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(57) ABSTRACT 

An optical alignment method Which develops a pretilt angle 
by batch plane exposure Without tilting a substrate. This 
optical alignment method provides liquid crystal aligning 
capability to the surface of a polymer ?lm by exposing the 
surface of the polymer ?lm through a slit exposure mask 
While the surface of the polymer ?lm and the slit exposure 
mask are moved relative to each other substantially at a ?xed 
rate. Alternatively, liquid crystal aligning capability is pro 
vided to the surface of the polymer ?lm by exposing the 
surface of the polymer ?lm through an optical exposure 
pattern While the optical exposure pattern having a plurality 
of lines With a certain Width at certain intervals is formed on 
the surface of the polymer ?lm continuously. 
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OPTICAL ALIGNMENT METHOD AND LIQUID 
CRYSTAL DISPLAY ELEMENT 

FIELD OF THE INVENTION 

[0001] The present invention relates to an optical align 
ment method and to a liquid crystal display element formed 
by the same. 

DESCRIPTION OF THE PRIOR ART 

[0002] Liquid crystal display elements are Widely used in 
monitors for notebook personal computers and image dis 
play devices for portable telephones and portable informa 
tion terminals. 

[0003] The liquid crystal display elements are divided into 
(1) display type liquid crystal elements in Which pixels are 
turned on and off by optical sWitching through the selective 
application of a voltage to liquid crystal molecules on a 
desired electrode formed in the pixels after a panel having a 
large number of pixels is constructed by sandWiching a 
liquid crystal material betWeen glass substrates at least one 
of Which has a transparent electrode formed thereon and (2) 
display type liquid crystal elements in Which desired pixels 
are turned on and off by selecting an active element after a 
liquid crystal panel is constructed With a substrate having an 
active element for selecting an electrode for each pixel and 
another substrate having a pair of electrodes formed thereon. 
The former is called “multiplex drive type” and the latter is 
called “active drive type”. To optimize the electro-optic 
display characteristics of the liquid crystal display elements, 
liquid crystal molecules must be aligned uniformly on a 
substrate having an electrode. 

[0004] To align the liquid crystals of an alignment ?lm, 
“rubbing” and light exposure are used. The alignment of 
liquid crystals by rubbing is carried out by rubbing the 
surface of an alignment ?lm formed on a substrate With 
cotton, rayon or nylon and is Widely used for the production 
of a liquid crystal display element. HoWever, since the 
surface of an alignment ?lm is directly rubbed With cloth, 
the alignment ?lm is chipped or static electricity is generated 
by rubbing. 
[0005] When the alignment ?lm is chipped, dust is pro 
duced or the surface of the alignment ?lm is scratched, 
thereby causing the marked deterioration of display quality 
When the above multiplex drive type liquid crystal display 
element is turned on. In the active drive type liquid crystal 
display element, the generation of static electricity leads to 
the destruction of a TFT element as an active element. In 
either case, rubbing causes reductions in the contrast and 
productivity of the liquid crystal display element. 

[0006] MeanWhile, since the alignment of liquid crystals 
by light exposure can be carried out Without contacting the 
surface of an alignment ?lm unlike rubbing, the production 
of dust and the generations of abrasion and static electricity 
are prevented. In this method, the alignment ?lm formed on 
a substrate is exposed to polariZed light from a desired 
direction to provide the alignment controllability of liquid 
crystals in the polariZation direction. 

[0007] As means of developing a pretilt angle in the above 
optical alignment method, an oblique exposure method in 
Which the surface of a substrate having an optical alignment 
layer formed thereon is exposed to ultraviolet radiation 
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obliquely has been considered as effective. For oblique 
exposure, the surface of an optical alignment ?lm must be 
exposed to light by setting the irradiation angle to any angle 
from 1 to 90°. To develop a pretilt angle by oblique 
exposure, a substrate having an optical alignment layer 
formed thereon must be inclined from a horiZontal direction 
to 90° With respect to ultraviolet radiation from the normal 
direction (see FIG. 1), or a beam of light must be inclined 
from the horiZontal plane to the normal direction With 
respect to a substrate placed horiZontally for exposure (see 
FIG. 2). In general, the former method is Widely employed. 
In FIGS. 1 and 2, reference numeral 8 denotes a ?lter, 9 
denotes a polariZer and other numerals denote the same 
elements as in FIG. 3. 

[0008] HoWever, this oblique exposure involves the fol 
loWing problems. 

[0009] (1) An error in the setting of the angle of the 
substrate causes a great variation in pretilt angle. 

[0010] (2) Since the substrate is inclined, irradiation 
energy varies Within the plane, Which causes a variation 
in pretilt angle Within the plane. 

[0011] (3) In the case of oblique exposure, the pretilt 
angle is changed by the complicated secondary in?u 
ences of light ?rst applied to the optical alignment layer 
and re?ected light produced While the above light 
passes through the layer. 

[0012] (4) When the method of FIG. 1 is used With an 
oblique exposure device and, for example, a 1 m><1 m 
glass substrate is inclined at 45° from the horiZontal 
direction, the height of the glass storage section of the 
exposure device must be 50 cm or more, thereby 
greatly increasing the siZe of the device. 

[0013] (5) When the method of FIG. 2 is used With an 
oblique exposure device, it is very dif?cult in the design 
of the exposure device to change the irradiation angle 
arbitrarily While a 1 m><1 m exposure area is ensured. 
That is, the structure of the exposure device becomes 
complex by making variable the irradiation angle of 
ultraviolet radiation in the exposure device due to the 
control of the optical axis of an optical element and the 
like. 

[0014] (6) It is dif?cult to develop a pretilt angle large 
enough to be used in a homeotropic alignment mode. 

SUMMARY OF THE INVENTION 

[0015] It is an object of the present invention to provide a 
novel optical alignment method Which can solve the above 
problems. 
[0016] It is another object of the present invention to 
provide an optical alignment method Which eliminates the 
need for the inclination of a substrate in the method of 
developing a pretilt angle in the optical alignment method 
and develops a pretilt angle by batch plane exposure. 

[0017] It is still another object of the present invention to 
provide an optical alignment method Which eliminates the 
need for the inclination of a substrate in the method of 
developing a pretilt angle in the optical alignment method 
and develops a pretilt angle large enough to be used in a 
homeotropic alignment mode by batch plane exposure. 
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[0018] It is a further object of the present invention to 
provide a liquid crystal display element having a liquid 
crystal alignment ?lm formed by the optical alignment 
method of the present invention. 

[0019] Other objects and advantages of the present inven 
tion Will become apparent from the folloWing description. 

[0020] According to the present invention, ?rstly, the 
above objects and advantages of the present invention are 
attained by an optical alignment method comprising provid 
ing liquid crystal aligning capability to the surface of a 
polymer ?lm by exposing the surface of the polymer ?lm to 
radiation With an irradiation intensity distribution While the 
surface of the polymer ?lm and radiation are moved relative 
to each other substantially at a ?xed speed (to be referred to 
as “?rst optical alignment method” hereinafter). 

[0021] According to the present invention, secondly, the 
above objects and advantages of the present invention are 
attained by an optical alignment method comprising provid 
ing liquid crystal aligning capability to the surface of a 
polymer ?lm by exposing the surface of the polymer ?lm to 
radiation through an optical exposure pattern While the 
optical exposure pattern having a plurality of lines With a 
certain Width at certain intervals is formed on the surface of 
the polymer ?lm continuously in such a manner that the lines 
form around a certain virtual base point on the surface of the 
polymer ?lm, expand concentrically toWard the periphery 
and disappear at the periphery, or that they start from the 
periphery aWay from the virtual point, converge concentri 
cally on the virtual base point and disappear at the virtual 
base point (to be referred to as “second optical alignment 
method” hereinafter). 

[0022] According to the present invention, thirdly, the 
above objects and advantages of the present invention are 
attained by an optical alignment method comprising provid 
ing liquid crystal aligning capability to the surface of a 
polymer ?lm by exposing the surface of the polymer ?lm to 
radiation through an optical exposure pattern While the 
optical exposure pattern having a plurality of lines With a 
certain Width at certain intervals is formed on the surface of 
the polymer ?lm continuously in such a manner that tWo 
areas sandWiching a certain virtual base line on the surface 
of the polymer ?lm differ from each other in at least one of 
the pattern and the moving direction of the pattern, Wherein 
the lines of the optical exposure pattern are formed in the 
tWo areas of the surface of the polymer ?lm continuously in 
such a manner that they start from the respective areas, move 
to cover the respective areas and disappear in the respective 
areas. 

[0023] (to be referred to as “third optical alignment 
method” hereinafter). 

[0024] According to the present invention, in the fourth 
place, the above objects and advantages of the present 
invention are attained by a liquid crystal display element 
having a liquid crystal alignment ?lm formed by the above 
optical alignment method of the present invention. 

[0025] Other objects and advantages of the present inven 
tion Will become apparent from the folloWing description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a schematic diagram (side vieW) for 
explaining the optical alignment method of the prior art; 
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[0027] FIG. 2 is a schematic diagram (side vieW) for 
explaining another optical alignment method of the prior art; 

[0028] FIG. 3 is a diagram (side vieW) for explaining an 
example of the optical alignment method of the present 
invention; 

[0029] FIG. 4 is a diagram (side vieW) for explaining 
another example of the optical alignment method of the 
present invention; 

[0030] FIG. 5 is a diagram shoWing an example of the 
formation of an optical exposure pattern in the optical 
alignment method of the present invention; 

[0031] FIG. 6 is a diagram (perspective vieW) for explain 
ing an example of the optical alignment method of the 
present invention; 

[0032] FIG. 7 is a diagram of an exposure mask pattern 
(slit exposure mask) used in Examples of the present inven 
tion; 

[0033] FIG. 8 is a diagram shoWing the relationship 
betWeen the moving rate of a movable stage and pretilt angle 
in Examples; 

[0034] FIG. 9 is a diagram for explaining an example of 
the optical alignment method of the present invention ref 
erence numeral 21 denotes UV source, reference numeral 22 
denotes slit mask and reference numeral 23 denotes projec 
tion lens; and 

[0035] FIG. 10 is a diagram of the vieW ?eld of the 
element of the liquid crystal element obtained by Example 
4. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0036] The polymer (may be referred to as “speci?c 
polymer” hereinafter) used to form a liquid crystal align 
ment ?lm in the present invention is not limited to a 
particular kind but preferably has a structure excited by light 
such as a structure Which can be crosslinked by light or 
decomposed by light. Out of these, a polymer having a 
structure Which can be crosslinked by light is preferred. 

[0037] The skeleton of the polymer used in the present 
invention is not particularly limited. Examples of the poly 
mer include polyamic acid, polyamic acid ester, polyimide, 
polymaleimide, polystyrene, maleimide/styrene copolymer, 
polyester, polyamide, poly(meth)acrylate, polysiloxane and 
copolymers thereof. Polyamic acid, polyamic acid ester, 
polyimide, polystyrene and maleimide/styrene copolymer 
are preferred because they have excellent thermal resistance 
and electric properties. These polymers preferably have a 
glass transition temperature loWer than 200° C. because 
polymer molecules can be easily made mobile Without a risk 
of thermal deterioration. 

[0038] The polymer used in the present invention is pref 
erably a polymer having (A) a structure Which can be 
crosslinked by light (to be referred to as “structure (A)” 
hereinafter) and/or (B) at least one group selected from the 
group consisting of a ?uorine-containing organic group, 
alkyl group having 10 to 30 carbon atoms and alicyclic 
organic group having 10 to 30 carbon atoms (to be referred 
to as “structure (B)” hereinafter). 
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[0039] As for the proportion of the structure (A) to the 
structure (B) in the speci?c polymer, the recurring unit 
having the structure (A) accounts for preferably 10 to 95%, 
more preferably 50 to 90% of the total of all the recurring 
units and the recurring unit having the structure (B) accounts 
for preferably 5 to 50%, more preferably 10 to 25% of the 
total of all the recurring units. 

[0040] The speci?c polyrner may further have (C) a struc 
ture Which is crosslinked by heat (may be referred to as 
“structure (C)” hereinafter). The structure (C) is an epoxy 
structure or the like. 

[0041] Structure (A) 

[0042] The structure (A) is not particularly limited if it is 
an optically crosslinkable structure. It is preferably at least 
one conjugated enone structure selected from the group 
consisting of structures represented by the folloWing forrnu 
las (I), (II), (III), (IV) and 

a divalent organic group having an aromatic ring, P2, P3, Q4 
and Q5 are each a rnonovalent organic group having an 
aromatic ring, and P5 and Q2 are a trivalent organic group 
having an aromatic ring. R1, R2, R3, R4, R5, R6, R7, R8, R9 
and R10 are each a hydrogen atom or alkyl group. 

[0044] The organic group having an aromatic ring repre 
sented by P1, P2, P3, P4, P5, Q1, Q2, Q3, o4 and o5 is 
preferably an organic group having 6 to 20 carbon atoms. 

[0045] The organic group may contain a halogen atom. 
Examples of the organic group represented by P2, P3, Q4 and 
Q5 include phenyl group, 4-rnethoxyphenyl group, 4-ethox 
yphenyl group, 4-cryanophenyl group, 4-pentylphenyl 
group, 4-?uorophenyl group, 3,4-di?uorophenyl group, 3,4, 
5-tri?uorophenyl group, 4-(tri?uorornethyl)phenyl group, 
3,5-bis(tri?uorornethyl)phenyl group, 4-octylphenyl group, 
4-pentylbiphenyl group, 4-octylbiphenyl group, 4-?uorobi 
phenyl group, 3,4-difulorobiphenyl group, 3,4,5-tri?uorobi 
phenyl group, 4-octyl-1-naphthyl group, 5-pentyl-1-naph 
thyl group, 6-octyl-2-naphthyl group, 9-anthracenyl group 
and 10-pentyl-9-anthracenyl group. 

[0046] Of these, examples of the organic group for a 
polymer having a large pretilt angle are preferably 4-pen 
tylphenyl group, 4-?uorophenyl group, 3,4-di?uorophenyl 
group, 3,4,5-tri?uorophenyl group, 4-octylphenyl group, 
4-pentylbiphenyl group, 4-octylbiphenyl group, 4-?uorobi 
phenyl group, 3,4-di?uorobiphenyl group, 3,4,5-tr?uorobi 
phenyl group, 4-octyl-1-naphtyl group, 5-pentyl-1-naphtyl 
group, 6-octyl-2-naphtyl group, 9-anthryl group, 10-pentyl 
9-antyryl group. 

[0047] Examples of the organic group represented by P1, 
P4, Q1 and Q3 include 1,2-phenylene group, 1,3-phenylene 
group, 1,4-phenylene group and 4,4‘-biphenylene group. 

[0048] Examples of the organic group represented by P5 
and Q2 include trivalent skeletons such as benZene skeleton, 
biphenyl skeleton, naphthalene skeleton and anthracene 
skeleton. 
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[0049] These groups may be the same or different. 

[0050] In the above forrnulas, R1, R2, R3, R4, R5, R6, R7, 
R8, R9 and R10 are each a hydrogen atom or alkyl group, 
preferably a hydrogen atom or alkyl group having 1 to 6 
carbon atoms. These alkyl groups may be linear or branched 
and the same or different. 

[0051] In the present invention, out of the structures 
represented by the above formula (IV), a chalcone structure 
represented by the following formula (IV)-4 is particularly 
preferred: 

[0052] Wherein Q4, R7 and R8 are as de?ned in the above 
formula (IV), and P41 is represented by the folloWing for 
rnula (IV)-4‘ or (IV)-4“: 

@T@ 
—g@ 

[0053] Wherein T is a single bond or a divalent organic 
group having 1 to 15 carbon atoms Which may contain an 

oxygen atom. 

(IV)-4" 

[0054] In the formula (IV)-4‘, T is a single bond or a 
divalent organic group having 1 to 15 carbon atoms Which 
may contain an oxygen atom. The divalent organic group 
having 1 to 15 carbon atoms Which may contain an oxygen 
atom is, for example, an organic group represented by the 
following formula (IV)-4‘": 

[0055] Wherein S1, S2 and S3 are each independently an 
alkylene group having 1 to 15 carbon atoms or cycloalky 
lene group, A1 and A2 are each independently a divalent 
organic group represented by 

|| H 
O O 

[0056] and a, b, c, d and e are each independently 0 or 1, 
With the proviso that at least one of a to e is 1. 

[0057] Examples of the divalent organic group repre 
sented by the formula (IV)-4‘ include 4,4‘-bisphenylene 
group and organic groups represented by the folloWing 
forrnulas. 
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[0058] Other examples of the structure (A) include cin 
namic acid derivative structures, stilbene derivative struc 
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tures, benZophenone derivative structures and cinnamoyl 
structures. These structures may be linear or part of a cyclic 
structure like a coumarin structure. These structures (A) may 
be used alone or in combination in the polymer component. 

[0059] Structure (B) 
[0060] The structure (B) is at least one selected from the 
group consisting of ?uorine-containing organic group, alkyl 
group having 10 to 30 carbon atoms and alicyclic organic 
group having 10 to 30 carbon atoms. It has the function of 
providing a pretilt angle to a liquid crystal alignment ?lm 
obtained from the liquid crystal aligning agent of the present 
invention. 

[0061] Examples of the ?uorine-containing organic group 
include tri?uoromethyl group, penta?uoroethyl group, 
4-?uorocyclohexyl group, penta?uorocyclohexyl group, 
4-?uorophenyl group and penta?uorophenyl group. 
Examples of the alkyl group having 10 to 30 carbon atoms 
include n-decyl group, n-dodecyl group, n-tetradecyl group, 
n-pentadecyl group, n-hexadecyl group, n-octadecyl group 
and n-eicosyl group. Examples of the alicyclic organic group 
having 10 to 30 carbon atoms include cholesteryl group and 
cholestanyl group. The above ?uorine-containing organic 
group and alkyl group may be bonded by a bond group such 
as —O—, —CO—, —COO—, —OCO—, —NHCO—, 
—CONH— or —S— in the structure 

[0062] Speci?c Polymer 
[0063] The above polyamic acid and polyimide Which are 
examples of the speci?c polymer are obtained by reacting 
(a) a tetracarboxylic dianhydride With (b) a diamine com 
pound to produce a polyamic acid and by dehydrating and 
closing the ring of the polyamic acid to produce a polyimide, 
respectively. In the production of the polyamic acid and 
polyimide, a compound having the structure (A) and/or a 
compound having the structure (B) are/is used as at least one 
of the above components (a) and Further, the polyamic 
acid ester is obtained by reacting the above polymeric acid 
With a halide, alcohol or phenol. In the production of the 
polyamic acid ester, it is preferable that a compound having 
the structure (B) is used as at least one of the above 
components (a) and (b) used in the production of polyamic 
acid and a compound having the structure (A) is used as a 
halide, alcohol or phenol. 

[0064] Examples of the tetracarboxylic dianhydride hav 
ing the structure (A) include (a) 3,3‘4,4‘-chalconetetracar 
boxylic dianhydride, 4,4‘,5,5‘-chalconetetracarboxylic dian 
hydride, 3,3‘4,5‘-chalconetetracarboxylic dianhydride, 4,4‘ 
dihydroxychalconebistrimellitate, 3,4‘ 
dihydroxychalconebistrimellitate, 3‘,5 ‘ 
dihydroxychalconebistrimellitate, 2,4 
dihydroxychalconebistrimellitate, 2,2‘-bis(4-(4 
chalconyl)phenoxy)-3,3‘,4,4‘-biphenyltetracarboxylic 
dianhydride, 3,3‘-bis(4-(4-chalconyl)phenoxy)-4,4‘,5,5‘-bi 
phenyltetracarboxylic dianhydride, 2,2‘-bis(4-(4-chalco 
nyl)phenoxy)-4,4‘,5,5‘—biphenyltetracarboxylic dianhydride, 
4,4‘-bis(4-(4-chalconyl)phenoxy)-2,2‘,3,3‘-biphenyltetracar 
boxylic dianhydride, 6,6‘-bis(4-(4-chalconyl)phenoxy)-2,2‘, 
3,3‘—biphenyltetracarboxylic dianhydride, 5,5‘-bis(4-(4-chal 
conyl)phenoxy)-2,2‘,3,3‘-biphenyltetracarboxylic 
dianhydride, 2,2‘-bis(4-(4-chalconyl)phenoxy)-3,3‘,4,4‘ 
diphenylether tetracarboxylic dianhydride, 3,3‘-bis(4-(4 
chalconyl)phenoxy)-4,4‘,5,5‘-diphenylether tetracarboxylic 
dianhydride, 2,2‘-bis(4-(4-chalconyl)phenoxy)-4,4‘,5,5‘ 
diphenylether tetracarboxylic dianhydride, 4,4‘-bis(4-(4 
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[0077] Examples of the diamine compound having the 
structure (B) include 1-dodecanoXy-2,4-diaminobenZene, 
1-tetradecanoXy-2,4-diaminobenZene, 1-pentadecanoXy-2, 
4-diaminobenZene, 1-heXadecanoXy-2,4-diaminobenZene, 
1-octadecanoXy-2,4-diaminobenZene, 1-cholesteryloXy-2,4 
diaminobenZene, 1-cholestanyloXy-2,4-diaminobenZene, 
dodecanoXy(3,5-diaminobenZoyl), tetradecanoXy(3,5-di 
aminobenZoyl), pentadecanoXy(3,5-diaminobenZoyl), heXa 
decanoXy(3,5-diaminobenZoyl), octadecanoXy(3,5-diami 
nobenZoyl), cholesteryloXy(3,S-diaminobenzoyl), 
cholestanyloXy(3,S-diaminobenzoyl), (2,4-diaminophe 
noXy)palmitate, (2,4-diaminophenoXy)stearate, (2,4-diami 
nophenoXy)-4-tri?uoromethyl benZoate and compound rep 
resented by the following formula (65). 

(65) 

[0078] The polyimide used in the present invention may 
be used in conjunction With another tetracarboXylic dianhy 
dride and/or diamine compound in limits that do not impair 
the effect of the present invention. These components are 
preferably used in a total amount of 80 mol % or less based 
on the total of the compound having the above structure (A) 
and/or the compound having the structure Particularly 
When a polymer having a large pretilt angle is to be obtained, 
the amount is more preferably 60 mol % or less, much more 
preferably 20 mol % or less. 

[0079] Examples of the other tetracarboXylic dianhydride 
include aliphatic and alicyclic tetracarboXylic dianhydrides 
such as 2,3,5-tricarboXycyclopentylacetic dianhydride, 
butanetetracarboXylic dianhydride, 1,2,3,4-cyclobutanetet 



US 2005/0259203 A1 

racarboxylic dianhydride, 1,3-dimethyl-1,2,3,4-cyclobu 
tanetetracarboxylic dianhydride, 1,2,3,4-cyclopentanetetra 
carboxylic dianhydride, 3,5,6-tricarboxynorbornane-2 
acetic dianhydride, 2,3,4,5-tetrahydrofurantetracarboxylic 
dianhydride, 1,3,3a,4,5,9b-hexahydro-5-(tetrahydro-2,5-di 
oxo-3-furanyl)-naphtho[1,2-c]-furan-1,3-dione, 5-(2,5-di 
oxotetrahydrofural)-3-methyl-3-cyclohexene-1,2-dicar 
boxylic dianhydride and bicyclo[2.2.2]-oct-7-ene-2,3,5,6 
tetracarboxylic dianhydride; and aromatic tetracarboxylic 
dianhydrides such as pyromellitic dianhydride, 3,3‘,4,4‘ 
biphenylsulfonetetracarboxylic dianhydride, 1,4,5,8-naph 
thalenetetracarboxylic dianhydride, 2,3,6,7-naphthalenetet 
racarboxylic dianhydride, 3,3‘,4,4‘ 
biphenylethertetracarboxylic dianhydride, 3,3‘,4,4‘ 
dimethyldiphenylsilanetetracarboxylic dianhydride, 3,3‘,4, 
4‘-tetraphenylsilanetetracarboxylic dianhydride, 1,2,3,4 
furantetracarboxylic dianhydride, 4,4‘-bis(3,4 
dicarboxyphenoxy)diphenylsul?de dianhydride, 4,4‘-bis(3, 
4-dicarboxyphenoxy)diphenylsulfone dianhydride, 4,4‘ 
bis(3,4-dicarboxyphenoxy)diphenylpropane dianhydride, 
3,3‘,4,4‘-per?uoroisopropylidenetetracarboxylic dianhy 
dride, 3,3‘, 4,4‘-biphenyltetracarboxylic dianhydride, bis(ph 
thalic acid)phenylphosphine oxide dianhydride, p-phe 
nylene-bis(triphenylphthalic acid)dianhydride, 
m-phenylene-bis(triphenylphthalic acid)dianhydride, bis 
(triphenylphthalic acid)-4,4‘-diphenylether dianhydride and 
bis(triphenylphthalic acid)-4,4‘-diphenylmethane dianhy 
dride. 

[0080] Out of these, preferred are 2,3,5-tricarboxycyclo 
pentylacetic dianhydride, butanetetracarboxylic dianhy 
dride, 1,3-dimethyl-1,2,3,4-cyclobutanetetracarboxylic 
dianhydride, 1,2,3,4-cyclobutanetetracarboxylic dianhy 
dride, pyromellitic dianhydride, 3,3‘,4,4‘-biphenylsulfone 
tetracarboxylic dianhydride, 1,4,5,8-naphthalenetetracar 
boxylic dianhydride, 2,3,6,7-naphthalenetetracarboxylic 
dianhydride, 3,3‘,4,4‘-biphenylethertetracarboxylic dianhy 
dride. They may be used alone or in combination of tWo or 
more. 

[0081] Examples of the other diamine compounds include 
aromatic diamines such as p-phenylenediamine, m-phe 
nylenediamine, 4,4‘-diaminodiphenylmethane, 4,4‘-diami 
nodiphenylethane, 4,4‘-diaminodiphenyl sul?de, 4,4‘-diami 
nodiphenylsulfone, 3,3‘-dimethyl-4,4‘-diaminobiphenyl, 
4,4‘-diaminobenZanilide, 4,4‘-diaminodiphenyl ether, 1,5 
diaminonaphthalene, 3,3-dimethyl-4,4‘-diaminobiphenyl, 
S-amino-l-(4‘-aminophenyl)-1,3,3-trimethylindane, 
6-amino-1-(4‘-aminophenyl)-1,3,3-trimethylindane, 3,4‘-di 
aminodiphenyl ether, 2,2-bis(4-aminophenoxy)propane, 
2,2-bis[4-(4-aminophenoxy)phenyl]propane, 2,2-bis[4-(4 
aminophenoxy)phenyl]hexa?uoropropane, 2,2-bis(4-ami 
nophenyl)hexa?uoropropane, 2,2-bis[4-(4-aminophenox 
y)phenyl]sulfone, 1,4-bis(4-aminophenoxy)benZene, 1,3 
bis(4-aminophenoxy)benZene, 1,3-bis(3 
aminophenoxy)benZene, 9,9-bis(4-aminophenyl)-10 
hydroanthracene, 2,7-diamino?uorene, 9,9-bis(4 
aminophenyl)?uorene, 4,4‘-methylene-bis(2-chloroaniline), 
2,2‘,5,5‘-tetrachloro-4,4‘-diaminobiphenyl, 2,2‘-dichloro-4, 
4‘-diamino-5,5‘-dimethoxybiphenyl, 3,3‘-dimethoxy-4,4‘-di 
aminobiphenyl, 4,4‘-(p-phenyleneisopropylidene)bisaniline, 
4,4‘-(m-phenyleneisopropylidene)bisaniline, 2,2‘-bis[4-(4 
amino-2-tri?uoromethylphenoxy)phenyl]hexa?uoropro 
pane, 4,4‘-diamino-2,2‘-bis(tri?uoromethyl)biphenyl and 
4,4‘-bis[(4-amino-2-tri?uoromethyl)phenoxy]-octa?uorobi 
phenyl; aromatic diamines having a hetero atom such as 
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diaminotetraphenyl thiophene; aliphatic and alicyclic 
diamines such as 1,1-metaxylylenediamine, 1,3-propanedi 
amine, tetramethylenediamine, pentamethylenediamine, 
hexamethylenediamine, heptamethylenediamine, octameth 
ylenediamine, nonamethylenediamine, 4,4-diaminoheptam 
ethylenediamine, 1,4-diaminocyclohexane, isophoronedi 
amine, tetrahydrodicyclopentadienylenediamine, 
hexahydro-4,7-metanoindanylenedimethylenediamine, tri 
cyclo[6.2.1.02'7]-undecylenedimethyldiamine and 4,4‘-me 
thylenebis(cyclohexylamine); and diaminoorganosiloxanes 
such as diaminohexamethyldisiloxane. 

[0082] Of these, preferred are p-phenylenediamine, 4,4‘ 
diaminodiphenylmethane, 1,5-diaminonaphthalene, 2,7-di 
amino?uorene, 4,4‘-diaminodiphenyl ether, 4,4‘-(p-phenyle 
neisopropylidene)bisaniline, 2,2-bis[4-(4 
aminophenoxy)phenyl]hexa?uoropropane, 2,2‘-bis[4-(4 
amino-2-tri?uoromethylphenoxy)phenyl] 
hexa?uoropropane, 4,4‘-diamino-2,2‘ 
bis(tri?uoromethyl)biphenyl, 4,4‘-bis[(4-amino-2 
tri?uoromethyl)phenoxy]-octa?uorobiphenyl. They may be 
used alone or in combination of tWo or more. 

[0083] The polyimide used in the present invention is 
obtained by polycondensing the above tetracarboxylic dian 
hydride component (A) With the above diamine component 
(B) to obtain a polyamic acid and heating the polyamic acid, 
if necessary, in the presence of a dehydrating agent and an 
imidiZing catalyst to imidiZe it. The reaction temperature for 
imidiZation by heating is preferably 60 to 300° C., more 
preferably 100 to 170° C. When the reaction temperature is 
loWer than 60° C., the reaction proceeds sloWly and When 
the reaction temperature is higher than 300° C., the molecu 
lar Weight of the polyamic acid may greatly loWer. The 
reaction for imidiZation in the presence of a dehydrating 
agent and an imidiZing catalyst may be carried out in an 
organic solvent. The reaction temperature is preferably 0 to 
180° C., more preferably 60 to 150° C. The dehydrating 
agent is an acid anhydride such as acetic anhydride, propi 
onic anhydride or tri?uoroacetic anhydride. The imidiZing 
catalyst is a tertiary amine such as pyridine, collidine, 
lutidine or triethylamine. The amount of the dehydrating 
agent is preferably 1.6 to 20 mols based on 1 mol of the 
recurring unit of the polyamic acid. The amount of the 
imidiZing catalyst is preferably 0.5 to 10 mols based on 1 
mol of the dehydrating agent used. The content of the amic 
acid residue in the polyimide can be adjusted by the amounts 
of the imidiZing catalyst and the dehydrating agent. 

[0084] Examples of the halide having the structure (A) 
used in the production of polymaic acid ester include 
1-bromo-3-(4-chalconyloxy)propane, 1-bromo-3-(4‘-chal 
conyloxy)propane, 1-bromo-4-(4-chalconyloxy)butane, 
1-bromo-4-(4‘-chalconyloxy)butane, 1-bromo-6-(4-chalco 
nyloxy)hexane, 1-bromo-6-(4‘-chalconyloxy)hexane, 
1-chloro-3-(4-chalconyloxy)propane, 1-chloro-3-(4‘-chalco 
nyloxy)propane, 1-chloro-4-(4-chalconyloxy)butane, 
1-chloro-4-(4‘-chalconyloxy)butane, 1-chloro-6-(4-chalco 
nyloxy)hexane, 1-chloro-6-(4‘-chalconyloxy)hexane, 
1-bromo-3-(4‘-?uoro-4-chalconyloxy)propane, 1-bromo-3 
(4-?uoro-4‘-chalconyloxy)propane, 1-bromo-4-(4‘-?uoro-4 
chalconyloxy)butane, 1-bromo-4-(4-?uoro-4‘-chalconylox 
y)butane, 1-bromo-6-(4‘-?uoro-4-chalconyloxy)hexane, 
1-bromo-6-(4-?uoro-4‘-chalconyloxy)hexane, 1-chloro-3 
(4‘-?uoro-4-chalconyloxy)propane, 1-chloro-3-(4-?uoro-4‘ 
chalconyloxy)propane, 1-chloro-4-(4‘-?uoro-4-chalcony 






































