(19)

US 20140042124A1

a2y Patent Application Publication (o) Pub. No.: US 2014/0042124 A1l

United States

Ikagawa 43) Pub. Date: Feb. 13, 2014
(54) FILM REMOVING METHOD, NOZZLE FOR Publication Classification
REMOVING FILM, AND FILM REMOVING
DEVICE (51) Int.ClL
BO5C 5/02 (2006.01)
(75) Inventor: Yoshinori Ikagawa, Ibara-shi (JP) (52) US.CL
CPC oottt BO5C 5/02 (2013.01)
USPC oot 216/90; 156/345.18
73)  Assi : TAZMO CO., LTD., Ok Jp
(73)  Assignee » LTD., Okayama (JP) (57) ABSTRACT
(21) Appl. No.: 14/113,261 A film in a dry state is efficiently dissolved and removed. A
) film removing method includes steps of moving a nozzle head
(22) PCT Filed: Apr. 11, 2012 (10B) close to a soluble film (201) formed on a substrate
(200), forming a liquid pool (302) of chemical liquid (300)
(86) PCT No.: PCT/JP2012/059847 between the nozzle head (10B) and the film (201) by continu-
§371 (©)(1), ously and simultaneously discharging and sucking the chemi-
(2), (4) Date:  Oct. 22,2013 cal liquid (300) from the nozzle head (10B), and horizontally
moving the substrate (100) in a state in which the nozzle head
(30) Foreign Application Priority Data (10B) and the surface of the film (201) are not contacted so as
to relatively move the liquid pool (302) of the chemical liquid
Apr. 26,2011 (JP) ceeeveeieecneccne 2011-097787 on the substrate (100).
1
20 51
31 ;1
/
32 32 /
/ 14 10
54 14A 11 2B ¥ 5
90
o> REGULATOR 34 34 11B
FLOW RATE A2
CONTROLLER g TFE T
I 201A 4, 117\GH <
34 |-
IO
300 [ 200
/
I e J‘x 100
70
ATMOSPHERE )< /
36 L ]
87— \J

4 301




US 2014/0042124 A1

Feb. 13,2014 Sheet 1 of 15

Patent Application Publication

(40}

il

_ ¢
/ . > (RHASONLY
| oog— | =| 8 M
ee
10z 1
V102 [ _ -
o o [ Je /8 ~ 0k
M | / /_\m €5
R ML [<—
25
) 06 7 7o ee
A T S 1A%
o1 82 y | VP 7 <7 MR (<
/ [A ce A
Ge ey
y H— WU [<—| -~ O€
LS Le 3\ L€ ~EIONITA)
L Ay
1S
X 0z
B I



Patent Application Publication  Feb. 13,2014 Sheet 2 of 15 US 2014/0042124 A1

F16.2C

|1-11 CROSS SECTION

10
\ 1OA\ 10B
/
[T ]
11A 13 12A

F16.2B



Patent Application Publication  Feb. 13,2014 Sheet 3 of 15 US 2014/0042124 A1

11 13 12
300 10B
201A  11AX} 300
? L HEST2A oo
[Po% 0 e 0c®0°a®a®avs “ala0’a’a®e0g ® °o®e%,
FIG.3A | 1 200
+—100

L:::F(> 1— 100

FIG.3C




Patent Application Publication  Feb. 13,2014 Sheet 4 of 15 US 2014/0042124 A1

F1G.4

201

1 200




US 2014/0042124 A1

Lo —| =
A
_ ] o
7 Q)
v 0z / > >(RUIHASONLY
y—
s
W _OO_\ B o o R } Ow
g 00z—~—7 | 00¢ = mmhﬁ
= e | PSP L T LRI v
72 e S~
qrEE—= N 10z
- RIS 11 PR vloz | ) *
= ! X
S ] Ao |o [ e /8 i
e SR Lawmon |/ /*Vm G NW»
S £ gLt e - HOLY N9 AI\
= 06 / ;S ee
v ¥
g vl 7 o \%%:sm o
= ze 26
: cr 0LYIN9TY 0
= R ]} Vel
< / r\m / Le
g L HAANITAD
S Ly Iy
S 1S v
£ \
= 'R r
[P
=
=W



US 2014/0042124 A1

Feb. 13,2014 Sheet 6 of 15

Patent Application Publication

oe —F =
A
9€
- / S >(RIHASONLY
0L
00l —1 <t N ‘
! 00€ —| =| 08
002 T T T LT | A £¢
P N\ -0z |
' . T
el T 09
H €g
WL [
1 " 8 ey ee
Z " /
- S e
0l d¢l all ATIOUNG | [ e 7 H< 7 011NN
/ /o Lawmon |/ Nz € 7 A
5 v pe ve zy | o8
06 \
¥S JONITA)
Uy
X 0z
9914 k



Patent Application Publication Feb. 13,2014 Sheet 7 of 15 US 2014/0042124 A1
FLOW RATE OF
suppLvmg chemc| R RT ~ R2 R2 ~
LiQUID EXCESSIVELY LOW APPROPRIATE EXCESSIVELY HIGH
FILMREMOVAL |NO LIQUID POOL FORMED, NO|EFFECTIVE FILM REMOVAL BY VX&TILT'\‘{I%'FDF*:‘L’&L[E;%\TIE\?
CHARACTERISTICS | FILM REMOVAL PERFORMED | PULSE IMPACT Mo

R1, R2: THRESHOLD VALUE OF FLOW RATE (R1 < R2)




Patent Application Publication  Feb. 13,2014 Sheet 8 of 15

US 2014/0042124 A1

10 lxﬁ
N\, DISCHARGE | ~ SUCTION
12
11
300 @\\ 13
201~ |
- |
200" X —
FI1G.8A
10 IX — 10 IX—
N DlSCHARGEi SUCTION J‘ N DISCHARGE | SUCTION
N-‘\'\\s'§ 12 12
i \\;& 13 1 13
300 \\Q g&.s-§ 300 R0
201 N 8 201 L Foam
i | B |
200" X —f \Zoﬁo/ X —




Patent Application Publication  Feb. 13,2014 Sheet 9 of 15 US 2014/0042124 A1

\\ 300

13

FIG.9A

\\V

13 300 13 302
201 \ 201 .
pop /F \ G2
200
FI16.98
10
13 302
201\
200 /

FIG.9C



Patent Application Publication  Feb. 13,2014 Sheet 10 of 15 US 2014/0042124 A1

FILM THICKNESS ,
(pm)
0.1
NO FILM REMOVAL PERFORMED
DISTANCE (mm)
FI6.10A
FILM THICKNESS ,
(pm)
0.1
FILM REMOVING WIDTH 1.2 mm

INCLINED PART ABQUT 0.2 mm WIDE

.

DISTANCE (mm)
FILM THICKNESS ,
(im)
0.1
FILM REMOVING WIDTH 2 mm
INCLINED PART ABOUT 0.7 mm WIDE

0.5 2.5  DISTANCE (mm)

FI6.10C



Patent Application Publication  Feb. 13,2014 Sheet 11 of 15 US 2014/0042124 A1

ATMOSPHERE

(v)"\.
© =
N I
___/ §
7 =
O/ A
e 0]
ey a3
N
wn o
- 5
\\ __—\1;
™ ry
8 \\\\ g\\\
N —~
' < -] o
) = B =
% e B <5
| - — __ 1] .
- /3

7 -

N -
o
80}
o
S

10\\ 300\

e

<

10



Patent Application Publication  Feb. 13,2014 Sheet 12 of 15 US 2014/0042124 A1

g
o
NN
(@)
3\
N

=

=

'——

[}

3 o

- /

v

[0

[ 8

—

[V ]

\

FIG.12

o)
o
<
< =
LO‘\ A J_ 7;‘
vl
1] & o
=3
<t .

(]
=
-—
o
L
'——
=C
=
L
}_—
[P
=
=



Patent Application Publication  Feb. 13,2014 Sheet 13 of 15 US 2014/0042124 A1

FIG.13

FILM THICKNESS (pm) o IN CASE OF ROOM-TEMPERATURE CHEMICAL LIQUID (25°C)
/

IN CASE OF HEATED CHEMICAL LIQUID (40°C)
0.1 oy

»

2.0 DISTANCE (mm)




Patent Application Publication  Feb. 13,2014 Sheet 14 of 15 US 2014/0042124 A1

PRIORITY ON EDGE ACCURACY

T 10 10 10
o 10mm/s/ 3 /

&
<

A~ _

i _—201
[ —
T T 200
GOAL POINT FIG. 1A START POINT
PRIORITY ON FILM REMOVING SPEED
10 10 LEFT HORIZONTAL MOVEMENT: 20mm/s 10
! RIGHT HORIZONTAL MOVEMENT: 80 mm/s
ek - 201
| T T —™\-200
GOAL POINT START POINT

FIG.14B



Patent Application Publication  Feb. 13,2014 Sheet 15 of 15 US 2014/0042124 A1

FIG.15

PRIORITY ON FILM | FILM REMOVING WIDTH 1.7 mm
/' REMOVING SPEED | INCLINED PART ABOUT 0.3T0 0.4 mm WIDE

FILM THICKNESS

(pm) A

PRIORITY ON [ FILM REMOVING WIDTH 1.2 mm
EDGE ACCURACY | INCLINED PART ABOUT 0.2 mm WIDE

0.1]

~

Ny
PR

-~

»

2.5 DISTANCE (mm)

N
N



US 2014/0042124 A1

FILM REMOVING METHOD, NOZZLE FOR
REMOVING FILM, AND FILM REMOVING
DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a method for remov-
ing a film formed on a substrate, and also relates to a nozzle
for removing a film and a film removing device that are used
for the application.

BACKGROUND ART

[0002] Japanese Patent Laid-Open Publication No. 2008-
018301 discloses a method in which a coating film is removed
in a desired pattern by relatively moving a stage on which a
substrate is placed while making a suction port of a suction
nozzle contact a wet coating film formed on the substrate and
suck the coating film.

CITATION LIST

Patent Literature

[0003] Patent Literature 1: Japanese Patent Laid-Open
Publication No. 2008-018301 (see FIG. 1 and FIG. 3)
SUMMARY OF INVENTION
Technical Problem

[0004] Themethod disclosed in Japanese Patent Laid-Open
Publication No. 2008-018301 may damage a film formed on
the substrate and the substrate itself because this method is a
contact type method. In addition, this method is not appli-
cable to a film in a dry state. It is to be noted that although
disclosing, as a modified preferred embodiment, the wet state
is promoted by spraying wet state promoting liquid onto a
coating film in a wet state, Japanese Patent Laid-Open Pub-
lication No. 2008-018301 does not describe or suggest
whether this method is applicable to a film in a dry state. It is
also clear that a film in a wet state cannot be formed easily
enough to follow a required process speed even if the method
is applied to a film in a dry state.

[0005] On the one hand, the method disclosed in Japanese
Patent Laid-Open Publication No. 2008-018301 causes a
problem that when the moving speed of a stage is excessively
increased, a coating film cannot be sucked well and may
remain without being sucked. On the other hand, when the
sucking speed of the coating film is excessively increased, a
problem that the coating film may be sucked more than nec-
essary may also be caused. Thus, the efficiency of a process is
low.

[0006] Inordertoresolve the abovetechnical problems, itis
an object of the present invention to provide a film removing
method in which a film in a dry state can efficiently dissolved
and removed, a nozzle for removing a film, and a film remov-
ing device.

Solution to Problem

[0007] A film removing method according to a preferred
embodiment of the present invention includes steps of: mov-
ing anozzle head close to a soluble film formed on a substrate;
forming a liquid pool of chemical liquid between the nozzle
head and the film by continuously and simultaneously dis-
charging and sucking the chemical liquid from the nozzle
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head; and horizontally moving the substrate in a state in
which the nozzle head and a surface of the film are not
contacted so as to relatively move the liquid pool of the
chemical liquid on the substrate.

[0008] Alternatively, a film removing method according to
another preferred embodiment of the present invention
includes steps of: moving a nozzle head close to a soluble film
formed on a substrate; forming a liquid pool of chemical
liquid between the nozzle head and the film by continuously
and simultaneously discharging and sucking the chemical
liquid from the nozzle head; and horizontally moving the
nozzle head on the substrate in a state in which the nozzle
head and a surface of the film are not contacted so as to move
the liquid pool of the chemical liquid on the substrate.
[0009] This configuration makes it possible to form a liquid
pool of the chemical liquid, by surface tension, between the
nozzle head close to the surface of the film and the soluble
film and to dissolve a part of the film in contact with the liquid
pool. This liquid pool is continuously formed by the continu-
ously discharged chemical liquid and the continuously
sucked chemical liquid while being always replaced with new
chemical liquid. Then, the chemical liquid that has dissolved
the part of the film is sucked, and accordingly, the part of the
film is removed. Furthermore, the liquid pool is also moved
on the substrate along with the horizontal movement of the
substrate or the nozzle head, so that the film can be removed
in accordance with a movement track of the substrate or the
nozzle head.

[0010] Moreover, air may be preferably injected into a
chemical liquid discharge passage of the nozzle head, so that
a flow velocity of the chemical liquid that flows through the
chemical liquid discharge passage of the nozzle head will be
accelerated by air, and the chemical liquid will come to be
squirted (sprayed) from a discharge port of the chemical
liquid discharge passage. This applies a mechanical impact to
the film and promotes the dissolution and removal of the film
by the liquid pool.

[0011] In the case of a film in which the above described
film is made of a solution or a dispersion, as chemical liquid
that dissolves the film, chemical liquid constituting the solu-
tion and the dispersion may be preferably used. It should be
noted if the film is water soluble, water can be used as the
chemical liquid, which will contribute to reduce process
costs.

[0012] A nozzle for removing a film according to a pre-
ferred embodiment of the present invention may preferably
include a nozzle head having a chemical liquid discharge
passage and a chemical liquid suction passage that are formed
hollow. The nozzle for removing a film may preferably have
a configuration in which the nozzle head has a tip end surface,
the tip end surface includes a linear groove, and a discharge
port of the chemical liquid discharge passage and a suction
port of the chemical liquid suction passage are open to the
both ends of the linear groove.

[0013] A droplet scattering suppression wall may be pref-
erably provided around the nozzle head, which can suppress
a splash of the chemical liquid from being scattered in a wide
range of the surface of the film due to impact caused when the
chemical liquid is discharged from the nozzle head. In this
case, it is more effective when air in space surrounded by the
droplet scattering suppression wall is sucked.

[0014] It is to be noted the nozzle for removing a film
according to a preferred embodiment of the present invention,
in the above described configuration, may preferably have a
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configuration in which an air injection passage in which air is
injected into the chemical liquid discharge passage is con-
nected to the chemical liquid discharge passage.

[0015] In addition, a film removing device according to a
preferred embodiment of the present invention may prefer-
ably include the above described nozzle for removing a film.
The film removing device may preferably include: a stage on
which a substrate is placed; a chemical liquid supply portion
that supplies chemical liquid to the chemical liquid discharge
passage; and a chemical liquid suction portion that sucks the
chemical liquid from the chemical liquid suction passage.
[0016] It should be noted in a case of the nozzle for remov-
ing a film having a configuration in which the air injection
passage in which air is injected into the chemical liquid dis-
charge passage is connected to the chemical liquid discharge
passage, the film removing device according to a preferred
embodiment of the present invention may preferably further
include an air supply portion that supplies air into the air
injection passage.

[0017] Additionally, the film removing device according to
a preferred embodiment of the present invention may prefer-
ably configure the stage as a stage capable of moving in a
horizontal direction or may preferably include a nozzle mov-
ing portion that horizontally moves the nozzle for removing a
film.

Advantageous Effects of Invention

[0018] According to the preferred embodiments of the
present invention, a film in a dry state can be efficiently
dissolved and removed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG.11isaschematic configuration view illustrating
a film removing device according to a first preferred embodi-
ment of the present invention.

[0020] FIG. 2A is a partially cutaway side view illustrating
a nozzle for removing a film, FIG. 2B is a bottom view
illustrating the nozzle for removing a film, FIG. 2C is a cross
sectional view taken as viewed from an arrow line II-I1in FIG.
2A, and FIG. 2D is an enlarged view illustrating a tip portion
of a nozzle head in FIG. 2C.

[0021] FIG.3Ato FIG.3C are explanatory views schemati-
cally illustrating each step of a film removing method accord-
ing to preferred embodiments of the present invention.
[0022] FIG.4isacrosssectional view taken as viewed from
an arrow line IV-1V in FIG. 3B.

[0023] FIG.5isaschematic configuration view illustrating
a film removing device according to a second preferred
embodiment of the present invention.

[0024] FIG. 6 is a schematic configuration view illustrating
a film removing device according to a third preferred embodi-
ment of the present invention.

[0025] FIG. 7 is a table showing respective film removal
characteristics when a flow rate of supplying chemical liquid
to the nozzle for removing a film is excessively low, appro-
priate, or excessively high.

[0026] FIG. 8A is a schematic view illustrating a way of a
flow of chemical liquid that flows between a nozzle head and
a substrate when the flow rate of supplying chemical liquid to
a nozzle for removing a film is excessively low, FIG. 8B is a
schematic view illustrating a way of the flow of the chemical
liquid that flows between the nozzle head and the substrate
when the flow rate of supplying the chemical liquid to the
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nozzle for removing a film is appropriate, and FIG. 8C is a
schematic view illustrating a way of the flow of the chemical
liquid that flows between the nozzle head and the substrate
when the flow rate of supplying the chemical liquid to the
nozzle for removing a film is excessively high.

[0027] FIG. 9A is a sectional view taken along a line IX-IX
in FIG. 8A, FIG. 9B is a sectional view taken along a line
IX-IX in FI1G. 8B, and F1G. 9C is a sectional view taken along
a line IX-IX in FIG. 8C.

[0028] FIG. 10A is a view illustrating a state of a cross
section of a film removed region formed when the flow rate of
supplying chemical liquid to the nozzle for removing a film is
excessively low, FIG. 10B is a view illustrating a state of a
cross section of a film removed region formed when the flow
rate of supplying the chemical liquid to the nozzle for remov-
ing a film is appropriate, and FIG. 10C is a view illustrating a
state of a cross section of a film removed region formed when
the flow rate of supplying the chemical liquid to the nozzle for
removing a film is excessively high.

[0029] FIG. 11A is a schematic view illustrating a chemical
liquid scattering preventive mechanism provided in the
nozzle for removing a film, and FIG. 11B is a bottom view of
the nozzle for removing a film equipped with a droplet scat-
tering suppression wall.

[0030] FIG. 12 is a schematic view illustrating a chemical
liquid heating mechanism.

[0031] FIG. 13 is aview illustrating states of a cross section
of a film removed region formed when chemical liquid at a
room temperature is supplied to the nozzle for removing a
film and when heated chemical liquid is supplied to the nozzle
for removing a film.

[0032] FIG. 14A and FIG. 14B are schematic views illus-
trating an operation method for each object of the film remov-
ing device.

[0033] FIG. 151s aview illustrating a cross section of a film
removed region formed according to an operation method of
the film removing device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Preferred Embodiment

[0034] The schematic configuration of a film removing
device according to a first preferred embodiment of the
present invention will be described with reference to FIG. 1
and FIG. 2. As illustrated in FIG. 1, the film removing device
1 includes a nozzle 10, an air cylinder 20, pipes 30 to 37,
regulators 41 to 43, switch valves 51 to 54, a pressure bottle
60, a waste liquid bottle 70, a vacuum ejector 80, a flow rate
controller 90, and a movable stage 100.

[0035] The nozzle 10, as illustrated in FIG. 2, includes a
nozzle base 10A and a nozzle head 10B. As the material ofthe
nozzle 10, metals having corrosion resistance to chemical
liquid, such as stainless steel, are preferably used. The nozzle
base 10 A has a square pole shape and the nozzle head 10B has
a truncated quadrangular pyramidal shape, and both are inte-
grally formed with each other.

[0036] As illustrated in FIG. 2A, further provided is a pair
of'round cross sectional hollow portions (see a vertical hollow
portion composed of a downstream side of the chemical lig-
uid discharge passage 112 and the air injection passage 14,
and a vertical hole composed of the chemical liquid suction
passage 12) that vertically penetrate the nozzle base 10A and
the nozzle head 10B in such a manner as to be spaced apart
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from each other in the longitudinal direction of the nozzle
head 10B. The upper ends of the hollow portions are open to
the upper surface of the nozzle base 10A (see connection
ports 14A and 12B.) The lower ends of the hollow portions are
open to the lower surface of the nozzle head 10B (sec a
discharge port 11A and a suction port 12A.)

[0037] At amidway point of the hollow portion on the left
side as viewed in FIG. 2A, another hollow portion (see a
horizontal hole composed of an upstream side of the chemical
liquid discharge passage 111) is connected in a perpendicular
direction. The hollow portion (see a connection port 11B) is
open to an end face of the nozzle base 10A. The connection
ports 11B, 12B, and 14A are connected to pipes, respectively.

[0038] The chemical liquid discharge passage 11 includes
the upstream side of the chemical liquid discharge passage
111 and the downstream side of the chemical liquid discharge
passage 112. As illustrated, a link portion of both discharge
passages 111, 112 is connected to the air injection passage 14
so that air can be injected into the chemical liquid flowing
through the chemical liquid discharge passage 11.

[0039] While a distance (see “P” in FIG. 2A) between the
downstream side of the chemical liquid discharge passage
112 and the chemical liquid suction passage 12 is not limited,
the distance may be set to about 1 to 15 mm, for example. A
diameter of the chemical liquid suction passage 12 is set equal
to or larger than the diameter of the chemical liquid discharge
passage 11. For example, the diameter of the chemical liquid
discharge passage 11 is set to 1 mm and the diameter of the
chemical liquid suction passage 12 is set to 2 mm.

[0040] As illustrated in FIG. 2B, the tip end surface (the
bottom surface) of the nozzle head 10B includes a groove 13
on a straight line along with the longitudinal direction of the
nozzle head 10B. According to the preferred embodiment of
the present invention, as illustrated in FIG. 2D, a sectional
shape of the groove 13 is formed into a semicircular shape.
While awidth and a depth ofthe groove 13 are not limited, the
width and the depth are set to about 0.1 mm to 1.0 mm, for
example. The discharge port 11A of the chemical liquid dis-
charge passage 11 and the suction port 12A of the chemical
liquid suction passage 12 are open to both ends of the groove
13, respectively.

[0041] As illustrated in FIG. 1, the nozzle 10 is attached to
the film removing device 1 by being fixed to a support element
2 placed in the horizontal direction above the movable stage
100 by screwing through a machine screw.

[0042] The pipes 30 to 33, 36, and 37 illustrated by outline
arrows in FIG. 1 are pipes through which air flows, and the
pipes 34 and 35 illustrated by solid arrows are pipes through
which chemical liquid flows. It is desirable for these pipes to
use a pipe of which material has resistance to pressure.
[0043] The air cylinder 20 stores compressed air. The pipe
30 is connected to this air cylinder 20, and, furthermore, three
pipes 31 to 33 are connected to this pipe 30 in parallel. Each
of'the pipes 31 to 33 includes the regulators 41 to 43 and the
switch valves 51 to 53. The regulators 41 to 43 regulate the
flow rate of the air that flows through the pipes 31 to 33. The
switch valves 51 to 53 switch on and off of the circulation of
air that flows through the pipes 31 to 33.

[0044] The downstream end of the pipe 31 is connected to
the air injection passage 14 of the nozzle 10 so as to supply air
to the nozzle 10. The downstream end of the pipe 32 is
introduced into the pressure bottle 60. The pressure bottle 60
is an airtight container that stores the chemical liquid 300.
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[0045] Theupstream end of the pipe 34 is inserted under the
surface of the chemical liquid 300 in the pressure bottle 60.
The pipe 34 includes the switch valve 54 and the flow rate
controller 90. The switch valve 54 switches on and off of the
circulation of chemical liquid that flows through the pipe 34.
The flow rate controller 90 controls the flow rate of the chemi-
cal liquid which flows through the pipe 34. The downstream
end of the pipe 34 is connected to the connection port 11B of
the chemical liquid discharge passage 11 of the nozzle 10.
[0046] As the chemical liquid 300, liquid that dissolves the
film 201 on the substrate 200 is preferably used. In particular,
when the film 201 is water soluble, water that is easy to be
obtained and handled can be used as liquid that dissolves a
film, so that process costs can be reduced.

[0047] The upstream end of the pipe 35 is connected to the
connection port 12B of the chemical liquid suction passage
12 of the nozzle 10. The downstream end of the pipe 35 is
introduced into the waste liquid bottle 70. The waste liquid
bottle 70 is an airtight container that stores the chemical liquid
301 which has dissolved the film 201.

[0048] The downstream end of the pipe 33 is connected to
an air feed port of the vacuum ejector 80. The upstream end of
the pipe 36 is inserted into the waste liquid bottle 70. The
downstream end of the pipe 36 is connected to an air inlet port
of the vacuum ejector 80. The upstream end of the pipe 37 is
connected to an air exhaust port of the vacuum ejector 80. The
downstream end of the pipe 37 is open to an external exhaust
line. The pipes 33, 36, and 37 define a vacuum line.

[0049] The movable stage 100 is configured to be capable
othorizontally moving in the XY direction. The substrate 200
is placed on the movable stage 100. While a moving speed of
the movable stage 100 is not limited, the moving speed is set
to 50 mm/s, for example.

[0050] The film 201 in a dry state is formed on the substrate
200. The film 201 is a film consisting of substance 201A
having a property of dissolving the chemical liquid 300.
While a thickness of the film 201 is not limited, the thickness
is preferably set to be 1 um or less. It is to be noted that film
removal to be described below can be efficiently performed
by previously applying plasma, UV rays, and the like to the
film 201 to decrease the film strength.

[0051] Subsequently, a film removing method using the
film removing device 1 configured as described above will be
described with reference to FI1G. 1, FIG. 3, and FIG. 4.
[0052] To begin with, the nozzle head 10B of the nozzle 10
is moved closer to the soluble film 201. At this time, while a
distance (see “L” in FIG. 1) between the tip of the nozzle head
10B and the surface of the substrate 200 is not limited, the
distance may be set to about 50 um, for example. Since a
thickness of the film 201 is set to 1 um or less, such a distance
L is suitable to maintain a state in which the nozzle head 10B
is non-contact with the film 201 while the distance between
the tip of the nozzle head 10B and the surface of the film 201
is made as small as possible. In addition, since the tip of the
nozzle head 10B, the film 201, and the substrate 200 are not
contacted, the film removing method of the preferred embodi-
ments according to the present invention can be a process in
which the smoothness of the surfaces of the film 201 and the
substrate 200 is not required severely and a process in which
a film remaining after patterning and the substrate itself are
not damaged.

[0053] Then, while the air cylinder 20 is opened, the regu-
lators 41 to 43, the switch valves 51 to 54, and the flow rate
controller 90 are properly controlled. Accordingly, air is sup-
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plied to the air injection passage 14 of the nozzle 10 through
the pipe 31. Air is also supplied to an enclosed space of the
pressure bottle 60 through the pipe 32, the chemical liquid
300 is pressed out to the pipe 34, and the chemical liquid 300
is supplied to the chemical liquid discharge passage 11 of the
nozzle 10 through the pipe 34. The pressure of the supplied
chemical liquid 300 is regulated by the regulator 54 so as to be
set to 0.05 MPa, for example. The final fluid volume of the
chemical liquid is controlled by the flow rate controller 90.
Thus, as illustrated in FIG. 3A, the chemical liquid 300 is
discharged from the discharge port 11 A of the chemical liquid
discharge passage 11 of the nozzle 10 toward a space between
the tip end surface of the nozzle head 10B and the substrate
200.

[0054] Further, air is press injected into the vacuum ejector
80 through the pipe 33. The air is exhausted and diffused from
the air exhaust port of the pipe 37 and discharged to the
external exhaust line through the pipe 37. As a result, the air
inlet port of the vacuum ejector 80 becomes in a negative
pressure state, and the air in the enclosed space in the waste
liquid bottle 70 is sucked through the pipe 36. Then, the inside
of'the waste liquid bottle 70 becomes in the negative pressure
state, and the air in the chemical liquid suction passage 12 of
the nozzle 10 is sucked through the pipe 35. By the suction of
air, as illustrated in FIG. 3A, the chemical liquid 300 dis-
charged to the space between the tip end surface of the nozzle
head 10B and the substrate 200 is sucked from the suction
port 12A of the chemical liquid suction passage 12.

[0055] Thus, between the tip end surface of the nozzle head
10B and the film 201 (the substrate 200), the chemical liquid
300 flows from the discharge port 11A of the chemical liquid
discharge passage 11 toward the suction port 12A of the
chemical liquid suction passage 12 by use of the groove 13 on
the straight line of the tip end surface of the nozzle head 10B
as a guide, and a liquid pool 302 is formed by surface tension.
The groove 13, as illustrated in FIG. 4, suppresses the liquid
pool 302 from spreading, so that the chemical liquid is hard to
drip to the outside of the nozzle head 10B, thereby contrib-
uting to improvement in accuracy of film removal.

[0056] As described above, since the diameter of the
chemical liquid suction passage 12 is set to become larger
than the diameter of the chemical liquid discharge passage 11,
the flow rate of the chemical liquid which flows through the
chemical liquid suction passage 12 increases relatively. Con-
sequently, the chemical liquid smoothly flows along a
U-shaped passage across the chemical liquid discharge pas-
sage 11, the groove 13, and the chemical liquid suction pas-
sage 12.

[0057] The chemical liquid dissolves the film 201 of which
a part is in contact with the liquid pool 302 as illustrated in
FIG. 3B. This liquid pool 302 is continuously formed by the
continuously discharged chemical liquid 300 and the continu-
ously sucked chemical liquid 301 while being always
replaced with new chemical liquid. Then, the chemical liquid
301 that has dissolved the part of the film 201 is sucked, and
accordingly, the part ofthe film 201 is removed. The chemical
liquid 301 flows through the chemical liquid suction passage
12, and is discharged to and finally stored in the waste liquid
bottle 70 through the pipe 35.

[0058] As a result of diligent studies, the inventors of the
present invention have found that a state of the liquid pool1302
varies by varying the flow rate of supplying chemical liquid to
the nozzle 10 by the flow rate controller 90, and effective film
removal requires a range of a proper flow rate, and the quality
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of the film removal is downgraded when the flow rate is
smaller or larger than the range.

[0059] FIG. 7 is a table showing a relationship between the
flow rate of supplying chemical liquid and the film removal
characteristics. As illustrated in FIG. 7, when the flow rate of
supplying chemical liquid was excessively low (less than the
flow rate R1), the suction was prioritized, and the film
removal could not be performed. When the flow rate of sup-
plying chemical liquid was appropriate (not less than the flow
rate R1 and less than the flow rate R2), the film removal was
effectively performed by pulse impact. When the flow rate of
supplying chemical liquid was excessively high (not less than
R2), the liquid pool 302 was bloated, and the quality of the
film removal was downgraded. It should be noted that the
values of R1 and R2 (R1<R2) as threshold values of the flow
rate vary according to the specification of the nozzle 10, the
viscosity of the chemical liquid, and the like.

[0060] Hereinafter, the reason why the film removal char-
acteristics vary in this way will be described with reference to
FIGS. 8A to 8C, FIGS. 9A to 9C, and FIGS. 10A to 10C.
FIGS. 8A to 8C and FIGS. 9A to 9C are schematic views
illustrating how the flow of the chemical liquid which flows
between the nozzle head and the substrate changes by the flow
rate of supplying chemical liquid. FIGS. 10A to 10C are
views illustrating with a shape of a cross section of a film
removed region how the film removal characteristics change
by the flow rate of supplying chemical liquid.

[0061] FIG. 8A and FIG. 9A illustrate a state in which the
flow rate of supplying chemical liquid to the nozzle 10 is
excessively low, and at this time, as illustrated by the size of
the arrows in the views, the sucked amount of the chemical
liquid is excessively larger than the discharged amount of the
chemical liquid, so that the chemical liquid 300 does not
constantly contact the substrate 200 (the film 201). Thus, even
if the substrate 200 is horizontally moved, as illustrated in
FIG. 10A, the film 201 will not be removed.

[0062] FIG. 8B and FIG. 9B illustrate a state in which the
flow rate of supplying chemical liquid to the nozzle 10 is
appropriate, and at this time, as illustrated by the size of the
arrows in the views, the sucked amount of the chemical liquid
is well-balanced with the discharged amount of the chemical
liquid, and the pulse impact by the liquid pool 302 is applied
to the film 201 by repeatedly switching between a state in
which the chemical liquid 300 contacts the substrate 200 (the
film 201) and a state in which the chemical liquid 300 does not
contact the substrate 200 (the film 201) at high speed. As
illustrated in FIG. 10B, the cross section of a film removed
region formed in the film 201 by horizontal movement of the
substrate 200 with the movable stage 100 has a film removing
width of 1.2 mm and a width of an inclined part of both ends
of approximately 0.2 mm.

[0063] FIG. 8C and FIG. 9C illustrate a state in which the
flow rate of supplying chemical liquid to the nozzle 10 is
excessively high, and at this time, as illustrated by the size of
the arrows in the views, the discharged amount of the chemi-
cal liquid is excessively larger than the sucked amount of the
chemical liquid, so that the liquid pool 302 is constantly
generated on the substrate 200 (the film 201) and the chemical
liquid tends to overtlow. As illustrated in FIG. 10C, the cross
section of a film removed region formed in the film 201 by
horizontal movement of the substrate 200 with the movable
stage 100 has a film removing width of 2 mm and a width of
an inclined part of approximately 0.7 mm. Since the flow rate
of'supplying chemical liquid is high, the film removing width
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becomes wider and the edge also becomes broader, which
shows that the quality of the film removed region is down-
graded.

[0064] As described above, when the flow rate of supplying
chemical liquid to the nozzle 10 is appropriate, the chemical
liquid repeats contacting and non-contacting the substrate
200 (the film 201), so that the impact causes the chemical
liquid to splash and scatter widely, resulting in a possibility
that the film 201 is dissolved at a place away from a desired
film removed region and a defect can be generated.

[0065] In view of the foregoing, it is necessary to take
suppressive measures against scattering of droplets. Specifi-
cally, as illustrated in FIGS. 11A and 11B, a droplet scattering
suppression wall 15 is provided in the surroundings of the
nozzle head 10B and an air exhaust hole 15A provided at one
point in the droplet scattering suppression wall 15 is con-
nected to the pipe 33 for exhausting air. The space surrounded
by the droplet scattering suppression wall 15 becomes in a
negative pressure state by exhausted air. Thus, the droplets of
the chemical liquid that are scattered by pulse impact are
sucked into the space and can be suppressed from scattering
to a place away from the film removed region.

[0066] Inorderto improve the film removing efficiency, the
chemical liquid supplied to the nozzle 10 may preferably be
heated. Specifically, as illustrated in FIG. 12, it is possible to
employ a configuration in which a hot water line 91 and a
waste water line 92 are connected to a heat exchanger 93
equipped with a spiral tube 95 made of Teflon (registered
trademark) and the spiral tube 95 is connected to a midway
point of the pipe 34 for supplying chemical liquid. The tem-
perature of hot water that flows through the hot water line 91
is set to 80° C. as an example. According to this configuration,
the chemical liquid that flows through the pipe 34 and is
supplied to the nozzle 10 is heated to, for example, 40° C.

[0067] When the film 201 is removed by horizontally mov-
ing the substrate 200 with the movable stage 100, as illus-
trated in FIG. 13, and the heated chemical liquid and the
room-temperature chemical liquid were compared with the
same horizontal movement speed (80 mm/s in this example)
and the same horizontal movement frequency (once in this
example), the film removing efficiency was improved
remarkably in the case of using the heated chemical liquid
compared to using the room-temperature chemical liquid. Itis
considered because dissolution of binder resin that forms the
film 201 was accelerated when heat was applied to the chemi-
cal liquid, so that the film removal can be performed more
effectively.

[0068] In addition, air is injected into the chemical liquid
300 that flows through the chemical liquid discharge passage
11 via the air injection passage 14, so that the flow velocity of
the chemical liquid 300 that flows through the chemical liquid
discharge passage 11 will be accelerated and the chemical
liquid 300 will come to be squirted (sprayed) from the dis-
charge port 11A of the chemical liquid discharge passage 11.
This applies a mechanical impact to the film 201 by liquid
pressure of the chemical liquid and promotes the dissolution
and removal of the film 201 by the liquid pool 302.

[0069] Further, as illustrated in FIGS. 3B and 3C, while the
movable stage 100 horizontally moves in the XY direction,
the liquid pool 302 also moves relatively to the substrate 200
and the film 201 can be removed in accordance with a move-
ment track of the movable stage 100. The film 201 could be
linearly removed with a width of 2 mm by applying the
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method of the present invention to an approximate 100 nm
thick film 201 formed on the substrate 200.

[0070] According to the preferred embodiments of the
present invention, the film 201 in a dry state can be efficiently
dissolved and removed. Moreover, the control of a flow rate
and liquid pressure of the chemical liquid, and a moving
speed of the stage makes it possible to remove a film that is
hard to dissolve. An additional tool such as a heater to heat
chemical liquid is also effective.

Second Preferred Embodiment

[0071] FIG. 5is a schematic configuration view illustrating
a film removing device according to a second preferred
embodiment of the present invention. While, according to the
first preferred embodiment of the present invention, the
nozzle 10 is fixed, and the liquid pool 302 of the chemical
liquidis relatively moved on the substrate 200 by horizontally
moving the movable stage 100, according to the second pre-
ferred embodiment of the present invention, as illustrated in
FIG. 5, the nozzle 10 may be supported against a movable
support element 2', and the liquid pool 302 of the chemical
liquid may be moved on the substrate 200 by horizontally
moving the nozzle head 10B on the substrate 200 mounted on
a fixed stage 100". It is to be noted that the movable support
element 2' is configured to be movable not only in a horizontal
direction butin a vertical direction so as to make the nozzle 10
spaced away from the substrate 200.

[0072] As for a single horizontal movement of the nozzle
10, although the film removing width of a film removed
region is almost the same even if the horizontal movement
speed is fast or slow, the inclined parts on both ends ofthe film
removed region will become gentle and the edge will become
loose when the horizontal movement speed is fast while the
inclined parts on both ends of the film removed region will
become steep and the edge will become sharp when the hori-
zontal movement speed is slow.

[0073] In this preferred embodiment of the present inven-
tion, by having employed a nozzle horizontal movement
mechanism with a higher mobility compared to a substrate
horizontal movement mechanism, it becomes possible to
change an operation method of the film removing device 1 in
accordance with purposes of removing a film in the use of
differences in film removal characteristics by the above
described horizontal movement speed.

[0074] Forexample, in a certain operation method, as illus-
trated in FIG. 14 A, chemical liquid is supplied to/sucked from
the nozzle 10 while the nozzle 10 is horizontally moved in a
left direction at a slow horizontal movement speed (10 mm/s
in this example), then, the chemical liquid stops being sup-
plied/sucked and the nozzle 10 is separated once from the
substrate 200 at a goal point, the nozzle 10 is moved in a right
direction and returns to a start point, and the chemical liquid
is again supplied to/sucked from the nozzle 10 while the
nozzle 10 is horizontally moved in the left direction.

[0075] According to this operation method, the cross sec-
tion of the film removed region formed in the film 201, as
illustrated as a solid line in FIG. 15, had a film removing width
of'1.2 mm and a width of the inclined part was approximately
0.2 mm. Therefore, this operation method is suitable for a
purpose (giving priority to edge accuracy) requiring edge
accuracy on both ends of the film removed region although
cycle time becomes slow.

[0076] In another operation method, as illustrated in FIG.
14B, while chemical liquid is supplied to/sucked from the
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nozzle 10, the nozzle 10 is reciprocated to the right and left to
horizontally move on the film 201. The horizontal movement
speed may differ between left movement (forward move-
ment) and right movement (backward movement). In this
example, the horizontal movement speed of the left move-
ment is 20 mm/s and the horizontal movement speed of the
right movement is 80 mm/s. The reason why the left move-
ment and the right movement have such differences in hori-
zontal movement speed is because process steps for removing
afilm, such as a process step in which the film removed region
of'the film 201 is previously moisturized with chemical liquid
during the left horizontal movement and in which the mois-
turized film is removed at once during the right horizontal
movement, are clearly separated during between the left hori-
zontal movement and the right horizontal movement, which
enhances repeatability of removing a film.

[0077] According to this operation method, the cross sec-
tion of the film removed region formed in the film 201, as
illustrated as a broken line in FIG. 15, had a film removing
width of 1.7 mm and a width of the inclined part was 0.3 mm
to 0.4 mm. Thus, this operation method is suitable for a
purpose (giving priority to film removing speed) requiring
only electric insulation ensured between two regions of the
film 201 divided in the film removed region although the edge
accuracy of the both ends of the film removed region is
decreased. According to this operation method, the cycle time
can be shortened. Compared with the previous operation
method, the film removing width became wider because the
film 201 was previously moisturized and then removed.

[0078] Inany operation method, the number of reciprocat-
ing movements of the nozzle 10 is not limited to one and may
preferably be increased properly in accordance with charac-
teristics of the film 201.

Third Preferred Embodiment

[0079] FIG. 6 is a schematic configuration view illustrating
a film removing device according to a third preferred embodi-
ment of the present invention. According to the third preferred
embodiment of the present invention, the structure of the
nozzle 10 is simplified and the configuration in which air is
injected into chemical liquid which flows through the chemi-
cal liquid discharge passage 11 is omitted. That is, as illus-
trated in FIG. 6, the nozzle 10 has no air injection passage and
includes only the chemical liquid discharge passage 11 and
the chemical liquid suction passage 12 that are arranged in
such a manner as to be spaced apart from each other in the
longitudinal direction of the nozzle head 10B and as to ver-
tically penetrate the nozzle base 10A and the nozzle head
10B.

[0080] According to this preferred embodiment, although
chemical liquid cannot be squirted from the discharge port
11A since air is not injected to the nozzle 10, it is possible to
efficiently dissolve and remove a film when the flow rate of
supplying chemical liquid is appropriately controlled by the
flow rate controller 90 as described above and the liquid pool
302 formed between the tip end surface of the nozzle head
10B and the substrate 200 applies pulse impact to the film
201.

[0081] The above described embodiments are to be consid-
ered in all respects as illustrative and not restrictive. The
scope of the present invention is defined not by above
described embodiments but by the claims. Further, the scope
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of the present invention is intended to include all modifica-
tions that come within the meaning and scope of the claims
and any equivalents thereof.

INDUSTRIAL APPLICABILITY

[0082] The present invention is applicable to the field of
organic EL. elements and organic semiconductors, that is,
applications such as patterning of a film formed on a substrate
and removal of a part of a film on a border when multiple
substrates are obtained from a film uniformly formed on a
single substrate.

REFERENCE SIGNS LIST

[0083] 1—film removing device

[0084] 2—support element

[0085] 2'—movable support element (nozzle moving
portion)

[0086] 10—nozzle for removing a film

[0087] 11—chemical liquid discharge passage

[0088] 12—chemical liquid suction passage

[0089] 13—groove

[0090] 14—air injection passage

[0091] 20—air cylinder

[0092] 30 to 37—pipe

[0093] 41 to 43—regulator

[0094] 51 to 54—switch valve

[0095] 60—pressure bottle

[0096] 70—waste liquid bottle

[0097] 80—vacuum ejector

[0098] 90—flow rate controller

[0099] 100—movable stage

[0100] 100—stage

[0101] 20, 30, 32, 42, 52, 54, 60, 34, 54, 90—chemical
liquid supply portion

[0102] 20, 33, 35, 37, 43, 53, 70, 80—chemical liquid

suction portion

[0103] 20, 30, 31, 41, 51—air supply portion
[0104] 300, 301—chemical liquid
[0105] 302—liquid pool

1. A film removing method comprising steps of:

moving a nozzle head close to a soluble film formed on a
substrate;

forming a liquid pool of chemical liquid between the
nozzle head and the film by continuously and simulta-
neously discharging and sucking the chemical liquid
from the nozzle head; and

removing the film by horizontally moving the substrate in
a state in which the nozzle head and a surface of the film
are not contacted so as to relatively move the liquid pool
of the chemical liquid on the substrate.

2. A film removing method comprising steps of:

moving a nozzle head close to a soluble film formed on a
substrate;

forming a liquid pool of chemical liquid between the
nozzle head and the film by continuously and simulta-
neously discharging and sucking the chemical liquid
from the nozzle head; and

removing the film by horizontally moving the nozzle head
on the substrate in a state in which the nozzle head and a
surface of the film are not contacted so as to move the
liquid pool of the chemical liquid on the substrate.
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3. The film removing method according to claim 1, further
comprising a step of injecting air into a chemical liquid dis-
charge passage of the nozzle head.

4. The film removing method according to claim 1, wherein
the chemical liquid used to be discharged and sucked is
chemical liquid that dissolves the film.

5. A nozzle for removing a film, comprising:

a nozzle head including:

a chemical liquid discharge passage that is formed hol-
low and provided with a discharge port; and

a chemical liquid suction passage that is formed hollow
and provided with a suction port, wherein:

the nozzle head has a tip end surface,

the tip end surface includes a linear groove, and

the discharge port and the suction port are open to the linear

groove.

6. The nozzle for removing a film according to claim 5,
further comprising a droplet scattering suppression wall pro-
vided around the nozzle head.

7. The nozzle for removing a film according to claim 6,
wherein the droplet scattering suppression wall includes an
exhaust hole for sucking air in space surrounded by the drop-
let scattering suppression wall.

8. The nozzle for removing a film according to claim 5,
further comprising an air injection passage which is con-
nected to the chemical liquid discharge passage and into
which air is injected.

9. A film removing device comprising:

the nozzle for removing a film according to claim 5;

a stage on which a substrate is placed;

achemical liquid supply portion that supplies the chemical

liquid to the chemical liquid discharge passage; and

a chemical liquid suction portion that sucks the chemical

liquid from the chemical liquid suction passage.

10. The film removing device according to claim 9,
wherein the chemical liquid supply portion comprises a flow
rate regulating device that regulates a supply flow rate of the
chemical liquid.
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11. The film removing device according to claim 10,
wherein the chemical liquid supply portion further comprises
a heating device that heats the chemical liquid.

12. A film removing device, comprising:

the nozzle for removing a film according to claim 7;

a stage on which a substrate is placed;

a chemical liquid supply portion that supplies the chemical

liquid to the chemical liquid discharge passage;

a chemical liquid suction portion that sucks the chemical

liquid from the chemical liquid suction passage; and
an air suction portion that sucks air from the suction port.

13. A film removing device comprising:

the nozzle for removing a film according to claim 8;

a stage on which a substrate is placed;

a chemical liquid supply portion that supplies chemical

liquid to the chemical liquid discharge passage;

a chemical liquid suction portion that sucks the chemical

liquid from the chemical liquid suction passage; and
an air supply portion that supplies air into the air injection
passage.

14. The film removing device according to claim 9,
wherein the stage is a movable stage that can move in a
horizontal direction.

15. The film removing device according to claim 9, further
comprising a nozzle moving portion that horizontally moves
the nozzle for removing a film.

16. The film removing device according to claim 12,
wherein the stage is a movable stage that can move in a
horizontal direction.

17. The film removing device according to claim 12, fur-
ther comprising a nozzle moving portion that horizontally
moves the nozzle for removing a film.

18. The film removing device according to claim 13,
wherein the stage is a movable stage that can move in a
horizontal direction.

19. The film removing device according to claim 13, fur-
ther comprising a nozzle moving portion that horizontally
moves the nozzle for removing a film.
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