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(57) ABSTRACT

A liquid crystal is sealed with a sealing member between
first and second transparent substrates, whereby a liquid
crystal cell capable of transmitting ultraviolet light is pro-
duced. The liquid crystal cell is inserted into a mould into
which an ultraviolet-setting resin is dropped and which is
used to produce a light control member. The ultraviolet-
setting resin is pressed to be bonded to the liquid crystal cell.
In this state, ultraviolet light is irradiated to the liquid crystal
cell in the mould from outside the mould. Thus, the ultra-
violet-setting resin is set while bonding to the liquid crystal
cell. Thereafter, the liquid crystal cell is removed from the
mould. Consequently, the light control member is directly
formed on the liquid crystal cell.

0 3 % 12

PSP O IO EIITY

LN L LAl }10
AR ARNRANRRARRN

T\\\\\\ MAARKARARRRRN

AR 21

L e

= ———=—=—=p 38

ST T VN e
XN T

N

RN AN R NN
L L

AN AN
TAXZ X778 \o,

l

27

108 18 26



US 2005/0041175 Al

Patent Application Publication Feb. 24,2005 Sheet 1 of 18

Fig.1A

122

N

™~16
24

L ") 1’
~
- AN
N
N
N N\
N

N

NF120
P
P

L

4
7
/
7/
s

//
\ -7
r——
/
|
\

-
ks
’

”~
s
e

7
/
’
'~ s
- /

~
N\
4
;

\
-
’
4
e

v
L i
~
-
-

:

~
~

-~

7
-

~

\

i
/
/
__—,_— —
!
I ’I
)



Patent Application Publication Feb. 24,2005 Sheet 2 of 18 US 2005/00411
75 Al

Fi1g.2

2
AN I IT SIS LI EEL, ETIIIIIIITL 10
122 \hs \\\\\\\\\\\\\\~\~\\\\\\\\\\\\\~ 1
N 4 /s , é p 21




US 2005/0041175 Al

Patent Application Publication Feb. 24,2005 Sheet 3 of 18

12
e

14

3

Fig.4A

1A

J

120

I'/f/ll/ll,/‘/,/ll /‘//<//: /</’/ /’/(,’/{//(,{//'

O NSNS NSNSV SNIN Y

N

~— 38

\\\ \<\,']5

10

N 27

ARNANANARRN

I~ 36

\24

)

A

ANANAN

. , -
<
\\ A N
N ~ ~
N N N
~ N AN AY
N s, Y
. N N\ \
’ s
s

p2724

(77T T IR LRI T A2

. .
NN

9 %

108

27

2']\
A

\

122

Fig.4B

N
\\/
hY

[ &
Jle

T XTI ETRTTE

B_\\\
—

Lo lel el f
RAERARAKRRR KRN

)7\/‘/\

STV TN SN NIN O

&
|
CPTS
2N
N
A &
AN
AT
N
~ T\ /
\WW
s /
N
.7 //
TN
N
AN
\\\/

2’1\ ~

122




38
N—40

12

\\\ \\/']6

60

US 2005/0041175 Al
62

L2!.

; 7

P s €

\ \
~ ~
AN N N
~ N N

N ) N

\ N N \
\
4
. s .

N
hY
\,
’
’
e
7
L

g0

26

L
SN

AT A

Y] \'
19

EAEARARE R
108

ULl

Fig.bA
27
Fig.bB

7/
4
AR

AN
L L L L

L L L L L
NSNS NS NN

\\.\

N\

22\

2
N

Patent Application Publication Feb. 24,2005 Sheet 4 of 18
12

—

+— 38

1

S ONLU®B

36

\
2

\

0 g2

N=H

2
L
26

RRNANRN

1
/

120
19

AN
108

{

14
V0l el el el el Cl el el de

NN

27

A

SONSNSNSNSNONGN

‘\g \ ‘\ \" ‘\\ ‘\\ \\ ~ ‘\\ ‘\\
(T 77T 777777 X7 T AT TX

~

N

N

\

122



Patent Application Publication Feb. 24,2005 Sheet 5 of 18 US 2005/0041175 Al

Fig.6A

1c
120F 3 120 (e
1272 21 ‘/f'/»/ /’/[)'/'/'////I/, Ll L
LN SN SSNSN IS NSNSNEN ALY 1,86
\ ok (

{

i S s - 40
N /~ ™ /\ N - N /\ AR —\36
7227 \
19 27 26 2% 108

N
N
N
N
\/
V]
~N
N

1D
wWE\ 3 1720 7 1
21 ” '/'/'/'/',V///W// /r/Z'// 2']
12\2 N IANARAARARARAVARARARARANRRAY 120E

G~
AV AT AV 7 \
9 27 26 2% 108



Patent Application Publication Feb. 24,2005 Sheet 6 of 18

51 52

US 2005/0041175 Al

a7 [ sy

Fig.7B

Fig.7D

Fig7E

A A AV A A A | ]
‘ RN 50
52
517/
M e A I
N NSO SN S NN -
/ ' 120

120

156




Patent Application Publication Feb. 24,2005 Sheet 7 of 18 US 2005/0041175 Al

Fig.8A

54

53 52 @ 51 53

~——

50

Fig.8B

| 120

g




Patent Application Publication Feb. 24,2005 Sheet 8 of 18 US 2005/0041175 Al
Fi1g.8C
54
/// //
Ve A
. g
: 57
/ 50
77
s
53 Il!' .
WA )
7




Patent Application Publication Feb. 24,2005 Sheet 9 of 18 US 2005/0041175 Al

Fig.9A

52 b3 50




Patent Application Publication Feb. 24,2005 Sheet 10 of 18 US 2005/0041175 Al

Fig.10

54,
gl
=
53  50P
_Z
Ll
/i Wl

T ~ miug
il IR




Patent Application Publication Feb. 24,2005 Sheet 11 of 18 US 2005/0041175 Al

Fi1g.11A 55

///2/&

59 50C
A Ak

S il




Patent Application Publication Feb. 24,2005 Sheet 12 of 18 US 2005/0041175 Al

Fig.12A

'€
\\ 120 1§ 12
/ (
L L Ll L L L L L L AL e A L }10
OO SN NN SN YNNI NIN TN N SN IR SN

70\ AN

ZIN-108

—1
N
N
W
N
N

122 19 2%




Patent Application Publication Feb. 24,2005 Sheet 13 of 18 US 2005/0041175 Al
Fig.13A
122 21 120 19 16
N / J l
120F
//‘
-16A
Fig.13B
122 21 120 19 16
N / ] £
! / !
( |
| 120F
F-1
|
1
| /L_,’l 20E
|
[
|
I
|




Patent Application Publication Feb. 24,2005 Sheet 14 of 18 US 2005/0041175 Al

74
-
122 ¥ 54
\ ———— )

F 1g.14A |}-21,22,70

oA

. 122\ C = = a /
Fig.14B [1-21,22,70

122 [T = /5

Fig.14C | 212270




Patent Application Publication Feb. 24,2005 Sheet 15 of 18 US 2005/0041175 Al

Fi1g.15A

122 T/_/sa

AP Tt T, v s ™
f]22 ‘\\ ~ \\\ “\\ __\120
N N
- \ \\\ \\ \\\ \\ g 1 6
~ ~
e —~ = ="r 77

EIIIA—--_—_-’_;._-_- e ,-, e —_—_,—;.—_—_—_-_-r_—_:_ \
/ ,/ ,’, /// / ) . 2['
e ,, ‘ ’ //
N NN NN SN BN S N N -
VAV AV A VA AANL VAN L L AL L AL L




Patent Application Publication Feb. 24,2005 Sheet 16 of 18 US 2005/0041175 Al

5 52

914 [l s S 1
5

AN A NN N

Fig.1eB - \@ ‘51\ 6

5?2
[ W }50

58

\\ \ \ T~50
Y4 -5

5/
e
FigleD —~v—~~V—<~= A-120
51
bt

120

156




Patent Application Publication Feb. 24,2005 Sheet 17 of 18 US 2005/0041175 Al

Fig.17A

2A
o 3 [’120 12
OIS TEIEI I VITI I T ES O I /f},_ﬂO
2’1\02\ AR AR RARARR RS R F A
> \& etV a \\\ 2’]
Z%\ \\ \\\\ \\\ \ \\\
¢§ \\ \\ \\ \\ b \\ /16
N AN N S AN N
/\ N \ N
} O P e e e e Py "/ & 9]0 ¢ 38
/ T VAV A AA AV,
T ZA T Z 2 Y40
1 1 IR \ -~
172 32 34 27. 26 19 % .36

B 12
3 120
21 \ \ [ / 10
Ll e Ll L AL L e L Ll el Lo Ll }/14
\‘\‘\ NN \ OOV SNYN NS ‘\\L/
> \k\———:—ﬁ T < ) ’k\\/zll
g§ \\ \\\ \ \\\ \\ \/16
\1 AN AN M S\ AN -1
LN —e S N A 38
g | Vi i i v Ny~
e
122 32 34 %

27 2 19 2%



Patent Application Publication Feb. 24,2005 Sheet 18 of 18 US 2005/0041175 Al

2C
or £ 3 R
VN ) ) )/ }//“0
Ve A L L el LAl vl e Tl r e A o
MMM KINAT AR RO RARARR A RS § g
AN N R N .
2S \\\\ \\\\ \\\ \\\ N \<
7NN ™ > / 38
/ m}—"i’? A A A A S A A Ve Ay iy 2 /LO
A AR 4 . ; A
122 32 34 25 27 18 24

120F —\ 3 120
21 ) )

e el el A LTl l L.
SN \\‘L\ SOOIV N
A/\MI\/\

;\ \\\ . N
N N N h
/N \ N
N N AN ~
[ 4\ S —_ \\_ —ee N\
Z '/ Z 2 7 /,/ 4 17 7,./ VA4
) /(/ A /\ () )
122 32 34, [

26 27 18 24



US 2005/0041175 Al

DISPLAY DEVICE EMPLOYING LIGHT
CONTROL MEMBER AND DISPLAY DEVICE
MANUFACTURING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application has priority over, and incorporates
by reference, the entire disclosure of Japanese Patent Appli-
cations NOS. 2003-173335 and 2003-17336 filed on Jun. 18,
2003.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display device
and a display device manufacturing method as well as a
method of manufacturing the components of the display
device. More particularly, the present invention is concerned
with a display device including an electro-optic converting
member, which can control an amount of transmitted light
by utilizing an electric action, such as a liquid crystal cell,
and also including a light control member for controlling
refraction of light, a method of manufacturing the display
device, and a method of manufacturing the components of
the display device.

[0004] 2. Description of the Related Art

[0005] To date, liquid crystal display devices have rapidly
been evolved as one form of display device in various fields
owing to the features of lower power consumption, thin
design, low weight, and others. In particular, the liquid
crystal display device is adopted for the majority of personal
digital assistant equipment, including portable cellular
phones, whose prevalence has grown in recent years.

[0006] Moreover, the liquid crystal display device adopted
for the personal digital assistant equipment is designed with
an emphasis on low power consumption for a longer service
life of a battery. However, as the liquid crystal display device
is not a type of display device that glows itself, it is hard to
discern the display in an environment in which sufficient
extraneous light is not available. Therefore, the personal
digital assistant equipment has a backlight disposed as an
auxiliary light source on one side of a liquid crystal cell
opposite to the side at which a viewer exists. The liquid
crystal display device having the backlight falls into a
transmissive type and a transflective type. However, these
types of liquid crystal display devices are very poor at
efficient use of light.

[0007] A proposal has been made for a reflective liquid
crystal display device including one polarizer and adopting
a front light, which 1s disposed on the side of a liquid crystal
cell on which a viewer exists, as an auxiliary light source.
However, as a light guide plate for introducing light emitted
from the front light is disposed on the side on which a viewer
of the liquid crystal panel or cell lies, the liquid crystal
display device is made thicker by the thickness of the light
guide plate. Normally, as the light guide plate has a thickness
of about 1 mm, the liquid crystal display device becomes
thicker by 1 mm at a minimum. Moreover, when the front
light is adopted, a light guide plate having unevenness is
employed. Therefore, a protective plate called windshield
must be placed on the external side of the light guide plate
in order to protect the light guide plate from damage. This
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increases the thickness of the liquid crystal display device.
In reality, when consideration is taken into the thickness of
the windshield, an extra thickness of 3 mm is added to the
thickness of the liquid crystal panel.

[0008] Japanese Unexamined Patent Application Publica-
tion No. 2001-33766 has proposed a liquid crystal display
device having an auxiliary light source mounted on a lateral
side thereof. The liquid crystal display device is of a
reflective type having a reflecting layer formed on an
outermost layer thereof. The reflective liquid crystal display
device has a liquid crystal layer sealed with a sealing
member between two transparent substrates. A first polariz-
ing member supported using a double-faced adhesive is
placed on the external side of one of the transparent sub-
strates, and a light control member is disposed in a space
between the first polarizing member and the first transparent
substrate. A second polarizing member is layered on the
external side of the other transparent substrate, and a reflec-
tive layer is formed on the external side of the second
polarizing member.

[0009] When incident light approximates a line perpen-
dicular to the surface of the light control member, the light
control member transmits the light. When the incident light
approximates a line horizontal to the surface thereof, the
light control member reflects the light. The light control
member is intended to increase an amount of light trans-
mitted by the liquid crystal layer. A light source is in close
contact with the lateral sides of the layered transparent
substrates. The light control member reflects light, which
emanates from the light source, in the direction in which
liquid crystalline molecules are aligned.

SUMMARY OF THE INVENTION

[0010] The foregoing light control member has an optical
film bonded to the top of the first transparent substrate. If the
light control member is displaced relative to the first trans-
parent substrate, the adhesive via which the first polarizing
member is supported on the first transparent substrate oozes
out onto one end of the uneven portion of the light control
member. This causes the first polarizing member to tilt
relative to the first transparent substrate. Consequently, the
thickness of a liquid crystal display member increases.
Furthermore, the same problem occurs even when the adhe-
sive is applied at an incorrect position on the light control
member. Moreover, even if the position of the light control
member on the first transparent substrate is correct but the
adhesive is applied at an incorrect position, the first polar-
izing member tilts relative to the first transparent substrate
for the same reason. Consequently, the thickness of a liquid
crystal display member increases.

[0011] Furthermore, if the adhesive or the like is posi-
tioned on the light control member but not to the first
transparent substrate, an object to be bonded is changed
from a predetermined one and a bond strength is changed
from a pre-set one. Besides, if the first polarizing member
tilts, blurring of display occurs at a position away from the
first transparent substrate. This results in an unclear display
image.

[0012] An object of the present invention is to provide a
display device that includes a light control member which is
thin enough to be portable and that can be manufactured at
a low cost, a method of manufacturing the display device,
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and a method of manufacturing the components of the
display device. Another object of the present invention is to
provide a display device structured so that a first polarizing
member placed on a first transparent substrate will not tilt
relative to the first transparent substrate even when a light
control member is placed on the first transparent substrate.

[0013] The present invention is intended to accomplish the
above objects and has the first to twenty-second aspects
described below.

[0014] According to the first aspect, there is provided a
display device comprising: a first transparent substrate hav-
ing an electrode; a second transparent substrate having an
electrode; a display cell having an electro-optic converting
member, of which optical characteristic is varied with an
electric action, sealed between the first and second trans-
parent substrates; and a light control member made of an
ultraviolet-setting resin and formed directly on the external
side of the first transparent substrate opposite to the side
thereof in contact with the electro-optic converting member.

[0015] According to the second aspect, in the display
device according to the first aspect, the electro-optic con-
verting member is sealed between the sides of the first and
second transparent substrates having the respective trans-
parent electrodes formed thereon. The electro-optic convert-
ing member can transmit ultraviolet light. The light control
member is formed directly on the external side of the first
transparent substrate, so that the ultraviolet light can be
irradiated to the side of the second transparent substrate
opposite to the side thereof in contact with the electro-optic
converting member.

[0016] According to the third aspect, the display device in
accordance with the first aspect further comprises at least a
light source mounted on the end surface of the first trans-
parent substrate. The light control member has an irregular
shape while having a plurality of parallel grooves formed
along one of the edges of the first transparent substrate on
the side thereof on which the light source is mounted.

[0017] According to the fourth aspect, the grooves formed
in the display device in accordance with the third aspect are
V-shaped grooves.

[0018] According to the fifth aspect, in the display device
according to the first aspect, the maximum height of the
portion of the light control member near the light source is
smaller than the height of the portion thereof away from the
light source.

[0019] According to the sixth aspect, in the display device
according to the first aspect, a first polarizing member
supported by a spacer is placed on the external side of the
light control member opposite to the side thereof in contact
with the first transparent substrate. The surface of the spacer
on which the first polarizing member is supported is located
higher than the light control member.

[0020] According to the seventh aspect, in the display
device according to the sixth aspect, the spacer formed
around a display area of the display device is made of the
same material as the light control member.

[0021] According to the eighth aspect, in the display
device according to the first aspect, the light control member
formed on the external side of the first transparent substrate
lies over the entire surface of the first transparent substrate.
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[0022] According to the ninth aspect, in the display device
according to the sixth aspect, the spacer is an adhering
member mounted on the irregular portion of the light control
member.

[0023] According to the tenth aspect, in the display device
according to the sixth aspect, the spacer is formed at least
along one edge of a frame area around a display area of the
display device.

[0024] According to the eleventh aspect, in the display
device according to the tenth aspect, the one edge is one of
the edges of the area around the display area that is located
farthest away from the light source.

[0025] According to the twelfth aspect, in the display
device according to the first aspect, the first transparent
substrate has a portion thereof jutting out relative to the
second transparent substrate. The light control member
formed on the external side of the first transparent substrate
lies over the entire surface thereof except the jut portion.

[0026] According to the thirteenth aspect, there is pro-
vided a method of manufacturing the display device in
accordance with the first aspect. The display device manu-
facturing method comprises the steps of: producing a display
cell that can transmit ultraviolet light; pouring an ultraviolet-
setting resin into a mould that is engraved along with the
shape of the light control member; placing the display cell
on the ultraviolet-setting resin in the mould so that the
display cell will be superposed on the ultraviolet-setting
resin; irradiating ultraviolet light to the side of the display
cell opposite to the side thereof in contact with the ultra-
violet-setting resin; allowing the ultraviolet-setting resin to
set with the ultraviolet light transmitted by the display cell;
and removing the display cell from the mould so as to thus
form the light control member on the display cell.

[0027] According to the fourteenth aspect, in the display
device according to the first aspect, the display cell has a
liquid crystal sealed between the first and second transparent
substrates. A sealing member is used to prevent the liquid
crystal from leaking out of a gap between the first and
second transparent substrates.

[0028] According to the fifteenth aspect, in the display
device manufacturing method according to the thirteenth
aspect, the display cell put in the mould is a single display
cell.

[0029] According to the sixteenth aspect, in the display
device manufacturing method according to the thirteenth
aspect, the display cell put in the mould is a set of a plurality
of display cells.

[0030] According to the seventeenth aspect, the display
device manufacturing method according to the fifteenth
aspect further comprises a step of cutting the set of display
cells apart so as to produce a single display cell.

[0031] According to the eighteenth aspect, there is pro-
vided a method of manufacturing the display device in
accordance with the first aspect. The display device manu-
facturing method comprises the steps of: producing at least
an electrode on a first transparent substrate; pouring an
ultraviolet-setting resin in a mould that is engraved along
with the shape of a light control member; putting the first
transparent substrate, which has the electrode formed
thereon, on the ultraviolet-setting resin in the mould so that
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the first transparent substrate will be superposed on the
ultraviolet-setting resin; irradiating ultraviolet light to the
side of the first transparent substrate opposite to the side
thereof in contact with the ultraviolet-setting resin; allowing
the ultraviolet-setting resin to set with the ultraviolet light
transmitted by the first transparent substrate; removing the
first transparent substrate from the mould so as to thus form
the light control member on the first transparent substrate;
bonding the first transparent substrate to a second transpar-
ent substrate; and sandwiching an electro-optic converting
member between the first and second transparent substrates.

[0032] According to the nineteenth aspect, in the display
device manufacturing method according to the eighteenth
aspect, the electrode formed on the first transparent substrate
is coated with an alignment layer.

[0033] According to the twentieth aspect, in the display
device manufacturing method according to the eighteenth
aspect, the first transparent substrate having the electrode
created thereon and being put in the mould is a sole first
transparent substrate.

[0034] According to the twenty-first aspect, in the display
device manufacturing method according to the eighteenth
aspect, the first transparent substrate having the electrode
formed thereon and being put in the mould is a set of a
plurality of first transparent substrates.

[0035] According to the twenty-second aspect, the display
device manufacturing method according to the twenty-first
aspect further comprises a step of cutting the set of first
transparent substrates apart so as to produce a single first
transparent substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The present invention will be more clearly under-
stood from the description set forth below with reference to
the accompanying drawings, wherein:

[0037] FIG. 1A is a sectional view of the structure of an
example of a conventional liquid crystal display device
having a light source mounted on a lateral side thereof;

[0038] FIG. 1B is a sectional view showing the structure
of another example of a conventional liquid crystal display
device having a light source mounted on a lateral side
thereof;

[0039] FIG. 2 is a perspective view showing the structure
of an optical film employed in FIG. 1A and FIG. 1B;

[0040] FIG. 3 is an explanatory diagram concerning a
problem which arises when the optical film is not attached
to a correct position in the liquid crystal display device
shown in FIG. 1A,

[0041] FIG. 4A is a sectional view showing the structure
of a liquid crystal display device including a first example of
a liquid crystal cell employed in the present invention,

[0042] FIG. 4B is a sectional view showing the structure
of aliquid crystal display device including a second example
of a liquid crystal cell employed in the present invention,

[0043] FIG. 5A is a sectional view showing the structure
of a variant of the liquid crystal display device including the
first example of a liquid crystal cell employed in the present
invention;
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[0044] FIG. 5B is a sectional view showing the structure
of a variant of the liquid crystal display device including the
second example of a liquid crystal cell employed in the
present invention;

[0045] FIG. 6A is a sectional view showing the structure
of a liquid crystal display device including a third example
of a liquid crystal cell employed in the present invention;

[0046] FIG. 6B is a sectional view showing the structure
of a liquid crystal display device including a fourth example
of a liquid crystal cell employed in the present invention,

[0047] FIG. 7A to FIG. 7E show steps constituting an
example of a method of manufacturing the liquid crystal cell
employed in the present invention;

[0048] FIG. 8A is a sectional view showing one of steps
constituting another example of a method of manufacturing
the liquid crystal cell employed in the present invention,

[0049] FIG. 8B is a side view of a liquid crystal cell
having a light control member and being produced at the
manufacturing step shown in FIG. §A;

[0050] FIG. 8Cis a perspective view showing the appear-
ances of the liquid crystal cell produced at the step shown in
FIG. 8A and of a mould employed at the step;

[0051] FIG. 9A is a sectional view showing one of steps
constituting another example of a method of manufacturing
the liquid crystal cell employed in the present invention,

[0052] FIG. 9B is a side view of a liquid crystal cell
having a light control member and being produced at the
manufacturing step shown in FIG. 9A;

[0053] FIG. 10is a perspective view showing the appear-
ances of liquid crystal cells produced according to another
method of manufacturing the liquid cell employed in the
present invention and the appearance of a mould employed
in the method;

[0054] FIG. 11A is a perspective view showing the
appearances of liquid crystal cells produced according to
another method of manufacturing the liquid cell employed in
the present invention and the appearance of a mould
employed in the method,

[0055] FIG. 11B is a perspective view showing a state in
which the liquid crystal cells shown in FIG. 11A are placed
on the mould shown therein;

[0056] FIG. 12A is a sectional view showing the structure
of a liquid crystal display device including a fifth example
of a liquid crystal cell employed in the present invention;

[0057] FIG. 12B is a sectional view showing one of steps
constituting a method of manufacturing a liquid crystal cell
included in the liquid crystal display device shown in FIG.
12A;

[0058] FIG. 13A is a plan view of a liquid crystal display
device not having a light control member formed on an
extended portion of a first transparent substrate;

[0059] FIG. 13B is a plan view of a liquid crystal display
device having a light control member formed on an extended
portion of a first transparent substrate;

[0060] FIG. 14A is a plan view of a liquid crystal display
device showing an example in which a double-faced adhe-
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sive, an adhering member, or a spacer that supports a first
polarizing member included in the present invention is
formed on a liquid crystal cell as if to be a frame having four
edges;

[0061] FIG. 14B is a plan view of a liquid crystal display
device showing an example in which a double-faced adhe-
sive, an adhering member, or a spacer that supports the first
polarizing member included in the present invention is
formed on a liquid crystal cell as if to be a frame having
three edges;

[0062] FIG. 14C is a plan view of a liquid crystal display
device showing an example in which a double-faced adhe-
sive, an adhering member, or a spacer that supports the first
polarizing member included in the present invention is
formed on a liquid crystal cell as if to be a frame having two
edges;

[0063] FIG. 15A is a plan view of a liquid crystal display
device showing an example in which a double-faced adhe-
sive, an adhering member, or a spacer that supports the first
polarizing member included in the present invention is
formed on a liquid crystal cell along an edge of the liquid
crystal cell opposite to an edge thereof on which a light
source 1s mounted,

[0064] FIG. 15B is a sectional view of the liquid crystal
display device shown in FIG. 15A;

[0065] FIG. 16A to FIG. 16E show steps constituting an
example of a method of manufacturing a transparent sub-
strate, which is one of the components of a display device in
accordance with the present invention, having an electrode
formed thereon;

[0066] FIG. 17A is a sectional view showing a first
embodiment of a liquid crystal display device which is
manufactured using the component that has a light control
member and is produced according to the manufacturing
method shown in FIG. 16A to FIG. 16E, and which
includes a reflective layer in a liquid crystal cell thereof;

[0067] FIG. 17B is a sectional view showing a second
embodiment of a liquid crystal display device which is
manufactured using the component that has a light control
member and is produced according to the manufacturing
method shown in FIG. 16A to FIG. 16E, and which
includes a reflective layer in a liquid crystal cell thereof;

[0068] FIG. 17C is a sectional view showing a third
embodiment of a liquid crystal display device which is
manufactured using the component that has a light control
member and is produced according to the manufacturing
method shown in FIG. 16A to FIG. 16E, and which
includes a reflective layer in a liquid crystal cell thereof; and

[0069] FIG. 17D is a sectional view showing a fourth
embodiment of a liquid crystal display device which is
manufactured using the component that has a light control
member and is produced according to the manufacturing
method shown in FIG. 16A to FIG. 16E, and which
includes a reflective layer in a liquid crystal cell thereof.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0070] Prior to a description of the preferred embodiments
of the present invention, a liquid crystal display device
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employing a conventional light control member and a
method of manufacturing the display device will be
described in conjunction with FIG. 1A to FIG. 2.

[0071] FIG. 1A shows a liquid crystal display device 1
described in Japanese Unexamined Patent Application Pub-
lication No. 2001-33766. The liquid crystal display device 1
is of a reflective type having a reflective layer 27 formed as
an outermost layer of the liquid crystal display device 1. The
liquid crystal display device 1 has a liquid crystal layer 26
sealed with a sealing member 24 between a first transparent
substrate 16 and a second transparent substrate 19. The
thickness of the liquid crystal layer 26 is about 5 um. A first
polarizing member 10 composed of a first polarizer 12 and
a phase difference plate 14 is placed on the external side of
the first transparent substrate 16 while being supported by a
spacer 21. A supporting member having an adhesive applied
to both ends of a base member may be substituted for the
spacer 21. A light control member 120 is formed in a space
3 between the first polarizing member 10 supported by the
spacer 21 and the first transparent substrate 16. A second
polarizer 108 is layered on the external side of the second
transparent substrate 19, and the reflective layer 27 is formed
on the external side of the second polarizer 108.

[0072] The light control member 120 is formed by bond-
ing a film, of which the thickness is about 100 ym, to the top
of the first transparent substrate 16 directly or with an
adhesive between them. The light control member 120 has
unevenness extended in a direction perpendicular to an edge
of the display device on which a light source 122 is mounted.
The uneven portion extends parallel to the edge of the
display device on which the light source 122 is mounted, and
is realized with a plurality of equidistant grooves so that any
part of the uneven portion will have the same cross-sectional
shape (triangularly projecting shape). Moreover, the cross
section of the uneven portion is characterized by a segment
that has an angle of elevation of 4.6° relative to a horizontal
plane parallel to the top of the light source 122 and has a
length of 45 um, and a segment that has an angle of
depression of 20° relative to a horizontal plane containing
the terminal point of the segment and has a length of 55 um.
The height of a ridge defined by the two segments is 20 um.
The light control member 120 has the ridge repeatedly
formed with a pitch of 0.3 mm between adjoining ridges.

[0073] When incident light approximates a line perpen-
dicular to the surface of the light control member 120 having
the foregoing structure, the light control member 120 trans-
mits the light. When the incident light approximates a line
horizontal thereto, the light control member reflects the
light.

[0074] The light source 122 is brought into close contact
with the lateral sides of the first and second transparent
substrates 16 and 19 respectively. Among light rays emitted
from the light source 122, a light ray 126 heading for the
reflective layer 27 is reflected from the reflective layer 27,
and radiated to the outside by way of the light control
member 120. Moreover, a light ray 124 emitted from the
light source 122 and heading for the light control member
120 is reflected from the light control member 120 to the
liquid crystal layer 26, and reflected again from the reflective
layer 27. Thereafter, the light ray is radiated to outside by
way of the light control member 120. Moreover, light 128
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coming from outside passes through the light control mem-
ber 120, and is reflected from the reflective layer 27 and
radiated to outside.

[0075] FIG. 1B shows the structure of a conventional
scattering liquid crystal display device 2. The same refer-
ence numerals are assigned to components identical to those
of the reflective liquid crystal display device 1 shown in
FIG. 1A. The liquid crystal display device 2 shown in FIG.
1B has, similarly to the liquid crystal display device 1 shown
in FIG. 1A, a liquid crystal layer 26 sealed with a sealing
member 24 between a first transparent substrate 16 and a
second transparent substrate 19. The only difference from
the reflective liquid crystal display device 1 is that a liquid
crystal adopted as the liquid crystal layer 26 is of a scattering
type that permits control of scattering and transmission of
light with application of a voltage.

[0076] Unlike the liquid crystal display device 1, a first
polarizing member 10 composed of a first polarizer 12 and
a phase difference plate 14 is not placed on the external side
of the first transparent substrate 16. However, a light control
member 120 similar to the one included in the liquid crystal
display device 1 is formed on the first transparent substrate

[0077] A light source 122 is mounted on the lateral sides
of the first and second transparent substrates 16 and 19
respectively. Among light rays emitted from the light source
122, a light ray heading for the light control member 120 is
reflected from the light control member, and radiated to
outside (downward in FIG. 1B) by way of the first trans-
parent substrate 16, liquid crystal layer 26, and second
transparent substrate 19. Moreover, among the light rays
emitted from the light source 122, a light ray getting out of
the second transparent substrate 19 is reflected from the
second transparent substrate, headed for the light control
member 120, reflected from the light control member, and
radiated to outside (downward in FIG. 1B) by way of the
first transparent substrate 16, liquid crystal layer 26, and
second transparent substrate 19.

[0078] FIG. 2 shows an example of a light control mem-
ber 120 disclosed in Japanese Unexamined Patent Applica-
tion Publication No. 2001-83304. The light control member
120 is realized with an optical film having an uneven portion
150 formed on an even portion 152. In terms of film
strength, the even portion 152 must have a thickness of at
least several tens of micrometers.

[0079] When the optical film described in Japanese Unex-
amined Patent Application Publication No. 2001-833304 is
employed in the liquid crystal display device 1 shown in
FIG. 1A, the thickness of the liquid crystal display device 1
increases. Moreover, as the optical film is bonded in an early
stage of a process of manufacturing a liquid crystal display
device, the optical film must have durability to chemicals
used at succeeding steps and durability to heat applied at
succeeding steps. An optically preferable material has not
been found.

[0080] FIG. 1A and FIG. 1B show cases where the optical
film 120 is placed in position on the first transparent sub-
strate 16. As shown in FIG. 3, showing the same structure
as the one of FIG. 1A, the optical film 120 need not be
placed in position on the first transparent substrate 16 but
may be, for example, displaced rightward in the drawing. In
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this case, the spacer 21 is mounted on the light control
member 120. Consequently, the first polarizing member 10
is not parallel to the first transparent substrate 16. Eventu-
ally, the thickness of the liquid crystal display device 1
increases, and an object to be bonded with the spacer 21
changes to vary a bond strength.

[0081] Moreover, even when the optical film 120 is placed
in position on the first transparent substrate 16, if part or the
whole of the spacer 21 is mounted on the optical film 120
and bonded thereto, the first polarizing member 10 tilts
relative to the first transparent substrate 16. Furthermore,
when the first polarizing member 10 tilts, a blur of display
occurs at a position away from the first transparent substrate
16. This poses a problem in that a display image becomes
unclear.

[0082] The present invention attempts to solve the prob-
lems underlying the conventional liquid crystal display
devices. A description will be made of a liquid crystal
display device in accordance with the present invention
including a thin light control member and realizing a lower
cost of manufacture, and a method of manufacturing the
display device. In descriptions of embodiments of the
present invention, for a better understanding, the same
reference numerals will be assigned to components identical
to those of the conventional liquid crystal display devices 1
and 2 described in conjunction with FIG. 1A to FIG. 3.

[0083] FIG. 4A shows the structure of a liquid crystal
display device 1A including a first example of a liquid
crystal cell employed in the present invention. The liquid
crystal display device 1A has a liquid crystal layer 26 sealed
with a sealing member 24 between a first transparent sub-
strate 16 and a second transparent substrate 19. The thick-
ness of the liquid crystal layer 26 is about 5 um. A first
polarizing member 10 composed of a first polarizer 12 and
a phase difference plate 14 is placed on the external side of
the first transparent substrate 16 while being supported by a
spacer 21. A light control member 120 is formed in a space
3 between the first polarizing member 10 supported by the
spacer 21 and the first transparent substrate 16. A second
polarizer 108 is layered on the external side of the second
transparent substrate 19. A reflective layer 27 is formed on
the external side of the second polarizer 108. A transparent
electrode and an alignment layer are formed on the sides of
the first and second transparent substrates 16 and 19 clamp-
ing the liquid crystal layer 26, though they are not shown. A
light source 122 is mounted on one lateral sides of the first
and second transparent substrates 16 and 19, and realized
with LEDs or a fluorescent tube.

[0084] The light control member 120 employed in this
example is made of an ultraviolet-setting resin and is formed
directly on the first transparent substrate 16. The side of the
light control member 120 opposite to the side thereof in
contact with the first transparent substrate 16 has uneven-
ness, and the uneven portion is realized by forming a
plurality of V-shaped grooves equidistantly. The grooves are
juxtaposed in parallel to an edge of the liquid crystal cell on
which the light source 122 is mounted. Moreover, the
uneven portion is characterized by a segment whose angle of
elevation relative to a horizontal plane parallel to the top of
the light source 122 is 4.6° and whose length is 245 ym and
a segment whose angle of depression relative to a horizontal
plane containing a limit of the segment is 20° and whose
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length is 55 gm. The height of a ridge defined with the two
segments is 20 um. The light control member 120 has the
ridge repeatedly formed with a pitch of 0.3 mm between
adjoining ridges. Noted is that these numerical values are
presented as examples. The angles and shape defining the
ridge vary depending on the size of a liquid crystal panel or
the number of pixels.

[0085] When incident light approximates a line perpen-
dicular to the surface of the light control member 120 having
the foregoing structure, the light control member 120 trans-
mits the light. When the incident light approximates a line
horizontal thereto, the light control member 120 reflects the
light. Transmission or reflection of light by the light control
member 120 has been described in conjunction with FIG.
1A. The reiteration will be omitted. Moreover, a procedure
of forming the light control member on the first transparent
substance 16 will be described later. The spacer 21 in this
example is formed with an adhering member exhibiting
adhesion to each of the first polarizing member 10 and first
transparent substrate 16. The adhering member may be
formed with an adhesive alone or by applying an adhesive
to both ends of a base member of the adhering member.

[0086] The upper side in the drawing of the liquid crystal
display device 1A having the first example is a viewer side.
The first transparent substrate 16 is extended in the direction
of an edge of the liquid crystal cell opposite to the edge
thereof on which the light source 122 is mounted, and gets
longer than the second transparent substrate 19. An inte-
grated circuit 36 for driving the liquid crystal display device
1A s attached to the bottom of the extended portion with an
anisotropic conductive film 38 containing conductive par-
ticles 40 between them.

[0087] FIG. 4B shows the structure of a liquid crystal
display device 1B including a second example of a liquid
crystal cell employed in the present invention. The liquid
crystal display device 1B is different from the liquid crystal
display device 1A in the shape of the light control member
120. In the liquid crystal display device 1A, the continuous
triangular cross-sectional shape of the light control member
120 is the same between one portion of the light control
member 120 located near the light source 122 and the other
portion thereof located near the integrated circuit 36. On the
other hand, in the liquid crystal display device 1B, the
continuous triangular cross-sectional shape of the portion of
the light control member 120 located near the light source
122 is smaller and the continuous triangular cross-sectional
shape of the portion thereof located near the integrated
circuit 36 is larger. In other words, the height of the
continuous triangular cross-sectional shape of the portion of
the light control member 120 located near the integrated
circuit 36 is larger than the height of the continuous trian-
gular cross-sectional shape of the portion thereof located
near the light source 122. Incidentally, neither transparent
electrodes nor alignment layers are shown in FIG. 4B.

[0088] The height of the triangular cross-sectional shape is
determined so that it will become gradually larger as it
recedes from the light source 122 to approach the integrated
circuit 36. This is because light emitted from the light source
122 gets weaker as it recedes from the light source 122 and
is the weakest at the integrated circuit 36. As the portion of
the light control member 120 having a larger triangular
cross-sectional area exhibits a higher index of refraction
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than the portion thereof having a smaller cross-sectional
area, the portion of the light control member 120 having the
larger triangular cross-sectional area reflects a larger amount
of light. Although light emitted from the light source 122
gets weakened at the integrated circuit 36, as the light
control circuit 120 reflects a larger amount of light, the
luminance on the display surface of a liquid crystal cell 54
given by light emitted from the light source 122 mounted on
one edge of the first transparent substrate 16 is equalized.

[0089] The light control member 120 having the shape
shown in FIG. 4B can be readily manufactured by engraving
the shape of the light control member 120 in a mould in
advance. In the light control member 120 shown in FIG. 4A,
the triangular cross-sectional shape is high all over the
surface of the light control member 120. Depending on a
required optical characteristic, part of the triangular cross-
sectional shape may be high or the triangular cross-sectional
shape may get gradually higher. The height of the triangular
cross-sectional shape may not only be varied linearly but
may be varied as if to plot a graph of a square function with
a certain curvature. Moreover, for a larger amount of
reflected light, the height of the triangular cross-sectional
shape may be increased or the density of triangular cross-
sectional shapes may be raised.

[0090] FIG. 5A shows the structure of a variant of the
liquid crystal display device 1A including the first example
of a liquid crystal cell employed in the present invention.
The liquid crystal display device 1A shown in FIG. 5A is
different from the liquid crystal display device 1A shown in
FIG. 4A in the spacer 21 supporting the first polarizing
member 10. The spacer 21 is made of a base member 60
having a predetermined height, and the top and bottom of the
base member 60 are bonded to the first transparent substrate
16 and first polarizing member 10 respectively using an
adhesive 62. Incidentally, neither transparent electrodes nor
alignment layers are shown in FIG. 5A.

[0091] FIG. 5B shows the structure of a variant of the
liquid crystal display device 2B including the second
example of a liquid crystal cell employed in the present
invention. The liquid crystal display device 1B shown in
FIG. 5B is different from the liquid crystal display device
1B shown in FIG. 4B in a point that the spacer 21 supporting
the first polarizing member 10 is replaced with an adhering
member 22 having the same structure as the one shown in
FIG. 5A. Incidentally, neither transparent electrodes nor
alignment layers are shown in FIG. 5B.

[0092] AS mentioned above, when the adhering member
22 including the base member 60 is used to support the first
polarizing member 10, since the height of the base member
60 is constant, a predetermined space 3 can be preserved
between the first polarizing member 10 and the first trans-
parent substrate 16.

[0093] FIG. 6A shows the structure of a liquid crystal
display device 1C including a third example of a liquid
crystal cell employed in the present invention. The liquid
crystal display device 1C shown in FIG. 6A is different from
the liquid crystal display device 1A shown in FIG. 4A in the
deposition of the light control member 120 on the first
transparent substrate 16. In the liquid crystal display device
1A shown in FIG. 4A, the light control member 120 is
formed inside the double-faced adhesive 120. In contrast, in
the liquid crystal display device 1C including the third
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example as shown in FIG. 6A, the light control member 120
is extended to a portion of the first transparent substrate 16
indicated with 120F. Incidentally, neither transparent elec-
trodes nor alignment layers are shown in FIG. 6A.

[0094] The spacer 21 is therefore mounted on the extended
portion 120F of the light control member 120, and adheres
to each of the light control member 120 and first polarizing
member 10. When the light control member 120 has the
extended portion 120F, the spacer 21 is bonded to the light
control member 120. In the case of the liquid crystal display
device 1A shown in FIG. 4A, the spacer 21 must be
accurately bonded to the light control member 120 for fear
the spacer may be superposed on the light control member
120. In this example of a liquid crystal cell, since the spacer
21 is bonded to the light control member 120, the light
control member 120 need not be accurately formed on the
first transparent substrate 16. The spacer 21 included in this
example is realized with an adhering member having enough
adhesion to each of the first polarizing member 10 and light
control member 120. The adhering member may be realized
with an adhesive alone or with a base member having an
adhesive applied to both ends thereof.

[0095] FIG. 6B shows the structure of a liquid crystal
display device 1D including a liquid crystal cell employed in
the present invention. The liquid crystal display device 1D
shown in FIG. 6B is different from the liquid crystal display
device 1C shown in FIG. 6A in a position at which the light
control member 120 is formed. In the liquid crystal display
device 1D shown in FIG. 6B, the light control member 120
is extended to the portion of the first transparent substrate 16
having the integrated circuit 36 attached thereto. Even in the
present example of a liquid crystal cell, the spacer 21 need
not be accurately bonded to the first transparent substrate 16.
Incidentally, neither transparent electrodes nor alignment
layers are shown in FIG. 6B.

[0096] FIG. 7A to FIG. 7E show steps constituting an
example of a method of manufacturing a liquid crystal cell
employed in the present invention.

[0097] FIG. 7A shows a state in which an appropriate
quantity of an optical-setting resin 52 is dropped into a
mould 50. The mould 50 has V-shaped grooves 51, which
correspond to the uneven portion of the light control mem-
ber 120, formed in the bottom thercof. The V-shaped
grooves 51 are formed equidistantly in the bottom of the
mould 50. The continuous triangular cross-sectional shape
of the V-shaped grooves 51 may be a right angled triangle,
an isosceles triangle, or a scalene triangle. Moreover, as the
optical-setting resin 52, for example, an acrylic ultraviolet-
setting adhering resin may be adopted.

[0098] Concurrently with, or prior to, the step of dropping
an appropriate quantity of the optical-setting resin 52 into
the mould 50, the liquid crystal cell 54 is prepared by
superposing the first and second transparent substrates 16
and 19 on each other and then sealing the liquid crystal layer
26 with the frame-like sealing member 24 between the first
and second transparent substrates. Neither transparent elec-
trodes nor alignment layers are shown in FIG. 7A. The
liquid crystal cell 54 is, as shown in FIG. 7B, inserted into
the mould 50 with the first transparent substrate 16 opposed
to the mould 50, and then pressed. At this time, the resin 52
in the mould 50 spreads all over the mould 50 while being
pressed by the first transparent substrate 16, and enters all
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the grooves 51. The quantity of the resin 52 is preferably
equal to the total volume of the grooves 51 in the mould 50.
However, as the grooves 51 must be filled with the resin 52,
the quantity of the resin 52 is larger than the volume of the
grooves 51. The mould 50 has an escape groove (not
shown), into which the resin 52 is led, formed so that an
excessive quantity of the resin 52 leaking out of the grooves
51 can be removed.

[0099] FIG. 7C shows a state in which the grooves in the
mould 50 are fully filled with the resin 52 while being in
contact with the first transparent substrate 16. In this
example of a liquid crystal cell, in this state, a light source
58 that emits ultraviolet light and is located outside the
liquid crystal cell 54 is used to irradiate ultraviolet light to
the second transparent substrate 19 included in the liquid
crystal cell 54. At this time, the liquid crystal cell 54
including the liquid crystal layer is transparent to ultraviolet
light. Therefore, the ultraviolet light is transmitted by the
liquid crystal cell 54 and irradiated onto the resin 52.
Consequently, the resin 52 is set by the ultraviolet light
while adhering to the first transparent substrate 16.

[0100] After the resin 52 sets while adhering to the first
transparent substrate 16, when the liquid crystal cell 54 is, as
shown in FIG. 7D, peeled off from the mould 50, the resin
52 is transferred as the light control member 120 to the
liquid crystal cell 54. FIG. 7E shows the liquid crystal cell
54 having the light control member 120 thus formed thereon.
The liquid crystal cell 54 formed according to the foregoing
manufacturing method can be adapted to the liquid crystal
display device 1D described in conjunction with FIG. 6B.

[0101] As mentioned above, the light control member 120
formed on the first transparent substrate 16 does not require
an even portion corresponding to the even portion 152 of the
optical film shown in FIG. 2. Therefore, the light control
member 120 can be formed thinly. This helps realize a thin
liquid crystal display device.

[0102] The liquid crystal cell 54 employed in the forego-
ing manufacturing method may be a finished goods having
a liquid crystal substance sealed therein or a semifinished
goods having the sealing member 24 formed therein but not
having the liquid crystal substance sealed therein. Moreover,
the resin 52 may be a thermosetting resin. In this case, the
light control member 120 is preferably formed on a semi-
finished liquid crystal cell, in which a liquid crystal sub-
stance is not sealed, in order to prevent deterioration of the
quality of the liquid crystal substance.

[0103] When the light control member 120 is formed
using a mould in the same manner as it is in this example,
if the number of manufactured products in one mould is
large, the cost of manufacture becomes very low. Further-
more, as long as the mould is produced highly precisely, it
is easy to align the mould 50 with the liquid crystal cell 54.
Moreover, as the light control member 120 is formed on the
liquid crystal cell 54 having the first and second transparent
substrates 16 and 19 bonded to each other using the sealing
member 24, the number of manufacturing steps succeeding
formation of the light control member is small, and the risk
that the uneven portion of the light control member 120 is
flawed is reduced. After the light control member 120 is
formed on a first transparent substrate using the mould 50,
the liquid crystal cell 54 may be completed using the first
transparent substrate.
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[0104] Moreover, at the step when the light control mem-
ber 120 is formed on the liquid crystal cell 54 that is made
by using the sealing member 24, almost all steps of manu-
facturing the liquid crystal cell 54 have finished. So that the
number of remaining steps for manufacturing a liquid crystal
cell is small, the number of chemicals to be used at the
succeeding steps is small, and the number of succeeding
steps at which high temperature processing is performed is
small. Consequently, a resin that is to be made into the light
control member 120 and has durability to the chemicals and
durability to high temperature can be selected easily, and a
resin exhibiting a good optical characteristic can be selected.

[0105] FIG. 8A is a sectional view showing one of steps
constituting another example of a method of manufacturing
a display device in accordance with the present invention.
The step corresponds to the step included in the aforesaid
manufacturing method and shown in FIG. 7B. In this
example, the bottom of the mould 50 has even sections 53
in addition to the grooves 51. The even sections 33 are, as
shown in FIG. 8C, formed in parallel with the grooves 51
along two edges of the bottom of the mould 50. The even
sections 53 may be formed along any edges of the bottom of
the mould 50, and the number of even sections 53 is not
limited to any value.

[0106] FIG. 8B shows the light control member 120
formed on the liquid crystal cell 54 at the manufacturing step
shown in FIG. 8A owing to the even sections 53 formed in
the bottom of the mould 50, the liquid crystal cell 54 has
portions that are devoid of the light control member 120. The
liquid crystal cell 54 manufactured according to this manu-
facturing method can be adapted to the liquid crystal display
device 1A that has spaces by the sides of the light control
member 120 as shown in FIG. 4A and FIG. 5A.

[0107] FIG. 9A is a sectional view showing one of steps
constituting another example of a method of manufacturing
a display device in accordance with the present invention.
The step corresponds to the step included in the aforesaid
manufacturing method and shown in FIG. 7B. In this
example, even sections 53 are formed along two edges of the
bottom of the mould 50. Moreover, a groove adjoining one
of the even sections 53 is a shallow groove 51S, and a
groove adjoining the other even section 53 is a deep groove
51D. Namely, the grooves 51 get gradually deeper from the
groove 518 to the groove 51D.

[0108] FIG. 9B shows the light control member 120
formed on the liquid crystal cell 54 at the manufacturing step
shown in FIG. 9A. Owing to the even sections 53 formed in
the mould 50, the liquid crystal cell 54 has portions having
no light control member 120. Moreover, the height of the
light control member 120 varies from a height L1 to a height
L2 (>L1). The liquid crystal cell 54 produced according to
this manufacturing method is adapted to the liquid crystal
display device 1B shown in FIG. 4B and FIG. 5B.

[0109] FIG. 10 is a perspective view showing the appear-
ances of liquid crystal cells produced according to another
method of manufacturing a display device in accordance
with the present invention and the appearance of a mould
employed therein. In this example, a light control member is
formed on a set 55 of liquid crystal cells including a plurality
of liquid crystal cells 54 each having a liquid crystal
sandwiched between a first transparent substrate and a
second transparent substrate. In this example, the set 55 of
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liquid crystal cells having the rectangle liquid crystal cells
54 arranged tandem (a set of four liquid crystal cells 54) is
put in a large mould 50P that has the grooves 51 and even
sections 53 and that is designed to produce a plurality of
light control members. The light control member 120 can
therefore be simultaneously formed on the four liquid crystal
cells 54 arranged tandem. After the light control member
120 is formed, the respective liquid crystal cells 54 are cut
apart. When this method is adopted, the liquid crystal cell 54
may be either a finished panel having a liquid crystal
substance sealed therein or a semifinished liquid crystal cell
not having a liquid crystal sealed therein.

[0110] FIG. 11A is a perspective view showing the
appearances of liquid crystal cells produced according to
still another method of manufacturing a display device in
accordance with the present invention and the appearance of
a mould employed therein. FIG. 11B is a perspective view
showing a state in which liquid crystal cells are put in the
mould shown in FIG. 11A. In this example, a common
mould 50C whose opening is larger than the set 55 of liquid
crystal cells 54 is prepared. The set 55 of liquid crystal cells
54 is, as shown in FIG. 11B, put in part of the large common
mould 50C, and supported using a jig that is not shown. The
common mould 50C can be used in common for liquid
crystal cells having different sizes. This obviates the neces-
sity of preparing a plurality of moulds according to the sizes
of liquid crystal cells 54, and is highly economic.

[0111] FIG. 12A is a sectional view showing the structure
of a liquid crystal display device 1E including a fifth
example of a liquid crystal cell employed in the present
invention. In this example, a spacer 70 higher than the
uneven portion of the light control member and made of the
same material as the light control member 120 is formed
along the edges of the light control member 120 formed on
the first transparent substance 16. The spacer 70 is bonded
to the first polarizing member 10 with an adhesive 62
applied to the top thereof. The other components of the
liquid crystal display device 1E are identical to those of the
liquid crystal display device 1A shown in FIG. 4A. Neither
transparent electrodes nor alignment layers are shown in
FIG. 12A.

[0112] A spacer groove 56 is, as shown in FIG. 12B,
formed along the edges of the mould 50, whereby the spacer
70 is formed concurrently with the light control member 120
during formation of the light control member 120. Conse-
quently, unlike the aforesaid example, the spacer 21 for
keeping the light control member 120 and first polarizing
member 10 apart from each other and the adhering member
20 including the base member 60 are unnecessary. Accord-
ingly, only by applying the adhesive 62 to the spacer 70, the
spacer 70 can be bonded to the first polarizing member 10.

[0113] In the structure shown in FIG. 12A and FIG. 12B,
the spacer 70 can be formed concurrently with the light
control member 120 during formation of the light control
member 120. Furthermore, as the height of the spacer 70 is
uniform all the time, it is easy to bond the spacer 70 to the
first polarizing member 10. Moreover, once the shape of the
spacer is engraved in the mould 50 in advance, the spacer 70
can be formed without an increase in cost.

[0114] FIG. 13A is a plan view of the liquid crystal
display device 1C shown in FIG. 6A, and FIG. 13B is a plan
view of the liquid crystal display device 1D shown in FIG.
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6B. In the liquid crystal display device 1C shown in FIG.
13A, the extended portion of the first transparent substrate
16 is devoid of the light control member 120. In contrast, in
the liquid crystal display device 1D shown in FIG. 13B, the
extended portion 16A of the first transparent substrate 16 has
the light control member 120.

[0115] FIG. 14A shows an example in which the spacer
21, adhering member 22, or spacer 70 that supports the first
polarizing member 10 employed in the present invention is
formed like a frame having four edges on the liquid crystal
cell 54. Afield indicated with a dot-dash line is a display area
74 on a liquid crystal display device. FIG. 14B shows an
example in which the spacer 21, adhering member 22, or
spacer 70 that supports the first polarizing member 10
employed in the present invention is formed like a frame
having three edges on the liquid crystal cell 54. Moreover,
FIG. 14C shows an example in which the spacer 21,
adhering member 22, or spacer 70 that supports the first
polarizing member 10 employed in the present invention is
formed like a frame having two adjoining edges.

[0116] If the height of the unevenness of the light control
member 120 is nearly uniform over the entire surface
thereof, along whichever of the edges of the liquid crystal
cell the spacer 70 is formed, no problem occurs. However,
if the height of the unevenness of the light control member
120 is not uniform, for example, if the height of the
unevenness increases as it recedes farther from the light
source 122, the spacer 21, adhering member 22, or spacer 70
must be formed at least along the edge of the liquid crystal
cell opposite to the edge thereof in contact with the light
source 122. This is intended to prevent the unevenness of the
light control member 120 from coming into contact with the
first polarizing member 10, that is, to prevent the spacing
between the unevenness of the light control member 120 and
the first polarizing member 10 from being nullified.

[0117] FIG. 15A shows an example in which the spacer
21, adhering member 22, or spacer 70 that supports the first
polarizing member employed in the present invention is
formed on the edge of the liquid crystal cell 54 opposite to
the edge thereof in contact with the light source 122. FIG.
15B is a sectional view of the liquid crystal cell shown in
FIG. 15A, thus showing the structure of a liquid crystal
display device 1F. The spacer 21, adhering member 22, or
spacer 70 is formed outside a display field 74. The liquid
crystal display device 1F has a liquid crystal layer 26 sealed
with a sealing member 24 between a first transparent sub-
strate 16 and a second transparent substrate 19. A first
polarizing member 10 composed of a first sheet polarizer 12
and a phase difference plate 14 is supported by the adhering
member 22 and placed on the external side of the first
transparent substrate 16. A second sheet polarizer 108 is
layered on the external side of the second transparent
substrate 19, and a reflective layer 27 is formed on the
external side of the second polarizer 108. A transparent
electrode and an alignment layer are formed on each of the
sides of the first and second transparent substrates 16 and 19
that are opposed to each other with the liquid crystal layer
between them, though they are not shown in FIG. 15B. A
light source 122 is mounted on one lateral sides of the first
and second transparent substrates 16 and 19 respectively,
and realized with LEDs or a fluorescent tube.

[0118] FIG. 16A to FIG. 16E show steps constituting an
example of a method of manufacturing the first transparent
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substrate 16 by forming a light control member 120 on the
first transparent substrate 16 that is provided with an elec-
trode 6 and that is included in a display device in accordance
with the present invention.

[0119] FIG. 16A shows a state in which an appropriate
quantity of an optical-setting resin 52 is dropped into a
mould 50. The mould 50 has V-shaped grooves 51, which
realize the unevenness of the light control member 120,
formed in the bottom thereof. The V-shaped grooves 51 are
equidistantly and continuously formed in the bottom of the
mould 50. The continuous triangular cross-sectional shape
of the V-shaped grooves 51 may be any of a right angled
triangle, an isosceles triangle, and a scalene triangle. More-
over, the optical-setting resin 52 may be, for example, an
acrylic ultraviolet-setting adhesive resin.

[0120] Concurrently with, or prior to, the step of dropping
an appropriate quantity of the optical-setting resin 52 into
the mould 50, the electrode 6 or an alignment layer formed
on the electrode 6 is layered on the first transparent substrate
16. Herein, a case of the electrode 6 alone is layered on the
first transparent substrate 16 is explained. The first trans-
parent substrate 16 having the electrode 6 layered thereon is,
as shown in FIG. 16B, inserted into the mould 50 so that the
first transparent substrate 16 will be opposed to the mould
50, and then pressed. At this time, the resin 52 in the mould
50 is pressed by the first transparent substrate 16, and spread
all over the mould 50 to enter all the grooves 51. The
quantity of the resin 52 is preferably equal to the total
volume of the grooves 51 in the mould 50. However, as the
grooves 51 must be completely filled with the resin 52, the
quantity of the resin 52 is normally larger than the total
volume of the grooves 51. An escape groove (not shown)
into which the resin 52 can escape is formed in the mould 50,
whereby an extra resin 52 leaking out of the grooves 51 is
removed.

[0121] FIG. 16C shows a state in which the grooves 51 in
the mould 50 are completely filled with the resin 52 while
being in contact with the first transparent substrate 16. In this
example, in this state, a light source 58 that lies outside the
mould 50 and generates ultraviolet light irradiates ultraviolet
light to the first transparent substrate 16 through the elec-
trode 6. At this time, the first transparent substrate 16 as well
as the electrode 6 is transparent to ultraviolet light. Conse-
quently, the ultraviolet light is transmitted by the electrode
6 and first transparent substrate 16 and irradiated to the resin
52. Consequently, the resin 52 sets with the ultraviolet light
while adhering to the first transparent substrate 16.

[0122] As mentioned above, after the resin 52 sets while
adhering to the first transparent substrate 16, the first trans-
parent substrate 16 is, as shown in FIG. 16D, peeled off
from the mould 50. Consequently, the resin 52 is transferred
as the light control member 120 to the first transparent
substrate 16. FIG. 16K shows the first transparent substrate
16 having the light control member 120 thus formed thereon.

[0123] The first transparent substrate 16 formed according
to the manufacturing method shown in FIG. 16A to FIG.
16E may be adapted to a reflective liquid crystal cell having
a reflective layer formed as an outermost layer of the liquid
crystal cell or may be adapted to a liquid crystal cell having
a reflective layer interposed between the first transparent
substrate 16 and second transparent substrate 19.

[0124] FIG. 17A shows the structure of a liquid crystal
display device 2A in accordance with a first embodiment
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that is manufactured using a first transparent substrate 16
having a light control member 120 formed thereon accord-
ing to the manufacturing method shown in FIG. 16A to
FIG. 16K, and that includes a reflective layer 27 in a liquid
crystal cell thereof. A second transparent substrate 19 is
superposed on the side of the first transparent substrate 16
where an electrode (not shown) is provided, with a liquid
crystal layer 26 and the reflective layer 27 between them,
whereby a liquid crystal cell is produced. The liquid crystal
layer 26 is sealed with a sealing member 24 and has a
thickness of about 5 um. In the present embodiment, the
second transparent substrate 19 is thinner than the first
transparent substrate 16. The thickness of the second trans-
parent substrate 19 may be level with that of the first
transparent substrate 16 as it is in the aforesaid examples of
liquid crystal cells. Otherwise, the second transparent sub-
strate 19 may be thicker than the first transparent substrate
16.

[0125] Similarly to the liquid crystal display device 1A
shown in FIG. 4A, a first polarizing member 10 composed
of a first polarizer 12 and a phase difference plate 14 is
placed on the external side of the first transparent substrate
16 of the liquid crystal display device 2A while being
supported by a spacer 21. A light control member 120
formed according to the aforesaid manufacturing method is
located in a space 3 between the first polarizing member 10
and the first transparent substrate 16.

[0126] A light source 122 is mounted on a lateral side of
the first transparent substrate 16 with a second polarizer 32
and a second phase difference plate 34 between them. The
upper side in this drawing of the liquid crystal display device
2Ain accordance with the first embodiment is a viewer side.
The first transparent substrate 16 is extended to the lateral
side of the liquid crystal display device opposite to the
lateral side thereof on which the light source 122 is mounted,
and is longer than the second transparent substrate 19. An
integrated circuit 36 for driving the liquid crystal display
device 2A is coupled to the bottom of the extended portion
via an anisotropic conductive film 38 that contains conduc-
tive particles 40.

[0127] FIG. 17B shows a liquid crystal display device 2B
in accordance with a second embodiment that is manufac-
tured using a first transparent substrate 16 or a component
having a light control member 120 formed thereon accord-
ing to the manufacturing method shown in FIG. 16A to
FIG. 16K, and that includes a reflective layer 27 in a liquid
crystal cell thereof. A second transparent substrate 19 is
superposed on the side of the first transparent substrate 16
where an electrode (not shown) is provided, with a liquid
crystal layer 26 and the reflective layer 27 between them,
whereby the liquid crystal cell is produced. The liquid
crystal layer 26 is sealed with a sealing member 24 and has
a thickness of about 5 um.

[0128] Adifference of the liquid crystal display device 2B
from the liquid crystal display device 2A lies in the shape of
the light control member 120. In the liquid crystal display
device 2A, the continuous triangular cross-sectional shape
of the light control member 120 is the same between one
portion of the light control member 120 located near the
light source 122 and the other portion thereof located near
the integrated circuit 36. On the other hand, in the liquid
crystal display device 2B, the continuous triangular cross-

Feb. 24, 2005

sectional shape of one portion of the light control member
120 located near a light source 122 is smaller, and the
continuous triangular cross-sectional shape of the other
portion thereof located near an integrated circuit 36 is larger.
In other words, the height of the continuous triangular
cross-sectional shape of the portion of the light control
member 120 located near the integrated circuit 36 is larger
than the height of the continuous triangular cross-sectional
shape of the other portion thereof located near the light
source 122. The function of the light control member 120
having the cross-sectional shape is to equalize the lumi-
nance, on the display surface of the liquid crystal cell,
generated by light radiated from the light source 122.

[0129] The light control member 120 shaped as shown in
FIG. 17B can be easily produced merely by engraving the
shape in the bottom of the mould 50 shown in FIG. 16B in
advance. The continuous triangular cross-sectional shape of
the light control member 120 shown in FIG. 17B is high all
over the surface of the light control member 120. Depending
on a required optical characteristic, the triangular cross-
sectional shape may be partly high or may be made gradu-
ally higher. The height of the triangular cross-sectional
shape may be not only varied linearly but also varied as if
to plot a graph of a square function at a certain curvature.

[0130] FIG. 17C shows the structure of a liquid crystal
display device 2C in accordance with a third embodiment
that is manufactured using a first transparent substrate 16 or
a component having a light control member 120 formed
thereon according to the manufacturing method shown in
FIG. 16A to FIG. 16E, and that includes a reflective layer
27 in a liquid crystal cell thereof. A second transparent
substrate 19 is superposed on the side of the first transparent
substrate 16 where an electrode (not shown) is provided,
with a liquid crystal layer 26 and the reflective layer 27
between them, whereby the liquid crystal cell is produced.
The liquid crystal layer 26 is sealed with a sealing member
24 and has a thickness of about 5 um.

[0131] Adifference of the liquid crystal display device 2C
from the liquid crystal display device 2A shown in FIG. 17A
lies in the disposition of the light control member 120 on the
first transparent substrate 16. In the liquid crystal display
device 2A in accordance with the first embodiment shown in
FIG. 17A, the light control member 120 is formed inside a
double-faced adhesive 21. On the other hand, in the liquid
crystal display device 2C in accordance with the third
embodiment shown in FIG. 17C, the light control member
120 is extended to a portion of the first transparent substrate
to which a spacer 21 is bonded.

[0132] FIG. 17D shows the structure of a liquid crystal
display device 2D in accordance with a fourth embodiment
that is manufactured using a first transparent substrate 16 or
a component having a light control member 120 formed
thereon according to the manufacturing method shown in
FIG. 16A to FIG. 16E, and that includes a reflective layer
27 in a liquid crystal cell. A second transparent substrate 19
is superposed on the side of the first transparent substrate 16
where an electrode (not shown) is provided, with a liquid
crystal layer 26 and the reflective layer 27 between them,
whereby the liquid crystal cell is produced. The liquid
crystal layer 26 is sealed with a sealing member 24 and has
a thickness of about 5 um.

[0133] Adifference of the liquid crystal display device 2D
shown in FIG. 17D from the liquid crystal display device 2C



US 2005/0041175 Al

shown in FIG. 17C lies in a position at which the light
control member 120 is formed. In the liquid erystal display
device 2D shown in FIG. 17D, the light control member 120
is extended to the portion of the first transparent substrate 16
having the integrated circuit 36.

[0134] As mentioned above, the first transparent substrate
16 is manufactured with the light control member 120
formed on the side on which the electrode 6, that is a
component of a display device, is not formed, opposite to the
side on which the electrode 6 is formed, according to the
manufacturing method shown in FIG. 16A to FIG. 16E.
The first transparent substrate 16 can be used to produce a
reflective liquid crystal cell having the reflective layer 26
interposed between the first transparent substrate 16 and the
second transparent substrate 19 as shown in FIG. 17A to
FIG. 17D. Moreover, the first transparent substrate 16 can
be used to produce a liquid crystal cell having the reflective
layer 27 formed on the external side of the second trans-
parent substrate 19 as shown in FIG. 4A to FIG. 6B.

[0135] Moreover, the light control member 120 produced
according to the manufacturing method shown in FIG. 7A
to FIG. 7E or FIG. 16A to FIG. 16E can be adapted to a
conventional scattering type liquid crystal display device
like the one shown in FIG. 1B.

[0136] Furthermore, a twisted nematic (TN) liquid crystal,
a super-twisted nematic (STN) liquid crystal, or a liquid
crystal to be driven according to an active matrix addressing
method using thin film transistors (TFTS) or thin film diodes
(TFDs) may be adopted as the liquid crystal employed in the
foregoing embodiments. Liquid crystal display devices for
monochromatic display have been described so far. The
present invention can be effectively applied to a reflective
color liquid crystal display device employing a color filter.

[0137] Assuming that a color liquid crystal display device
employing a color filter is manufactured using a first trans-
parent substrate 16 having a light control member 120
formed thereon according to the manufacturing method
shown in FIG. 16A to FIG. 16E, an ¢lectrode, an alignment
layer, a liquid crystal, an alignment layer, an electrode, a
color filter, a light shade film for shading light from the
border of the color filter, and a second transparent substrate
19 are superposed in that order on the side of the first
transparent substrate 16 opposite to the side thereof having
the light control member 120 formed thereon. A light source
is then mounted on one lateral side of the assembled liquid
crystal cell.

1. A display device comprising:
a first transparent substrate having an electrode;
a second transparent substrate having an electrode;

a display cell having an electro-optic converting member,
of which optical characteristic is varied with an electric
action, sealed between said first and second transparent
substrates; and

a light control member made of an ultraviolet-setting resin
and formed directly on the external side of said first
transparent substrate opposite to the side thereof in
contact with said electro-optic converting member.
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2. A display device according to claim 1, wherein:

said electro-optic converting member is sealed between
the sides of said first and second transparent substrates
on which said transparent electrodes are placed, and
transmits ultraviolet light; and said light control mem-
ber is directly formed on the external side of said first
transparent substrate by irradiating the ultraviolet light
to the side of said second transparent substrate opposite
to the side thereof in contact with said electro-optic
converting member.
3. A display device according to claim 1, further com-
prising at least a light source mounted on an end of said first
transparent substrate, wherein:

said light control member has an irregular shape due to a
plurality of grooves formed in parallel with one edge of
said first transparent substrate on which said light
source is mounted.

4. A display device according to claim 3, wherein said

grooves are V-shaped grooves.

5. A display device according to claim 1, wherein the
maximum height of the portion of said light control member
located near said light source is smaller than the height of the
other portion thereof located far away from said light source.

6. A display device according to claim 1, wherein a first
polarizing member supported by a spacer is placed on the
external side of said light control member opposite to the
side thereof in contact with said first transparent substrate,
and the surface of said spacer supporting said first polarizing
member is located higher than said light control member is.

7. A display device according to claim 6, wherein said
spacer is made of the same material as said light control
member is, and formed around an image display area of said
display device.

8. A display device according to claim 1, wherein said
light control member formed on the external side of said first
transparent substrate lies over the entire surface of said first
transparent substrate.

9. A display device according to claim 6, wherein said
spacer is an adhering member mounted on the uneven
portion of said light control member.

10. A display device according to claim 6, wherein said
spacer is formed along at least one edge of a frame area
around an image display area of said display device.

11. A display device according to claim 10, wherein said
one edge is one of the edges of said area around said image
display area that is located farthest away from said light
source.

12. A display device according to claim 1, wherein: said
first transparent substrate has a portion thereof jutted out
relative to said second transparent substrate; and said light
control member formed on the external side of said first
transparent substrate lies over the entire surface of said first
transparent substrate except the jut portion.

13. A method of manufacturing a display device that
comprises a first transparent substrate having en electrode, a
second transparent substrate having an electrode, a display
cell having an electro-optic converting member, of which
optical characteristic is varied with an electric action, sealed
between said first and second transparent substrates, and a
light control member made of an ultraviolet-setting resin and
formed directly on the external side of said first transparent
substrate opposite to the side thereof in contact with said
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electro-optic converting member, said display device manu-
facturing method comprising the steps of:

producing a display cell that can transmit ultraviolet light;

pouring an ultraviolet-setting resin in a mould engraved
with line in the shape of a light control member; and

placing said display cell on said ultraviolet-setting resin in
said mould so that said display cell will be superposed
on said ultraviolet-setting resin, irradiating ultraviolet
light to the side of said display cell opposite to the side
thereof in contact with said ultraviolet-setting resin,
allowing said ultraviolet-setting resin to set with the
ultraviolet light transmitted by said display cell, and
removing said display cell from said mould so as to
thus form said light control member on said display
cell.

14. A display device according to claim 1, wherein: said
display cell has a liquid crystal sealed between said first and
second transparent substrates; and a sealing member is
disposed in order to prevent said liquid crystal from leaking
out of a gap between said first and second transparent
substrates.

15. A display device manufacturing method according to
claim 13, wherein said display cell placed in said mould is
a single display cell.

16. A display device manufacturing method according to
claim 13, wherein said display cell placed in said mould is
a set of display cells including a plurality of display cells.

17. A display device manufacturing method according to
claim 15, further comprising a step of cutting said set of
display cells apart so as to produce a single display cell.

18. A method of manufacturing a display device that
comprises a first transparent substrate having an electrode, a
second transparent substrate having an electrode, a display
cell having an electro-optic converting member, of which
optical characteristic is varied with an electric action, sealed
between said first and second transparent substrates, and a
light control member made of an ultraviolet-setting resin and
formed directly on the external side of said first transparent
substrate opposite to the side thereof in contact with said
electro-optic converting member, said display device manu-
facturing method comprising the steps of:

12
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forming at least an electrode on a first transparent sub-
strate;

pouring an ultraviolet-setting resin in a mould engraved
with a line in the shape of a light control member;

placing said first transparent substrate, on which said
electrode is formed, on said ultraviolet-setting resin in
said mould so that said first transparent substrate will
be superposed on said ultraviolet-setting resin;

irradiating ultraviolet light to the side of said first trans-
parent substrate opposite to the side thereof in contact
with said ultraviolet-setting resin, allowing said ultra-
violet-setting resin to set with the ultraviolet light
transmitted by said first transparent substrate, and
removing said first transparent substrate from said
mould so as to thus form said light control member on
said first transparent substrate; and

bonding said first transparent substrate to a second trans-
parent substrate so that said electro-optic converting
member is sandwiched between said first and second
transparent substrates.

19. A display device manufacturing method according to
claim 18, wherein said electrode formed on said first trans-
parent substrate is coated with an alignment layer.

20. A display device manufacturing method according to
claim 18, wherein said first transparent substrate having said
electrode formed thereon and being placed in said mould is
a single first transparent substrate.

21. A display device manufacturing method according to
claim 18, wherein said first transparent substrate having said
electrode formed thereon and being placed in said mould is
a set of first transparent substrates including a plurality of
first transparent substrates.

22. A display device manufacturing method according to
claim 21, further comprising a step of cutting said set of first
transparent substrates apart so as to produce a single first
transparent substrates.
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