a2 United States Patent

US007251001B2

(10) Patent No.: US 7,251,001 B2

Chida et al. 45) Date of Patent; Jul, 31, 2007
(54) LIQUID CRYSTAL DISPLAY DEVICE 5693379 A 12/1997 Sugimori et al. .......... 428/1.26
TREATED BY UV IRRADIATION 5,861,198 A 1/1999 Yamaguchi et al. ....... 428/1.23
6,479,218 B1* 11/2002 Choi 430/321
(75) Inventors: Hideo Chida, Kawasaki (JP); Hidefumi 6,532,054 B2 3/2003 Ohmuro et al. ..... ... 349/143
Yoshida, Kawasaki (JP); Yasutoshi 6,583,837 Bl 6/2003 Fukumoto et al. .......... 349/129
Tasaka, Kawasaki (JP) 7,061,679 B1* 6/2006 Yoon et al. ..cooevrineene 359/485
(73) Assignee: Sharp Kabushiki Kaisha, Osaka (JP) FOREIGN PATENT DOCUMENTS
(*) Notice:  Subject to any disclaimer, the term of this JP 53-121441 ?/ 1980
patent is extended or adjusted under 35 P 39-090930 5/1984
U.S.C. 154(b) by 0 days. JP 10-274776 10/1998
Jp 11-202336 7/1999
(21)  Appl. No.: 11/450,754 P 11352489 12/1999
(22) Filed: Jun. 9, 2006 * cited by examiner
(65) Prior Publication Data Primary Examii.qer—AI}drew Scheghter
Assistant Examiner—Richard H Kim
US 2006/0227272 A1 Oct. 12, 2006 (74) Attorney, Agent, or Firm—Greer, Burns & Crain, Ltd
Related U.S. Application Data (57) ABSTRACT
(62) Division of application No. 10/096,182, filed on Mar.
12, 2002, now Pat. No. 7,081,935, A liquid crystal display device includes a pair of substrates,
a liquid crystal between substrates and alignment layers
30 Foreign Application Priority Data disposed on the inner surface sides of the substrates. The
gn App ty P
Aug. 1,2001  (IP) 2001-233663 alignment layer is made from a material including polyamic
B L AL ) acid containing a diamine component and polyimide con-
(51) Int. Cl taining a diamine component different from the diamine
G0éF 1 1337 (2006.01) component of the polyamic acid. The alignment layer is
(32) US.Cl 34'9/124. 349/129: 349/136: subjected to alignment treatment by irradiation of light. UV
T ’ ’ 349 /135’ light can be irradiated in the oblique direction onto the
. e L alignment layer through a mask having openings. A reflect-
(58) l;;zl(; Ofli(cj;‘?iisriﬁﬁclzt}(grl csoezlrclleltesearch hlsto None ing plate can be arranged between a UV light source and the
PP P RA mask. Also, bank structures having a thickness from 0.1 to
(56) References Cited 0.{)5 pm can be provided on the alignment layer of the TFT
substrate.
U.S. PATENT DOCUMENTS
5,607,732 A 3/1997 Miyamoto et al. ......... 428/1.26 3 Claims, 17 Drawing Sheets

/s

g 48a LBb LBa
. | 48p S S S
C T 1 17




U.S. Patent Jul. 31, 2007 Sheet 1 of 17

F1g.1

18
| 00000 Q0000 76

////// VAR AR AR S A 4 vzo

VA 2]\24

14

US 7,251,001 B2



U.S. Patent Jul. 31, 2007 Sheet 2 of 17 US 7,251,001 B2

Fi1g.3

16 16

\\ \ \\N&jaa 18

~— 22

1™~12

\\\\\\\\\\\\\

= ‘ng
,r ;11\42



U.S. Patent Jul. 31, 2007 Sheet 3 of 17 US 7,251,001 B2

Fig.6

B C A

90

88
86
8L

82

PRETILT ANGLE (deg)

80

1 1 1
0 1000 2000 3000 4000

QUANTITY OF UV IRRADIATION (mJ)

PRETILT ANGLE (deg)

85

0 1000 2000 3000 4000
QUANTITY OF UV IRRADIATION (mJ)



U.S. Patent Jul. 31, 2007 Sheet 4 of 17 US 7,251,001 B2

Fig.8

SURFACE ENERGN (mN/m)

0 | ] ! l__
0 1000 2000 3000 4000
QUANTITY OF UV IRRADIATION (mJ)

Fig.9

FC C
98 4" A\ /
96

94
92
90
88
86

VOLTAGE RELATIVE RETENTION (96)

0 1000 2000 3000 4000
QUANTITY OF UV IRRADIATION (mJ)



U.S. Patent Jul. 31, 2007 Sheet 5 of 17 US 7,251,001 B2

F1g.10

30

Fig.11

36a /36b
/

36

1

1
36¢c M%c

36d



U.S. Patent Jul. 31, 2007 Sheet 6 of 17 US 7,251,001 B2

Fi1g.12

30

/




U.S. Patent Jul. 31, 2007 Sheet 7 of 17 US 7,251,001 B2

Fig.13

Lb L6

?Eﬁ

a //ABa 48b L8a
48D / 4/4__/48
N [ L [ 7]
AXN KNS KN d

VAV AV Av4 /Lj////[ ff/ﬁ///f///fl/(//

AV, VA VAVAYA N
] RN
42 24 42 42 g N4

Fig.14
4B Ll

k t8a 48b 48a (8

48b : ) )/~
— 7 C 11

d

174/7/J7J/f7/71/J7/7/7f7////llj \20

/)V//////I/(// N
| 24
L2 2L 42 (2 g (2 *




U.S. Patent Jul. 31,2007

F1g.15

162

Sheet 8 of 17

US 7,251,001 B2

LT L ELfAfhe el 20
“?2?7{//(/ 1L
!
L2 74 L2 24
Fig.16
L6

a
L8a L 58&/ L}S?Z
[ { |/ ] [ [ [ ]
1 { \ m
d
8
¥
AT A A I 20
YL, AV, A AV Y. N
T T T TN
L2 24 B8 L2 24 42 g L2




U.S. Patent Jul. 31,2007 Sheet 9 of 17

F1g.17

WIDTH AND ALIGNMENT STATE
OF NON-EXPOSED REGION

WIDTH ( wm)| ALIGNMENT
0 O
10 O
20 @)
30 A
40< X

Fig.18

WIDTH AND ALIGNMENT STATE
OF OVERLAPPING EXPOSED REGION

WIDTH (wm)| ALIGNMENT
0 o
10 o
20 O
30 X
L0< X

US 7,251,001 B2



U.S. Patent Jul. 31, 2007 Sheet 10 of 17 US 7,251,001 B2

F1g.19A
SO\A /50 /SUB
7
AN
F1g.19B

A 50 C 50 SOB

A

Fi1g.19C

50A 50D 508

///

7




U.S. Patent Jul. 31, 2007 Sheet 11 of 17 US 7,251,001 B2

Fi1g.20A
50
/

50(? <
N\

Fi1g.208

504 50C 50 50B

NN Z /. s
A\

Fig.20C

508

H
0 KOD 508
DD,
% N 4_soc




U.S. Patent Jul. 31, 2007 Sheet 12 of 17 US 7,251,001 B2

Fi1g.21A

. a o (8b 4Ba 4Bb LBa
| (—)' ) J / ) ~
N 4 I N

//F[////f///f/f[[[///LlJ//f(_lll(

(2 26 42 26 g 20
F1g.21B
2 9 (8
/.
_

DA /| N\

Lé Q{L JQ L_)[ 26 42



U.S. Patent Jul. 31, 2007 Sheet 13 of 17 US 7,251,001 B2

F1g.22

10
56 22 56 18 56 16 12
[ () / | | ]/
%\NE\\\K\\?\VQX\“\“
(O S O N O N 0

r44/{//yX/’/?§

52 16c 2L 52 16¢c 20 52 16c 11

Fi1g.23

\\\\} 12
e 22

18




US 7,251,001 B2

Fig.24

Jul. 31, 2007

U.S. Patent

F19.25




U.S. Patent Jul. 31, 2007 Sheet 15 of 17 US 7,251,001 B2

Fig.26
32
SN AN
'gd 16{1 S 16¢ 5 ’léc \ \
52 24 52 2L B2
Fi1g.27
60 22 60 60
.16‘d4( ﬂfd ( 16 (rwllsd
MR
164 | 86 ) 6c ) 6c)



U.S. Patent Jul. 31, 2007 Sheet 16 of 17 US 7,251,001 B2

F1g.28

$=0.15um

g ]
AN09 r
= 0.8 —
= 0.7 t |
206 I /
m 8;5'. -
(S ) -
g O.g .
= 0. -
< 01 r < —>
oo 0 1 ! 1 i

-2 0 2 A 6 8

OVERLAPPING WIDTH ( um)
F1g.29
1=0.31um

2 09
] . B
£ 08 e
§ 0.7 : \
o 8‘% I
S 8ﬁ3 [
S 02 ¢t
E:E 01 ] I, 1 1 1

O—2 0 2 L 6 8

OVERLAPPING WIDTH ( um)



U.S. Patent Jul. 31, 2007 Sheet 17 of 17 US 7,251,001 B2

=1.75uum
1
2 09+ —
2 0.8
= 0.7 ~/
= 0.6 |
& 0.5 f
ey 0.4 t
- 03 i
= (0.2 r
= g1 L = >
e 0 ] 1 1 1
-2 0 2 A b 8

OVERLAPPING WIDTH ( wm)



US 7,251,001 B2

1

LIQUID CRYSTAL DISPLAY DEVICE
TREATED BY UV IRRADIATION

This is a divisional of application Ser. No. 10/096,182,
filed Mar. 12, 2002 U.S. Pat. No. 7,081,935.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid display device in
which light is irradiated onto an alignment layer or bank
structures are provided, for controlling the alignment of the
liquid crystal. The present invention also relates to an
exposure apparatus of an alignment layer of a liquid crystal
display device and a treatment method of an alignment layer.

2. Description of the Related Art

A liquid crystal display device includes a liquid crystal
that is sandwiched between a pair of substrates, and an
electrode for applying an electric field to the liquid crystal
and an alignment layer for controlling the alignment of the
liquid crystal are arranged on the inner surface side of each
substrate. The alignment layer is treated for realizing the
alignment of the liquid crystal molecules in a predetermined
direction. Typically, the alignment layer is rubbed by a fiber
material such as rayon, and the liquid crystal molecules are
aligned in the rubbing direction. When the alignment layer
is rubbed with the fiber material, however, the fiber material
scatters, and the liquid crystal panel may be contaminated.
Therefore, a technology that can control the alignment of the
liquid crystal, without rubbing the alignment layer, has been
required.

For example, Japanese Unexamined Patent Publication
(Kokai) No. 11-202336 discloses a technology in which the
alignment of the liquid crystal is controlled by obliquely
irradiating the ultraviolet light onto the alignment layer. In
the invention described in this publication, the ultraviolet
light is obliquely irradiated onto the alignment layer through
a mask having slits while the alignment layer is moved.

Japanese Unexamined Patent Publication (Kokai) No.
11-352489 discloses a technology in which the alignment of
the liquid crystal is controlled by disposing bank structures
(projection patterns) on the alignment layer. This technology
uses a vertical alignment layer, and the liquid crystal mol-
ecules are aligned vertically to the alignment layer. At
positions where the bank structure (projection pattern)
exists, the liquid crystal molecules are aligned perpendicular
to the side surface of the bank structure (projection pattern)
and generally obliquely to the substrate surface. The bank
structure (projection pattern) has side surfaces on either side
thereof. The alignment direction of the liquid crystal mol-
ecules aligned vertically to one of the side surfaces of the
bank structure (projection pattern) is opposite to the align-
ment direction of the liquid crystal molecules aligned ver-
tically to the other side surface on the opposite side of the
bank structure (projection pattern). In this way, alignment
division is achieved.

Alignment division means that one pixel is divided into a
plurality of regions having different alignments of the liquid
crystal. In the case of rubbing, for example, the area of one
pixel of the alignment layer is divided into two regions, the
first region is rubbed in one direction and the second region
is rubbed in the opposite direction. Thus, the liquid crystal
molecules located in contact with the first region pretilt in
one direction and the liquid crystal molecules located in
contact with the second region pretilt in the opposite direc-
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tion. It is known that viewing angle characteristics can be
improved in the, liquid crystal display device having such an
alignment division.

Alignment division can be easily accomplished if a liquid
crystal having negative dielectric anisotropy and an align-
ment layer having vertical alignment property are used.

When the ultraviolet light is obliquely irradiated onto the
alignment layer having a vertical alignment property, alkyl
side chains of the alignment layer existing in a plane
perpendicular to the irradiation direction of the ultraviolet
light absorb the ultraviolet light and are cut off, and alkyl
side chains of the alignment layer existing in a plane parallel
to the irradiation direction of the ultraviolet light do not
absorb the ultraviolet light and remain as such. The liquid
crystal molecules are thus aligned in accordance with the
remaining alky] side chains. To achieve alignment division,
the ultraviolet light is irradiated obliquely onto one of the
regions of the alignment layer in one oblique direction and
is irradiated onto the other region of the alignment layer in
the opposite oblique direction. In this case, a mask is
arranged between the UV light source and the alignment
layer so that the ultraviolet light can be irradiated selectively
onto one region and the other region.

Various materials are used for the alignment layer. For
example, Japanese Unexamined Patent Publication (Kokai)
No. 64-004720 discloses a TN type liquid crystal display
device using an alignment layer comprising a mixture of
polyamic acid and polyimide. In this reference, however, the
mixture of polyamic acid and polyimide constitutes a TN
type liquid crystal cell.

Further, as the ultraviolet light is irradiated obliquely onto
the alignment layer having a vertical alignment propetrty, the
liquid crystal is aligned in a direction parallel to the irra-
diation direction of the ultraviolet light used as the liquid
crystal display device. On the other hand, an electrode is
disposed with the alignment layer on each substrate. One of
the substrates is a TFT substrate having a plurality of pixel
electrodes and bus lines. The other substrate is a color filter
substrate having a common electrode. The alignment treat-
ment of the alignment layer is conducted in such a fashion
that the alignment direction of the liquid crystal is parallel to
the bus lines. In this case, a transverse electric field acts
between the pixel electrode and the bus line, and a problem
develops that this electric field disturbs the alignment of the
liquid crystal at the boundary portion between the pixel
electrode and the bus line.

In the case where the ultraviolet light is obliquely irradi-
ated onto the alignment layer, the UV light source is
disposed at a certain angle to the alignment layer. In the
arrangement having such an angle, the distance (optical path
length) between the UV light source and the alignment layer
varies depending on the position of the alignment layer.
Therefore, the intensity of the ultraviolet light irradiated
onto the alignment layer varies and thus the tilt angle
realized thereby may vary. In consequence, stable alignment
cannot be achieved and excellent display cannot be provided
as domains appear.

To accomplish alignment division in the alignment con-
trol technology using UV irradiation, an exposure apparatus
including a UV light source and a mask is used. The mask
is arranged between the UV light source and the alignment
layer so that the ultraviolet light can be selectively irradiated
onto portions of the alignment layer. In the first method of
alignment division, the area of the opening of the mask is
decreased so that the ultraviolet light having scattering
property pass through the opening of the mask. However,
this method involves the problem that utilization efficiency
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of the ultraviolet light is low and the irradiation time of the
ultraviolet light must be elongated.

In the second alignment division method, the area of the
opening of the mask is set to a size suitable for irradiating
a half of the pixel, the UV light source is obliquely arranged
relative to the mask and the ultraviolet light is irradiated onto
a half of each pixel, and then the UV light source is
oppositely obliquely arranged relative to the mask and the
ultraviolet light is irradiated onto the remaining half of each
pixel. In this case, however, positioning between the mask
and the alignment layer becomes more difficult as the size of
the pixels become smaller. Also, in a proximity exposure, a
gap is provided between the mask and the alignment layer
and their positioning is conducted. As the size of the pixels
become smaller, however, the gap between the mask and the
alignment layer must be decreased, but it is not possible to
reduce the space below an allowable value.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a liquid
display device capable of accomplishing stable alignment of
a liquid crystal and therefore capable of acquiring excellent
display.

It is another object of the present invention to provide an
exposure apparatus of an alignment layer that can accom-
plish stable alignment of a liquid crystal with high utilization
efficiency of ultraviolet light.

It is a further object of the present invention to provide a
treatment method of an alignment layer by which position-
ing between a mask and an alignment layer can be easily
conducted when an alignment treatment of the alignment
layer is conducted by means of irradiation of ultraviolet
light.

It is a still further object of the present invention to
provide a liquid crystal display device in which the distur-
bance of the alignment of a liquid crystal due to a transverse
electric field at a boundary portion between a pixel electrode
and a bus line can be mitigated.

A liquid crystal display device, according to the present
invention, comprises a pair of substrates, a liquid crystal
arranged between the pair of substrates and an alignment
layer disposed on the inner surface side of each of the
substrates, wherein the alignment layer comprises a mixture
of polyamic acid including a diamine component and poly-
imide including a diamine component different from the
diamine component of the polyamic acid, and the alignment
layer is treated for alignment of the liquid crystal by irra-
diation with ultraviolet light.

In this arrangement, polyamic acid has such a property
that the achieved pretilt angle hardly changes as the irradia-
tion quantity of the ultraviolet light changes, and polyimide
has such a property that the achieved pretilt angle greatly
changes as the irradiation quantity of the ultraviolet light
changes. When they are mixed, the pretilt angle can be
accomplished stably in accordance with the mixing ratio of
polyimide and polyamic acid when a certain time is reached
from the start of irradiation of the ultraviolet light, irrespec-
tive of the irradiation quantity of the ultraviolet light.
However, if the diamine component used in polyamic acid
is the same as the diamine component used in polyimide,
polyamic acid and polyimide are likely to be uniformly
mixed, the effect of polyimide to change the alignment state
becomes small, and the property becomes analogous to that
of polyamic acid. Therefore, the diamine component used in
polyamic acid is preferably different from the diamine
component used in polyimide.

10

20

25

40

45

55

60

65

4

An exposure apparatus of an alignment layer, according to
the present invention, comprises a ultraviolet light source, a
reflecting plate having slits allowing passage of ultraviolet
light irradiated from the ultraviolet light source and a
reflecting surface on the opposite side of the ultraviolet light
source, and a photomask having openings allowing passage
of the ultraviolet light outgoing from the slits of the reflect-
ing plate and a reflecting surface on the side of the reflecting
plate.

In this exposure apparatus, the utilization efficiency of the
ultraviolet light becomes higher and stable alignment of the
liquid crystal can be accomplished.

A method of treating an alignment layer by irradiating
ultraviolet light onto an alignment layer having a plurality of
pixel regions defined therein to treat the alignment layer for
realizing alignment, according to the present invention,
comprises the steps of arranging a photomask above the
alignment layer; positioning the photomask with respect to
the alignment layer so that a center portion of a first opening
of the photomask is aligned with a center portion of a first
pixel region of the alignment layer; arranging a ultraviolet
light source above the photomask; wherein the ultraviolet
light source, the photomask and the alignment layer are
arranged such that the ultraviolet light passing through the
first opening of the photomask impinges upon a pixel region
of the alignment layer displaced from the first pixel region
by n pixel regions (where n is an integer equal to or more
than 0); wherein the ultraviolet light source, the photomask
and the alignment layer are arranged to satisfy the following
relationships (1) and (2),

(g/2-20)=a=(g/2+20) M

)

2d
20§a§( 20

@n+ D I+ D

where “a” (um) is a width of the opening of the photo-
mask, “d” (um) is a gap between the photomask and the
alignment layer, 6 (rad) is an angle of the ultraviolet light
made incident to the alignment layer and “g” (um) is a pitch
of the pixel regions; and irradiating the ultraviolet light from
the ultraviolet light source to treat the alignment layer for
realizing alignment.

In this treating method, positioning between the mask and
the alignment layer can be conducted, and the alignment
treatment of the alignment layer can be securely carried out
by the irradiation of the ultraviolet light.

A liquid crystal device, according to the present invention,
comprises first and second substrates opposing each other; a
liquid crystal arranged between the first and second sub-
strates; a plurality of pixel electrodes, bus lines and an
alignment layer disposed on the inner surface side of the first
substrate; and a common electrode and an alignment layer
disposed on the inner surface side of the second substrate;
wherein the alignment layer of at least one of the first and
second substrates is subjected to treatment for alignment of
the liquid crystal in a predetermined direction, and bank
structures having a thickness in the rage from 0.1 to 0.15 pm
is disposed on the alignment layer of the second substrate at
positions corresponding to the bus lines of the first substrate.

In this construction, the bank structures prevent the dis-
turbance of alignment of a liquid crystal due to a transverse
electric field at the boundary portion between the pixel
electrode and the bus line.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more apparent from
the following description of the preferred embodiments,
with reference to the accompanying drawings, in which:

FIG. 1 is a view showing a liquid crystal display device
according to the first embodiment of the present invention;

FIG. 2 is a view showing an example where ultraviolet
light is irradiated onto the alignment layer shown in FIG. 1;

FIG. 3 is a view showing an example where liquid crystal
molecules are aligned when the alignment layer shown in
FIG. 2 is used;

FIG. 4 is a view showing a modified example of the liquid
crystal display device shown in FIG. 1;

FIG. 5 is a view showing an example where ultraviolet
light is irradiated onto the alignment layer shown in FIG. 4;

FIG. 6 is a view showing the relationship between the UV
irradiation quantity and the pretilt angle when polyamic acid
and polyimide are individually used to form an alignment
layer;

FIG. 7 is a view showing the relationship between the UV
irradiation quantity and a pre-tilt angle when polyamic acid
and polyimide are mixed and used to form the alignment
layer;

FIG. 8 is a view showing the relationship between the UV
irradiation quantity and the surface energy of the alignment
layer, when two kinds of resins are individually applied to
the substrate and when they are mixed and applied,

FIG. 9 is a view showing the relationship between the UV
irradiation quantity and the voltage relative retention of the
alignment layer, when two kinds of resins are individually
applied to the substrate and when they are mixed and
applied,;

FIG. 10 is a view showing an exposure apparatus of an
alignment layer according to the second embodiment of the
present invention;

FIG. 11 is a view showing in detail the photomask shown
in FIG. 10;

FIG. 12 is a view showing a modified example of the
exposure apparatus of the alignment layer shown in FIG. 10;

FIG. 13 is a view showing the first exposure step of an
exposing method of an alignment layer according to the
third embodiment of the present invention;

FIG. 14 is a view showing the second exposure step after
the first exposure step shown in FIG. 13;

FIG. 15 is a view showing the substrate having the
alignment layer treated by the exposing method shown in
FIGS. 13 and 14,

FIG. 16 is a view showing a modified example of the
treating method of the alignment layer shown in FIGS. 13
and 14;

FIG. 17 is a view showing the width of the non-exposured
region and the alignment state of the liquid crystal display
device with the alignment division established by exposing
twice one pixel region;

FIG. 18 is a view showing the width of the overlapping
exposure region and the alignment state of the liquid crystal
display with the alignment division established by twice
exposing one pixel region;

FIGS. 19A to 19C are views showing examples of the
exposure state of one pixel region when the size of the
opening of the photomask is changed,

FIGS. 20A to 20C are views showing examples of the
exposure state of one pixel region when a gap between the
photomask and the alignment layer is changed,

FIGS. 21A and 21B are views explaining problems when
the pixel pitch is changed;
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FIG. 22 is a view showing a liquid crystal display device
according to the fourth embodiment of the present invention;

FIG. 23 is an enlarged view showing a part of the color
filter substrate shown in FIG. 22;

FIG. 24 is a plan view showing the color filter substrate
shown in FIG. 22;

FIG. 25 is a plan view showing the TFT substrate, with the
bank structures of the color filter substrate shown addition-
ally;

FIG. 26 is a view showing an example of a liquid crystal
display device for explaining that a transverse electric field
disturbs the alignment of the liquid crystal at a boundary
portion between the pixel electrode and the bus line;

FIG. 27 is a view showing a basic example for preventing
the disturbance of the alignment of the liquid crystal,

FIG. 28 is a view showing the relationship between the
overlap of the bank structure with the pixel electrode and the
ratio of brightness;

FIG. 29 is a view showing the relationship between the
overlap of the bank structure with the pixel electrode and the
ratio of brightness; and

FIG. 30 is a view showing the relationship between the
overlap of the bank structure with the pixel electrode and the
ratio of brightness.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will now
be explained with reference to the drawings. FIG. 1 shows
a liquid crystal display device according to the first embodi-
ment of the present invention. The liquid crystal display
device 10 includes a pair of transparent substrates 12 and 14,
a liquid crystal 16 arranged between the pair of substrates 12
and 14, and alignment layers 18 and 20 respectively formed
on the inner surface sides of the substrates 12 and 14.
Electrodes 22 and 24 are disposed under the alignment
layers 18 and 20, respectively. One-of the electrodes is
disposed with an active matrix including TFTs. The liquid
crystal 16 has negative dielectric anisotropy, and the align-
ment layers 18 and 20 are vertical alignment layers. There-
fore, the liquid crystal 16 is aligned substantially vertically,
with a pretilt with respect to the substrates 12 and 14, as
shown in FIG. 1.

In this embodiment, the alignment layers 18 and 20 are
made of a material containing polyimide including a
diamine component. Preferably, the alignment layers 18 and
20 are made of a mixture of polyamic acid including a
diamine component and polyimide including a diamine
component, the diamine component of polyamic acid being
different from the diamine component of polyimide. The
diamine component of polyimide further includes a diamine
component that does not substantially contribute to vertical
alignment and a diamine component that substantially con-
tributes to vertical alignment, in which the proportion of the
diamine component that substantially contributes to vertical
alignment is equal to or more than 30% to the whole diamine
component.

FIG. 2 shows an example where ultraviolet light is
irradiated onto the alignment layer 18 (20). It is assumed that
the diamine component of the alignment layer 18 (20) that
substantially contributes to vertical alignment has alkyl side
chains 184 and 185 shown with exaggeration. The alkyl side
chains 184 and 185 protrude with respect to the surface of
the alignment layer 18 (20) in various directions. The alkyl
side chains 18a exist in planes substantially parallel to the
direction of incidence of the ultraviolet light, and the alkyl
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side chains 185 exist in planes substantially perpendicular to
the direction of incidence of the ultraviolet light. When
non-polarized or polarized ultraviolet light is irradiated
obliquely onto the alignment layer 18 (20), the alkyl side
chains 185 existing in planes substantially perpendicular to
the irradiation direction of the ultraviolet light absorb the
ultraviolet light and are cut off, but the alkyl side chains 18a
existing in planes substantially parallel to the direction of
incidence of the ultraviolet light do not absorb the ultraviolet
light and are not cut off. Therefore, the alkyl side chains 18a
remain uncut.

FIG. 3 shows an example where the liquid crystal mol-
ecules are aligned when the alignment layer 18 (20) shown
in FIG. 2 is used. The liquid crystal display device including
the alignment layers 18 and 20 thus treated is assembled as
shown in FIG. 1, and the liquid crystal 16 is inserted. The
molecules of the liquid crystal 16 are thus pretilted in
accordance with the alkyl side chains 18« that remain uncut.
In consequence, the molecules of the liquid crystal 16 are
aligned substantially vertically to the substrates 12 and 14
owing to vertical alignment property of the alignment layers
18 and 20 but are pretilted by a predetermined pretilt angle
in accordance with the alkyl side chains 18a.

FIG. 4 shows a modified example of the liquid crystal
display device shown in FIG. 1. In FIG. 4, the liquid crystal
16 is aligned substantially vertically with pretilt to the
substrates 12 and 14. However, the molecules 16a of the
liquid crystal 16 in one region are aligned (pretilted) in a
direction different from that of the molecules 165 of the
liquid crystal 16 in another region. It is known that when a
plurality of regions having different alignments exist in one
pixel (when alignment division exists), the viewing angle
characteristic of the liquid crystal display device can be
improved.

FIG. 5 shows an example where the ultraviolet light is
irradiated onto the alignment layer 18 (20) shown in FIG. 4.
In order to cause the molecules 16a of the liquid crystal 16
in one region to be aligned, the ultraviolet light UV1 is
irradiated in one oblique direction. In order to cause the
molecules 165 of the liquid crystal 16 in another region to
be aligned, the ultraviolet light UV2 are irradiated in another
oblique direction opposite to the oblique direction described
above. A mask 26 is used when the ultraviolet light UV1 or
UV2 is irradiated.

When the ultraviolet light is irradiated obliquely, the
optical length between the UV irradiation source and the
alignment layer 18 (20) varies depending on the position,
and the intensity of the ultraviolet light irradiated varies
depending on the position, with the result that the caused
pretilt angle varies and stable alignment cannot be acquired,
as described previously. The present invention solves this
problem by constituting the material of the alignment layer
18 (20) as described above.

FIG. 6 is a view showing the relationship between the
irradiation quantity of the ultraviolet light and the pretilt
angle when polyamic acid and polyimide are individually
used for the alignment layers, respectively. Curves A, B and
C represent the relationship between the irradiation quantity
of the ultraviolet light and the pretilt angle, regarding
polyamic acids A, B and C having mutually different con-
tents of a diamine component contributing to vertical align-
ment, respectively. For the sake of convenience, the same
symbol represents the kind of the resin and the curve
corresponding to the former. When polyamic acid is indi-
vidually used for the alignment layer, the caused pretilt angle
hardly changes even when the content of the diamine
component varies.
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Curves D, E, F, G, H and T represent the relationship
between the irradiation quantity of the ultraviolet light and
the pretilt angle, regarding polyimide D, E, F, G, H and 1
having mutually different contents of a diamine component
contributing to vertical alignment. For the sake of conve-
nience, the same symbol represents the kind of the resin and
the curve corresponding to the former. The proportions of
the diamine component contributing to vertical alignment of
polyimides D, E, F, G, H and I are 20, 40, 50, 60, 90 and
100%, respectively. When polyimide is individually used for
the alignment layer, the pretilt angle achieved by UV irra-
diation greatly changes. However, when polyimide is indi-
vidually used for the alignment layer, the pretilt angle
changes very greatly when the irradiation quantity of the
ultraviolet light changes.

FIG. 7 1s a view showing the relationship between the
irradiation quantity of the ultraviolet light and the pretilt
angle when the polyamic acid and polyimide are mixed and
used for the alignment layers, respectively. For the sake of
convenience, the same symbol represents the kind of the
resin and the curve corresponding to the former. Curves DA,
EA, FC, GB, HA and IA represent the alignment layers
prepared by mixing polyamic acids A, B, C and polyimides
D, E, F, G, H and I described above, respectively. In the
curve DA representing the mixture containing polyimide
having a small content (20%) of the diamine component
contributing to vertical alignment, the pretilt angle greatly
varies as the irradiation quantity of the ultraviolet light
varies. In the curve IA representing the mixture containing
polyimide having a large content (90 or 100%) of the
diamine component contributing to vertical alignment, the
change of the pretilt angle is relatively small even when the
irradiation quantity of the ultraviolet light becomes great. In
the curves EA, FC, GB and HA representing the mixture
containing polyimide having a suitable content (equal to or
more than 30%) of the diamine component contributing to
vertical alignment, the change of the caused pretilt angle is
very small as the irradiation quantity of the ultraviolet light
varies.

In summary, polyamic acid has such a property that the
achieved change in the pretilt angle is very small even when
the irradiation quantity of the ultraviolet light is large,
whereas polyimide has such a property that the pretilt angle
varies relatively greatly when the irradiation quantity of the
ultraviolet light becomes larger. When these resins are
mixed, the characteristics of polyimide and the characteris-
tics of polyamic acid are averaged, and a pretilt angle
corresponding to the mixing ratio of polyamic acid and
polyimide is kept stable, after a certain time elapses from the
start of irradiation of the ultraviolet light, without depending
on the UV irradiation quantity. In other words, in the region
of the UV irradiation quantity within 2,000 to 3,000 mJ, the
pretilt angle hardly varies in the curves EA, FC, GB and HA
even when the UV irradiation quantity varies. Therefore,
when the quantity of the ultraviolet light actually irradiated
changes, the pretilt angle remains substantially constant.

However, if the diamine component used for polyamic
acid is the same as the diamine component used for poly-
imide, polyamic acid and polyamide become miscible more
uniformly and the effect of changing the alignment state of
polyimide becomes smaller, and its property becomes closer
to that of polyamic acid. For this reason, the diamine
component used for polyamic acid is preferably different
from the diamine component used for polyimide.

Also, there are diamines which can realize a vertical
alignment property and others which do not realize a vertical
alignment property. When the amount of diamine realizing
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a vertical alignment property is too small, the change of the
pretilt upon irradiation of the ultraviolet light becomes too
great, and pretilt control becomes difficult when polyimide
including such diamine is mixed with polyamic acid. There-
fore, the proportion of the diamine component having ver-
tical alignment property to the whole diamine components is
preferably equal to or more than 30%. More preferably, the
proportion of the diamine component having vertical align-
ment property to the whole diamine components is equal to
or more than 40% and equal to or less than 90%.

FIG. 8 is a view showing the relationship between the
irradiation quantity of the ultraviolet light and the surface
energy of the alignment layer, when two kinds of resins are
individually applied to the alignment layer and when their
mixture is applied, respectively. Curve B relates to polyamic
acid similar to polyamic acid B described above. Curve G
relates to polyimide G similar to polyimide G described
above. Curve GB relates to the mixture of polyamic acid B
and polyimide G. When the resin whose surface energy
hardly changes upon irradiation of the ultraviolet light and
the resin whose surface energy greatly changes are mixed
together, a region appears in which the surface energy hardly
varies at a certain irradiation quantity, in the same way as in
the case of the pretilt angle shown in FIGS. 6 and 7. In this
way, a stable pretilt can be obtained.

If the resins have mutually different surface energy val-
ues, non-uniformity occurs advantageously to a certain
extent when the resins are mixed, for the same reason as in
the case where the diamine components are different. There-
fore, the mixture preferably comprises resins having surface
energy values that are different from each other by a value
equal to or more than 2 mN/m on the surface of the
alignment layers 18 and 20 formed on the substrates 12 and
14, respectively.

Mixing of the resins having different surface energy
values change quantities to the ultraviolet light corresponds
to mixing of the resins having different pretilt angles in the
same way as when polyamic acid and polyimide are mixed.
Therefore, it is preferred to form the alignment layers 18 and
20 on the substrates 12 and 14 by mixing at least two kinds
of resins having different surface energy values change
quantities to the ultraviolet light.

FIG. 9 1s a view showing the relationship between the
voltage relative retention and the irradiation quantity of the
ultraviolet light of the alignment layer, when two kinds of
resins are individually applied to the substrate and when
their mixture is applied. Curve C relates to polyamic acid C
similar to the polyamic acid C described above. Curve F
relates to polyimide F similar to the polyimide F described
above. Curve FC relates to the mixture of polyimide F and
polyamic acid C. The alignment layer of curve C has such
a property that the voltage relative retention drops due to the
ultraviolet light irradiation, whereas the alignment film of
curve F has such a property that the voltage relative retention
rises due to the ultraviolet light irradiation. When both resins
are mixed (curve FC), the drop in the voltage relative to
retention can be eventually suppressed. Therefore, an excel-
lent voltage relative retention can be acquired even when the
ultraviolet light is irradiated.

It is therefore preferred to form the alignment layers 18
and 20 on the substrates 12 and 14 by mixing at least two
kinds of resins the voltage relative retentions of which, with
respect to the ultraviolet light, are different from each other.

Concrete examples will be explained below.

EXAMPLE 1

Alignment layers 18 and 20 are prepared from a mixture
of polyamic acid A and polyimide H (having a 90% content
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of diamine component contributing to vertical alignment).
The mixing ratio is polyamic acid A:polyimide H=49:1. The
alignment layer material containing this mixture is applied
by using a spinner and is baked to form the alignment layers
18 and 20 on the substrates 12 and 14. Ultraviolet light is
irradiated onto the alignment layers 18 and 20 in the oblique
direction. Incidentally, several samples are prepared by
changing the irradiation quantity of the ultraviolet light. A
thermosetting sealant is applied to one of the substrates and
spacers of 4 pm are scattered on the other substrate, and both
substrates are then joined. After vacuum packing, thermo-
setting is conducted to form an empty cell. A liquid crystal
having negative dielectric anisotropy is charged into this
empty cell in vacuum environment to form a liquid crystal
display panel. A pretilt angle of the liquid crystal display
panel thus fabricated is measured. As represented by curve
HA in FIG. 7, the pretilt angle attains minimum at the
irradiation quantity 3 J of the ultraviolet light, and the
change of the pretilt angle is very small before and after
(near) this minimum value. In this way, a stable pretilt angle
can be obtained.

EXAMPLE 2

The alignment layers 18 and 20 are prepared from a
mixture of polyamic acid B having a surface energy change
shown in FIG. 8 and polyimide G (having a 60% content of
a diamine component contributing to vertical alignment).
The mixing ratio is polyamic acid B:polyimide G=4:1. An
alignment layer material containing this mixture is used to
produce a liquid crystal display panel in the same way as in
Example 1. A pretilt angle of the liquid crystal panel thus
produced is measured. As represented by curve GB in FIG.
7, the pretilt angle attains minimum at an irradiation quantity
3 J of the ultraviolet light, and the change of the pretilt angle
is considerably small before and after this minimum value.
In this way, a stable pretilt angle can be obtained. Surface
energy hardly changes, either, as shown in FIG. 8.

EXAMPLE 3

Alignment layers 18 and 20 are prepared from a mixture
of polyamic acid C having a surface energy change shown
in FIG. 9 and polyimide F (having a 50% content of a
diamine component contributing to vertical alignment). The
mixing ratio is polyamic acid C:polyimde F=3:1. An align-
ment layer material containing this mixture is used to
produce a liquid crystal display panel in the same way as in
Example 1. A pretilt angle of the liquid crystal panel thus
produced is measured. As represented by curve FC in FIG.
7, the pretilt angle attains about 88° at an irradiation quantity
of 2 J to 3 J of the ultraviolet light, and the change of the
pretilt angle hardly exists. In this way, a stable pretilt angle
can be obtained. As shown in FIG. 8, the change of the
voltage relative retention is small, and an excellent voltage
relative retention can be acquired.

COMPARATIVE EXAMPLE

Alignment layers 18 and 20 are prepared from a mixture
of polyamic acid A and polyimide D (having a 20% content
of a diamine component contributing to vertical alignment).
The mixing ratio is polyamic acid A:polyimide D=49:1. An
alignment layer material containing this mixture is used to
produce a liquid crystal display panel in the same way as in
Example 1. A pretilt angle of the liquid crystal panel thus
produced is measured. As represented by curve DA in FIG.
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7, the pretilt angle attained drastically drops with the
increase of the irradiation quantity of the ultraviolet light,
and a stable pretilt angle cannot be acquired.

FIG. 10 shows an exposure apparatus of an alignment
layer according to the second embodiment of the present
invention. The exposure apparatus 30 of the alignment layer
is adapted for the exposure treatment onto the alignment
layer 18 (20) of the liquid crystal display device 10 shown
in FIG. 4, for example. The exposure apparatus 30 includes
a UV light source 32, a reflecting plate 34 having slits 34a
allowing passage of the ultraviolet light, and a photomask 36
having openings 36a allowing the ultraviolet light passing
through the slits 34a of the reflecting plate 34 to directly pass
therethrough and the ultraviolet light reflected by the surface
of the reflecting plate 34 on the opposite side of the UV light
source 32 after passing through the slits 344 of the reflecting
plate 34 to pass therethrough.

The slits 34a of the reflecting plate 34 and the openings
36a of the photomask 36 extend in a stripe form in the
direction perpendicular to the sheet of FIG. 10. The slits 34a
of the reflecting plate 34 have a width of about 5 mm, for
example. The openings 36a of the photomask 36 have a
width of about 20 um, for example. The openings 36a are
arranged in the pitch of 220 um. The gap between the
reflecting plate 34 and the photomask is 1 cm, and the gap
between the photomask 36 and the alignment layer 18 (20)
is 100 pum.

In this embodiment, the reflecting plate 34 is attached to
a transparent scattering plate 38. A mask used in a prior art
exposure apparatus is made of chromium or the like. Chro-
mium has a low reflection factor. The reflecting plate 34 and
the photomask 36 in this invention are made of a material
having a high reflection factor in the wavelength region of
the ultraviolet light. For example, the reflecting plate 34 and
the photomask 36 are made of aluminum or aluminum
coated with a fluorine compound. Alternatively, the reflect-
ing plate 34 and the photomask 36 are made of a multi-
layered dielectric film.

The UV light source 32 mainly emits the ultraviolet light
within the range of 220 to 260 nm. The ultraviolet light
within this wavelength range is suitable for cutting off the
alkyl side chains of the alignment layer when irradiated, and
can conduct an excellent alignment treatment of an align-
ment layer. Since the ultraviolet light in this range can be
distinguished from indoor light, it is easy to handle. Alumi-
num has a reflection factor of about 90% to the ultraviolet
light within the range of 220 to 260 nm, and is therefore
suitable as a material having a high reflection factor for the
ultraviolet light.

The surface of aluminum is oxidized during use, and the
oxide protects aluminum but invites a drop in the reflection
factor to the ultraviolet light. Therefore, the drop of the
reflection factor to the ultraviolet light can be prevented and
the reflection factor can be increased if aluminum, the
surface of which is coated with a fluorine compound, is used.
Examples of such a fluorine compound include magnesium
fluoride and calcium fluoride. Examples of the multi-layered
dielectric film include SiO,/MgF, and LaF,/MgF,. The
multi-layered dielectric film is produced by alternately lami-
nating two materials having mutually different refractive
indices in a thickness of a ¥4 wavelength to dozens of layers,
and its reflection factor is about 95%.

The surface of the reflecting plate 34 on the side of the
photomask 36 and the surface of the photomask 36 on the
side of the reflecting plate 34 serve as the reflecting surfaces.
The UV light source 32 emits scattering light. Therefore, as
represented by solid lines with arrows, the ultraviolet light
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emitted from the UV light source 32 passes through the slits
34a of the reflecting plate 34 and then through the openings
36a of the photomask 36, and impinges upon the alignment
layer 18 (20). Further, as represented by broken lines with
arrows, the ultraviolet light emitted from the UV light source
32 passes through the slits 34a of the reflecting plate 34, is
reflected by the photomask 36 and then by the reflecting
plate 34, passes then through the openings 36a of the
photomask 36, and impinges upon the alignment layer 18
(20).

In this way, the ultraviolet light outgoing from the slits
34a of the reflecting plate 34 directly irradiates the align-
ment layer 18 (20). In addition, the ultraviolet light outgoing
from the slits 34a of the reflecting plate 34 and reflected by
the photomask 36 and by the reflecting plate 34 passes
through the openings 364 of the photomask 36 and irradiates
the alignment layer 18 (20). Therefore, in comparison with
the case where the reflecting plate 34 does not exist, the
quantity of the ultraviolet light passing through the openings
36a of the photomask 36 increases, and it becomes possible
to acquire the alignment layer 18 (20) having high utilization
efficiency of the ultraviolet light and capable of achieving
stable alignment of the liquid crystal. As the scattering plate
38 is disposed, the ultraviolet light transmitting through the
interior of the scattering plate 38 outgoes from the slits 34a
of the reflecting plate 34, and utilization efficiency of the
ultraviolet light can be further improved.

The UV light source 32 emits scattering light. The ultra-
violet light passing through the openings 36a of the photo-
mask 36 mainly obliquely irradiates the alignment layer 18
(20). The ultraviolet light (UV1) traveling obliquely in one
direction strikes a part of the region of the alignment layer
18 (20). The ultraviolet light (UV2) traveling obliquely in
the opposite direction strikes another part of the region of the
alignment layer 18 (20). The function of the alignment
treatment of the alignment layer 18 (20), by obliquely
irradiating the alignment layer 18 (20) with the ultraviolet
light, has already been explained with reference to FIGS. 2
and 3. The function of achieving alignment division by the
ultraviolet light (UV1) traveling obliquely in one direction
and the ultraviolet light (UV2) traveling obliquely in the
other direction has already been explained with reference to
FIGS. 4 and 5. This embodiment can accomplish alignment
division by a single alignment treatment.

FIG. 11 shows in detail the photomask 36. The photomask
36 is fabricated by forming a two-layered structure of a
material layer (aluminum) 36¢ having a high UV reflection
factor and a material layer (titanium oxide) 364 absorbing
the ultraviolet light on a transparent substrate 3654. The
material layer 36¢ having a high UV reflection factor reflects
the ultraviolet light outgoing from the slits 34a of the
reflecting plate 34 and allows the ultraviolet light reflected
by the reflecting plate 34 to pass through the openings 36a.
The material layer 364 absorbing the ultraviolet light is
disposed on the side of the alignment layer 18 (20) to be
irradiated, and absorbs the ultraviolet light reflected by the
alignment layer 18 (20). In this way, the ultraviolet light
reflected by the alignment layer 18 (20) can be prevented
from being incident as stray light into the alignment layer 18
(20).

A thermosetting sealant (a product of Mitsui Chemical
Co.) is applied to one of the substrates 12 and 14 having
alignment layers (a product of JSR K. K.) 18 and 20 formed
by using the exposure apparatus 30 shown in FIGS. 10 and
11, and spacers of 4 um diameter (a product of Sekisui Fine
Chemical Co.) are scattered on the other substrate. Both
substrates are then joined to each other. After packed in
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vacuum, the substrates are maintained in an oven at 135° C.
for 90 minutes to fabricate an empty cell. The vertical
alignment layer 16 (a product of Merck Co.) having negative
dielectric anisotropy is charged into this empty cell to
fabricate a liquid crystal display panel.

FIG. 12 shows a modified example of the exposure
apparatus of the alignment layer shown in FIG. 10. In the
same way as in the example shown in FIG. 11, the exposure
apparatus 30 of the alignment layer includes a UV light
source 32, a reflecting plate 34 having slits 34a allowing
passage of the ultraviolet light and a photomask 36 having
openings 36a allowing passage of the ultraviolet light out-
going from the slits 34a of the reflecting plate 34 and the
ultraviolet light reflected by the surface of the reflecting
plate 34 on the opposite side of the UV light source 32. The
reflecting plate 34 is attached to a transparent scattering
plate 38.

In FIG. 12, the UV light source 32 emits parallel ultra-
violet light. Condensing means 40 comprising convex lenses
is interposed between the UV light source 32 and the
reflecting plate 34. The condensing means 40 condenses the
ultraviolet light emitted from the UV light source 32 to the
slits 34a of the reflecting plate 34, and the ultraviolet light
so condensed passes through the slits 34a of the reflecting
plate 34. The light transmitting through the scattering plate
38 passes through the slits 34a of the reflecting plate 34, too.
The slits 34a of the reflecting plate 34 have a width of about
5 mm, for example. The openings 36a of the photomask 36
have a width of about 20 pm, for example, and are disposed
in the pitch of 200 um. The gap between the condensing
means 40 and the reflecting plate 34 is 2 cm, the gap between
the reflecting plate 34 and the photomask is 1 cm, and the
gap between the photomask 36 and the alignment layer 18
(20) is 100 pm. A liquid crystal display panel is fabricated
in the same way as in the foregoing example.

FIG. 13 shows the first exposure step of an exposing
method of an alignment layer according to the third embodi-
ment of the present invention. FIG. 14 shows the second
exposure step subsequent to the step shown in FIG. 13. A
substrate 14 is a TFT substrate in the same way as the
substrate 14 of the liquid crystal display device shown in
FIG. 1. The substrate 14 has pixel electrodes 24 and an
alignment layer 20.

Each pixel electrode 24 is surrounded by gate bus lines 42
and data bus lines. FIGS. 13 and 14 are sectional views
crossing the gate bus lines 42. Each pixel electrode 24 has
an elongated shape extending in parallel to the data bus
lines, and the gate bus lines 42 and the data bus lines define
a pixel region of 200 umx70 pum. The gate bus lines 42 and
the data bus lines have a width of 5 um and are formed in
a spaced apart relationship from the pixel electrode 24 by 3
pm. The opposing substrate 12 has a black matrix, the
common electrode 22 and the alignment layer 18 (see FIG.
1). The black matrix defines a pixel region of 200 pmx70
um. Two gate bus lines 42 determine the pixel pitch g.
Similarly, the pixel pitch g is determined in the opposing
substrate 12, too.

The exposure apparatus 44 includes a UV light source 46
emitting parallel ultraviolet light and a photomask 48. The
photomask 48 includes shading members 48a (e.g. metallic
chromium) deposited on the surface of a transparent plate
(e.g. quartz). The shading members 48a form openings 485.
The size of the openings 485 of the photomask 48 is “a”
(pm).

The photomask 48 is disposed above the alignment layer
20, and the gap between the photomask 48 (the surface of its
shading member 48) and the alignment layer 20 is “d” (um).

20

25

35

40

45

60

65

14

The photomask 48 is positioned with respect to the align-
ment layer 20 in such a fashion that the center of one
opening 485 of the photomask 48 is aligned with the center
of one pixel region (the center between the two gate bus
lines 42) of the alignment layer 20.

The UV light source 46 is obliquely disposed above the
photomask 48. The UV light source 46 is disposed in such
a fashion that the angle of the ultraviolet light made incident
to the photomask 48 and to the alignment layer 2 is 6 (rad).
The UV light source 46 is first disposed obliquely above the
photomask 48 at the angle 6 to conduct the first exposure, as
shown in FIG. 13, and is then disposed obliquely and
symmetrically to the UV light source 46 of the first arrange-
ment at the angle 8 to conduct the second exposure, as
shown in FIG. 14.

The size “a” (um) of the opening 485 is preferably about
a half of the pixel pitch “g” (um). For example, the size “a”
of the opening 485 is 100 um, and the pixel pitch “g” is 200
um. With this construction, it becomes possible to position
the photomask 48 with respect to the alignment layer 20 and
to conduct the first exposure as shown in FIG. 13, and to
irradiate the ultraviolet light onto the half of each pixel
region of the alignment layer 20. It is also possible to
conduct the second exposure while the relationship between
the photomask 48 and the alignment layer 20 is kept as such
(without conducting positioning again), and to irradiate the
remaining half of each pixel region of the alignment layer
20, as shown in FIG. 14. In other words, the troublesome
positioning work between the photomask 48 and the align-
ment layer 20 needs to be carried out only once, and
exposure can be conducted twice from different angles.

FIG. 15 shows the substrate 14 having the alignment layer
20 that is treated by the exposing method shown in FIGS. 13
and 14. The molecules 164 of the liquid crystal 16 in one
region and the molecules 165 of the liquid crystal 16 of
another region are aligned in mutually opposite directions.
In this way, the liquid crystal display device having align-
ment division can be easily fabricated.

FIG. 16 shows a modified example of the treating method
of the alignment layer shown in FIGS. 13 and 14. In FIG. 16,
the exposure apparatus 44 includes the UV light source 46
emitting parallel ultraviolet light and the photomask 48. The
pixel pitch is “g” (um) and the size of the opening 485 is “a”
(um). The photomask 48 is disposed above the alignment
layer 20, and the gap between the photomask 48 (the surface
of its shading member 48) and the alignment layer 20 is “d”
(um). The UV light source 46 is obliquely disposed above
the photomask 48. The UV light source 46 is disposed in
such a fashion that the angle of the ultraviolet light made
incident to the photomask 48 and to the alignment layer 2 is
0 (rad).

The photomask 48 is disposed above the alignment layer
20, and the gap between the photomask 48 and the alignment
layer 20 is “d” (um). The photomask 48 is positioned with
respect to the alignment layer 20 in such a fashion that the
center of one opening 48b of the photomask 48 is aligned
with the center of one pixel region (the center between the
two gate bus lines 42) of the alignment layer 20. The UV
light source 46 shown in FI1G. 16 is first disposed obliquely
above the photomask 48 at the angle 0 to conduct the first
exposure and is then disposed obliquely and symmetrically
to the UV light source 46 of the first disposition at the angle
8 and conducts the second exposure. In this way, the treating
method of the alignment layer shown in FIG. 16 can limit the
troublesome positioning work between the photomask 48
and the alignment layer 20 to only once, and can conduct the
exposure twice from different angles.
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In the basic feature of the third embodiment, the UV light
source 46, the photomask 48 and the alignment layer 20 are
arranged in such a fashion that the ultraviolet light passing
through one opening 485 of the photomask 48 impinges
upon the pixel region that is displaced from the pixel region
of the alignment layer 20 aligned with this one opening 485
(existing immediately below this one opening 485) by n
pixel regions (where n is an integer equal to more than 0).

In FIG. 16, the arrangement is such that the ultraviolet
light passing through one opening 485 of the photomask 48
impinges upon the pixel region displaced from the pixel
region of the alignment layer 20 aligned with this one
opening 485 (existing immediately below this one opening
485) by one pixel region (adjacent pixel region). Inciden-
tally, the examples shown in FIGS. 13 and 14 correspond to
the case where n is 0.

The UV light source 48, the photomask 48 and the
alignment layer 20 are so arranged as to satisfy the following
relationships.

(g/2-20)2a=(g/2+20) M
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= o —
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After positioning is made in this way, the ultraviolet light
is irradiated from the UV light source 46 to conduct the
alignment treatment of the alignment layer 20.

The gap “d” (um) between the photomask 48 and the
alignment layer 20 satisfies the following relationship.
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The angle 6 (rad) of the ultraviolet light made incident to
the alignment layer 20 satisfies the following relationship.
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FIG. 17 shows the width of the non-exposed region and
the alignment state in the liquid crystal display device with
the alignment division established by exposing twice one
pixel region. FIG. 18 shows the width of the overlapping
exposed region and the alignment state in the liquid crystal
display device with the alignment division established by
exposing twice one pixel region. The non-exposed region
and the overlapping exposed region will be explained with
reference to FIGS. 19 and 20. If the regions exposed by the
first and second exposure steps are distributed exactly to
both sides of the centerline of one pixel region, the non-
exposed region and the overlapped exposed region do not
develop. In practice, however, the situation is not so ideal.
If the non-exposed region and the overlapping exposed
region are small, they do not affect the alignment state. If the
non-exposed region and the overlapping exposed region are
large, they do affect the alignment state.

FIG. 17 shows that, if the width of the non-exposed region
is not greater than 20 pm, the excellent alignment state can
be maintained. FIG. 18 shows that, if the width of the
overlapping exposed region is not greater than 20 pm, the
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excellent alignment state can be maintained. The formulas
(1) and (2) given above are based on the examination results
shown in FIGS. 17 and 18.

FIGS. 19A to 19C show the exposure state of one pixel
region when the size “a” (um) of the opening 485 of the
photomask 48 is changed. Reference numeral 50 denotes
one pixel region. Reference numeral 50A denotes the region
exposed by the second exposure step. Reference numeral
50B denotes the region exposed by the first exposure step.
An arrow represents the pre-tilt direction. FIG. 19A shows
the case where the size “a” (um) of the opening 485 is set so
that the regions 50A and 50B exposed by the first and second
exposure steps are distributed exactly to both sides of the
centerline of one pixel region. In this case, the non-exposed
region and the overlapping exposed region do not exist.

FIG. 19B shows the case where the size “a” (um) of the
opening 485 is set to a value smaller than that in the case of
FIG. 19A. In this case, since both exposed regions 50A and
50B become narrower, the non-exposed region 50C devel-
ops. FIG. 19C shows the case where the size “a” (um) of the
opening 485 is set to a value greater than that in the case of
FIG. 19A. In this case, as both exposed regions 50A and 50B
become broader, the overlapping exposed region 50D devel-
ops.

FIGS. 20A to 20C show the exposure state of one pixel
region when the gap “d” (um) between the photomask 48
and the alignment layer 20 is changed. FIG. 20A represents
the case where the gap “d” is set so that the exposed regions
50A and 50B exposed by the first and second exposure steps
are distributed exactly on either side of the centerline of one
pixel region. In this case, the non-exposed region and the
overlapping exposed region do not exist.

FIG. 20B represents the case where the gap “d” is set to
avalue smaller than that in the case of FIG. 20A. In this case,
since the exposed regions 50A and 50B deviate outward, the
non-exposed region 50C develops at the center of the pixel
and the overlapping exposed region 50D develops at the end
of the pixel. FIG. 20C represents the case where the gap “d”
is set to a value greater than that in the case of FIG. 20A. In
this case, since the exposed regions 50A and 50B deviate
towards the center, the overlapping exposed region 50D
develops at the center of the pixel and the non-exposed
region 50C develops at the end of the pixel.

FIGS. 21A and 21B are views explaining the problem
when the pixel pitch “g” (um) is changed. In the proximity
exposure, positioning between the photomask 48 and the
alignment layer 20 is conducted while the gap “d” is secured
between them. As the pixel becomes smaller, however, the
gap “d” between the photomask 48 and the alignment layer
20 must be decreased, but the gap “d” cannot be decreased
below an allowable value.

FIG. 21A shows the case where the pixel pitch “g” is
sufficiently great and the gap “d” between the photomask 48
and the alignment layer 20 falls within the allowable range.
FIG. 21B shows the case where the pixel pitch “g” becomes
smaller and the gap “d” must assume a value smaller than
the allowable range. In practice, however, the gap “d” cannot
take a value smaller than the allowable range. In order to
conduct two exposure steps by a single positioning step,
therefore, it is necessary to keep the gap “d” within the
allowable range and to change the angle 8 of the ultraviolet
light made incident to the alignment layer. However, when
the angle 0 of the ultraviolet light made incident to the
alignment layer 20 is changed, the alignment treatment
capability by the ultraviolet light drops undesirably.

It is advisable in such a case to employ the construction
wherein the ultraviolet light passing through one opening
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485 of the photomask 48 irradiates the pixel region that is
displaced from the pixel region of the alignment layer 20
aligned with this one opening 485 (existing immediately
below this one opening 485), by n pixel regions (where 1 is
an integer equal to or more than 0), as explained with
reference to FIG. 16. According to this construction, it is
possible to keep the gap “d” within the allowable range and
to set the angle 0 of the ultraviolet light made incident to the
alignment layer 20 to a suitable value. The third embodiment
can exploit this advantage.

FIG. 22 shows a liquid crystal display device according to
the fourth embodiment of the present invention. The liquid
crystal display device 10 includes a pair of transparent
substrates 12 and 14, a liquid crystal 16 arranged between
the pair of substrates 12 and 14, and alignment layers 18 and
20 respectively provided on the inner surface side of the
substrates 12 and 14. Electrodes 22 and 24 are disposed
under the alignment layers 18 and 20, respectively. One of
the substrates 12 is a color filter substrate, and the electrode
22 is a common electrode. The other substrate 14 is a TFT
substrate, and the electrode 24 includes a plurality of pixel
electrodes disposed with an active matrix including TFTs.

FIG. 24 is a plan view showing the inner surface of the
color filter substrate 12 shown in FIG. 22. The color filter
substrate 12 has a black matrix 54. FIG. 25 is a plan view
showing the inner surface of the TFT substrate 14, and bank
structures of the color filter substrate 12 are additionally
illustrated in FIG. 25. Gate bus lines 42 and data bus lines
52 surround the pixel electrode 24. The data bus lines 52 can
be seen in FIG. 22.

The liquid crystal 16 has negative dielectric anisotropy.
The alignment layers 18 and 20 are vertical alignment
layers. The alignment layers 18 and 20 are subjected to the
alignment treatment so that the liquid crystal molecules 16¢
are aligned in the a direction perpendicular to the sheet of
FIG. 22. In FIGS. 24 and 25, arrows represent the alignment
direction (pre-tilt direction) of the liquid crystal. The align-
ment treatment can be conducted by using various means.
For example, the alignment treatment can be conducted by
rubbing or UV irradiation as explained.

FIG. 23 is an enlarged view showing a part of the color
filter substrate 12 shown in FIG. 22. In FIGS. 22 and 23,
bank structures 56 are disposed on the alignment layer 18 of
the color filter substrate 12 at positions corresponding to the
data bus lines 52 of the TFT substrate 14. A dielectric film
58 is formed in a predetermined shape on the common
electrode 22. The bank structure 56 is formed as a projection
of the alignment layer 18 covering the dielectric film 58. The
dielectric film 58 is extremely thin. When a resist pattern is
used to form the dielectric film 58, for example, the resist
pattern is made thin by conducting ozone ashing. Alterna-
tively, the resist is in advance diluted by a diluent and the
solution is spin-coated. The resist pattern can be made thin
when the diluent is expelled. In the present invention, the
thickness “t” of the bank structures 56 is within the range of
0.1 to 0.15 pm.

As can be seen in FIGS. 22 to 25, the bank structures 56
are arranged immediately above the data bus lines 52 and
extend in parallel to the data bus lines 52. The width of the
bank structures 56 is greater than that of the data bus lines
52. Therefore, the bank structures 56 not only cover the data
bus lines 52 but also overlap with the ends of the pixel
electrodes 24. Symbol “O” represents the overlapping quan-
tity of the bank structure 56 with the pixel electrode 24, and
symbol “P” represents the swelling quantity of the bank
structure 56 from the black matrix 54.
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FIG. 26 shows an example of the liquid crystal display
device to explain disturbance of the alighment of the liquid
crystal due to a transverse electric field at the boundary
portion between the pixel electrode and the bus line. The
alignment layers 18 and 20 are omitted from FIG. 26. The
liquid crystal molecules 16¢ are aligned in the direction
perpendicular to the sheet of FIG. 26. However, the liquid
crystal molecules 164 positioned at the boundary portion
between the pixel electrode 24 and the data bus line 52
receive the effect of the transverse electric field between the
pixel electrode 24 and the data bus line 52, and are tilted
toward the direction parallel to the sheet of FIG. 26 (in the
direction from the edge portion of the pixel electrode 24
towards the center thereof), as represented by broken lines
with arrows. Consequently, the alignment of the liquid
crystal is disturbed at the boundary portion between the
pixel electrode 24 and the data bus line 52, and disclination
may occur, as represented by hatching. For example, the
transmission drops at this portion when white is displayed,
and the brightness also drops.

FIG. 27 shows a basic example for preventing the distur-
bance of the alignment of the liquid crystal. The bank
structures 60 having a certain thickness are disposed imme-
diately above the data bus line 525 in parallel to the data bus
lines 52. The liquid crystal molecules 164 in the proximity
of the bank structures 60 are aligned perpendicular to the
surface of the bank structures 60. The alignment direction of
the liquid crystal molecules 60 in the proximity of the bank
structure 60 is in reverse to the alignment direction of the
liquid crystal molecules 164 that are positioned at the
boundary portion between the pixel electrode 24 and the
data bus line 52 and that receives the effect of the transverse
electric field, and the alignment tendences in two directions
are offset from one another, whereby the liquid crystal
molecules are prevented from tilting in a direction parallel to
the sheet of FIG. 27 (in a direction from the edge towards the
center of the pixel electrode 24). Consequently, the occur-
rence of disclination can be suppressed.

However, the bank structures 60 are disposed on the color
filter substrate 12, and a positioning error at the time of
joining the color filter substrate 12 and the TFT substrate 14
must be taken into consideration. Also, the overlapping
quantity between the bank structure 60 and the edge of the
pixel electrode 24 poses another problem. When the over-
lapping quantity is small, the alignment controlling force of
the bank structure 60 becomes small, and fails to suppress
the occurrence of disclination resulting from the transverse
electric field. When the overlapping quantity is great, on the
contrary, the alignment controlling force of the bank struc-
ture 60 becomes great, and disclination resulting from the
bank structure occurs.

As a result of study of the relationship between the
overlapping quantity of the bank structure with the edge of
the pixel electrode 24 and disclination, it is found that the
overlapping quantity of the bank structure 60 with the edge
of the pixel electrode 24 that can most greatly reduce
disclination changes depending on the thickness “t” of the
bank structure 60. The greater the thickness “t” of the bank
structure 60, the smaller becomes the overlapping quantity
that can reduce disclination, and the smaller the thickness “t”
of the bank structure 60, the greater becomes the overlap-
ping quantity that can reduce disclination.

To reduce the occurrence of disclination resulting from
the positioning error, it is preferred to reduce the thickness
of the bank structures as much as possible. In the present
invention, the thickness “t” of the bank structure 56 is in the
range of 0.1 to 0.15 um. In this case, the overlapping
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quantity between the bank structure 56 and the edge of the
pixel electrode 24, that can reduce disclination, is preferably
in the range from 2 to 8 um.

In the embodiment, the pixel pitch in the direction of the
gate bus lines 42 is 80 pum, the width of the data bus lines 52
is 5 pum, the gap between the pixel electrode 24 and the data
bus line 52 is 3 pum, and the width of the pixel electrode 24
is 69 pm. The width of the black matrix 54 is 11 um and the
pitch of the black matrix 54 is 80 pm. The thickness of the
bank structures 56 is 0.12 um and the width of the bank
structures 56 is 21 um. Therefore, the overlapping quantity
“O” of the bank structure 56 and the pixel electrode 24 is 5
um and the swelling quantity of the bank structure 56 from
the black material 54 is 5 pm.

Joining of the color filter substrate 12 and the TFT
substrate 14 is conducted in such a fashion that the edge of
the black matrix 54 is aligned with the edge of the pixel
electrode 24. Joining is conducted also in such a fashion that
the pretilt direction of the alignment layer 18 of the color
filter substrate 12 is reverse to the pretilt direction of the
alignment layer 20 of the TFT substrate 14. When the color
filter substrate 12 and the TFT substrate 14 are joined to each
other, a positioning margin of +3 um must be taken into
consideration. When the overlapping quantity “O” of the
bank structure 56 with the pixel electrode 24 is 5 pm, the
overlapping quantity “O” falls within the range from 2 to 8
um even when any positioning error occurs. When the
overlapping quantity “O” is within this range, the occur-
rence of disclination can be suppressed.

FIG. 28 shows the relationship between the overlapping
quantity (width) “O” of the bank structure 56 with the pixel
electrode 24 and the brightness ratio when the thickness of
the bank structures 56 is 0.15 wm. The brightness ratio is
represented by the brightness at the end portion of the pixel
electrode 24 when the brightness at the center portion of the
pixel electrode 24 is 1. The drop of the brightness remains
within 20% when the overlapping quantity “O” is within the
range from 2 to 8 pm. The drop of the brightness is small
even when the overlap “O” is outside the range from 2 to 8
pm.
FIG. 29 shows the relationship between the overlapping
quantity (width) “O” of the bank structure 56 with the pixel
electrode 24 and the brightness ratio when the thickness of
the bank structures 56 is 0.31 pm. The drop of the brightness
remains within 20% when the overlapping quantity “O” is
within a small range around 3 pm as the center. When the
overlapping quantity “O” is outside this range, the bright-
ness drops drastically.

FIG. 30 shows the relationship between the overlapping
quantity “O” of the bank structure 56 with the pixel elec-
trode 24 and the brightness ratio when the thickness of the
bank structure 56 is 1.75 pm. The drop of the brightness
remains within 20% when the overlapping quantity “O0” is in
the range from -1 to +3 pm. When the overlapping quantity
“0” is outside this range, the brightness drops drastically.
Incidentally, the overlapping quantity “O” of -1 pm repre-
sents that there is a distance between the bank structure 56
and the pixel electrode 24.

As explained above, the present invention can accomplish
stable alignment of the liquid crystal and can therefore
obtain a liquid crystal display device capable of providing an
excellent display.
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The invention claimed is:

1. A method of treating an alignment layer by irradiating
ultraviolet light onto an alignment layer having a plurality of
pixel regions defined therein to treat said alignment layer for
realizing alignment, said method comprising the steps of:

arranging a photomask above said alignment layer;

positioning said photomask with respect to said alignment
layer so that a center portion of a first opening of said
photomask is aligned with a center portion of a first
pixel region of said alignment layer;
arranging a ultraviolet light source above said photomask;
wherein said UV light source, said photomask and said
alignment layer are arranged such that the ultraviolet
light passing through said first opening of said photo-
mask impinges upon a pixel region of said alignment
layer displaced from said first pixel by n pixel regions
(n is an integer equal to or more than 1);

wherein said ultraviolet light source, said photomask and
said alignment layer are arranged in such a fashion as
to satisfy the following relationships (1) and (2),

(§/2-20)=2a=(g/2+20) 1)

2
@n+Dtand

@

2d
20§a§( 20

Jn+ Dtand

where “a” (um) is a width of said opening of said
photomask, “d” (um) is a gap between said photomask
and said alignment layer, 0 (rad) is an angle of the
ultraviolet light made incident to said alignment layer
and “g” (um) is a pitch of said pixel regions; and

irradiating the ultraviolet light from said ultraviolet light
source to treat said alignment layer for realizing align-
ment.

2. The method according to claim 1, wherein said gap d
(um) between said photomask and said alignment layer
satisfies the following relation (3), and

the angle 0 (rad) of the ultraviolet light made incident to

said alignment layer satisfies the following relation (4).

@n + Dia-20)tand cdx @n+ D(a + 20) tanf 3
2 =4z 2
t 2 0 <ot 2 @
A D+ 20) = = Gy Dia- 20

3. The method according to claim 1, wherein after said
ultraviolet light source, said photomask and said alignment
layer are arranged in said positional relationships, the ultra-
violet light is irradiated from said UV light source to treat
said alignment layer for realizing alignment, and after the
direction of said UV light source is changed and while said
UV light source, said photomask and said alignment layer
are arranged in said positional relationships, the ultraviolet
light is again irradiated from said UV light source to said
alignment layer to treat said alignment layer for realizing
alignment.
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