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1
LIQUID CRYSTAL DISPLAY DEVICE

This application is a Continuation of application Ser. No.
11/318,567 filed on Deg. 28, 2005, now U.S. Pat. No. 7,504,
138, and for which priority is claimed under 35 U.S.C. §120.
This application also claims priority to Application No.
94132873 filed on Sep. 22, 2005 in Taiwan R.O.C. under 35
U.S.C. §119(a). The entire contents of each of the above-
identified applications are hereby incorporated by reference.

BACKGROUND

The invention relates to a liquid crystal display device, and
more particularly, to a liquid crystal display device with an
optical compensation film.

Narrow viewing angle and low contrast ratio are provided
by conventional liquid crystal display (LCD) devices. Differ-
ent brightness levels occur when the display is viewed at
different viewing angles. Brighter images are visible directly
in front of the monitor but darker images from the sides. The
disparity increases with LCD size.

Among wide-view technologies, optical compensation
film is popular, since the wide angle of visibility is achieved
with no change to the fabrication process, maintaining low
costs. Good optical compensation can be achieved by effec-
tively controlling thickness, birefringence, and transmittance
of the optical compensation film.

Different LCD devices use different optical compensation
film types, uniaxial and biaxial. Uniaxial optical compensa-
tion film can further be divided into A-plate and C-plate types.
The refractive index of an A-plate optical compensation film
obeys the formula n,=n =n, (n, indicates refractive index in
x-axis, n, and n, can be reasoned by analogy), with x-axis as
its optical axis, parallel to a surface of a compensation film.
The refractive index of a C-plate optical compensation film
obeys the formula n,=n_=n,, with z-axis as its optical axis,
perpendicular to a surface of a compensation film. The refrac-
tive index of a biaxial optical compensation film obeys the
formula n,=n =n,. A-plate optical compensation film can be
obtained by stretching a polymer film in a single direction
while negative C-plate and biaxial optical compensation film
can be obtained by stretching a polymer film in one direction,
then in another direction, but fabrication utilizing bi-direction
stretching is difficult.

Negative C-plate optical compensation film provides nega-
tive birefringent properties using rigid polyimide or discotic
liquid crystal coated on a substrate. This technique, as dis-
closed by Stephen 7. D. Cheng and Frank W. Harris of the
University of Akron utilizes polyimide with aromatic struc-
tures as compensation film materials. However, the polyimide
absorbs visible light, darkening the compensation film.

Optical compensation film with discotic liquid crystal was
developed by Fuji Photo Film. Discotic liquid crystals are
also negative C-plate liquid crystals, which compensate posi-
tive C-plate liquid crystal in an LCD device to provide a wide
viewing angle. However, discotic liquid crystals are expen-
sive and difficult to prepare.

U.S. Pat. Nos. 5,344,916 and 5,480,964 provide polyimide
with aromatic structures. The polyimide with birefringent
property is synthesized by diamine and dianhydride, both
comprising benzene rings.

U.S. Pat. No. 5,344,916 discloses a polyimide with bire-
fringent properties, synthesized by diamine and dianhydride,
both comprising benzene rings. However, the polyimide is
yellow or orange, unsuitable for applications requiring an
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2

optical compensation film to be transparent or colorless. Fur-
ther, some monomers of this patent are too expensive for mass
production.

U.S. Pat. No. 5,480,964 discloses a polyimide with bire-
fringent properties, synthesized by diamine and dianhydride,
both comprising biphenyl. However, this compensation film
of this polyimide is also colored, unsuitable for applications
requiring an optical compensation film to be transparent or
colorless. Further, low solubility is produced, and some
monomers thereof are not easy to synthesize, increasing costs
of mass production.

SUMMARY

Thus, an improved liquid crystal display device is pro-
vided. In an embodiment, a liquid crystal display device
comprises a color filter substrate and an array substrate. An
optical compensation film is disposed on the color filter sub-
strate and/or the array substrate, wherein the optical compen-
sation film comprises a polyimide, comprising the following

formula:
Q O
—(—A—N>\B/< Ny—
A

wherein n is an integer greater than 1, and wherein when A
is cyclo-aliphatic compound, B is aromatic compound or
cyclo-aliphatic compound, and when A is aromatic com-
pound, B is cyclo-aliphatic compound.

Polyimide according to the invention provides high solu-
bility in various organic solvents, good optical compensation,
high transmittance, good workability, lighter colors and
applicability in fabrication of optical compensation film on an
LCD device. Further, since materials used in the invention are
common commercial products, it is suitable for mass produc-
tion with lower costs.

The polyimide according to the invention can be synthe-
sized by

cyclo-aliphatic diamine plus aromatic dianhydride,

cyclo-aliphatic diamine plus cyclo-aliphatic dianhydride
and aromatic dianhydride at various ratios,

aromatic diamine plus cyclo-aliphatic dianhydride, or

cyclo-aliphatic diamine and aromatic diamine at various
ratios plus cyclo-aliphatic dianhydride.

DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading the
subsequent detailed description in conjunction with the
examples and references made to the accompanying draw-
ings, wherein:

F1GS. 1a to 1c are cross-sections of LCD devices accord-
ing to various embodiments of the invention.

F1GS. 2a to 25 are cross-sections of LCD devices accord-
ing to other embodiments of the invention.

F1G. 3 shows the ultraviolet-visible spectrum of embodi-
ments according to the invention.

DETAILED DESCRIPTION

F1G. 1a shows a liquid crystal display device 10 compris-
ing an array substrate 11, a color filter substrate 12, spacers
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13, liquid crystal material 14, and optical compensation film
15a. The color filter substrate 12 is formed opposite to the
array substrate 11, spacers 13 and liquid crystal materials 14
are formed between the two substrates 11 and 12, and an
optical compensation film 154 is formed on the outside of the
array substrate 11.

In the figures, “154” indicates a compensation film formed
on the array side, and “156” indicates a compensation film
formed on the color filter side.

In an embodiment of the invention, an optical compensa-
tion film 154 is formed on the outside surface of array sub-
strate 11 as shown in FIG. 1a, an optical compensation film
155 can be formed on the outside surface of the color filter
substrate 12 as shown in FIG. 15, or, as shown in FIG. 1c,
optical compensation films 154 and 155 can both be formed
on the outside surfaces of the two substrates 11 and 12 respec-
tively.

In another embodiment of the invention, an optical com-
pensation film is formed in the array substrate 11 as shown in
FIG. 2a, on the inside surface of the array substrate 11 as
shown in FIG. 24, or in/outside/inside the two substrates 11
and 12 (not shown), providing a wide viewing angle.

The optical compensation film 154 or 155 in an embodi-
ment of the invention comprises polyimide having the for-

NAL
ad

wherein n is an integer greater than 1, preferably from 10 to
10000, and A and B denote specific compounds respectively.
For example, when A is cyclo-aliphatic compound, B is aro-
matic compound or cyclo-aliphatic compound, and when A is
aromatic compound, B is cyclo-aliphatic compound.

When A is cyclo-aliphatic compound, B is aromatic com-
pound or cyclo-aliphatic compound. In this case, A is
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4
XandY are—H,—CH,,—CF,,—OH, —OR,—Br,—Cl
or —I, R is alkyl of from 1 to 18 carbons, 7 is —O—,
—CH,—, —C(CH,—, —Ar—O—Ar—, —Ar—CH,—
Ar—, —O—Ar—C(CH;),—Ar—0O—, —O—Ar—Ar—
O—, —0O—Ar—C(CF;),—Ar—0O— or —Ar—C(CH,),—
Ar—, and Ar is benzene,

T XX
IO U
OSIB S
0N

When A is aromatic compound, B is cyclo-aliphatic com-

pound. In this case, A is
|
Z
\—J( / — \/\X

XandY are—H,—CH,,—CF,,—OH, —OR,—Br,—Cl
or —I, R is alkyl of from 1 to 18 carbons, z is —O—,
—CH,—, —C(CH;),—, —Ar—O—Ar—, —Ar—CH,—
Ar—, —O0—Ar—C(CH,),—Ar—O0—, —O—Ar—Ar—
O0—, —O0—Ar—C(CF,),—Ar—0— or —Ar—C(CH;),—
Ar—, and Ar is benzene,
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-continued

R

Besides, the polyimide in an embodiment of the invention 10
can be a copolymer as formula (I):

formula (I)

Ity

6
-continued
formula (IT)
%ANYB\C%
0 0}
formula (IIT)
‘éD—N E Nar
y X )
0} 6]

In formula (I), x and y are integers greater than 1, prefer-
ably from 10 to 10000. It is noted that the polyimide of
formula (I) can be a random copolymer or a block copolymer
consisting of formula (IT) and formula (IIT). The rules for D
and E are the same as for A and B.

Table 1 shows twelve embodiments of the polyimide
comprising formula (I), formula (I) or formula (T1I).

polymer Structure
1 o] (0]
n
0 0]
2 0O 0
[0) 0]
3 o] (0]
mN .
n
0 0]
4

0, 0
n
O 0
CH; 0 0
jie 0 0
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-continued

Table 1 shows twelve embodiments of the polyimide
comprising formula (I), formula (IT) or formula (IIT).

polymer Structure

~1
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-continued

Table 1 shows twelve embodiments of the polyimide
comprising formula (I), formula (IT) or formula (IIT).

polymer Structure

1 CH;

CO-SOHOOHO-O-30

HC

The common feature of the embodiments shown is “cyclo- One-Step Procedure for Polyimide
Monomers of diamine and dianhydride were added to a
30 solution of m-cresol or Cl-phenol under N, or other inert gas
at reflux temperature to form polyimide. An example of the
700 nm), the polyimide film according to the invention is one-step procedure is:

aliphatic compound”. Since cyclo-aliphatic compound can-

not absorb visible light (wavelength is between about 400-

Q O
) ’ + HZN@O@NHZ
4 % ODA

B1317

lm—cresol

O, O O, O
f
O 0 ¢} O

60

lighter in color, and thus suitable for an optical compensation ~ Two-Step Procedure for Polyimide
film. 1t should be noted that while the invention presents the Monomers of diamine and dianhydride were added to a

twelve embodiments shown in table 1, other embodiments polar solvent under N, or other inert gas to form a precursor of

polyimide, polyamic acid, polyamic acid was imidizated by

can further be used. 65 thermal or chemical methods. Water distilled from polyamic

Syntheses of polyimide involve typical poly-condensation acid and close-looped, to form a polyimide. An example of a
reaction, utilizing one and two-step procedures. two-step procedure is:
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0 0
d 0
0 0
B1317

lNMP

Q
CONH 0O

COOH

Hoocjg:
HNOC

12

) HZN O ’ 4©7 NHZ
ODA

0
CONH—O—O HNOC

COOH HOOC

poly(amic acid)

jthermal or chemical imidization

[0) (0] [0) O
a
(0] 0] 0) 0]

In the procedure, B1317 is Bicyclo[2.2.2]oct-7-ene-2.3,5,
6-tetracarboxylic dianhydride; ODA is oxydianiline, and
NMP is N-methyl-2-pyrrolidone.

The invention will be better understood by reference to the
following illustrative and non-limiting representative
embodiments, selected from Table 1 of polymer 4, polymer 5,
polymer 8, or polymer 11, showing the preparation of poly-
imide, and comparing the experimental results.

Comparison: 6FDA-PFMB

CH; 0 T3 0
HC 0 0

OO0

0.0147 mole of 2,29-bis(trifluoromethyl)-4,49-diaminobi-
phenyl (PFMB) was added to a stirred solvent 0f32.94 grams
of m-cresol in a three-necked bottle under N, at room tem-
perature. After the PFMB dissolved, 0.015 mole of 2,2'-bis-
(3,4-dicarboxyphenyl }hexafluoropropane dianhydride
(6FDA) was added to the solution. After the 6FDA dissolved,
the solution was stirred for 1 hour, and a paste solution of
polyamic acid was formed and heated to about 220° C., the
temperature maintained for 3 hours. Water was allowed to
distill from the solution, and a reaction mixture containing
polyimide was formed. After the mixture was allowed to cool
to room temperature, it was slowly added to methanol, and
polyimide precipitated. The precipitated polyimide was col-
lected by filtration, and dried under reduced pressure (by
vacuum oven) for 12 hours.

Embodiment 1: B1317-BAPPm

@]

Ny—

~{ H



US 7,727,600 B2

13

0.0147 mole of 4,4'-bis(aminophenoxy )propane (BAPPm)
was added to a stirred solvent 032.94 grams of m-cresol in a
three-necked bottle under N, at room temperature. After the
BAPPm dissolved, 0.015 mole of bicyclo[2.2.2]oct-7-ene-2,
3,5,6-tetracarboxylic dianhydride (B1317) was added to the
solution. After the B1317 dissolved, the solution was stirred
for 1 hour, and a paste solution of polyamic acid was formed
and heated to about 220° C., the temperature maintained for 3
hours. Water was allowed to distill from the solution, and a
reaction mixture containing polyimide was formed. After the
mixture was allowed to cool to room temperature, it was
slowly added to methanol, and polyimide precipitated. The
precipitated polyimide was collected by filtration, and dried
under reduced pressure (by vacuum oven) for 12 hours.

Embodiment 2: B1317-BAPPm-co-B1317-1PDA

10

14

ture. After the M-TB-HG dissolved, 0.015 mole of B1317
was added to the solution. After the B1317 dissolved, the
solution was stirred for 1 hour, and a paste solution of
polyamic acid was formed and heated to about 220° C., the
temperature maintained for 3 hours. Water was allowed to
distill from the solution, and a reaction mixture containing
polyimide was formed. After the mixture was allowed to cool
to room temperature, it was slowly added to methanol, and
polyimide precipitated. The precipitated polyimide was col-
lected by filtration, and dried under reduced pressure (by
vacuum oven) for 12 hours.

Embodiment 4:
B1317-BAPPm-co-B1317-m-TB-HG

QOO0 OO0

0.0118 mole of BAPPm and 0.0030 mole of isophorone
diamine (IPDA) were added to a stirred solvent of 32.94
grams of m-cresol in a three-necked bottle under N, at room
temperature. After the BAPPm and 1PDA dissolved, 0.015
mole of B1317 was added to the solution. After the B1317

30

0] 0]

dissolved, the solution was stirred for 1 hour, and a paste
solution of polyamic acid was formed and heated to about
220° C., the temperature maintained for 3 hours. Water was
allowed to distill from the solution, and a reaction mixture
containing polyimide was formed. After the mixture was
allowed to cool to room temperature, it was slowly added to
methanol, and polyimide precipitated. The precipitated poly-
imide was collected by filtration, and dried under reduced
pressure (by vacuum oven) for 12 hours.

Embodiment 3: B1317-m-TB-HG

CH3 [¢) (0]
00000}
HC 0 6] n
0.0147 mole of 2,2'-Dimethyl-4,4'-diamino biphenyl(m-

TB-HG) was added to a stirred solvent of 32.94 grams of
m-cresol in a three-necked bottle under N, at room tempera-

45

50

55

65

0.0074 mole of BAPPm and 0.0074 mole of m-TB-HG
were added to a stirred solvent of 32.94 grams of m-cresol in
athree-necked bottle under N, at room temperature. After the
BAPPm and m-TB-HG dissolved, 0.015 mole of B1317 was
added to the solution. After the B1317 dissolved, the solution
was stirred for 1 hour, and a paste solution of polyamic acid
was formed and heated to about 220° C., the temperature
maintained for 3 hours. Water was allowed to distill from the
solution, and a reaction mixture containing polyimide was
formed. After the mixture was allowed to cool to room tem-
perature, it was slowly added to methanol, and polyimide
precipitated. The precipitated polyimide was collected by
filtration, and dried under reduced pressure (by vacuum oven)
for 12 hours.

Experimental results of the above embodiments are shown
in F1G. 3, an ultraviolet-visible spectrum of the embodiments,
with x-axis indicating wavelengths of a light source, and
y-axis transmittances of samples passed therethrough.
Curves A, B, C, and D indicate the experimental results of
embodiments 1, 2, 3, and 4 respectively, and curve E the
experimental result of the comparison.

As shown in F1G. 3, the polyimide films of embodiments 1,
2,3, and 4 show a lighter color than the comparison since the
component “cyclo-aliphatic compound” therein is unabsorb-
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able to visible light. For example, as shown in F1G. 3, trans-
mittance of the compared polyimide to 400 nm light is only
about 30%, but transmittance of the embodiments according
to the invention to 400 nm light can reach about 85%, indi-
cating that the polyimide film according to the invention
shows a lighter color than the comparison, demonstrating
suitability for fabrication of optical compensation film.

Preparation of tested samples was as follows. Polyimide
was diluted with water to 20 wt %, and the solution coated on
apolyethylene terephthalate (PET) substrate by a blade. After
drying, apolyimide film was formed (average thickness about
10 microns). The polyimide film is ripped from the PET
substrate and tested for UV spectrum (instrumental type:
Perkin Elmer Lambda 900).

Polyimide according to the invention provides high solu-
bility in various organic solvents, good optical compensation,
high transmittance, good workability, lighter color, and suit-
ability for fabrication of optical compensation film on an
LCD device. Further, since materials used in the invention are
common commercial products, it is suitable for mass produc-
tion with lower costs.

While the invention has been described by way of example
and 1n terms of preferred embodiment, it is to be understood
that the invention is not limited thereto. To the contrary, it is
intended to cover various modifications and similar arrange-
ments (as would be apparent to those skilled in the art).
Therefore, the scope of the appended claims should be
accorded the broadest interpretation to encompass all such
modifications and similar arrangements.

What is claimed is:

1. A liquid crystal display device, comprising:

a color filter substrate and an array substrate; and

an optical compensation film, disposed on the color filter

substrate and/or the array substrate, wherein the optical
compensation film comprises a polyimide, and the poly-
imide comprises the formula:

CNALRAL

Ny—tD—N

AT ad

wherein x and y are integers greater than 1, A is

B is aromatic compound,

D is aromatic compound, and

E is cyclo-aliphatic compound.

2. Theliquid crystal display device of claim 1, wherein B is

)o@ el

[
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-continued
L X /
O

wherein X and Y are —H, —CH,;, —CF;, —OH, —OR,
—Br,—Clor—1, Ris alkyl of from 1 to 18 carbons, and
7Zis—0O—,—CH,—,—C(CH;),—, —Ar—O—Ar—,
—Ar—CH,—Ar—, —O—Ar—C(CH,),—Ar—0—,
—O—Ar—Ar—0—, —O0—Ar—C(CF;),—Ar—0—
or —Ar—C(CH,),—Ar—, and Ar is benzene,

Dis

OO

wherein X and Y are —H, —CH;, —CF;, —OH, —OR,
—Br,—Clor—1, Ris alkyl of from 1 to 18 carbons, and
7is—0—,—CH,—,—C(CH;),—, —Ar—O—Ar—,
—Ar—CH,—Ar—, —O—Ar—C(CH,),—Ar—0—,
—O—Ar—Ar—0—, —O0—Ar—C(CF,),—Ar—0—
or —Ar—C(CH;),—Ar—, and Ar is benzene, and

Eis

3. The liquid crystal display device of claim 1, wherein x
and y are integers from 10 to 10000.

4. The liquid crystal display device of claim 1, wherein the
polyimide is random copolymer.

5. The liquid crystal display device of claim 1, wherein the
polyimide is block copolymer.
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