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(57) ABSTRACT 

The polyimide precursor composition of the present inven 
tion is characterized in comprising a polyimide precursor 
having a structure formed by reacting a diamine component 
(A) containing a fluorine-containing aromatic diamine (a1) 
represented by the following chemical formula (I) 

(I) 

(in the formula (I), RandR are each independently selected 
from —H. —(CF), CF, and —O(CF), CF (n is an 
integer of 0 or more and 7 or less), and at least one of R and 
R is a fluorine-containing group) and trans-1,4-cyclohexyl 
diamine (a2) with an acid dianhydride component (B) con 
taining an aliphatic tetracarboxylic dianhydride (b1) and an 
aromatic tetracarboxylic dianhydride (b2). Use of the com 
position of the present invention provides a polyimide film 
and a transparent flexible film having high transparency, low 
thermal expansion properties, low birefringent properties, 
and high heat resistance. 
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POLYIMIDE PRECURSOR COMPOSITION, 
POLYIMIDE FILM, ANDTRANSPARENT 

FLEXBLE FILM 

0001. This is a National Phase Application in the United 
States of International Patent Application No. PCT/JP2009/ 
051170 filed Jan. 26, 2009, which claims priority on Japanese 
Patent Application No. 2008-043350, filed Feb. 25, 2008. The 
entire disclosures of the above patent applications are hereby 
incorporated by reference. 

TECHNICAL FIELD 

0002 The present invention generally relates to a polyim 
ide precursor composition used to form a polyimide film 
having high transparency, low thermal expansion properties, 
high heat resistance, and low birefringent properties, and to a 
polyimide film obtained by the imide ring closure reaction of 
the polyimide precursor composition. The present invention 
also relates to a transparent flexible film obtained using the 
polyimide-based film and used for electronic devices such as 
electronic displays (e.g., electronic paper), organic EL dis 
play devices, LED (light-emitting diode) lighting devices, 
and CMOS (complementary metal oxide semiconductor) 
SSOS. 

BACKGROUND ART 

0003 Polyimide films have good mechanical properties 
and other good characteristics Such as heat resistance, chemi 
cal resistance, and electrical insulation properties and are 
therefore widely used as various films for optical waveguides 
and electronic devices such as interlayer dielectric films for 
semiconductors, buffer coatings, flexible printed circuit sub 
strates, and liquid-crystal alignment films. 
0004 At present, glass is widely used for substrates for, 

e.g., liquid crystal display devices, organic EL display 
devices, and organic TFTs. However, with the trend toward 
weight reduction and flexibilization, flexible substrates pro 
duced using plastics such as PEN (polyethylene naphthalate) 
and PES (polyethersulfone) are being developed. The basic 
characteristics of flexible substrates that can be used as alter 
natives to glass Substrates may include, e.g., high transpar 
ency, low thermal expansion properties, high thermal resis 
tance, and low birefringent properties. 
0005. The substrate having the basic characteristics must 
satisfy the following specific requirements. The transmit 
tance of 400 nm light at a film thickness of 10um must be 80% 
or more. In order to prevent improper arrangement of display 
pixels and wiring traces on a Substrate due to expansion and 
contraction of the Substrate, the thermal expansion coefficient 
must be 20ppm/°C. or less in the range of 100° C. to 200° C. 
As to the birefringent properties, the difference between the 
refractive index in TE (Transverse Electric) mode and the 
refractive index in TM (Transverse Magnetic) mode must be 
0.05 or less. The glass transition temperature must be 250° C. 
O. O. 

0006. At present, the most well-known example of prac 
tical low-thermal expansion polyimide materials is a polyim 
ide produced from 3,3'4,4'-biphenyltetracarboxylic dianhy 
dride and p-phenylenediamine. It is known that a film 
obtained from this polyimide exhibits a very low thermal 
expansion coefficient (5 to 10 ppm/°C.), although the value 
may vary depending on the thickness and production condi 
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tions (for example, Non-Patent Document 1). However, the 
light transmittance of this polyimide film is substantially 0% 
at 400 nm. 

0007. It is known that the introduction of a highly flexible 
monomer or a fluorine substituent into the skeleton is effec 
tive to obtain a highly transparent polyimide film. For 
example, Non-Patent Document 2 reports a perfluoro poly 
imide obtained from 2.2-bis(3,4-carboxyphenyl)hexafluoro 
propanoic dianhydride (a fluorinated acid dianhydride) and 
2,2'-bis(trifluoromethyl)benzidine (a fluorinated diamine). A 
film obtained from the aforementioned perfluoro polyimide 
exhibits a light transmittance as high as 85% when the light is 
at 400 nm and the thickness of the film is 20um. However, the 
thermal expansion coefficient of the film is as high as 48 
ppm/°C., and the film does not satisfy the requirement for the 
low thermal expansion properties. 
0008. Non-Patent Document 2 also reports a polyimide 
obtained from pyromellitic dianhydride and 2,2'-bis(trifluo 
romethyl)benzidine. A film obtained from this polyimide 
exhibits good low thermal expansion properties with a ther 
mal expansion coefficient of 3 ppm/°C. However, the trans 
mittance of 400 nm light through the film having a thickness 
of 20 um is 10%, which does not satisfy the requirement for 
the high light transmittance. 
0009 Patent Document 1 reports a polyimide produced 
from 3,3'4,4'-biphenyltetracarboxylic dianhydride and trans 
1,4'-cyclohexyldiamine. A film produced from this polyimide 
has good light transmittance such that the 1% cutoff wave 
length is 368 nm when the thickness of the film is 5 um. 
However, its thermal expansion coefficient is 23 ppm/°C., 
which does not satisfy the requirement for the low thermal 
expansion properties. 
0010 Patent Document 2 reports a polyimide produced 
from 3,3'4,4'-biphenyltetracarboxylic dianhydride and 2,2'- 
bis(trifluoromethyl)benzidine. In Patent Document 2, a poly 
imide film obtained using an ordinary thermal conversion 
method has good light transmitting properties such that the 
transmittance of 380 nm wavelength light through the film 
having a thickness of 3 mil (-75 um) is 78%. However, its 
thermal expansion coefficient is as high as 38 ppm/°C., which 
does not satisfy the requirement for the low thermal expan 
sion properties. A polyimide film obtained using a chemical 
conversion method has good light transmitting properties 
such that the transmittance of 380 nm wavelength light 
through the film having a thickness of 3 mil (-75um) is 76%, 
and the film also has low thermal expansion properties Such 
that the thermal expansion coefficient is -3 ppm/°C. How 
ever, the chemical conversion method essentially requires a 
step of removing a catalyst upon forming the film, and there 
fore this method is not suitable for mass production. 
0011 Patent Document 3 reports a polyimide produced 
from 3,3'4,4'-dicyclohexyl tetracarboxylic dianhydride and 
4,4'-diaminodiphenyl ether. In Patent Document 3, a polyim 
ide film obtained using an ordinary thermal conversion 
method cured at 300° C. and having a thickness of 35 um has 
a good light transmittance of 83% at 500 nm. However, the 
problem thereof is that its glass transition temperature is 244 
C., which is not high enough and does not fall within the target 
range. 

0012 Non-Patent Document 1 Macromolecules, Vol. 
29, 1996, pp. 7897-7909 
0013 Non-Patent Document 2 Macromolecules, Vol. 
24, 1991, pp. 5001-5005 
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0014 Patent Document 1 Japanese Patent Application 
Laid-Open No. 2002-161136 A 
00.15 Patent Document 2 Japanese Patent Application 
Laid-Open No. 2007-046054 A 
0016 Patent Document 3 Japanese Patent Application 
Laid-Open No. Hei 08-104750 A 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

0017. As described above, polyimides are known as 
organic polymer materials that can form transparent flexible 
films having high heat resistance and can be candidate mate 
rials for various transparent flexible films for electronic 
devices. However, at present, Such polyimides do not meet all 
the basic characteristics necessary for transparent flexible 
films for electronic devices. 

0018 Recently, novel electronic devices including elec 
tronic displays such as electronic paper, organic EL display 
devices, LED (light-emitting diode) lighting devices, and 
CMOS (complementary metal oxide semiconductor) sensors 
are being rapidly developed and commercialized. Likewise, 
when conventional polyimide films are used as transparent 
flexible films for the aforementioned novel electronic 
devices, i.e., as the transparent flexible substrates for elec 
tronic display devices including electronic displays such as 
electronic paper and organic EL display devices and as the 
protection films for LED (light-emitting diode) lighting 
devices and CMOS (complementary metal oxide semicon 
ductor) sensors), the polyimide films must meet all the afore 
mentioned basic characteristics. However, polyimide films 
having Such good characteristics have not been provided. 
0019. The present invention has been made in view of the 
aforementioned circumstances. It is an object of the invention 
to provide a polyimide precursor composition for obtaining a 
polyimide film having high transparency, low thermal expan 
sion properties, high heat resistance, and low birefringent 
properties, and a polyimide film obtained by the imide ring 
closure reaction of the polyimide precursor composition. It is 
another object of the invention to provide a transparent flex 
ible film obtained using the polyimide-based film and used 
for electronic devices including electronic displays Such as 
electronic paper, organic EL display devices, LED (light 
emitting diode) lighting devices, CMOS (complementary 
metal oxide semiconductor) sensors, and the like. 

Means for Solving the Problems 

0020. The present inventors have made extensive studies 
to achieve the aforementioned objects and found out that the 
aforementioned objects can be achieved by a polyimide film 
obtained by the imide ring closure reaction of a polyimide 
precursor composition containing a polyimide precursor hav 
ing a specific structure. Thus the present invention has been 
completed. 
0021. That is, the polyimide precursor composition 
according to the present invention is characterized in that the 
composition comprises a polyimide precursor having a struc 
ture formed by reacting a diamine component (A) containing 
a fluorine-containing aromatic diamine (a1) represented by 
the following chemical formula (I) 
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(I) 

(in the formula (I), RandR are each independently selected 
from —H. —(CF), CF, and —O(CF), CF (n is an 
integer of 0 or more and 7 or less), and at least one of R and 
R is a fluorine-containing group) and trans-1,4-cyclohexyl 
diamine (a2) with an acid dianhydride component (B) con 
taining an aliphatic tetracarboxylic dianhydride (b1) and an 
aromatic tetracarboxylic dianhydride (b2). 
0022. The polyimide precursor formed as described above 
generally has a structure represented by the following for 
mula (II) in which, as a result of reaction of diamine compo 
nent and acid dianhydride component, these components are 
bonded alternately: 

-(NH-X NH-CO Y(COOH)—CO) (II) 

in the formula (II), X is a part of the structure of the diamine 
component (a1) or (a2) which is the structure thereof other 
than two amino groups, Y is a part of the structure of the acid 
dianhydride component (b1) or (b2) which is the structure 
thereof other than two acid anhydride groups, n is the number 
of repetitions, and the overall structure includes two types of 
X's originating from (al) and (a2) and two types of Y’s 
originating from (b1) and (b2). 
0023. As long as it has the structure represented by the 
aforementioned formula (II), the polyimide precursor in the 
present invention may be the one that has produced from other 
materials. Therefore, specifying on the basis of its structure, 
the polyimide precursor in the present invention is defined as 
a polyimide precursor having a structure represented by the 
following general formula (III) 

-(NH-X NH-CO Y(COOR)—CO) (III) 

(in the formula (III), m is a natural number representing the 
number of repetitions of the structural unit, each of m X's is 
independently a divalent organic group, and the polyimide 
precursor comprises, as X's, both a group represented by the 
following general formula (IV) 

(IV) 

and a trans-1,4-cyclohexylene group. R and R in the for 
mula (IV) are each independently one selected from —H. 
—(CF), CF, and —O(CF), CF (n is an integer of 0 or 
more and 7 or less), and at least one of RandR is a fluorine 
containing group. In the formula (III), each of m Y's is inde 
pendently a tetravalent organic group, the polyimide com 
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prises as Y's both an aliphatic group and an aromatic group, 
and each of 2m R's is independently a hydrogen atom or a 
monovalent organic group). 
0024. In the polyimide precursor composition having the 
aforementioned features, it is preferable that the diamine 
component (A) which is the material for the polyimide pre 
cursor contains the fluorine-containing aromatic diamine (al) 
in an amount of 5 mol% or more and 95 mol% or less and the 
trans-1,4-cyclohexyldiamine (a2) in an amount of 95 mol % 
or less and 5 mol% or more. The diamine component (A) may 
further contain another diamine compound as the remainder 
of the aforementioned amounts of the fluorine-containing 
aromatic diamine (a1) and the trans-1,4-cyclohexyldiamine 
(a2). The preferred ratio of the aforementioned constituent 
components in the structure (general formula (III)) of the 
polyimide precursor is the same as the aforementioned pre 
ferred amounts of the components used as the raw materials. 
0025. In the polyimide precursor composition having the 
aforementioned features, it is preferable that the acid dianhy 
dride component (B) which is the material for the polyimide 
precursor contains the aliphatic tetracarboxylic dianhydride 
(b1) in an amount of 5 mol % or more and 95 mol % or less 
and the aromatic tetracarboxylic dianhydride (b2) in an 
amount of 95 mol % or less and 5 mol % or more. The acid 
dianhydride component (B) may further contain another acid 
dianhydride as the remainder of the aforementioned amounts 
of the aliphatic tetracarboxylic dianhydride (b1) and the aro 
matic tetracarboxylic dianhydride (b2). The preferred ratio of 
the aforementioned constituent components in the structure 
(general formula (III)) of the polyimide precursor is the same 
as the aforementioned preferred amounts of the components 
used as the raw materials. 

0026. In the present invention, the term “aliphatic tetracar 
boxylic dianhydride' (b1) means in a broad sense which does 
not only include an aliphatic tetracarboxylic dianhydride in a 
narrow sense but also includes alicyclic tetracarboxylic dian 
hydrides in a broad sense. Therefore, the term “aliphatic 
group' in Y in the general formulas (II) and (III) is used to 
include alicyclic structures in a broad sense. In the polyimide 
precursor composition, the aliphatic tetracarboxylic dianhy 
dride (b1) may be 3,3',4,4'-bicyclohexyltetracarboxylic dian 
hydride, and the aromatic tetracarboxylic acid dianhydride 
(b2) may be 3,3'4,4'-biphenyltetracarboxylic dianhydride. 
0027. In the polyimide precursor composition of the 
present invention, it is preferable that the ratio (A/B) of the 
number of moles of the diamine component (A) with respect 
to the number of moles of the acid dianhydride component 
(B) is 0.9 to 1.1. 
0028. The polyimide precursor composition of the present 
invention is usually prepared by adding a solvent component 
(C) to a polyimide precursor having a structure formed by the 
reaction of the component (A) with the component (B) (in 
terms of structure, a polyimide precursor having the structure 
represented by the aforementioned general formula (III)). If 
necessary, the polyimide precursor composition may contain 
other components. 
0029. A polyimide film of the present invention is 
obtained by using the aforementioned polyimide precursor 
composition and is characterized in having a transmittance of 
400 nm light of 80% or more at a film thickness of 10 um, a 
thermal expansion coefficient of 20 ppm/°C. or less in the 
range of 100° C. to 200°C., and a glass transition temperature 
of 250° C. or more. 
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0030 Preferably, the polyimide film of the present inven 
tion has birefringent properties in which the difference 
between the refractive index in TE mode and the refractive 
index in TM mode is 0.05 or less. 
0031. A transparent flexible film of the present invention is 
characterized in that the film is obtained using the aforemen 
tioned polyimide film. Preferably, the transparent flexible 
film of the present invention is the transparent flexible sub 
strate of an electronic display device, the protection film of a 
lighting device, or the protection film of a photoelectronic 
SSO. 

0032. As obvious from the above, the present invention 
provides a polyimide precursor composition, a polyimide 
film, and a transparent flexible film, features of which are as 
follows. 
0033 (1) A polyimide precursor composition comprising 
a polyimide precursor having a structure formed by reacting 
a diamine component (A) containing a fluorine-containing 
aromatic diamine (al) represented by the following chemical 
formula (I) 

(I) 

(in the formula (I), RandR are each independently selected 
from —H. —(CF), CF, and —(CF), CF (n is an inte 
ger of 0 or more and 7 or less), and at least one of R and R 
is a fluorine-containing group) and trans-1,4-cyclohexyl 
diamine (a2) with an acid dianhydride component (B) con 
taining an aliphatic tetracarboxylic dianhydride (b1) and an 
aromatic tetracarboxylic dianhydride (b2). 
0034 (2) The polyimide precursor composition according 
to (1) above, wherein the structure of the polyimide precursor 
is a structure represented by the following general formula 
(III) 

-(NH-X NH-CO Y(COOR)—CO) (III) 

(in the formula (III), m is a natural number representing the 
number of repetitions of the structural unit, each of m X's is 
independently a divalent organic group, and the polyimide 
precursor comprises, as X's, both a group represented by the 
following general formula (IV) 

(IV) 
R 

R2 

and a trans-1,4-cyclohexylene group, wherein R and R in 
the formula (IV) are each independently one selected from 
—H. —(CF), CF, and —O(CF), —CF (n is an integer 
of 0 or more and 7 or less), and at least one of R and R is a 
fluorine-containing group, and in the formula (III), each ofm 
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Y's is independently a tetravalent organic group, the polyim 
ide comprises as Y's both an aliphatic group and an aromatic 
group, and each of 2m R's is independently a hydrogenatom 
or a monovalent organic group). 
0035 (3) The polyimide precursor composition according 

to (1) or (2) above, wherein the diamine component (A) 
contains the fluorine-containing aromatic diamine (al) in an 
amount of 5 mol % or more and 95 mol % or less and the 
trans-1,4-cyclohexyldiamine (a2) in an amount of 95 mol % 
or less and 5 mol % or more. 
0036 (4) The polyimide precursor composition according 

to any one of (1) to (3) above, wherein the acid dianhydride 
component (B) contains the aliphatic tetracarboxylic dianhy 
dride (b1) in an amount of 5 mol % or more and 95 mol % or 
less and the aromatic tetracarboxylic dianhydride (b2) in an 
amount of 95 mol % or less and 5 mol % or more. 
0037 (5) The polyimide precursor composition according 

to any one of (1) to (4), wherein the aliphatic tetracarboxylic 
dianhydride (b1) is 3,3'4,4'-bicyclohexyl tetracarboxylic 
dianhydride, and the aromatic tetracarboxylic acid dianhy 
dride (b2) is 3,3'4,4'-biphenyltetracarboxylic dianhydride. 
0038 (6) The polyimide precursor composition according 

to any one of (1) to (5) above, wherein a ratio (A/B) of the 
number of moles of the diamine component (A) with respect 
to the number of moles of the acid dianhydride component 
(B) is 0.9 to 1.1. 
0039 (7) A polyimide precursor composition comprising 
a polyimide precursor having a structure represented by the 
following general formula (III) 

-(NH-X NH-CO Y(COOR)—CO) (III) 

in the formula (III), m is a natural number representing the 
number of repetitions of the structural unit, each of m X's is 
independently a divalent organic group, and the polyimide 
precursor comprises, as X's, both a group represented by the 
following general formula (IV) 

(IV) 

and a trans-1,4-cyclohexylene group, R and R in the for 
mula (IV) are each independently one selected from —H. 
—(CF), CF, and —O(CF), CF (n is an integer of 0 or 
more and 7 or less), and at least one of RandR is a fluorine 
containing group, and in the formula (III), each of m Y’s is 
independently a tetravalent organic group, the polyimide pre 
cursor comprises as Y's both an aliphatic group and an aro 
matic group, and each of 2m R's is independently a hydrogen 
atom or a monovalent organic group). 
0040 (8) A polyimide film obtained using the polyimide 
precursor composition according to any one of (1) to (7) 
above, wherein the polyimide film has a transmittance of 400 
nm light of 80% or more at a film thickness of 10 um, a 
thermal expansion coefficient of 20 ppm/°C. or less in the 
range of 100° C. to 200°C., and a glass transition temperature 
of 250° C. or more. 
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0041 (9) The polyimide film according to (8) above, 
whereina difference between the refractive index in TE mode 
and the refractive index in TM mode is 0.05 or less. 
0042 (10) A transparent flexible film obtained using the 
polyimide film according to (8) or (9) above. 
0043 (11) The transparent flexible film according to (10) 
above, wherein the transparent flexible film is a transparent 
flexible substrate for an electronic device. 
0044 (12) The transparent flexible film according to (10) 
above, wherein the transparent flexible film is a protection 
film for a lighting device. 
0045 (13) The transparent flexible film according to (10) 
above, wherein the transparent flexible film is a protection 
film for a photoelectric sensor. 

EFFECT OF THE INVENTION 

0046. The polyimide precursor composition according to 
the present invention can form a polyimide film having high 
transparency, low thermal expansion properties, high heat 
resistance, and low birefringent properties. This polyimide 
film is suitable for the flexible substrates for electronic dis 
plays and organic EL lighting devices and the protection films 
for LEDs and CMOS sensors. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0047. The polyimide precursor composition according to 
the present invention is characterized in that the composition 
contains a polyimide precursor having the structure repre 
sented by the aforementioned general formula (III). As 
described above, this polyimide precursor is obtainable by 
reacting the aforementioned components (A) and (B). The 
polyimide precursor composition of the present invention is 
usually a preparation in which the polyimide precursor is 
dissolved in a solvent component (C) and, if necessary, may 
contain other components. 
0048. In the general formula (III) described above, each of 
m X's is independently a divalent organic group and is in 
general the remaining part other than the amino groups of a 
diamine which is used as a material. Therefore, the remaining 
part other than the amino groups of the diamine components, 
which will be explained later in detail, can be examples for the 
divalent organic group. In the present invention, X's essen 
tially include both a group represented by the following gen 
eral formula (IV) 

(IV) 

and a trans-1,4-cyclohexylene group (in the formula (IV), R 
and R are each independently one kind selected from —H. 
—(CF), CF, and —O(CF), CF (n is an integer of 0 or 
more and 7 or less), and at least one of RandR is a fluorine 
containing group). In the general formula (III), each of mY’s 
is independently a tetravalent organic group and is in general 
the remaining part other than the carboxyl groups of a tetra 
carboxylic acid (or an aciddianhydride thereofora derivative 
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thereof) used as a material. Therefore, the remaining part 
other than two anhydride groups of the acid dianhydride 
components (B), which will be described layer, can be 
examples for the tetravalent organic group. In the present 
invention, Y’s essentially comprise both an aliphatic group 
and an aromatic group. 
0049 First, a description will be given of each of the 
components used to produce the polyimide precursor. 

(Diamine Component (A)) 
0050 Examples of the fluorine-containing aromatic 
diamine (a1) represented by the chemical formula (I), which 
is an essential ingredient of the diamine component (A) used 
in the present invention, may include: 2,2'-bis(trifluorom 
ethyl)-benzidine, 2,2'-bis(trifluoromethoxy)-benzidine, 2-tri 
fluoromethyl-benzidine, 2-trifluoromethoxy-benzidine, 2,2'- 
bis(pentafluoroethyl)-benzidine, 2,2'-bis 
(pentafluoroethoxy)-benzidine, 2-pentafluoroethyl 
benzidine, 2-pentafluoroethoxy-benzidine, 2,2'-bis 
(heptafluoropropane)-benzidine, 2,2'-bis 
(heptafluoroproproxy)-benzidine, 2-heptafluoropropane 
benzidine, 2-heptafluoroproproxy-benzidine, 
2-pentafluoroethoxy-benzidine, 2,2'-bis(heptadecafluorooc 
tane)-benzidine, 2,2'-bis(heptadecafluorooctoxy)-benzidine, 
2-heptadecafluorooctane-benzidine, and 2-heptadecafluo 
rooctoxy-benzidine. Of these, 2,2'-bis(trifluoromethyl)-ben 
Zidine is particularly preferred. One species thereof may be 
solely used, and two or more species thereofmay also be used 
in combination. Preferably, the diamine component (A) con 
tains the fluorine-containing aromatic diamine (a1) in an 
amount of 5 mol% or more, desirably 10 mol% or more, and 
more desirably 10 mol % or more and 95 mol % or less. 
0051. The trans-1,4-cyclohexyldiamine (a2), which is 
another essential ingredient of the diamine component (A) 
used in the present invention, has not only the effect of 
improving the transparency of a polyimide film but also the 
effect of improving its glass transition temperature. Prefer 
ably, the diamine component (A) contains the trans-1,4-cy 
clohexyldiamine (a2) in an amount of 5 mol % or more, 
desirably 30 mol% or more, and more desirably 50 mol% or 
more and 95 mol% or less. When unpurified trans-1,4-cyclo 
hexyldiamine (a2) is used, the resultant polyimide film shows 
a deep color. Therefore, preferably, such unpurified trans-1, 
4-cyclohexyldiamine (a2) is purified by recrystallization 
from n-hexane or the like in accordance with need. It is known 
that trans-1,4-cyclohexyldiamine (a2) forms a salt when 
reacted with an acid dianhydride, which can be an obstacle to 
molecular weight increase. If necessary, it may be synthe 
sized by a known method such as an acetic acid addition 
method (see, for example, Macromolecules, Vol. 40, 2007, 
pp. 3527) or an N-silylation method (see, for example, Mac 
romolecules, Vol. 35, 2002, pp. 2277). 
0052. The diamine component (A) used in the present 
invention may contain, in addition to the aforementioned 
essential ingredients (a1) and (a2), another diamine com 
pound. Examples of Such an additional diamine compound 
may include 4,4'-diaminodiphenyl ether, 3,4'-diaminodiphe 
nyl ether, 3,3'-diaminodiphenyl ether, 2,4'-diaminodiphenyl 
ether, 2,3,5,6-tetramethyl-1,4-phenylenediamine, 2,3,5,6- 
tetraethyl-1,4-phenylenediamine, 2,5-dimethyl-1,4-phe 
nylenediamine, 2,5-dimethyl-1,3-phenylenediamine, 2,5-di 
ethyl-1,4-phenylenediamine, 2,5-diethyl-1,3- 
phenylenediamine, 1,4-phenylenediamine, 2,4,6-trimethyl 
1.3-phenylenediamine, 2,4,6-triethyl-1,3-phenylenediamine, 
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1.3-phenylenediamine, 2,2'-dimethyl-4,4'-diaminobiphenyl, 
4,4'-diaminodiphenylsulfone, 3,4'-diaminodiphenylsulfone, 
3,3'-diaminodiphenylsulfone, 4,4'-diaminodiphenylsulfide, 
3,4'-diaminodiphenylsulfide, 3,3'-diaminodiphenylsulfide, 
bis(4-(3-aminophenoxy)phenyl)sulfone, bis(4-(4-aminophe 
noxy)phenyl)sulfone, bis(4-(4-aminophenoxy)phenyl)sul 
fide, bis(4-(3-aminophenoxy)phenyl)sulfide, 4,4'-diamino 
diphenylmethane, 2,4'-diaminodiphenylmethane, 3,4'- 
diaminodiphenylmethane, 3,3'-diaminodiphenylmethane, 
2-bis(4-(4-aminophenoxy)phenyl)propane, 2.2-bis(4-(4- 
aminophenoxy)phenyl)hexafluoropropane, 2.2-bis(4-(3- 
aminophenoxy)phenyl)hexafluoropropane, 2.2-bis(4-ami 
nophenoxy)hexafluoropropane, 1.6-hexamethylenediamine, 
1.8-octamethylenediamine, 1,10-decamethylenediamine, 
1,12-dodecamethylenediamine, isophthalic acid dihy 
drazide, adipic acid dihydrazide, sebacic acid dihydrazide, 
2,6-naphthoic acid dihydrazide, 1,3-di(3-aminopropyl)-1,1, 
3,3-tetramethyl disiloxane, and cis-1,4-cyclohexyldiamine. 
One species thereof may be solely used, and two or more 
species thereof may also be used in combination. 
0053 When a component other than the aforementioned 
essential ingredients (a1) and (a2) is co-used in the diamine 
component (A) in the present invention, that component is 
preferably an alicyclic or aliphatic diamine compound for 
reducing the birefringent properties of the resulting polyim 
ide film. 
0054 (Acid Dianhydride Component (B)) 
0055 An alicyclic tetracarboxylic dianhydride may be 
encompassed in the aliphatic tetracarboxylic dianhydride that 
is an essential ingredient of the acid dianhydride component 
(B) used in the present invention. Examples of Such an ali 
phatic tetracarboxylic dianhydride (b1) may include 1,2,3,4- 
butane tetracarboxylic dianhydride, 1,2,3,4-cyclobutane tet 
racarboxylic dianhydride, 1,2,3,4-cyclopentane 
tetracarboxylic dianhydride, 1,2,4,5-cyclohexane tetracar 
boxylic dianhydride, bicyclo(2.2.2).octa-7-ene-2,3,5,6-tetra 
carboxylic dianhydride, bicyclo(2.2.2).octane-2,3,5,6-tetra 
carboxylic dianhydride, 3,4-dicarboxy-1,2,3,4-tetrahydro-1- 
naphthalenesuccinic dianhydride, 1.3-cyclohexane 
bistrimellitic dianhydride, 1,4-cyclohexane bistrimellitic 
dianhydride, and 1.2-cyclohexane bistrimellitic dianhydride. 
One species thereof may be solely used, and two or more 
species thereof may also be used in combination. Since these 
compounds are aliphatic or alicyclic compounds, they are 
effective for improving light transmittance and for reducing 
birefringent properties. 
0056. Of the aforementioned aliphatic tetracarboxylic 
dianhydrides, tetracarboxylic dianhydrides having aliphatic 
rings are preferred for improving the light transmittance of a 
polyimide film and for reducing its birefringent properties, 
and 3,3'4,4'-bicyclohexyltetracarboxylic dianhydride is par 
ticularly preferred. 
0057 The content of the aliphatic tetracarboxylic dianhy 
dride (b1) in the acid dianhydride component (B) may pref 
erably be 5 mol % or more and 95 mol % or less, and more 
preferably be 5 mol% or more and 50 mol % or less. 
0.058 Examples of the aromatic tetracarboxylic dianhy 
dride (b2), which is an essential ingredient of the acid dian 
hydride component (B) used in the present invention, may 
include pyromellitic dianhydride, 3,3',4,4'-benzophenonetet 
racarboxylic dianhydride, 3,3'4,4'-biphenyltetracarboxylic 
dianhydride, 3.3'4,4'-diphenyl ether tetracarboxylic dianhy 
dride, 2.2-bis(3,4-dicarboxylphenyl)hexafluoropropanoic 
dianhydride, octyl succinic dianhydride, dodecyl Succinic 
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dianhydride, octyl malonic dianhydride, dimethylene bistri 
mellitic dianhydride, trimethylene bistrimellitic dianhydride, 
tetramethylene bistrimellitic dianhydride, pentamethylene 
bistrimellitic dianhydride, hexamethylene bistrimellitic dian 
hydride, octamethylene bistrimellitic dianhydride, decam 
ethylene bistrimellitic dianhydride, dodecamethylene bistri 
mellitic dianhydride, hexadecamethylene bistrimellitic 
dianhydride, methylene-1,2-bis(1,3-dihydro-1,3-dioxo-5- 
isobenzofuranyl)diether, and propylene-1,3-bis(1,3-dihydro 
1,3-dioxo-5-isobenzofuranyl)diether. One species thereof 
may be solely used, and two or more species thereofmay also 
be used in combination. 
0059. In the reaction performed in the present invention, 
the ratio of the number of moles of the diamine component 
(A) with respect to the number of moles of the acid dianhy 
dride component (B), i.e. the ratio (A/B) that is (the number of 
moles of the diamine component (A))/(the number of moles 
of the acid dianhydride component (B)), is set in the range of 
usually 0.9 to 1.1, preferably 0.95 to 1.05, and more prefer 
ably 0.97 to 1.03. 
0060 (Solvent Component (C)) 
0061 The solvent component (C) used for the polyimide 
precursor composition of the present invention is an inert 
Solvent and does not necessarily dissolve all the monomers of 
the components (A) and (B). However, preferably, the solvent 
dissolves the polyimide precursor produced. Examples of 
such a solvent may include N-methyl-2-pyrrolidone, N.N- 
dimethylformamide, N,N-dimethylacetamide, Y-butyrolac 
tone, e-caprolactone, Y-caprolactone, Y-Valerolactone, dim 
ethylsulfoxide, 1,4-dioxane, and cyclohexanone. These may 
be used in combination of two or more. 
0062) Examples of the solvent component (C) used for 
adjusting the Viscosity of the produced polyimide precursor 
composition may include propylene glycol monomethyl 
ether, propylene glycol monoethyl ether, propylene glycol 
monomethyl acetate, propylene glycol monoethyl acetate, 
ethyl cellosolve, butyl cellosolve, toluene, xylene, ethanol, 
isopropyl alcohol, and n-butanol. These may be used in com 
bination of two or more. 
0063. Thermal coloring of the synthesized polyimide pre 
cursor composition during heating can be suppressed by cap 
ping the terminal diamines of the polyimide precursor with an 
acid anhydride, so that a transparent polyimide film can be 
obtained. Examples of the acid anhydride used for capping 
the terminal diamines may include phthalic anhydride, tet 
rahydrophthalic anhydride, Succinic anhydride, maleic anhy 
dride, cyclohexane dicarboxylic acid, cis-norbornene-endo 
2,3-dicarboxylic acid, and acetic anhydride. These may be 
used in combination of two or more. 
0064 (Polyimide Precursor Composition) 
0065. When the polyimide precursor composition is a var 
nish containing the aforementioned solvent component, the 
concentration of the polyimide precursor in the polyimide 
precursor composition is in the range of usually 1 to 50 wt %, 
preferably 3 to 35 wt %, and more preferably 10 to 30 wt %. 
Concentration less than 1 wt % may give thin layer after 
application, which may not be sufficient for a flexible sub 
strate. Concentration exceeding 50 wt % may give high vis 
cosity, which may result in poor applicability. 
0066 Examples of the method for applying the polyimide 
precursor composition for forming a polyimide film may 
include a spin coating method, an immersion method, a flexo 
graphic printing method, an inkjet printing method, a spray 
ing method, a potting method, and a screen printing method. 
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Preferred among them for obtaining a thick layer having a 
thickness of 10um or more may be a barcoating method, a slit 
coating method, a screen printing method, a spin coating 
method, and the like. 
0067. A base body is used to form a coating film of the 
polyimide precursor composition. Examples of the base body 
may include: plastic Substrates Such as polyimide, polyamide, 
PEN, and PES substrates; glass substrates; silicon wafers: 
metal thin films such as stainless steel, aluminum, and copper 
films; electronic display glass substrates on which TFTs, 
amorphous silicon, or color filters are previously formed; and 
Substrates for organic EL devices. 
0068 A solvent for improving wettability to the base body 
may be added to the polyimide precursor composition before 
the reaction for obtaining the polyimide precursor or after 
completion of the reaction. Examples of Such a solvent may 
include ethyl cellosolve, ethyl cellosolve acetate, butyl cello 
solve, butyl cellosolve acetate, xylene, toluene, diisobutyl 
ketone, Solves.So 100, propylene glycol monomethyl ether, 
and propylene glycol monomethyl ether acetate. 
0069 
0070. In order to improve the adhesion properties with a 
glass Substrate, a silicon wafer, or a metal thin film, the 
polyimide precursor composition of the present invention 
may contain a coupling agent Such as a silane coupling agent 
or a titanium coupling agent. 
0071 Examples of the coupling agent may include Y-ami 
nopropyltriethoxysilane, y-aminopropyltrimethoxysilane, 
y-aminopropyltripropoxysilane, Y-aminopropyltributoxysi 
lane, Y-aminoethyltriethoxysilane, Y-aminoethyltrimethox 
ysilane, Y-aminoethyltripropoxysilane, Y-aminoethyltribu 
toxysilane, y-aminobutyltriethoxysilane, 
y-aminobutyltrimethoxysilane, Y-aminobutyltripropoxysi 
lane, and Y-aminobutyltributoxysilane. 
0072 Examples of the titanium coupling agent may 
include Y-aminopropyltriethoxytitanium, Y-aminopropyltri 
methoxytitanium, Y-aminopropyltripropoxytitanium, Y-ami 
nopropyltributoxytitanium, Y-aminoethyltriethoxytitanium, 
y-aminoethyltrimethoxytitanium, Y-aminoethyltripropoxyti 
tanium, Y-aminoethyltributoxytitanium, Y-aminobutyltri 
ethoxytitanium, Y-aminobutyltrimethoxytitanium, Y-ami 
nobutyltripropoxytitanium, and 
y-aminobutyltributoxytitanium. These may be used in com 
bination of two or more. The amount of the coupling agent 
used is preferably 0.1 wt % or more and 3 wt % or less based 
on the amount of resin in the polyimide precursor composi 
tion. 

(0073 (Deposition Method and Polyimide Film) 
0074 The polyimide precursor composition of the present 
invention forms a polyimide when heated, dried, and dehy 
drated for ring closure. The heating temperature may be arbi 
trary chosen within the range of usually 100 to 400° C. 
preferably 200 to 350° C., and more preferably 250 to 300° C. 
0075. The heating time is usually 1 minute to 6 hours, 
preferably 5 minutes to 2 hours, more preferably 15 minutes 
to 1 hour. 

0076 Examples of the atmosphere for curing may include 
air gas, nitrogen gas, oxygen gas, hydrogen gas, and a gas 
mixture of nitrogen and hydrogen. In order to Suppress col 
oring of the Surface of the cured film, nitrogen gas containing 
oxygen in a small concentration and a gas mixture of nitrogen 
and hydrogen are preferred. Nitrogen gas with an oxygen 

(Other Components) 

IPR2026-00065 
TSMC EX1105 Page 7



US 2011/00593.05 A1 

concentration of 100 ppm or less and a gas mixture of nitro 
gen and hydrogen with a hydrogen concentration of 0.5% or 
less are more preferred. 
0077. The polyimide formed has a thickness of usually 0.1 

to 100 um, preferably 5 to 50 Lim, and more preferably 10 to 
30 um. A polyimide film is obtained by removing the obtained 
polyimide from the substrate. 
0078. The polyimide film can realize the following film 
characteristics: The transmittance of 400 nm light is 80% or 
more at a film thickness of 10 um; the thermal expansion 
coefficient is 20 ppm/°C. or less in the range of 100° C. to 
200° C.; the glass transition temperature is 250° C. or more; 
and the difference between the refractive index in TE mode 
and the refractive index in TM mode is 0.05 or less. 
0079 Since the polyimide film can realize the aforemen 
tioned Superior film characteristics, it may be used as the 
transparent flexible films for a variety of electronic devices 
after size adjustment and, if necessary, treatments such as 
surface treatment. More specifically, the polyimide film may 
be used as a transparent flexible film used for electronic 
devices including electronic displays such as electronic 
paper, organic EL display devices, LED (light-emitting 
diode) lighting devices, and CMOS (complementary metal 
oxide semiconductor) sensors. 
0080 Moreover, the transparent flexible film of the 
present invention can be used as the transparent flexible sub 
strates for electronic display devices including electronic dis 
plays Such as electronic paper and organic EL display devices 
and as the protection films for LED lighting devices and 
CMOS Sensors. 

EXAMPLES 

0081 Examples of the present invention are shown here 
inbelow. However, the following Examples are only for illus 
trating the present invention, and the present invention is not 
limited thereto. 

Example 1 

0082. A 0.5 L four-neck glass flask was used under the 
flow of dry nitrogen at a flow rate of 30 mL/min. 310.49 g of 
N,N-dimethylacetamide (solvent component (C)) was added 
to a mixture of 32.024 g (0.1 mol) of 2,2'-bis(trifluoromethyl) 
benzidine ((a1) component) and 11.419 g (0.1 mol) of recrys 
tallized trans-1,4-cyclohexyldiamine ((a2) component). The 
mixture was heated to 70° C. for dissolution. 
I0083. Then 30.631 g (0.1 mol) of recrystallized 3,3'44'- 
bicyclohexyl tetracarboxylic dianhydride ((b1) component) 
and 29.421 g (0.1 mol) of 3,3'4,4'-biphenyltetracarboxylic 
dianhydride (b2) component) were gently added to the mix 
ture. The resultant mixture was stirred at 80° C. for 15 min 
utes, and then allowed to naturally cool down. The mixture 
was then stirred for 60 hours at room temperature to give a 
polyimide precursor composition (varnish) A having a vis 
cosity of 130 poise and containing a polyimide precursor 
having a polystyrene equivalent molecular weight Mw of 
133200. The polystyrene equivalent molecular weight was 
determined by gel permeation chromatography (GPC). 
0084. A 6 inch diameter silicon wafer having a silicon 
oxide layer formed on the surface thereof was spin-coated 
with the varnish A and heated at 200°C. for 0.5 hours and then 
at 300° C. for 0.5 hours in a vertical diffusion furnace (prod 
uct name: TF, product of Koyo Lindberg Co., Ltd.) in a 
nitrogen atmosphere, whereby a polyimide film having a 
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thickness of about 15um was obtained on the silicon wafer. 
The polyimide film on the silicon wafer was removed there 
from by etching the silicon oxide layer with a 0.49% aqueous 
solution of hydrofluoric acid. As to the polyimide film thus 
obtained, transmittance of 400 nm wavelength light in which 
the transmittance was converted to a value at a film thickness 
of 10 Lim, thermal expansion coefficient, glass transition tem 
perature, and the difference in refractive index were measured 
using the methods described below, and the results are sum 
marized in Table 1. 
I0085. The light transmittance was measured using a light 
transmittance measurement apparatus (product name: 
U-3310) manufactured by Hitachi, Ltd. The thermal expan 
sion coefficient was measured in an air atmosphere at a tem 
perature rising rate of 5° C./min in the range of 100° C. to 
200° C. using a thermomechanical analysis apparatus (prod 
uct name: TMA-8310, manufactured by Rigaku Corpora 
tion). The glass transition temperature was measured in an air 
atmosphere at a temperature rising rate of 5°C/min using the 
thermomechanical analysis apparatus (product name: TMA 
8310, manufactured by Rigaku Corporation). The birefrin 
gence difference was measured using “prism coupler model 
2010” (product name, manufactured by Metricon Corpora 
tion). The refractive indices in the TE mode and TM mode at 
a wavelength of 1300 nm were measured, and the difference 
between the refractive index in the TM mode and the refrac 
tive index in the TE mode was taken as the birefringence 
difference. 
I0086) The weight average molecular weight (Mw) was 
determined under the following conditions. 

(Conditions for Measuring Weight Average Molecular 
Weight by GPC Method) 
Measurement Apparatus 

I0087 Detector: L4000UV manufactured by Hitachi, Ltd. 
Pump: L6000 manufactured by Hitachi, Ltd. 
I0088 C-R4A Chromatopac manufactured by Shimadzu 
Corporation 

Measurement Conditions 
I0089 Column: Gelpack GL-S300MDT-5 (manufactured 
by Hitachi Chemical Co., Ltd.)x2 columns 
Eluent: THF/DMF=1/1 (volume ratio) 
LiBr (0.03 mol/L), HPO (0.06 mol/L) 
Flow rate: 1.0 mL/min, detector: UV270 nm. 
0090 The measurement was performed using 1 mL of a 
solvent solution THF/DMF=1/1 (volume ratio) for 0.5 mg 
of polymer. 

Example 2 

0091. A 0.5 L four-neck glass flask was used under the 
flow of dry nitrogen at a flow rate of 30 mL/min. 257.77 g of 
N,N-dimethylacetamide (solvent component (C)) was added 
to a mixture of 6.405 g (0.2 mol) of 2,2'-bis(trifluoromethyl) 
benzidine ((a1) component) and 20.554 g (0.18 mol) of 
recrystallized trans-1,4-cyclohexyldiamine ((a2) compo 
nent). The mixture was heated to 70° C. for dissolution. 
0092. Then 3.063 g (0.01 mol) of recrystallized 3,3'44'- 
bicyclohexyl tetracarboxylic dianhydride ((b1) component) 
and 55.900 g (0.19 mol) of 3,3'4,4'-biphenyltetracarboxylic 
dianhydride (b2) component) were gently added to the mix 
ture. The resultant mixture was stirred at 80° C. for 15 min 
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utes, and then allowed to naturally cool down. The mixture 
was then stirred for 72 hours at room temperature to give a 
polyimide precursor composition (varnish) B having a vis 
cosity of 660 poise and containing a polyimide precursor 
having a polystyrene equivalent molecular weight Mw of 
44OOO. 

0093. With the varnish B thus obtained, a coating layer 
was made, which was then heated at 200°C. for 0.5 hours and 
then at 300° C. for 0.5 hours using the same method as that in 
Example 1 under the same curing conditions as in Example 1 
to give a polyimide film having a thickness of about 15um. As 
to the polyimide film thus obtained, the measurement results 
of transmittance of 400 nm light in which the transmittance 
was converted to a value at a film thickness of 10um, thermal 
expansion coefficient, glass transition temperature, and the 
difference in refractive index are summarized in Table 1. 

Example 3 

0094. A 0.3 L four-neck glass flask was used under the 
flow of dry nitrogen at a flow rate of 30 mL/min. 120.0 g of 
dimethylacetamide was added to a mixture of 4.900 g (0.0153 
mol) of 2,2'-bis(trifluoromethyl)benzidine (a1) component) 
and 5.230 g (0.0458 mol) of recrystallized trans-1,4-cyclo 
hexyldiamine. The mixture was heated to 70° C. for dissolu 
tion. 
0095. Then 8.988 g (0.03055 mol) of recrystallized 1.2.3, 
4-butanetetracarboxylic dianhydride (BTCDA, (b1) com 
ponent) and 6.053 g (0.03055 mol) of 3,3'4,4'-biphenyltetra 
carboxylic dianhydride ((b2) component) were gently added 
to the mixture. The resultant mixture was stirred at 80°C. for 
15 minutes, and then allowed to naturally cool down. The 
mixture was then stirred for 72 hours at room temperature to 
give a polyimide precursor composition varnish C having a 
Viscosity of 0.1 poise and a polystyrene equivalent molecular 
weight Mw of 12400. 
0096. The varnish C thus obtained was heated at 200° C. 
for 0.5 hours and then at 300° C. for 0.5 hours under the same 
curing conditions as in Example 1 to give a polyimide having 
a thickness of about 10.4 um. As to the polyimide film thus 
obtained, the measurement results of transmittance that was 
converted to a value at a film thickness of 10 um, thermal 
expansion coefficient, glass transition temperature, and the 
difference in refractive index are summarized in Table 1. 

Example 4 

0097. A 0.3 L four-neck glass flask was used under the 
flow of dry nitrogen at a flow rate of 30 mL/min. 120.0 g of 
dimethylacetamide was added to a mixture of 14.414 g (0.045 
mol) of 2,2'-bis(trifluoromethyl)benzidine (a1) component) 
and 1.713 g (0.015 mol) of recrystallized trans-1,4-cyclo 
hexyldiamine ((a2) component). The mixture was heated to 
70° C. for dissolution. 

0098. Then 9.458 g (0.045 mol) of recrystallized 1,2,3,4- 
cyclopentane tetracarboxylic dianhydride (CPDA, (b 1) 
component) and 4.414 g (0.015 mol) of 3,3'4,4'-biphenyltet 
racarboxylic dianhydride (b2) component) were gently 
added to the mixture. The resultant mixture was stirred at 80° 
C. for 15 minutes, and then allowed to naturally cool down. 
The mixture was then stirred for 72 hours at room temperature 
to give a polyimide precursor composition varnish Dhaving 
a viscosity of 1 poise and a polystyrene equivalent molecular 
weight Mw of 22400. 
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0099. The varnish D thus obtained was heated at 200° C. 
for 0.5 hours and then at 300° C. for 0.5 hours under the same 
curing conditions as in Example 1 to give a polyimide having 
a thickness of about 14.1 Lim. As to the obtained polyimide 
film thus obtained, the measurement results of transmittance 
that was converted to a value at a film thickness of 10 um, 
thermal expansion coefficient, glass transition temperature, 
and the difference in refractive index are summarized in Table 
1. 

Comparative Example 1 

0100. A 0.5 L four-neck glass flask was used under the 
flow of dry nitrogen at a flow rate of 30 mL/min. 342.43 g of 
N,N-dimethylacetamide (solvent component (C)) was added 
to a mixture of 32.024 g (0.1 mol) of 2,2'-bis(trifluoromethyl) 
benzidine ((a1) component) and 11.419 g (0.1 mol) of recrys 
tallized trans-1,4-cyclohexyldiamine ((a2) component). The 
mixture was heated to 70° C. for dissolution. 

0101. Then 58.842 g (0.2 mol) of 3,3'4,4'-biphenyltetra 
carboxylic dianhydride (b1) component) was gently added 
to the mixture. The resultant mixture was stirred at 80°C. for 
15 minutes, and then allowed to naturally cool down. The 
mixture was then stirred for 72 hours at room temperature to 
give a polyimide precursor composition (varnish) E having a 
Viscosity of 160 poise and containing a polyimide precursor 
having a polystyrene equivalent molecular weight Mw of 
1086OO. 

0102. Using the varnish E and using the same method as 
that in Example 1 and the same curing conditions as in 
Example 1, a polyimide film was produced. As to the poly 
imide film thus obtained, measurement results of transmit 
tance of 400 nm wavelength light in which the transmittance 
was converted to a value at a film thickness of 10um, thermal 
expansion coefficient, glass transition temperature, and the 
difference in refractive index are summarized in Table 1. 

Comparative Example 2 

0103) A 0.5 L four-neck glass flask was used under the 
flow of dry nitrogen at a flow rate of 30 mL/min. 418.82 g of 
N,N-dimethylacetamide (solvent component (C)) was added 
to a mixture of 32.024 g (0.1 mol) of 2,2'-bis(trifluoromethyl) 
benzidine ((a1) component) and 11.419 g (0.1 mol) of recrys 
tallized trans-1,4-cyclohexyldiamine ((a2) component). The 
mixture was heated to 70° C. for dissolution. 

0104. Then 61.262 g (0.2 mol) of 3,3'44'-bicyclohexyl 
tetracarboxylic dianhydride ((b1) component) was gently 
added to the mixture. The resultant mixture was stirred at 80° 
C. for 15 minutes, and then allowed to naturally cool down. 
The mixture was then stirred for 72 hours at room temperature 
to give a polyimide precursor composition (varnish) F having 
a viscosity of 35 poise and containing a polyimide precursor 
having a polystyrene equivalent molecular weight Mw of 
44500. 

0105. Using the varnish F and using the same method as 
that in Example 1 and the same curing conditions as in 
Example 1, a polyimide film was produced. As to the poly 
imide film thus obtained, measurement results of transmit 
tance of 400 nm wavelength light in which the transmittance 
was converted to a value at a film thickness of 10um, thermal 
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expansion coefficient, glass transition temperature, and the 
difference in refractive index are summarized in Table 1. 

Comparative Example 3 

0106. A 0.5 L four-neck glass flask was used under the 
flow of dry nitrogen at a flow rate of 30 mL/min. 250.62 g of 
N,N-dimethylacetamide (solvent component (C)) was added 
to 32.024 g (0.1 mol) of 2,2'-bis(trifluoromethyl)benzidine 
((a1) component). The mixture was heated to 70° C. for 
dissolution. 
0107 Then 30.631 g (0.1 mol) of 3,3'44'-bicyclohexyl 
tetracarboxylic dianhydride ((b1) component) was gently 
added to the mixture. The resultant mixture was allowed to 
naturally cool down. The mixture was then stirred for 72 
hours at room temperature to give a polyimide precursor 
composition (varnish) G having a viscosity of 150 poise. 
0108. Using the varnish G and using the same method as 
that in Example 1 and the same curing conditions as in 
Example 1, a polyimide film was produced. As to the poly 
imide film thus obtained, measurement results for transmit 
tance of 400 nm wavelength light in which the transmittance 
was converted to a value at a film thickness of 10um, thermal 
expansion coefficient, glass transition temperature, and the 
difference in refractive index are summarized in Table 1. 

Comparative Example 4 

0109. A 0.3 L four-neck glass flask was used under the 
flow of dry nitrogen at a flow rate of 30 mL/min. 96.00 g of 
N,N-dimethylacetamide (solvent component (C)) was added 
to 6.517 g (0.057 mol) of recrystallized trans-1,4-cyclohexy 
ldiamine ((a2) component). The mixture was heated to 70° C. 
for dissolution. 
0110. Then 17483 g (0.057 mol) of 3,3'44'-bicyclohexyl 
tetracarboxylic dianhydride ((b1) component) was gently 
added to the mixture. The resultant mixture was stirred at 80° 
C. for 15 minutes, and allowed to naturally cool down. The 
mixture thus obtained was stirred for 24 hours at room tem 
perature. However, the resulting mixture was in a gel form, 
and a polyimide precursor composition was not synthesized. 

Comparative Example 5 

0111. A 0.5 L four-neck glass flask was used under the 
flow of dry nitrogen at a flow rate of 30 mL/min. 163.36 g of 
N,N-dimethylacetamide (solvent component (C)) was added 

Poly 
styrene 

equivalent 
(Mw) 

Example (—) 

1 133200 
2 44000 
3 124OO 
4 224OO 
Comp. 108OOO 
Ex. 1 
Comp. 144500 
Ex. 2 
Comp. 6OOOO 
Ex. 3 
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to 11.419 g (0.1 mol) of recrystallized trans-1,4-cyclohexyl 
diamine ((a2) component). The mixture was heated to 70° C. 
for dissolution. 

0112 Then 29.421 g (0.1 mol) of 3,3',4,4'-biphenyltetra 
carboxylic dianhydride (b2) component) was gently added 
to the mixture. The resultant mixture was allowed to naturally 
cool down. The mixture was then stirred for 72 hours at room 
temperature to give a polyimide precursor composition (var 
nish) H having a viscosity of 100 poise. 
0113. Using the varnish H and using the same method as 
that in Example 1 and the same curing conditions as in 
Example 1, a polyimide film was produced. As to the poly 
imide film thus obtained, measurement results of transmit 
tance of 400 nm wavelength light in which the transmittance 
was converted to a value at a film thickness of 10um, thermal 
expansion coefficient, glass transition temperature, and the 
difference in refractive index are summarized in Table 1. 

Comparative Example 6 

0114. A 0.5 L four-neck glass flask was used under the 
flow of dry nitrogen at a flow rate of 30 mL/min. 245.78 g of 
N,N-dimethylacetamide (solvent component (C)) was added 
to 32.024 g (0.1 mol) of 2,2'-bis(trifluoromethyl)benzidine 
((al) component), to achieve dissolution. 
0115 Then 29.421 g (0.1 mol) of 3,3',4,4'-biphenyltetra 
carboxylic dianhydride (b2) component) was gently added 
to the mixture. The resultant mixture was stirred at room 
temperature for 48 hours to give a polyimide precursor com 
position (varnish) I having a viscosity of 140 poise and con 
taining a polyimide precursor having a polystyrene equiva 
lent molecular weight Mw of 72400. 
0116. Using the varnish I, and using the same method as 
that in Example 1 and the same curing conditions as in 
Example 1, a polyimide film was produced. As to the poly 
imide film thus obtained, measurement results of transmit 
tance of 400 nm wavelength light in which the transmittance 
converted to a value at a film thickness of 10 um, thermal 
expansion coefficient, glass transition temperature, and the 
difference in refractive index are summarized in Table 1. 

TABLE 1. 

Light 
transmittance Thermal Difference 

(400 nm, expansion in 
10 Im- coefficient Refractive index refractive Glass transition 

thickness) (100-200° C.) 1300 mm index temperature 

(%) (ppm/°C.) TE TM An (° C.) 

8O 2O 1.566O 1.SS47 0.0113 282 
83 7 1.5999 15592 O.O4O7 378 
81 2O 1.543S 15369 O.OO66 307 
82 18 1.5454. 15390 O.OO64 312 
62 2O 1.63O3 1.SS76 O.O727 292 

8O 51 15234 15214 O.OO2O 262 

79 64 15213 1.5183 O.OO3O 274 
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TABLE 1-continued 

Light 
Poly- transmittance Thermal 
styrene (400 nm, expansion 

equivalent 10 Im- coefficient Refractive index 
(Mw) thickness) (100-200° C.) 1300 mm 

Example (—) (%) (ppm/°C.) TE TM 

Comp. Synthesis 
Ex. 4 unable 
Comp. 42100 82 10 16487 15577 
Ex. S 
Comp. 72400 55 13 1.6110 1.5700 
Ex. 6 

0117 The ratio of the constituents of the polyimide pre 
cursors in the polyimide precursor compositions in the afore 
mentioned Examples and Comparative Examples are sum 
marized as follows. 

(Example 1) (a1) component/(a2) component=50/50 
0118 (b1) component/(b2) component=50/50 
(Example 2) (a1) component/(a2) component=10/90 
0119) 
(Example 3) (a1) component/(a2) component=25/75 
0120 (b1) component/(b2) component=50/50 
(Example 4) (a1) component/(a2) component=75/25 
0121 (b1) component/(b2) component=75/25 
(Comparative Example 1) (al) component/(a2) compo 
nent=50/50 

I0122) (b1) component/(b2) component=0/100 
(Comparative Example 2) (al) component/(a2) compo 
nent=50/50 

I0123 (b1) component/(b2) component=100/0 
(Comparative Example 3) (al) component/(a2) compo 
nent=10070 

0.124 (b1) component/(b2) component=100/0 
(Comparative Example 4) (al) component/(a2) compo 
nent=0/100 

0.125 (b1) component/(b2) component=100/0 
(Comparative Example 5) (al) component/(a2) compo 
nent=0/100 

0.126 (b1) component/(b2) component=0/100 
(Comparative Example 6) (al) component/(a2) compo 
nent=10070 

I0127 (b1) component/(b2) component=0/100 
0128. The differences in the ratio of the constituents 
between the Comparative Examples and Examples are as 
follows. In each Example, the polyimide precursor composi 
tion is formed of 4 components, i.e., the (a1), (a2), (b1), and 
(b2) components, whereas each Comparative Example lacks 
at least one of the four components. The differences in the 
film characteristics due to the ratio of the constituents, includ 
ing the differences in the transmittance of 400 nm light, the 
thermal expansion coefficient, the glass transition tempera 
ture, and the difference in refractive index, are obvious as in 
Table 1. That is, it is confirmed that a polyimide precursor 
composition that can form a polyimide film having film char 
acteristics suitable for various electronic devices can be 

(b1) component/(b2) component=5/95 
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Difference 
in 

refractive Glass transition 
index temperature 

An (° C.) 

O.O910 400 

O.O410 330 

obtained when all the four components containing (al), (a2). 
(b1), and (b2) components are contained as essential ingre 
dients. 

INDUSTRIAL APPLICABILITY 

I0129. The polyimide film obtained using the polyimide 
precursor composition of the present invention has high trans 
parency, low thermal expansion properties, high heat resis 
tance, and low birefringent properties and can therefore be 
used as the flexible substrates for electronic displays, good 
flexible organic EL flexible substrates, and the protection 
films for LEDs and CMOS sensors. Accordingly, the indus 
trial applicability of the polyimide film is very high. 

1. A polyimide precursor composition comprising a poly 
imide precursor having a structure formed by reacting (i) a 
diamine component (A), containing a fluorine-containing 
aromatic diamine (al) represented by the following chemical 
formula (I): 

(I) 
R 

HN ( ) ( ) NH2, 
R 2 

(wherein in the formula (I), R and R are each indepen 
dently selected from —H. —(CF), CF, and 
—O(CF), CF, , whereinn is an integer of 0 or more 
and 7 or less, and at least one of R and R is a fluorine 
containing group, and trans-1,4-cyclohexyldiamine (a2) 
with (ii) an acid dianhydride component (B) containing 
an aliphatic tetracarboxylic dianhydride (b1) and an aro 
matic tetracarboxylic dianhydride (b2). 

2. The polyimide precursor composition according to 
claim 1, wherein the structure of the polyimide precursor is a 
structure represented by the following general formula (III), 

-(NH-X NH-CO Y(COOR)—CO) (III) 

wherein in the formula (III), m is a natural number repre 
senting the number of repetitions of the structural unit, 
each of m X's is independently a divalent organic group, 
and the polyimide precursor comprises, as X's, both a 
group represented by the following general formula 
(IV), 

IPR2026-00065 
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(IV) 
R 

R2 

and a trans-1,4-cyclohexylene group, wherein RandR in 
the formula (IV) are each independently one selected 
from —H. —(CF), CF, and —O(CF), CF, , 
wherein n is an integer of 0 or more and 7 or less, and at 
least one of RandR is a fluorine-containing group, and 
in the formula (III), each of m Y’s is independently a 
tetravalent organic group, the polyimide comprises as 
Y's both an aliphatic group and an aromatic group, and 
each of 2m R's is independently a hydrogen atom or a 
monovalent organic group. 

3. The polyimide precursor composition according to 
claim 1, wherein the diamine component (A) contains the 
fluorine-containing aromatic diamine (a1) in an amount of 5 
mol % or more and 95 mol % or less and the trans-1,4- 
cyclohexyldiamine (a2) in an amount of 95 mol% or less and 
5 mol % or more. 

4. The polyimide precursor composition according to 
claim 1, wherein the acid dianhydride component (B) con 
tains the aliphatic tetracarboxylic dianhydride (b 1) in an 
amount of 5 mol % or more and 95 mol % or less and the 
aromatic tetracarboxylic dianhydride (b2) in an amount of 95 
mol % or less and 5 mol % or more. 

5. The polyimide precursor composition according to 
claim 1, wherein the aliphatic tetracarboxylic dianhydride 
(b1) is 3,3'4,4'-bicyclohexyl tetracarboxylic dianhydride, 
and the aromatic tetracarboxylic acid dianhydride (b2) is 
3.3'4,4'-biphenyltetracarboxylic dianhydride. 

6. The polyimide precursor composition according to 
claim 1, wherein a ratio (A/B) of the number of moles of the 
diamine component (A) with respect to the number of moles 
of the acid dianhydride component (B) is 0.9 to 1.1. 

7. A polyimide precursor composition comprising a poly 
imide precursor having a structure represented by the follow 
ing general formula (III), 

-(NH-X NH CO. Y(COOR)—CO) (III) 

wherein in the formula (III), m is a natural number repre 
senting the number of repetitions of the structural unit, 
each of m X's is independently a divalent organic group, 
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and the polyimide precursor comprises, as X's, both a 
group represented by the following general formula 
(IV), 

(IV) 

R 

and a trans-1,4-cyclohexylene group, wherein RandR in 
the formula (IV) are each independently one selected 
from —H. —(CF), CF, and —O(CF), CF, , 
wherein n is an integer of 0 or more and 7 or less, and at 
least one of RandR is a fluorine-containing group, and 
in the formula (III), each of m Y’s is independently a 
tetravalent organic group, and the polyimide precursor 
comprises as Y's both an aliphatic group and anaromatic 
group, and each of 2m R's is independently a hydrogen 
atom or a monovalent organic group. 

8. A polyimide film obtained using the polyimide precursor 
composition according to claim 1, wherein the polyimide film 
has a transmittance of 400 nm light of 80% or more at a film 
thickness of 10 Lim, a thermal expansion coefficient of 20 
ppm/°C. or less in the range of 100° C. to 200°C., and a glass 
transition temperature of 250° C. or more. 

9. The polyimide film according to claim 8, wherein a 
difference between the refractive index in TE mode and the 
refractive index in TM mode is 0.05 or less. 

10. A transparent flexible film obtained using the polyim 
ide film according to claim 8. 

11. The transparent flexible film according to claim 10, 
wherein the transparent flexible film is a transparent flexible 
substrate for an electronic device. 

12. The transparent flexible film according to claim 10, 
wherein the transparent flexible film is a protection film for a 
lighting device. 

13. The transparent flexible film according to claim 10, 
wherein the transparent flexible film is a protection film for a 
photoelectric sensor. 

14. A polyimide film obtained using the polyimide precur 
Sor composition according to claim 7, wherein the polyimide 
film has a transmittance of 400 nm light of 80% or more at a 
film thickness of 10um, a thermal expansion coefficient of 20 
ppm/°C. or less in the range of 100° C. to 200°C., and a glass 
transition temperature of 250° C. or more. 

c c c c c 
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