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(57) ABSTRACT

The present invention provides a polyimide film forming
composition which comprises a polyamic acid or a polyim-
ide in an oligomer form or in a low-molecular weight form,
the polyamic acid or the polyimide being prepared from a
diamine containing an intramolecular imide group, and thus
can provide a polyimide film having improved heat resis-
tance while retaining optical properties thereof. In addition,
the polyimide film according to the present invention can
reduce not only a laser energy density (E/D) required in the
laser exfoliation process but also remarkably decrease an
amount of ash generated by an exfoliation process, thereby
further improving the reliability of a device in a display
manufacturing process.
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POLYIMIDE FILM FORMING
COMPOSITION AND POLYIMIDE FILM
PRODUCED BY USING SAME

TECHNICAL FIELD

[0001] The present application claims the benefit of pri-
ority to Korean Patent Application No. 10-2016-0143297,
filed on Oct. 31, 2016, which is incorporated herein by
reference in its entirety for all purpose.

[0002] The present invention relates a composition for
forming a polyimide film, which is to prepare a polyimide
film with enhanced laser lift off characteristic, and a poly-
imide film manufactured by using same.

BACKGROUND ART

[0003] Polyimide (PI) is a polymer having relatively low
crystallinity or amorphous structure, and it has advantages
such as easy manufacturing process, easy process to make a
thin film and no crosslinkable moieties necessary for curing,
as well as polymeric properties such as high transparency,
excellent flame and chemical resistance, excellent mechani-
cal and electrical properties, and dimensional stability due to
its rigid chain structure. The polyimide is now widely used
as an electrical and electronical material for the field of car
and aerospace, a flexible circuit board, a liquid crystal
alignment film for LCD, an adhesive as well as a coating
agent.

[0004] However, even though the polyimide is a high
performance polymer with excellent thermal stability,
mechanical properties, chemical resistance and electrical
properties, it does not satisfy the basic requirements for the
display area such as colorless transparency, and the thermal
expansion coefficient should be further lowered. For
example, KAPTON sold by Dupont has a low thermal
coeflicient of about 30 ppm/° C., but it also does not meet the
requirement for the plastic substrate. Therefore, now studies
for minimizing change in thermal history and optical prop-
erties while maintaining the basic properties of the polyim-
ide are underway.

[0005] In general, an aromatic polyimide has unique color
of dark brown. The reason for this is that electrons can be
excited due to o electrons, w electrons, nonbonding unshared
electron pairs within the imide structure, and it can be
explained by the theory of charge transfer complex (here-
inafter, called CT-complex) induced by 11 electrons of
benzene within a main chain of the polyimide.

[0006] In general, the polyimide absorbs light of the
wavelength below 400 nm to 500 nm of visible light region,
and therefore it shows complementary color of yellow to
red. In order to lower the CT-complex that is an disadvan-
tage of the polyimide, a method of introducing an electron-
withdrawing functional group having relatively strong elec-
tronegativity such as trifluoromethyl ((—CF;), sulfone
(—S0,) and ether (—O—) to the main chain of the poly-
imide is used to lower resonance effect by limiting the
movement of w electrons. Also introducing a cyclo-olefin
structure instead of benzene to the main chain of the
polyimide can reduce m electron density to manufacture a
colorless transparent polyimide film.

[0007] Meanwhile, polyamide-imide has been widely
used as an industrial material in the electrical, mechanical,
electronic and aerospace fields due to its excellent properties
such as thermal resistance, mechanical strength and electri-

Sep. 12,2019

cal property. Also, in general, the structure of the polyamide-
imide is different from that of the polyimide and is known
to be soluble in an organic solvent, allowing for the appli-
cation for an enamel varnish, a coating agent for electrical
insulation and paint, which need solution casting.

[0008] However, for the application in the display area, it
is still necessary to develop a polymer for the flexible
display with lower thermal expansion coefficient, high solu-
bility, transparency as well as thermal stability.

DISCLOSURE

Technical Problem

[0009] An object of the present invention is to provide a
composition for forming a polyimide film to provide a
polyimide film with enhanced laser lift off characteristic.
[0010] Another object of the present invention is to pro-
vide a polyimide film manufactured from the composition
for forming a polyimide film.

[0011] Further another object of the present invention is to
provide a method for manufacturing the composition for
forming a polyimide film.

Technical Solution

[0012] In order to solve the above-mentioned technical
problems,
[0013] the present invention provides a composition for

forming a polyimide film which comprises: a first polyimide
including a repeating unit of the following Chemical For-
mula 1-1 or a first polyamic acid including a repeating unit
of the following Chemical Formula 1-2; and

[0014] a second polyamic acid having weight average
molecular weight of 50,000 g/mol or more,

[0015] wherein weight average molecular weight of the
first polyimide or the first polyamic acid is 500 g/mol to
40,000 g/mol:

[Chemical Formula 1-1]

R, R,

[Chemical Formula 1-2]

wherein,

0
*/\g

[0016]

[0017] R, and R, are each independently a substituent
selected from a halogen atom selected from the group
consisting of —F, —Cl, —Br and —I, a hydroxyl group
(—OH), a thiol group (—SH), a nitro group (—NO,), a
cyano group (—CN), a C,_,, alkyl group, a C, _, halogeno-
alkoxyl group, a C,_,, halogenoalkyl group, and a Cg_,, aryl
group.
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[0018] According to one embodiment, the second
polyamic acid may include repeating units of the following
Chemical Formula 2 and Chemical Formula 3 together:

[Chemical Formula 2]

e}

OH

e}

[Chemical Formula 3]

R Iy
N__*
AN\ LT Y
— —/ 1o A X OH
0 0

[0019] wherein,

[0020] R; and R, are each independently a substituent
selected from a halogen atom selected from the group
consisting of —F, —Cl, —Br and —I, a hydroxyl group
(—OH), a thiol group (—SH), a nitro group (—NO,), a
cyano group (—CN), a C,_;, alkyl group, a C,_, halogeno-
alkoxyl group, a C,_, halogenoalkyl group, and a Cg_,, aryl
group.

[0021] According to one embodiment, the first polyimide
or the first polyamic acid and the second polyamic acid may
comprise 3 mol % to 50 mol % of the repeating unit of
Chemical Formula 1-1 or Chemical Formula 1-2 based on
the total repeating units included in the first polyimide or the
first polyamic acid and the second polyamic acid.

[0022] According to one embodiment, the first polyimide
or the first polyamic acid may include a terminal group
including a structure of the following Chemical Formula 4:

[Chemical Formula 4]

*—R—Si—Ry

Ri3
[0023] wherein,
[0024] R, is a C,_,, alkylene group, and
[0025] R,,, R;5 and R, are each independently selected

from a C,_,, alkoxyl group, a Cg_;, aryloxy group and a
heterocyclic group containing 1 to 3 oxygen atoms.

[0026] Further, the present invention provides a polyimide
film manufactured from the composition for forming a
polyimide film.

[0027] According to one embodiment, the polyimide film
is manufactured by a method for manufacturing a polyimide
film which comprises the following steps of:

[0028] spreading and coating the composition for forming
a polyimide film on a carrier substrate to form a polyimide
film layer; and

[0029] Ilaser lifting off to detach the polyimide film layer
from the carrier substrate by using laser having a laser
energy density (E/D) of 230 mJ/cm? or less.

Sep. 12,2019

[0030] According to one embodiment, the polyimide film
may have a coefficient of thermal expansion (CTE) of 0
ppr/° C. to 20 ppm/° C. at a heating process after repeating
n+l times (n is an integer equal to or greater than 0) of
heating and cooling process in a temperature range of from
100° C. to 300° C.

[0031] According to one embodiment, the polyimide film
may have Yellow Index (YI) of 15 or less at a thickness of
8 um to 15 um, and haze of 2 or less.

[0032] In order to solve another object of the present
invention,
[0033] the present invention provides a method for manu-

facturing a composition for forming a polyimide film which
comprises the following steps of:

[0034] polymerizing diamine of the following Chemical
Formula 5 and tetracarboxylic dianhydride of the following
Chemical Formula 6 in an organic solvent to prepare a first
polyamic acid or a first polyimide;

[0035] polymerizing one or more of tetracarboxylic dian-
hydrides and one or more of diamines in an organic solvent
to prepare a second polyamic acid; and

[0036] mixing the first polyamic acid or the first polyimide
and the second polyamic acid, wherein the first polyamic
acid or the first polyimide has a weight average molecular
weight of 500 g/mol to 40,000 g/mol, and the second
polyamic acid has a weight average molecular weight of
50,000 g/mol or more:

[Chemical Formula 5]

R, R,
|=

[Chemical Formula 6]

(0]
AN I AN
(6] | T O
F F
(6] (6]
[0037] wherein,
[0038] R, and R, are each independently a substituent

selected from a halogen atom selected from the group
consisting of —F, —Cl, —Br and —I, a hydroxyl group
(—OH), a thiol group (—SH), a nitro group (—NO,), a
cyano group (—CN), a C,_,, alkyl group, a C, _, halogeno-
alkoxyl group, a C,_,, halogenoalkyl group, and a C_,, aryl
group.

[0039] According to one embodiment, the second
polyamic acid may be prepared by polymerizing diamine of
the following Chemical Formula 7 and tetracarboxylic dian-
hydride of the following Chemical Formula 6 and the
following Chemical Formula 8 in an organic solvent:

[Chemical Formula 7]

Rz

N
S /A
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-continued
[Chemical Formula 6]
(@]
RN I AN
(0] T O
F F
O (@]
[Chemical Formula 8]
(@] O
0] O
(0] (@]
[0040] wherein,
[0041] R, and R, are each independently a substituent

selected from a halogen atom selected from the group
consisting of —F, —Cl, —Br and —I, a hydroxyl group
(—OH), a thiol group (—SH), a nitro group (—NO,), a
cyano group (—CN), a C,_;, alkyl group, a C,_, halogeno-
alkoxyl group, a C,_, halogenoalkyl group, and a Cg_,, aryl
group R3.

[0042] According to one embodiment, the composition
may comprise the diamine of Chemical Formula 5 in an
amount of 3 mol % to 50 mol % based on the total amount
of the entire diamines used for preparing the first polyimide
or the first polyamic acid and the second polyamic acid.

[Chemical Formula 5]

[0043] According to one embodiment, a silane compound
of the following Chemical Formula 9 may be further added
in the step of preparing the first polyamic acid:

[Chemical Formula 9]

Z—R,—Si—Ry4

Ri3
[0044] wherein,
[0045] Z is an isocyanate group (—N—C—O) or an

amine group (—NH,),

[0046] R, is a C,_,, alkylene group, and

[0047] R,,, R,5; and R, are each independently selected
from a C,_,, alkoxyl group, a Cg_;, aryloxy group and a
heterocyclic group containing 1 to 3 oxygen atoms.

[0048] According to one embodiment, the composition
may comprise the silane compound of Chemical Formula 9
in an amount of from 10 parts by mole to 30 parts by mol
based on 100 parts by mol of the first polyamic acid or the
first polyimide.

[0049] According to one embodiment, the organic solvent
may have a positive Log P, and the organic solvent having

Sep. 12,2019

a positive Log P may be selected from N,N-diethylacet-
amide (DEAc), N,N-diethylformamide (DEF), N-ethylpyr-
rolidone (NEP) or a mixture thereof.

Advantageous Effects

[0050] The composition for forming a polyimide film
according to the present invention comprises an oligomer
type or a low molecular type of polyamic acid or polyimide
prepared from a diamine having an intramolecular imide
group, thereby providing a polyimide film with enhanced
heat resistance while maintaining optical properties. Further,
the laser energy density (E/D) required for a laser lift off
process as well as the amount of ash formed during the
ablation process can be significantly reduced by using the
polyimide film according to the present invention, and
therefore reliability of a device on a process for manufac-
turing a display can be further enhanced.

BEST MODE CARRYING OUT THE
INVENTION

[0051] Various changes in form and details may be made
to the presently disclosed embodiment and thus should not
be construed as being limited to the aspects set forth herein.
The presently disclosed embodiment is not limited to the
aspects described in the present description, and thus it
should be understood that the presently disclosed embodi-
ment does not include every kind of variation example or
alternative equivalent included in the spirit and scope of the
presently disclosed embodiment. Also, while describing the
aspects, detailed descriptions about related well-known
functions or configurations that may diminish the clarity of
the points of the aspects of the presently disclosed embodi-
ment will be omitted.

[0052] Unless particularly stated otherwise herein, all the
compounds or organic groups may be substituted or unsub-
stituted. Herein, the term ‘substituted’ means that at least one
hydrogen atom in such a compound or substituent has been
replaced by any one substituent selected from the group
consisting of a halogen atom, a C,_, alkyl group, a halo-
genated alkyl group, a C,_;, cycloalkyl group, a Cg 5, aryl
group, a hydroxyl group, a C, |, alkoxyl group, a carboxyl
group, an aldehyde group, an epoxy group, a cyano group,
a nitro group, an amino group, a sulfonic acid group and
derivatives thereof.

[0053] Further, unless particularly stated otherwise herein,
the term ‘combination thereof” means that two or more
functional groups are bonded by a single bond, a double
bond, a triple bond or a linking group such as a C, i,
alkylene group (e.g., methylene group (—CH,), ethylene
group (—CH,CH,—), etc.), a C,_,, fluoroalkylene group
(e.g., fluoromethylene group (—CF,—), a perfluoroethylene
group (—CF,CF,—), etc.), a hetero atom such as N, O, P,
S or Si, or a functional group containing thereof (e.g.,
intramolecular carbonyl group (—C(—0)—), ether group
(—O—), ester group (—COO—), heteroalkylene group
containing —S—, —NH—, —N—N—, etc.), or two or
more functional groups are connected by condensation.
[0054] In general, a flexible display is embodied by apply-
ing OLED technique on a plastic substrate replacing a glass
substrate.

[0055] In all processes for manufacturing a display, coat-
ing/deposition process is conducted on a carrier substrate
(for example, glass substrate), and a device formed on the
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carrier substrate through TFT and module processes is
finally detached from the carrier substrate by a laser lift off
(LLO) process.

[0056] At this time, the LLO characteristic varies accord-
ing to laser wavelength and a material type of a plastic
substrate, and processability is influenced by the amount of
laser energy density (E/D) required for detaching the plastic
substrate from a carrier substrate or ash formed during the
lift off process. Therefore, in order to be used as a material
for a flexible substrate, laser characteristic is also an impor-
tant fact as well as heat resistance and transmittance.
[0057] For a polyimide film formed on a substrate, the
higher absorption rate for laser wavelength used for lift off,
the less energy is required for lift off. Further, according to
lift off mechanism, as light (laser) energy absorbed in the
polyimide film is converted to heat energy, adhesion force is
reduced by thermal deterioration of the polyimide film, and
necessarily, ash is formed. The ash thus formed is distributed
overall on the rear side of the polyimide film, and may cause
reduction of film transmittance, stains and result reliability
problem of a device.

[0058] Regarding to the laser lift off characteristic, the
present invention is to provide a polyimide film with
reduced laser energy density (E/D) and ash formation caused
by the laser lift off.

[0059] The present invention provides a composition for
forming a polyimide film which comprises:

[0060] a first polyimide including a repeating unit of the
following Chemical Formula 1-1 or a first polyamic acid
including a repeating unit of the following Chemical For-
mula 1-2; and

[0061] a second polyamic acid having a weight average
molecular weight of 50,000 g/mol or more,

[0062] wherein a weight average molecular weight of the
first polyimide or the first polyamic acid is 500 g/mol to
40,000 g/mol:

[Chemical Formula 1-1]

[Chemical Formula 1-2]

Ry R,
N20 N VA ~N
. CN—Q};NH / Y

[0063] wherein,

[0064] R, and R, are each independently a substituent
selected from a halogen atom selected from the group
consisting of —F, —Cl, —Br and —I, a hydroxyl group
(—OH), a thiol group (—SH), a nitro group (—NO,), a
cyano group (—CN), a C,_,, alkyl group, a C,_, halogeno-
alkoxyl group, a C,_, ; halogenoalkyl group, and a C_,, aryl
group. Preferably, it may be a substituent selected from a
halogen atom, a halogenoalkyl, an alkyl group, an aryl group
and a cyano group, and the alkyl group may be selected from
a methyl group, an ethyl group, a propyl group, an isopropyl
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group, a t-butyl group, a pentyl group and a hexyl group, and
the aryl group may be selected from a phenyl group and a
naphthalenyl group. For example, the halogen atom may be
fluorine (—F), the halogenoalkyl may be a C,_,, fluoroalkyl
containing a fluorine-based atom selected from a fluorom-
ethyl group, a perfluoroethyl group, a trifluoromethyl group
and the like. More preferably, the substituent may be a
fluorine atom or a substituent containing a fluorine-based
atom such as a fluoroalkyl group.

[0065] According to one embodiment, the second
polyamic acid may include repeating units of the following
Chemical Formula 2 and Chemical Formula 3 together:

[Chemical Formula 2]

e}

[0066] wherein,

[0067] R; and R, are each independently a substituent
selected from a halogen atom selected from the group
consisting of —F, —Cl, —Br and —I, a hydroxyl group
(—OH), a thiol group (—SH), a nitro group (—NO,), a
cyano group (—CN), a C,_,, alkyl group, a C, _, halogeno-
alkoxyl group, a C,_,, halogenoalkyl group, and a C_,, aryl
group. Preferably, it may be a substituent selected from a
halogen atom, a halogenoalkyl, an alkyl group, an aryl group
and a cyano group, and the alkyl group may be selected from
a methyl group, an ethyl group, a propyl group, an isopropyl
group, a t-butyl group, a pentyl group and a hexyl group, and
the aryl group may be selected from a phenyl group and a
naphthalenyl group. For example, the halogen atom may be
fluorine (—F), the halogenoalkyl may be a C, _,, fluoroalkyl
containing a fluorine-based atom selected from a fluorom-
ethyl group, a perfluoroethyl group, a trifluoromethyl group
and the like. More preferably, the substituent may be a
fluorine atom or a substituent containing a fluorine-based
atom such as a fluoroalkyl group.

[0068] According to one embodiment, a weight average
molecular weight of the first polyimide or the first polyamic
acid may be from 500 g/mol to 40,000 g/mol, preferably 500
g/mol to 30,000 g/mol, more preferably 500 g/mol to 20,000
g/mol.

[0069] Ifthe molecular weight of the first polyamic acid or
the first polyimide is high as 50,000 g/mol or more, optical
properties of a polyimide film such as haze characteristic
may be sharply deteriorated.

[0070] According to one embodiment, a weight average
molecular weight of the second polyamic acid may be
50,000 g/mol or more, preferably 80,000 g/mol or more,
more preferably 90,000 g/mol or more. Further, the weight
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average molecular weight of the second polyamic acid may
be 180,000 g/mol or less, preferably 150,000 g/mol or less.

[0071] According to one embodiment, the composition for
forming a polyimide film may comprise the repeating unit of
Chemical Formula 1-1 or Chemical Formula 1-2 in an
amount of 3 mol % to 50 mol %, preferably 3 mol % to 30
mol %, for example, 5 mol % to 25 mol % based on the total
repeating units of the polyamic acids and polyimides, for

0 0 R,
R
Il{lz - o] / |1\ N A / | \ (|?
R14—Si—R11—NJ—QN | = | c-
1 S / \ —
Rz
0 0

o) o} R
Rp 0 0 | 0
| | XN A N Il
b LSOO
Rz =—/HO Z X OH
o} o}

0 0] Ry
Rpz | (f
| N 7 / N\ _I_
R14_?1‘R11— - N _
Ris P
(@] (@]

e}

0 0
) Y2
| ~ 7 /Nt
Ryy—Si—R;;—NH -
i HO VRS oH|
13
0 0

example, the total repeating units of the first polyimide or
the first polyamic acid repeating unit and the second
polyamic acid.

[0072] According to one embodiment, the first polyimide
or the first polyamic acid may include a terminal group
having a structure of the following Chemical Formula 4:

[Chemical Formula 4]
R

*—Ry——Si—Ry

Ri3
[0073] wherein,
[0074] R,, is a C, |, alkylene group, and
[0075] R,,, R,5 and R, are each independently selected

from a C,_,, alkoxyl group, a Cg_;, aryloxy group and a
heterocyclic group containing 1 to 3 oxygen atoms.

R Q o ]
A ~ /N B
I i —R, —Si—
NONH | il | i Q—LN Ry I?{l Ry
—/ HO Z OH 13
(@] 0 i
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[0076] For example, in the polyimide or polyamic acid
including the terminal group, the polyimide including the
repeating unit of Chemical Formula 1-1 may include a
structure such as the following Chemical Formula 4-1 or
4-3, and the polyamic acid including the repeating unit of
Chemical Formula 1-2 may include a structure such as the
following Chemical Formula 4-2 or 4-4. The weight average
molecular weight of the following Chemical Formulas 4-1 to
4-4 may be 500 g/mol to 40,000 g/mol:

[Chemical Formula 4-1]

Ry

o] 0
i I|{2 N A BNt e
— Z _ II{
13

o] l¢]

dn

[Chemical Formula 4-2]

[Chemical Formula 4-3]

Ry o 0
}ll | N, Il{lz
N@N | _ NTR;;—Si—Ryu
— 7N Il{ls
O 0 .

[Chemical Formula 4-4]

R, o 0o Rpz
a N~ :
A=’ u i

—/ 10 ZZ oH Riz
(6] o) .
[0077] wherein,
[0078] R,,R,;, Ry, Ri; and R, , have the same meanings

as defined above,

[0079] n is the number of repeating of a repeating unit, and
it is an integer equal to or greater than O.

[0080] The present invention provides a polyimide film
manufactured from the composition for forming a polyimide
film.

[0081] According to one embodiment, the polyimide film
according to the present invention is manufactured by a
method for manufacturing a polyimide film which comprises
the following steps of:

[0082] spreading and coating the composition for forming
a polyimide film on a carrier substrate to form a polyimide
film layer; and

[0083] Ilaser lifting off to detach the polyimide film layer
from the carrier substrate by using laser, wherein laser
energy density (E/D) during the laser lift off process may be
230 ml/cm? or less, preferably 220 mJ/cm?® or less.
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[0084] According to one embodiment, the polyimide film
may have the coefficient of thermal expansion (CTE) of 0
pp/° C. to 20 ppm/°® C., preferably 0 ppm/° C. to 15 ppm/°
C. at a heating process after conducting n+1 times (n is an
integer equal to or greater than 0) heating and cooling
process in a temperature range of from 100° C. to 300° C.
[0085] According to one embodiment, the polyimide film
has Yellow Index (YI) of 15 or less at a thickness of 8 pm
to 15 pum, and haze of 2 or less.

[0086] Further, the present invention provides a method
for manufacturing a composition for forming a polyimide
film which comprises the following steps of:

[0087] polymerizing a diamine of the following Chemical
Formula 5 and a tetracarboxylic dianhydride of the follow-
ing Chemical Formula 6 in an organic solvent to prepare a
first polyamic acid or a first polyimide;

[0088] polymerizing one or more of tetracarboxylic dian-
hydrides and one or more of diamines in an organic solvent
to prepare a second polyamic acid having a weight average
molecular weight of 50,000 g/mol or more; and

[0089] mixing the first polyamic acid or the first polyimide
and the second polyamic acid, wherein a weight average
molecular weight of the first polyamic acid or the first
polyimide is 500 g/mol to 40,000 g/mol.

[0090] Preferably, the second polyamic acid may be pre-
pared by polymerizing a diamine of the following Chemical
Formula 7 and a tetracarboxylic dianhydride of the follow-
ing Chemical Formula 6 and Chemical Formula 8 together
in an organic solvent:

[Chemical Formula 5]

0 (6]
x I AN
{ | JTC o
F /
fo) [¢]
[Chemical Formula 7]
A
[Chemical Formula 8]
(@] O
(o] O
O O
[0091] wherein,
[0092] R,, R,, R; and R, may be each independently a

substituent selected from a halogen atom selected from the
group consisting of —F, —Cl, —Br and —I, a hydroxyl
group (—OH), a thiol group (—SH), a nitro group (—NO,),
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a cyano group (—CN), a C,_,, alkyl group, a C,_, halog-
enoalkoxyl group, a C,_;, halogenoalkyl group, and a C _,,
aryl group.

[0093] According to one embodiment, the composition
may comprise the diamine of Chemical Formula 5 in an
amount of 3 mol % to 50 mol %, preferably 3 mol % to 30
mol % based on the total amount of the entire diamines.
[0094] According to one embodiment,

[0095] a silane compound of the following Chemical
Formula 9 may be further added in the step of preparing the
first polyamic acid or the first polyimide:

[Chemical Formula 9]

Z—R,—Si—Ry

Ri3
[0096] wherein,
[0097] Z is an isocyanate group (—N—C—O) or an

amine group (—NH,),

[0098] R, is a C,_,, alkylene group, and

[0099] R,,, R,; and R,, are each independently selected
from a C,_, alkoxyl group, a Cg_ 5, aryloxy group and a
heterocyclic group containing 1 to 3 oxygen atoms.

[0100] According to one embodiment, the amount of
silane compound of Chemical Formula 9 may be 10 parts by
mole to 30 parts by mol based on the first polyamic acid or
the first polyimide 100 parts by mol.

[0101] The silane compound of Chemical Formula 9 may
act as a sealant by being combined with the terminal group
of the first polyamic acid or the first polyimide.

[0102] According to one embodiment, in the first polyim-
ide or the first polyamic acid, the tetracarboxylic dianhy-
dride may be contained in an excess amount to the amount
of the diamine, and preferably, the tetracarboxylic dianhy-
dride and the diamine may be reacted at molar ratio of 1:0.75
to 1:0.99, more preferably at a molar ratio of 1:0.8 to 1:0.99.
If the tetracarboxylic dianhydride is contained in an excess
amount to the diamine, it may be easier to control viscosity
or to enhance optical properties of a polyimide precursor,
compared to the case that the tetracarboxylic dianhydride is
reacted in an equal amount to the diamine or the case that the
diamine is reacted in an excess amount to the tetracarboxylic
dianhydride.

[0103] The reaction between tetracarboxylic dianhydrides
and diamines may be performed according to the conven-
tional polyamic acid polymerization method such as solution
polymerization. Specifically, the polyamic acid can be
manufactured by dissolving diamines in an organic solvent,
adding tetracarboxylic dianhydrides to the mixed solution
thus obtained and then polymerizing thereof. The reaction
can be performed under inert gas or nitrogen atmosphere,
and also can be performed in an anhydrous condition.
[0104] Further, the polymerization reaction can be per-
formed at a temperature of -20° C. to 60° C., preferably 0°
C. 1o 45° C. If the reaction temperature is too high, molecu-
lar weight may be increased due to increased reactivity, and
the viscosity of the polyamic acid solution may be increased.
Thus, it may be disadvantageous in the process.

[0105] The polyamic acid solution manufactured by the
manufacturing method mentioned above may preferably
contain the solid in such an amount that the composition has
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an appropriate viscosity considering processability such as
coatability during a film forming process. According to one
embodiment, the amount of the polyamic acid solution may
be controlled to have the total amount of the entire solution
of 5 wt % to 20 wt %, preferably 8 wt % to 18 wt %, more
preferably 8 wt % to 12 wt %.

[0106] Further, the amount of the polyamic acid solution
may be controlled such that the polyamic acid solution has
a viscosity of 2,000 cP or more or 3,000 cP or more, and the
viscosity of the polyamic acid solution may be controlled to
10,000 cP or less, preferably 9,000 cP or less, more prefer-
ably 8,000 cP or less. If the viscosity of the polyamic acid
solution is more than 10,000 cP, process efficiency may be
deteriorated due to reduced defoamation efficiency when
processing the polyimide film, and also electrical, optical
and mechanical properties of the manufactured film may be
deteriorated due to bad surface profile caused by bubble
formation.

[0107] Further, the organic solvent, which can be used in
the polyamic acid polymerization reaction and the compo-
sition for forming a polyimide film, may be a solvent having
a positive partition coefficient (Log P value) at 25° C., and
more specifically the solvent may have the partition coeffi-
cient (Log P value) 0f 0.01 to 3, 0.01 to 2, or 0.01 to 1. The
partition coefficient may be calculated by using an ACD/Log
P module of ACD/Percepta platform (ACD/Labs), and the
ACD/Log P module uses algorithm based on Quantitative
Structure-Property Relationship (QSPR) methodology
which uses a 2D structure of a molecule.

[0108] The positive partition coeflicient means the polar-
ity of the solvent is hydrophobic. According to the study of
the present inventors, it can be found that when coating the
polyamic acid solution of the composition for forming a
polyimide film on a substrate, the dewetting characteristic of
the solution may be improved by polymerizing the polyamic
acid and manufacturing the composition for forming a
polyimide film by using a specific solvent with a positive
partition coefficient value. Further, the present invention can
control the dewetting phenomenon of the solution by using
a solvent having a positive Log P value, without using
additives such as a leveling agent, which adjusts the surface
tension of a material and the smoothness of a film. Without
using additional additives, problems on product quality and
process, for example, a low molecular weight material
contained in the final product can be solved, and a polyimide
film having more uniform characteristics can be obtained.

[0109] For example, in the process of coating the compo-
sition for forming a polyimide film on a glass substrate, the
dewetting phenomenon may occur due to shrinkage of the
coated layer when curing or storing the coating solution
coated on the substrate under a humidity condition. This
dewetting phenomenon of the coating solution may cause
variation in thickness of a film, and therefore, due to lack of
flexibility of the film, the film may be cut or edges may be
broken when cutting, resulting in poor working performance
and reduced yield. Further, when fine polar foreign materials
are introduced into the coating solution coated on a sub-
strate, in the coating solution containing a polar solvent
having a negative Log P value, sporadic cracks and thickness
change of the coating may be formed around the position of
the foreign material due to the polarity of the foreign
material, but in the case of using a hydrophobic solvent
having a positive Log P value, the thickness change caused
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by the cracks of the coating may be reduced or inhibited
even in the case that the fine polar foreign materials are
introduced.

[0110] Specifically, the composition for forming a poly-
imide film comprising the solvent having Log P as a positive
value may have a dewetting rate of 0% to 0.1% as defined
by the following Formula 1:

Dewetting rate (%)=[(4-B)/4]x100 [Formula 1]
[0111] wherein,
[0112] A: The area of the coating solution in the state that

the coating solution was completely coated on the substrate
(100 mmx100 mm);

[0113] B: The area of the coating solution or the polyimide
(PD) film after the coating solution or the polyimide film is
rolled up from the end of the coated substrate.

[0114] Such dewetting phenomenon of the coating solu-
tion and the film may occur within 30 min after coating the
coating solution, and particularly, because the dewetting is
started from the edge, the thickness of the edge may
increase.

[0115] For example, after coating the composition for
forming a polyimide film according to the present invention
on a substrate and then storing thereof for 10 min or longer,
for example, 10 min or longer, for example, 40 min or longer
under a humidity condition, the dewetting rate of the coated
solution may be 0.1% or less. For example, even after
storing at a temperature of 20° C. to 30° C. and under a
humidity condition of 40% or more, more specifically, under
a humidity condition of a range from 40% to 80%, i.e., 40%,
50%, 60%, 70% and 80%, respectively, for example, 50%,
for 10 min to 50 min, the dewetting rate may be very low as
0.1% or less, preferably 0.05%, more preferably near 0%.

[0116] The composition for forming a polyimide film
according to the present invention can solve this dewetting
phenomenon caused by the shrinkage of the coated layer,
thus more improving the yield of a manufacturing process
by obtaining a polyimide film with more uniform charac-
teristics.

[0117] Further, the density of the solvent according to the
present invention may be measured by a standard measuring
method of ASTM D1475, and it may be 1 g/cm? or less. If
the density is more than 1 g/cm®, the relative viscosity may
be increased and therefore the process efficiency may be
reduced.

[0118] The solvent which can be used in the present
invention may be selected from N,N-diethylacetamide
(DEAc), N\N-diethylformamide (DEF), M-ethylpyrrolidone
(NEP) or a mixture thereof.

[0119] Then, the polyamic acid thus obtained from the
above polymerization reaction can be imidized to polyimide
by a chemical imidization method or a thermal imidization
method.

[0120] For example, the polyimide can be obtained by a
imidization method using chemical reaction in which a
dehydrating agent and an imidization catalyst is added to the
polymerized polyamic acid solution and then the resulting
solution is heated at a temperature of 50° C. to 100° C., or
by a chemical imidization method in which alcohol is
removed while refluxing the above solution.

[0121] In the chemical imidization method, the imidiza-
tion catalyst may be pyridine, triethylamine, picoline or
quinoline and the like, and in addition, it may be substituted
or unsubstituted nitrogen-containing heterocyclic com-
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pounds, N-oxide compounds of a nitrogen-containing het-
erocyclic compound, substituted or unsubstituted amino acid
compounds, aromatic hydrocarbon compounds having a
hydroxyl group or aromatic heterocyclic compounds. In
particular, the catalyst may be imidazole derivatives such as
lower alkylimidazoles, for example, 1,2-dimethylimidazole,
N-methylimidazole, N-benzyl-2-methylimidazole, 2-meth-
ylimidazole, 2-ethyl-4-methylimidazole, 5-methylbenzimi-
dazole and the like; substituted pyridines, for example,
isoquinoline, 3,5-dimethylpyridine, 3,4-dimethylpyridine,
2,5-dimethylpyridine, 2.4-dimethylpyridine, 4-n-propy-
Ipyridine and the like; p-toluene sulfonic acid and the like.
[0122] The dehydrating agent may be an acid anhydride
such as acetic anhydride.

[0123] Alternatively, the imidization may be performed by
coating the composition solution for forming a polyimide
film comprising polyamic acid on a substrate and then
heat-treating thereof.

[0124] The polyamic acid solution may be in the form of
a solution dissolved in an organic solvent, and in this case,
for example, when the polyamic acid is synthesized in the
organic solvent, the solution may be the reaction solution
thus obtained itself or a solution obtained by diluting the
reaction solution with another solvent. Further, when the
polyamic acid is obtained as solid powder, the solution may
be a solution obtained by dissolving the powder in an
organic solvent.

[0125] The present invention provides a method for manu-
facturing a polyimide film comprising the following steps
of:

[0126] coating the composition for forming a polyimide
film comprising the polyamic acid solution or the polyimide
solution on a substrate; and

[0127] heat-treating the coated composition for forming a
polyimide film on the substrate.

[0128] After coating the polyimide precursor solution on a
substrate, the solution can be heat-treated in an IR oven or
a hot air oven, or on a hot plate, and the heat-treatment may
be performed at a temperature ranging from 300° C. to 500°
C., preferably 320° C. to 480° C., and also may be per-
formed by multi-step heating within the above temperature
range. The heat-treating process may be performed for 20
min to 70 min, preferably 20 min to 60 min.

[0129] The organic solvent contained in the composition
for forming a polyimide film of the present invention may be
the same organic solvent used for the above synthesis
reaction.

[0130] In a range that does not have an influence upon the
effect of the present invention a silane coupling agent, a
crosslinkable compound, an imidization catalyst for effec-
tively proceeding imidization and the like can be added.

MODE FOR INVENTION

[0131] The present invention will be explained in detail
with reference to the following examples, including test
examples. However, these examples are provided for illus-
trative purposes only and are not intended to limit the scope
of the invention.

[0132] DEAc: Diethylacetamide (N,N-diethylacetamide)
[0133] TFMB: 2,2'-Bis(trifluoromethyl)-4,4'-biphenyl
diamine

[0134] DABA: 4,4'-Diaminobenzanilide

[0135] PMDA: Pyromellitic dianhydride
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[0136] BPDA: 3,3'.4,4'-Biphenyltetracarboxylic dianhy-
dride
[0137] APTEOS: (3-Aminopropyl)triethoxysilane
EXAMPLE
Preparative Example 1 PAA 1
(PMDA:BPDA:TFMB=0.5:0.5:1)
[0138] DEAc 50 g was filled in an agitator under nitrogen

atmosphere, and then TFMB 10.15 g was dissolved while
maintaining the temperature of the reactor to 25° C. PMDA
3.5g, BPDA4.72 g and DEAc 50 g were added to the TFMB
solution, and dissolved with stirring for a predetermined
period of time while maintaining the temperature to 40° C.
DEAc was added to the polyamic acid solution prepared
from the above reaction to make the solid concentration 10
wt %, so as to prepare a PAA 1 polyamic acid composition.
Weight average molecular weight of the PAA 1 polyamic
acid prepared above was 101,000 g/mol.

Preparative Example 2 PAA 2(BPDA/DABA=I1:1)

[0139] DEAc 100 g was filled in an agitator under nitrogen
atmosphere, DABA 8.005 g and BPDA 10.5 g were added
while maintaining the temperature of the reactor to 25° C.,
and then dissolved with stirring for a predetermined period
of time while maintaining the temperature to 40° C. DEAc
was added to the polyamic acid solution prepared from the
above reaction to make the solid concentration 10 wt %, so
as to prepare a PAA 2 polyamic acid composition. Weight
average molecular weight of the PAA 2 polyamic acid
prepared above was 121,000 g/mol.

Preparative Example 3 PAA 3(BPDA/DABA=1:0.8)

[0140] DEAc 180 g was filled in an agitator under nitrogen
atmosphere, DABA 16.69 g and BPDA 27 g were added
while maintaining the temperature of the reactor to 25° C.,
and then dissolved with stirring for a predetermined period
of time while maintaining the temperature to 40° C. DEAc
was added to the polyamic acid solution prepared from the
above reaction to make the solid concentration 20 wt %, so
as to prepare a PAA 3 polyamic acid composition. Weight
average molecular weight of the PAA 3 polyamic acid
prepared above was 10,800 g/mol.

Preparative Example 4 PAA 4(BPDA/DABA=1:0.9)

[0141] DEAc 180 g was filled in an agitator under nitrogen
atmosphere, DABA 18.77 g and BPDA 27 g were added
while maintaining the temperature of the reactor to 25° C.,
and then dissolved with stirring for a predetermined period
of time while maintaining the temperature to 40° C. DEAc
was added to the polyamic acid solution prepared from the
above reaction to make the solid concentration 20 wt %, so
as to prepare a PAA 4 polyamic acid composition. Weight
average molecular weight of the PAA 4 polyamic acid
prepared above was 18,600 g/mol.

Preparative Example 5 PAA
5(BPDA/DABA=1:0.9)_APTEOS 0.2

[0142] DEAc 180 g was filled in an agitator under nitrogen
atmosphere, DABA 18.77 g and BPDA 27 g were added
while maintaining the temperature of the reactor to 25° C.,
and then dissolved with stirring for a predetermined period
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of time while maintaining the temperature to 40° C.
APTEOS 4.06 g was added to the polyamic acid solution
prepared from the above reaction, and then DEAc was added
to the polyamic acid solution prepared from the above
reaction to make the solid concentration 20 wt %, so as to
prepare a PAA S polyamic acid composition. Weight average
molecular weight of the PAA 5 polyamic acid prepared
above was 19,200 g/mol.

Preparative Example 6 PI 1

[0143] DEAc 70 g, toluene 30 g, DABA 10.81 g and
BPDA 7.00 g were filled together in an agitator under
nitrogen atmosphere, and stirred at 165° C. for 5 hours.
Pyridine and acetic anhydride were added to the polyamic
acid solution prepared from the above reaction, and then
fully stirred at 180° C. Then precipitates were formed with
a mixture solution of methanol and water and then dried. The
dried polyimide powder was dissolved in DEAc to make the
solid concentration of 20 wt %, so as to prepare a PI 1
polyimide composition. Weight average molecular weight of
the PI 1 polyimide was 15,600 g/mol.

Preparative Example 7 PI 2

[0144] DEAc 70 g, toluene 30 g, 4-aminobenzoic acid
12.12 g and BPDA 13.00 g were filled together in an agitator
under nitrogen atmosphere, and stirred at 165° C. for 5
hours. Pyridine and acetic anhydride were added to the
polyamic acid solution prepared from the above reaction,
and then fully stirred at 180° C. Then precipitates were
formed with a mixture solution of methanol and water and
then dried. The dried polyimide powder was dissolved in
DEAc to make the solid concentration of 20 wt %. 3-(tri-
ethoxysilyl)propyl isocyanate 10.93 g was added to the
polyimide solution 63 g prepared from the above reaction
and stirred for a predetermined time to prepare a PI 2
polyimide composition. Weight average molecular weight of
the PI 2 polyimide was 1,200 g/mol.

Comparative Example 1

[0145] PAA 1 polyamic acid solution was used.
Comparative Example 2
[0146] PAA 1 polyamic acid composition and PAA 2

polyamic acid composition were mixed to meet the compo-
sition of diamine and acid dianhydride listed in Table 1 to
prepare a composition for forming a polyimide film.

Comparative Example 3
PMDA:BPDA:TFMB:DABA=0.45:0.55:0.9:0.1

[0147] DEAc 50 g was filled in an agitator under nitrogen
atmosphere, and then TFMB 9.79 g and DABA 0.772 g were
dissolved while maintaining the temperature of the reactor to
25° C. PMDA 3.34 g and BPDA 5.50 g were added to the
TFMB solution together with DEAc 60 g, and dissolved
with stirring for a predetermined period of time while
maintaining the temperature to 40° C. DEAc was added to
the polyamic acid solution prepared from the above reaction
to make the solid concentration 10 wt %, so as to prepare a
composition for forming a polyimide film.
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Comparative Example 4
PMDA:BPDA:TFMB:DABA=0.35:0.65:0.7:0.3

[0148] DEAc 50 g was filled in an agitator under nitrogen
atmosphere, and then TFMB 7.52 g and DABA 2.29 g were
dissolved while maintaining the temperature of the reactor to
25° C. PMDA 2.60 g and BPDA 6.50 g were added to the
TFMB solution together with DEAc 60 g, and dissolved
with stirring for a predetermined period of time while
maintaining the temperature to 40° C. DEAc was added to
the polyamic acid solution prepared from the above reaction
to make the solid concentration 10 wt %, so as to prepare a
composition for forming a polyimide film.

Comparative Example 5
PMDA:BPDA:TFMB:DABA=0.25:0.75:0.5:0.5

[0149] DEAc 50 g was filled in an agitator under nitrogen
atmosphere, and then TFMB 5.37 g and DABA 3.81 g were
dissolved while maintaining the temperature of the reactor to
25° C. PMDA 1.85 g and BPDA 7.50 g were added to the
TFMB solution together with DEAc 55 g, and dissolved
with stirring for a predetermined period of time while
maintaining the temperature to 40° C. DEAc was added to
the polyamic acid solution prepared from the above reaction
to make the solid concentration 10 wt %, so as to prepare a
composition for forming a polyimide film.

Examples 1-7
[0150] The polyamic acid or polyimide compositions pre-
pared in Preparative Examples 1 to 7 were mixed to meet the
composition listed in Table 2, so as to prepare compositions
for forming a polyimide film.

Preparation of Polyimide Film

[0151] The composition for forming a polyimide film
prepared in Comparative Examples 1 to 5 and Examples 1
to 7 was spin coated on a glass substrate. The glass substrate
coated with the composition for forming a polyimide film
was put into an oven and heated at a rate of about 5° C./min,
and heat-treated at 430° C. for a curing process. After
completing the curing process, laser of wavelength of 308
nm was irradiated on the polyimide film formed on the glass
substrate for laser lift off of the polyimide film.

Test Example 1

[0152] The film manufactured by the above film manu-
facturing method was prepared as a sample in thickness of
8 um to 12 pm and size of 5x20 mm, and the sample was
loaded using an accessory. The length of the films measured
actually was the same as 16 mm, and the force pulling the
film was set to 0.02 N. The thermal expansion change
pattern, when the 1°* heating process and cooling process
were performed within the temperature ranging from 100°
C. t0 300° C. at a heating rate of 5° C./min and then the 2"¢
heating process was performed within the temperature rang-
ing from 300° C. to 100° C. at a cooling rate of 4° C./min,
was measured with TMA (Q400, TA Instruments). At this
time, an inflection point shown in a temperature rising
section during the 1* heating process was regarded as Tg.

[0153] Haze was measured by the method according to
ASTM D1003 using Haze Meter HM-.

[0154] Yellowness Index (Y1) was measured by using a
color-difference meter (Color Eye 7000A).

[0155] Energy Density (E/D) of laser applied when
detaching the polyimide film was measured using Excimer
Laser (308 nm, Coherent).
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TABLE 1
Comparative Comparative Comparative Comparative Comparative
Example 1 Example 2 Example 3 Example 4  Example 5
Solution 1-pot PAAL 1-pot 1-pot 1-pot
Polymerization copolymer PAA2 copolymer  copolymer  Copolymer
method blending
Diamine 100/0 90/10 90/10 70/30 50/50
Composition
(mol %)
TFMB/DABA
Dianhydride 50/50 45/55 45/55 35/65 25/75
Composition
(mol %)
PMDA/BPDA
Solution state Clear Hazy Clear Clear Clear
Thickness 9.3 — 9.9 9.8 10.4
YL 7.1 — 16.8 28.5 36.8
Haze 0.9 — 3.3 3.2 0.7
CTE 274 15.5 — 36.5 22.7 3.6
Heating
(100-300° C.)
Tg(° C.) 363 — 335 335 345
Laser E/D 250 — 210 190 180
(mJ/cm?)
TABLE 2
Example 1 Example 2 Example 3 Example 4 Example 5 Example 6 Example 7
Solution PAAL PAA1 PAAL PAA1 PAAL PAA1 PAAL
Polymerization PAA3 PAA3 PAA4 PAAS PAA4 PI1 P12
method blending  blending  blending blending  blending blending  blending
Diamine 95/5 90/10 90/10 70/30 50/50 90/10 95/5
Composition
(mol %)
TFMB/DABA
Dianhydride 47.5/52.5 45/55 45/55 45/55 40/60 45/55 47.5/52.5
Composition
(mol %)
PMDA/BPDA
Solution state Clear Clear Clear Clear Clear Clear Clear
Thickness 10.2 9.9 10.3 9.5 10 10.5 9.5
YL 8.1 10 12.9 12.8 17.5 13.6 12.5
Haze 0.6 0.8 0.9 1.2 1.2 1.1 1.0
CTE 274 13.9 12.5 12.2 5.6 5.0 6.5 8.8
Heating
(100-300° C.)
Tg (° C) 360 362 365 353 372 370 360
Laser E/D 220 210 210 210 200 210 210
(mJ/cm?)
[0156] As can be seen from Table 1 and Table 2, Example E/D value because of including the BPDA-DABA structure,

1 to Example 7, which were manufactured by mixing
(blending) the BPDA-DABA polyamic acid or polyimide
having low molecular weight to the PAA 1 polyamic acid,
could maintain transparency of a polyimide solution. On the
contrary, the polyimide solution of Comparative Example 2,
which has the same structure but include the BPDA-DABA
polyamic acid having a higher molecular weight lost trans-
parency of a polyimide solution.

[0157] It can be found that the polyimide films of Example
1 to Example 7 having low laser E/D value had excellent
laser lift off characteristic, also maintained optical properties
such as Y1 and haze, and also had excellent heat resistance
due to its low CTE value.

[0158] On the contrary, Comparative Example 1 not
including the BPDA-DABA structure has very high E/D
value, and Comparative Examples 3 to 5 manufactured by
copolymerization method not blending showed low laser

but bad optical properties due to its high YI and haze, and
also had bad heat resistance due to its high CTE value.

[0159] Although specific embodiments of the present
invention are described in detail as described above, it will
be apparent to those skilled in the art that the specific
description is merely desirable exemplary embodiment and
should not be construed as limiting the scope of the present
invention. Therefore, the substantial scope of the present
invention is defined by the accompanying claims and
equivalent thereof.

1. A composition for forming a polyimide film which
comprises:

a first polyimide including a repeating unit of the follow-
ing Chemical Formula 1-1 or a first polyamic acid
including a repeating unit of the following Chemical
Formula 1-2; and
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a second polyamic acid having a weight average molecu-
lar weight of 50,000 g/mol or more,

wherein the first polyimide or the first polyamic acid has
a weight average molecular weight of 500 g/mol to
40,000 g/mol:

[Chemical Formula 1-1]

* /i\ @@Lﬂ(

[Chemical Formula 1-2]

Ry
V2 W /\ N 7

wherein,

R, and R, are each independently hydrogen atom or a
substituent selected from a halogen atom, a hydroxyl
group (—OH), a thiol group (—SH), a nitro group
(—NO,), a cyano group (—CN), a C,_,, alkyl group, a
C,_, halogenoalkoxyl group, a C, ;, halogenoalkyl
group, and a Cg_,, aryl group.

2. The composition for forming a polyimide film accord-
ing to claim 1, wherein the second polyamic acid includes
repeating units of the following Chemical Formula 2 and
Chemical Formula 3:

[Chemical Formula 2]

e}

OH

e}

[Chemical Formula 3]

wherein,

R; and R, are each independently hydrogen atom or a
substituent selected from a halogen atom, a hydroxyl
group (—OH), a thiol group (—SH), a nitro group
(—NO,), a cyano group (—CN), a C,_,, alkyl group, a
C,_, halogenoalkoxyl group, a C, ;, halogenoalkyl
group, and a Cg_,, aryl group.

3. The composition for forming a polyimide film accord-
ing to claim 2, wherein the amount of the repeating unit of
Chemical Formula 1-1 or Chemical Formula 1-2 is from 3
mol % to 50 mol % based on the total repeating units of the
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first polyimide or the first polyamic acid and the total
repeating units of the second polyamic acid.

4. The composition for forming a polyimide film accord-
ing to claim 1, wherein the first polyimide or the first
polyamic acid includes a terminal group including a struc-
ture of the following Chemical Formula 4:

[Chemical Formula 4]

wherein,

R,, is a C,_,, alkylene group, and

R,,, R;5 and R, are each independently selected from a

C,.1o alkoxyl group, a Cg;, aryloxy group and a
heterocyclic group containing 1 to 3 oxygen atoms.

5. A method for manufacturing a polyimide film which
comprises the following steps of:

coating the composition for forming a polyimide film

according to claim 1 on a carrier substrate; and
heat-treating the coated composition to form a polyimide
film layer.
6. The method for manufacturing a polyimide film accord-
ing to claim 5, which further comprises laser lifting off to
detach the polyimide film layer from the carrier substrate by
using a laser having a laser energy density (E/D) of 230
ml/cm? or less during the laser 1ift off process.
7. (canceled)
8. A method for manufacturing a composition for forming
a polyimide film which comprises the following steps of:
polymerizing a diamine of the following Chemical For-
mula 5 and a tetracarboxylic dianhydride of the fol-
lowing Chemical Formula 6 in an organic solvent to
prepare a first polyamic acid or a first polyimide;

polymerizing one or more of tetracarboxylic dianhydrides
and one or more of diamines in an organic solvent to
prepare a second polyamic acid; and

mixing the first polyamic acid or the first polyimide with

the second polyamic acid,

wherein the first polyamic acid or the first polyimide has

a weight average molecular weight of 500 g/mol to
40,000 g/mol, and the second polyamic acid has a
molecular weight of 50,000 g/mol or more:

[Chemical Formula 5]

[Chemical Formula 6]
e} O
\ /
< | 5 I »
S
o ¢}
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wherein,

R, and R, are each independently hydrogen atom or a
substituent selected from a halogen atom, a hydroxyl
group (—OH), a thiol group (—SH), a nitro group
(—NO,), a cyano group (—CN), a C,_,, alkyl group, a
C,_, halogenoalkoxyl group, a C, ;, halogenoalkyl
group, and a C_,, aryl group.

9. The method for manufacturing a composition for
forming a polyimide film according to claim 8, wherein the
second polyamic acid is prepared by polymerizing a diamine
of the following Chemical Formula 7 and tetracarboxylic
dianhydrides of the following Chemical Formula 6 and the
following Chemical Formula 8 in an organic solvent:

[Chemical Formula 7]

R3 I|{4
H,N NH
\ / \ 7/
[Chemical Formula 6]
e} O
AN AN
| T 0
R |
F Z
O e}
[Chemical Formula 8]
0} O
O O
o ¢}

wherein,

R; and R, are each independently hydrogen atom or a
substituent selected from a halogen atom, a hydroxyl
group (—OH), a thiol group (—SH), a nitro group
(—NO,), a cyano group (—CN), a C, ,, alkyl group, a
C,_, halogenoalkoxyl group, a C, ;, halogenoalkyl
group, and a Cg_,, aryl group.

10. The method for manufacturing a composition for

forming a polyimide film according to claim 8, wherein the
amount of the diamine of Chemical Formula 5 is from 3 mol
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% to 50 mol % based on the total amount of the entire
diamines used for preparing the first polyimide or the first
polyamic acid and the second polyamic acid.

11. The method for manufacturing a composition for
forming a polyimide film according to claim 8, wherein a
silane compound of the following Chemical Formula 9 is
further added in the step of preparing the first polyamic acid:

[Chemical Formula 9]

Z—R;—Si—Ry4

Rz

wherein,

Z is anisocyanate group (—N—C—0) or an amine group
(—NH,).

R,, is a C,_,, alkylene group, and

R,,, R;; and R, are each independently selected from a
C,.1o alkoxyl group, a Cg;, aryloxy group and a
heterocyclic group containing 1 to 3 oxygen atoms.

12. The method for manufacturing a composition for
forming a polyimide film according to claim 11, wherein the
silane compound of Chemical Formula 9 is added in an
amount of 10 parts by mole to 30 parts by mol based on 100
parts by mol of the first polyamic acid or the first polyimide.

13. The method for manufacturing a composition for
forming a polyimide film according to claim 8, wherein the
organic solvent has a positive Log P value.

14. The method for manufacturing a composition for
forming a polyimide film according to claim 13, wherein the
organic solvent having a positive Log P value is selected
from N,N-diethylacetamide, (DEAc), N,N-diethylforma-
mide (DEF), M-ethylpyrrolidone (NEP) or a mixture
thereof.

15. A polyimide film comprising a heat-cured composi-
tion of claim 1.

16. A polyimide film according to claim 15, which shows
coeflicient of thermal expansion (CTE) of 0 ppm/® C. to 20
ppm/° C. at a heating process after repeating n+1 times (n is
an integer equal to or greater than 0) heating and cooling
process in a temperature range of from 100° C. to 300° C.

17. The polyimide film according to claim 15, wherein a
yellow index (Y]) of the film is 15 or less at a thickness of
8 um to 15 um, and a haze of the film is 2 or less.
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