided an apparatus for forming a coating fi

substrate, comprising:

a) means for supporting a substrate with one surface facing
upward; .

- b) supply means for supplying a solvent of a coating
solution on said one surface and a coating solution on a
substantially center portion of said substrate; and

c) rotating means for rotating said substrate about an axis
perpendicular to said one surface of said substrate when said
solvent of said coating solution is applied to said substfate
to diffuse said solvent over the entire area of said one
surface and when said coating solution is applied to said
substrate which results in spreading of the coating solution
over the entire area of said one surface to form said coating
£film; '
characterized by _
d) said supply means supplying said solvent of said coating
. solution on said one surface of said substrate while said
substrate is rotated by said rotating means or stopped; and
e) said supply means supplying said coating solution while
said rotating means rotates said substrate; |

f) wherein said supply means comprises a first nozzle for
supplying said solvent for said coating solution and a second
nozzle supplying said coating solution, wherein said first
and second nozzle are integrally mounted in a movable spray
head.
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According to the present invention, a substrate
(semiconductor wafer, liquid crystal substrate or the
like) means a substrate itself and a substrate including
layers or a layer of other materials such as a metal’
layer and semiconductor layer} Therefore, a substrate
applied with a solvent indicates a solvent directly
applied_on the substrate or a solvent applied on such a
layer formed on the substrate. That is, it means a
substrate on which a coating solution is to be applied.
The shape of the substrate is not limited. Thus, it may
have a circular disk shape, rectangular shape or the
like. : '

According to the present invention, a coating
solution indicates a solution which present in a
liquid state by a solvent, as is conventionally used
in the common field. For example, it means a resist
(photo-sensitive) solution, magnetized solution-on the
like. |

. According to the present invention, the size of,
for example, a semiconductor wafer serving as a
substrate, the rotational speed during coating a coating
solution, the inner diameter of a nozzle (second nozzle)
for the coating solution, supply time and amount of the
coating solution are prefetably set as follows.

However, the conditions are not limited to these.

6" Wafer |

Rotational Speed: 3,000 to 6,000 rpm

Inner Diameter of Nozzle: 0.1 to 2.0 mm



14.

15.

16.

17.

M e

38 o8 DEC 1898

characterized in that

the supplying time in the resist film forming |step is 4

2 sec for one flat surface of a 6" substrate, 3 2 sec
for one uneven surface of a 6" substrate, 6 +2 sec for
one flat surface of an 8" substrate, 4 +2 sec for one
uneven surface of an 8" substrate, 9 +1 sec for one
flat surface of a 12" substrate, and 7 %1 sec for one

uneven surface of a 12% substrate.

A method aéCording to claim 8,

characterized in that

a supplying amount of the resist solution in the resist
film-forming step is set larger for one unesven surface

- of said.substrate than for one flat surface thereof.

A.method according to claim 13,

characterized ip that _

2 supplying amount of the resist solution in the resist
film'forming step is 0.2 to 1.0 cc for one flat surface
of a 6" substrate, 0.5 to 2.0 cc for one uneven surface

a 6" substrate, 0.5 to 2.0 cc for one flat surface of

*h

o
an 8" substrate, 1.0 to 3.0 cc for one uneven surface of
an 8" substrate, 1.0 to 3.0 cc for one flat surface of a
12" substrate, and 1.5 to 5.0 cc for one uneven surface

of a 12" substrate.

A method according to élaim 8,

characterized in that

the resist solution is a nmixture of phenol-novolac resin
and naphthoquinone diazide ester.

A method according to claim 1,



