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1
LIQUID CRYSTAL DISPLAY

BACKGROUND

The invention relates to a liquid crystal display, and more
specifically to a polyimide liquid crystal display.

With advances in information and digitization, light, thin,
and portable electronic products utilizing thin display panels
have become popular. However, it is inconvenient for porter-
age and its complicated fabrication may cause low yields.

Thus, a transparent and flexible plastic substrate (0.1~0.2
mm) has been developed. Such plastic substrate is thin, light,
durable, and portable, and produced by a continuous rolling
process, significantly reducing costs

Unfortunately, problems such as deposition of indium tin
oxide (ITO) and thin film transistor (TFT) thereon and back-
end panel assembly occur. Additionally, the glass transition
temperature (Tg) of the optical-level plastic substrate such as
PET, PEN, PC, or m-COC (Arton or Zeonor) is lower than
200° C., being unfavorable to fabrication. Also, PES substrate
has insufficient solvent resistance, with yellowing and crack-
ing at high temperatures (200° C.). Furthermore, some poly-
imide plastic substrates capable of thermal and solvent resis-
tance, being dark brown, are only suitable for use in reflective
LCD panels, not transmission LCD panels.

Additionally, the plastic substrate must be fixed to a glass
substrate by resin glue to facilitate subsequent multi-lithog-
raphy and etching due to its difficulty in handling. However,
TFT element breakage and residual resin glue may easily
occur when the plastic substrate is taken off the glass sub-
strate.

SUMMARY

The invention provides a liquid crystal display comprising
acolor filter substrate and an array substrate, wherein at least
one of the color filter substrate and the array substrate com-
prises polyimide having formula (I):

N Aar  INA
L s

wherein A and A' are the same or different and comprise
cycloaliphatic compounds or aromatic compounds, B and B'
are the same or different and comprise aromatic compounds,
and x and y are 10~10000, wherein at least one of A and A' is
a cycloaliphatic compound.

A detailed description is given in the following embodi-
ments with reference to the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading the
subsequent detailed description and examples with refer-
ences made to the accompanying drawing, wherein:
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2

FIG. 1 is a cross section of a liquid crystal display of the
invention.

DETAILED DESCRIPTION

The invention provides a liquid crystal display comprising
a color filter substrate and an array substrate. At least one of
the color filter substrate and the array substrate comprises
polyimide having formula (I):

A XA
YT

In formula (I), A and A' may be the same or different and
comprise cycloaliphatic compounds such as

Q. OL
jonoues

wherein X, Y, and Z may comprise hydrogen, methyl, trifluo-
romethyl, hydroxyl, C, ,, alkyl, bromine, chlorine, or iodine,
or aromatic compounds such as

N

T T
NN

wherein X and Y may comprise hydrogen, methyl, trifluo-
romethyl, hydroxyl, C,_, , alkyl, bromine, chlorine, or iodine
and Z may comprise —O—, —CH,—, —S—, —SO,—,
—C(CH;),—, —Ar—O—Ar—, —Ar—CH,—Ar—,
—0—Ar—C(CH;),—Ar—O—, —O—Ar—Ar—0—,
—O0—Ar—C(CF,),—Ar—0O—, or —Ar—C(CH,),—
Ar—, wherein Ar is phenyl.

B and B' may be the same or different and comprise aro-
matic compounds such as



US 7,651,744 B2

AL by
Ly /“&A\ﬂ”/ JSRGE

(0]

|

S
wherein X and Y may comprise hydrogen, methyl, trifluo- = (ljl
romethyl, hydroxyl, C, . alkoxy, bromine, chlorine, or
iodine and 7 may comprise —O—, —SO,—, —CH,—, .
—C(CH;),—, ~ —COO(CH,),CO0—, ~—C(CF,),—,
—Ar—O0—Ar—, —O—Ar—O0—, —Ar—CH,—Ar—, -
—O0—Ar—C(CH;),—Ar—0—, —0—Ar—Ar—0—, and x and y may be 10~10000.
—O—Ar—C(CF;),—Ar—0—, or —Ar—C(CH;),— The polyimide having formula (I) provided by the inven-
Ar—, wherein Ar is phenyl. B and B' may be tion comprises

9 o 0 CH,
CH;
0 0 HC
CH; CH;
0 CFs 0 CH; 0, 53 0
O OO DO
0 o m,C 0 0
CF, o
— —CH,— Y—N O CF, ‘ NI—K —CH,— —
O
0]
0] ” 0]
ﬁ
—N ) | N—: of
0 (¢}

CH; CH;
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-continued

wherein x and y may be 10~10000.
The polyimide provided by the invention may have for-
mula (1I):

-0

In formula (II), A may be a cycloaliphatic compound such

Y 7
/\CD\/ /éw
; X ;

wherein X, Y, and Z may comprise hydrogen, methyl, trifluo-
romethyl, hydroxyl, C1-18 alkyl, bromine, chlorine, or
iodine.

B may be an aromatic compound such as

e gbol

T_\Y N2 /L

wherein X and Y may comprise hydrogen, methyl, trifluo-
romethyl, hydroxyl, C,,; alkoxy, bromine, chlorine, or
iodine and 7 may comprise —O—, —SO,—, —CH,—,

=

}H /
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4©7N N_}_,
¥y
0] 0

—C(CH,),—, —COO(CH,),CO0—, —C(CF,),—,
—Ar—O0—Ar—, —O0—Ar—0— —Ar—CH,—Ar—,
—O0—Ar—C(CH;),—Ar—0—,  —O—Ar—Ar—0—,
—O—Ar—C(CF,),—Ar—0—, or —Ar—C(CH;),—
Ar—, wherein Ar is phenyl. B and B' may be

CF

3
CI CF3 |O
: : ,O\Oi

, or

and n may be 10~10000.

The polyimide having formula (II) provided by the inven-
tion comprises

0 CF3 o
- OOt
n
0] ¢}

The compound of formula (IT) is prepared in two steps as
follows. First, a diamine such as 4,4-methylene bis(cyclo-
hexylamine) (DACH), a dianhydride monomer such as 2,2'-
bis(3,4-dicarboxyphenyl)hexafluoropropane  dianhydride
(6FDA), and a polar solvent such as N-methyl-2-pyrrolidone
(NMP) or N,N-dimethylacetamide (DMAc) are added to a
flask and reacted to form a poly(amic acid) (PAA). The PAA
is then imidized at about 300~400° C. to form a polyimide via
dehydration and cyclization. The reaction scheme is shown
below.
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CF
0 3 0
q CFs ‘ o+ H2N4<:>7CH2 NH,
0 0
6FDA ODA
NMP
RT,N,
CF;
HOOC CONH4<:>7CH2 -
—HNOC COOH
poly(amic acid)
thermal or chemical imidization
CF
0 ! 0
0 0

polyimide

Second, a diamine such as 4,4-methylene bis(cyclohexy- 35  Compared to the traditional polyimide, the novel polyim-
lamine) (DACH), a dianhydride menomer such as 2,2'-bis(3, ide, a partial phenyl structure, comprising a cycloaliphatic
4-dicarboxyphenyl)hexafluoropropane dianhydride (6FDA),
and a solvent such as m-cresol or phenol are added to a flask
and reacted at a reflux temperature to form a polyimide via
PAA formation, dehydration, and cyclization. The reaction 40 improved workability and chemical resistance due to conduc-

diamine monomer and an aromatic dianhydride monomer,
provides higher thermal resistance and transmission rate and

scheme is shown below. tion of the cycloaliphatic compounds thereto.
CF
0 ’ 0
o) CFy 0 + HN CH, NH,
o] 0]
6FDA ODA
m-cresol
220°C, N,
CF;
O, O
—N CF;3 N CH, -
O O

polyimide
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The polyimide film has haze less than 3%, a transmission
rate exceeding 70%, a yellow index less than 6.5, a glass
transition temperature of about 250~350° C., a coefficient of
thermal expansion of about 20~75 ppm/° C., and a thickness
of about 20~200 um, preferably 50~150 pm.

InFIG. 1, aliquid crystal display structure of the invention
is illustrated. A liquid crystal display 10 comprises an array
substrate 11, a color filter substrate 12, spacers 13, and liquid
crystals 14. At least one of the array substrate 11 and color

10

1.64 g m-TB-HG and 0.56 g IPDA were dissolved in 41 g
DMAc at room temperature under nitrogen gas. Next, 5 g
6FDA was added to form a sticky PAA solution with stirring
for 3 hr. The PAA solution was then filmed on a glass substrate
by a doctor blade and imidized at 100° C., 200° C., and 300°
C., respectively, for 1 hr to form a transparent and colorless
polyimide film.

Example 3

Preparation of 6FDA-m-TB-HG-co-6FDA-DACH
(P1-FTD))

0 CFs 0 CH; 0 CFs 0

CH N CF N N CF N
OO -0 .

o 0 ¢ 0 0

filter substrate 12 is composed of polyimide. The array sub-
strate 11 is opposite to the color filter substrate 12 and the
spacers 13 and liquid crystals 14 are formed therebetween.

EXAMPLES
Example 1

Preparation of 6FDA-DACH (PI-FD))

0 CF3 0
QLT
6] [¢]

2.329 DACH was dissolved in 41 g DMAc at room tem-
perature under nitrogen gas. Next, 5 g 6FDA was added to
form a sticky PAA solution with stirring for 3 hr. The PAA
solution was then filmed on a glass substrate by a doctor blade
and imidized at 100° C., 200° C., and 300° C., respectively,
for 1 hr to form a transparent and colorless polyimide film.

Example 2

Preparation of 6FDA-m-TB-HG-co-6FDA-IPDA
(PL-FTI))

25

40

45

50

CF CF
0 3 0 CH; 0 3 0
CH;
N CF N N CF N
[0) (6] HsC (0] (6]

CH, CH,
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11 12
1.63 ¢ M-TB-HG and 0.70 g DACH were dissolved in 42 ¢ TABLE 1
DMAc at room temperature under nitrogen gas. Next, 5 g .
6FDA was added to form a sticky PAA solution with stirring Thick. Trans. UGlﬁf? C?;fﬁmnlt
for3 hr. The PAA solution was then filmed ona glass substrate  pyy. HQZS Haze mfjizn Vellow tenj;;;fuie ‘;Xp;f?;
by a doctor blade and imidized at 100° C., 200° C., and 300° 5 imide (um) (%) rate (%) index °Cy (ppm/° C.)
C., respectively, for 1 hr to form a transparent and colorless
Ivimide flm PL-FD 59 024 903 633 326 68
polyinude him. PL-FTI 69 196 894 359 336 71
PLFID 79 174 900  39% 307 75
Example 4 PLFDD 60 174 907 278 301 61
10 pLOBI 52 291 890 637 285 73
Preparation of 6FDA-m-DACH-co-DSDA-DACH f;f_'
(PI-FDD))
0 Ghs 0 0 (ﬁ 0
I
CH, N, CF N CH, N 0] N
e LT T o) e
0 [0] 0 (6]
3.12 g DACH was dissolved in 46 g DMAc at room tem- TABLE 1-continued
perature under nitrogen gas. Next, 3 g 6FDA and 3 g DSDA 25
were added to form a sticky PAA solution with stirring for 3 Glass Coefficient
hr. The PAA solution was then filmed on a glass substrate by Thick- Lrans- fransition  of thermal
a doctor blade and imidized at 100° C., 200° C., and 300° C., ,POZ' 1ess Hoize mtm:;n Yeiiloy temf:eéame eXpm/lf I(O:n
respectively, for 1 hr to form a transparent and colorless e (um)  06) mate (%) index ce (ppm”C.)
polyimide film. 30 fonal
material
Example 5 PES 200 030 8.0 097 225 58
Kapton 25 072 736 8234 318 16
. Ub 51 249 321 66.46 332 23
Preparation of ODPA-BAPPm-co-ODPA-IPDA 35 ¢
(PI-OBI))
O 0]
CHj 0
N | N}—
0] ]
CH,; CH,
Q o]
l I O
O 0O
55
4.53 g BAPPm and 0.81 g IPDA were dissolved in 59 g Compared to the disclosed polyimide, the conventional

DMAc at room temperature under nitrogen gas. Next, 5 g PES 1is not a proper substrate material because of its lower
ODPA was added to form a sticky PAA solution with stirring glass transition temperature even has a better haze, transmis-
for 3 hr. The PAA solution was then filmed on a glass substrate sion rate, and yellow index. Kapton and Ube are also unsuit-
by a doctor blade and imidized at 100° C., 200° C., and 300° 4, able for use as substrate due to raised yellow index and
C., respectively, for 1 hr to form a transparent and colorless deteriorated transmission rate.
polyimide film. Additionally, the disclosed polyimide can be directly
Thickness, haze, transmission rate, yellow index, glass filmed on a glass substrate without use of resin glue and easily
transition temperature, and coefficient of thermal expansion ~ removed after multi-lithography and etching or treating with
of the disclosed polyimide film (such as PI-FD, PI-FTI, PI- 65 a water bath, simplifying the TFT processes. The polyimide
FTD, PI-FDD, and PI-OBI) and conventional material (such can be widely used in flexible LCDs, PDPS, FEDs, SEDs,
as PES, Kapton, and Ube) are compared in Table 1. E-inks, and E-papers, or OLED:s.
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While the invention has been described by way of example
and in 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 so as to encompass all
such modifications and similar arrangements.

What is claimed is:

1. A liquid crystal display, comprising: a color filter sub-
strate; and an array substrate; wherein at least one of the color
filter substrate and the array substrate consists of polyimide
having formula (I):

T

wherein A and A' are the same or different and comprise (1)
cycloaliphatic compounds comprising at least one of

wherein X, Y, Z comprise hydrogen, methyl, trifluoromethy],
hydroxyl, C, | alkyl, bromine, chlorine or iodine or (2) aro-
matic compounds; B and B' are the same or different and
comprise aromatic compounds, and x and y are 10~10,000,
wherein at least one of A and A' is a cycloaliphatic compound
from the (1) cycloaliphatic compounds comprising at least
one of

2. The liquid crystal display as claimed in claim 1, wherein
one of A and A' comprise
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wherein X and Y comprise hydrogen, methyl, trifluorom-
ethyl, hydroxyl, C, , 5 alkyl, bromine, chlorine, or iodine and

7 comprises —O—, —CH,—, —S—, —S80,—, —C
(CH,), .  —Ar O Ar—, —Ar CH, Ar,
—O0—Ar—C(CH,),—Ar—0—,  —O—Ar—Ar—O—,
—O—Ar—C(CF,;),—Ar—0—, or —Ar—C(CH;),—

Ar—, wherein Ar is phenyl.
3. The liquid crystal display as claimed in claim 1, wherein
B and B' comprise

X

wherein X and Y comprise hydrogen, methyl, trifluorom-
ethyl, hydroxyl, C,_,, alkoxy, bromine, chlorine, or iodine
and Z comprises —O—, —SO,—, —CH,—, —C(CH;),—,

—COO(CH,),CO0—, —C(CF;),—, —Ar—O—Ar—,
—O0—Ar—0—, —Ar—CH,—Ar—, —O—Ar—C
(CH3),—Ar—0—, —O—Ar— Ar%)— —0—Ar—C
(CF;),—Ar—0—, or —Ar—C(CH,),—Ar—, wherein Ar
is phenyl.

4. The liquid crystal display as claimed in claim 1, wherein
B and B' comprise

CF;

, or
0]
|

X
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5. The liquid crystal display as claimed in claim 1, wherein
the polyimide comprises

0 CF3 0 CH, o CF; o
CH;
X ¥y
0 0 ¢ 0 0
CH; CH;

15
wherein x and y are 10~10000.

6. The liquid crystal display as claimed in claim 1, wherein
the polyimide comprises

0 CF3 0 CH, 0 CF3 0
cH N CF N N CF N}—,
OO0 H“xay—
J 0 i 0 0

wherein x and y are 10~10000.
7. The liquid crystal display as claimed in claim 1, wherein 30
the polyimide comprises

0 CFs 0 0 (ﬁ 0
I
CH N, CF N CH N 0 N
s a0 00000205 e
0 0 0 0

wherein x and y are 10~10000.
8. The liquid crystal display as claimed in claim 1, wherein
the polyimide comprises

Q 0
CH; 0
N | N)X—
0 0

CH; CHj

o

ava

wherein x and y are 10~1000.
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9. The liquid crystal display as claimed in claim 1, wherein
the polyimide comprises formula (II):

-Gy

wherein A is a cycloaliphatic compound comprising

Y Z
/@/ or m,
X

wherein X.Y, and Z comprise hydrogen, methyl, trifluorom-
ethyl, hydroxyl, C, _, 5 alkyl, bromine, chlorine, or iodine, B is
an aromatic compound comprising

18

CF3

5
CFs

10
jQ/O\Qi

15 , or
O
I
N

20 ”
O

25

11. The liquid crystal display as claimed in claim 9,
wherein the polyimide comprises

CF
0 : 0

n
0 0

wherein X and Y comprise hydrogen, methyl, trifluorom-
ethyl, hydroxyl, C,_, 5 alkoxy, bromine, chlorine, or iodine
and 7 comprises —O—, —SO,—, —CH,—, —C(CH;),—,
—COO(CH;),CO0—, —C(CF;),—, —Ar—O—Ar—,
—O0—Ar—0—, —Ar—CH,—Ar—, —O—Ar—C(CH,),
—Ar—0—, —O0—Ar—Ar—O0—, —O—Ar—C(CF,),—
Ar—O—, or —Ar—C(CH,),—Ar—, wherein Ar is phenyl,
and n is 10~10000.

10. The liquid crystal display as claimed in claim 9,
wherein B comprises

12. The liquid crystal display as claimed in claim 1, further
comprising spacers formed between the color filter substrate
and the array substrate.

13. The liquid crystal display as claimed in claim 1, further
comprising liquid crystals interposed between the color filter
substrate and the array substrate.

14. The liquid crystal display as claimed in claim 1,
wherein the substrate comprising polyimide has haze less
than 3%.

15. The liquid crystal display as claimed in claim 1,
wherein the substrate comprising polyimide has a transmis-
sion rate exceeding 70%.

16. The liquid crystal display as claimed in claim 1,
wherein the substrate comprising polyimide has a yellow
index less than 6.5%.

17. The liquid crystal display as claimed in claim 1,
wherein the substrate comprising polyimide has a glass tran-
sition temperature (Tg) of about 250~350° C.

18. The liquid crystal display as claimed in claim 1,
wherein the substrate comprising polyimide has a coefficient
of thermal expansion (CTE) of about 20~75 ppm/° C.

19. The liquid crystal display as claimed in claim 1,
wherein the substrate comprising polyimide has a thickness
of about 20~200 pm.

20. The liquid crystal display as claimed in claim 1,
wherein the substrate comprising polyimide has a thickness
65 of about 50~150 pm.

60
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