US 20050264730A1

a2 Patent Application Publication (i) Pub. No.: US 2005/0264730 A1l

a9 United States

Kataoka et al.

(43) Pub. Date: Dec. 1, 2005

(54) LIQUID CRYSTAL DISPLAY AND METHOD Publication Classification
OF MANUFACTURING THE SAME
(51 Int. CL7 oo GO2F 1/1335
(75) Inventors: Shingo Kataoka, Kawasaki (JP); 2] T O © O 349/114
Katsufumi Ohmuro, Kawasaki (JP);
Takahiro Sasaki, Kawasaki (JP);
Kunihiro Tashiro, Kawasaki (JP) (7) ABSTRACT
Correspondence Address:
Patrick G. Burns, Esq. The invention relates to a transflective liquid crystal display
GREERa BURNS & CRAIN, LTD. and a method of manufacturing the same and provides a
Suite 2500 transflective liquid crystal display which can achieve high
300_ South Wacker Dr. display characteristics in both of reflective and transmissive
Chicago, IL 60606 (US) modes and a method of manufacturing the same. The display
(79 s FUIISU DISPLAY. THCHNOLO. 5173 S0t o oot o
GIES CORPORATION; AU litv of vixel reoi b havi fecti ’ hich
OPTRONICS CORPORATION rality of pixel regions each having a reflective area whic
reflects light from the side of one of the substrates and a
1) Appl. No.: 10/985,132 transmissive area which transmits light from the side of the
’ other of the substrates toward the one of the substrates, and
(22) Filed: Nov. 10, 2004 an ultraviolet-hardened material which is a product of poly-
merization of a polymeric component mixed in the liquid
(30) Foreign Application Priority Data crystal with ultraviolet light and which is formed at a
substrate interface in the reflective area to control the
May 27,2004 (JP) ccooneerrercerreccrrieenscens 2004-157655 alignment of the liquid crystal in the reflective area.
[ 3 T Yot R L.
| \‘ 87
1 11 }
o — Y
A "A
! ANR
| 6
| | 5R
n
gT| A |
LY
Y / / [ 17
P 1 6 2
[ 1~ 86
AnT > Ang

dr = dr

(AnT=2-Ang)




Patent Application Publication Dec. 1,2005 Sheet 1 of 22 US 2005/0264730 A1

FIG.

::l%}‘*

IZdZd / Ak

ol / - |dR |
— 8R

AnT | / /\

Y r

Ant> AngR
(AnT =2+ AngR)
dr = dr




US 2005/0264730 A1

Patent Application Publication Dec. 1, 2005 Sheet 2 of 22

Ol —~f
¢« 91—~
9€ F

¢S F

\

LE
P< et
L1t

g VIV

V Vadv

m\é 0

LE~F
174 FATAN g
—._.\/\

N e
1HODI AN @ @




US 2005/0264730 A1

Patent Application Publication Dec. 1, 2005 Sheet 3 of 22

de old

oL~
24 9L~
9€ ¢

AR ¢

OL
¢4 9L~
9€

0S8 7

@\l.

w\.

LE
b< eV
L1~

AY

IHDIT AN % % \
e g




US 2005/0264730 A1

Patent Application Publication Dec. 1, 2005 Sheet 4 of 22

av Old

es

1~01
191 ¢
1T—~9¢

I ——)

<

<

ca ¢

8 vauv

vV VIV

1-L¢
T2r oY
11

}+~01
91 ¢
1—9¢

O 49

—06

-
)}

L€
v oY
— L1

el T 11



Patent Application Publication Dec. 1,2005 Sheet 5 of 22 US 2005/0264730 A1

FIG.5

T R
< T >
111
142 14
37

RUBBING DIRECTION

4.2um 6

‘RUBBING DIRECTION

117

36—F 16 12
~10

L




Patent Application Publication Dec. 1,2005 Sheet 6 of 22 US 2005/0264730 A1

. °
1 w
1 =
S m
L
| o8 D
§u.= T g O
<2 > L
E < o~
=6
gu.:
<
o w
- -
I o
- @ © < o ©
o (=] o (@]
(n'e) ALISNILNI JALLY1Y
O
Te)
<
s <
. | o ©
2y .| z @
= : ! >
E,‘_‘ ; LL
s
2 3
-
o ow
-
|
-~ ®© © < & ©

o o o o
('n'e) ALISNILNI JALLY13Y



Patent Application Publication Dec. 1,2005 Sheet 7 of 22 US 2005/0264730 A1

FIG.7

T g R
@ ﬂ ﬂ ﬁLIGHT
' 1
¥
140
AC” II A \42 4
' I 37
>.
RUBBING a
DIRECTION H
~—6
_ RUBBING DIRECTION
36
36—+ — 17
{16 (2
~10




Patent Application Publication Dec. 1, 2005 Sheet 8 of 22

< N
—995 o @ree
PP

US 2005/0264730 A1
N o
—r —_—
— QO NI © OM~O0O
— < gtoom (Y)\'—-—-—
LW\

N
b
L= <t — ' | = <t —
D~< ':T:& 5 }’v
oy 3~ = 3~
3 3 A 3
m @,
0 o
O O
L L
<t o
f_H ,—J%
— O NN © OMOWO
— T <Tm N r— — —
) ) )/ ) \ ()
A N ' * NHEN
N
©
o D
Y | | ]
A ] },g
3
- 3
<
Y <

FIG.8A

42um



Patent Application Publication Dec. 1,2005 Sheet 9 of 22 US 2005/0264730 A1

FIG.9

11
142 t4
37

RUBBING DIRECTION

15Vpp
@ 42um g

~_ RUBBING DIRECTION

hY
—
—
wnnadh
vy

142~
37 1142

116~

A §
N /L )
—
—
~J

A
Y

A
Y



US 2005/0264730 A1

Patent Application Publication Dec. 1, 2005 Sheet 10 of 22

dlL1"old

olL—~r

ViLOid

d

&

1

Y

\

|
|
]
I
|
I
|
|
|
!
1
|

MO |

B e

\

o

\

\

Ol



Patent Application Publication Dec. 1,2005 Sheet 11 of 22 US 2005/0264730 A1




Patent Application Publication Dec. 1,2005 Sheet 12 of 22 US 2005/0264730 A1

M

<

L

o

<
>
L
2 ™
H -—
O | ]
S O
@ T
|
o
0o
<

<«

<

Ll

o

<

fe N o 0 o w o
N N — —

(%) JONV.LLINSNVYH.L



US 2005/0264730 A1

Patent Application Publication Dec. 1, 2005 Sheet 13 of 22

dv 1 Old

N
——,
o
)
\

N _-../ AN RRNONRRNY |

A YA YA Ve Ve W

@\JI.\

—
—
\

Vi1 Old

d

1

I,

-____.________}

e —— e ———

\




US 2005/0264730 A1

Patent Application Publication Dec. 1, 2005 Sheet 14 of 22

SIS

Ol —~
AWAEN

A

SAONRANAARMARRARAARRRRNRRRRN

9SG
@\II
9G]

S 7 e vavavavaw,

DA

=~

aed
14
Ll

Y

&

Va1l old

b 4
EagiMian

Y

AR
-

e v - ————

\

-— e - —— - 4



Patent Application Publication Dec. 1,2005 Sheet 15 of 22 US 2005/0264730 A1

FIG.16

FIG.17

L

17,\,5J_| 30 }2

A
 §
A
\



Patent Application Publication Dec. 1,2005 Sheet 16 of 22 US 2005/0264730 A1

[{o] '_\).
O
((o]
Ll - L
00 o0
L ~—
Y O
L o L
w__
t/\_
O (2/\, 2/\, D
o0 o0
— —
O ©
0 | |000000000 o TS
L = 000000000 il b
000000000
000000000
~—~1|000000000 ~ o~
- 000000000 -
000000000
a @)
~— ~—
QO O
St N AN/
) S
:,.\__ - :f\, —_—




Patent Application Publication Dec. 1,2005 Sheet 17 of 22 US 2005/0264730 A1

FIG.19

87

)
w
o

17~—C]

A
Y
A
Y

FI1G.20

A
Y
A

FIG.21

17 ' 719
e bea0l2

A
Y
A
Y



Patent Application Publication Dec. 1,2005 Sheet 18 of 22 US 2005/0264730 A1

FIG.22

\ 32 161/

VR
16e
20""){,; ~ 16
217/
22 |t 164
"

32 L ~—-18b T~—16

LILILIL

32
17

16k



Patent Application Publication Dec. 1,2005 Sheet 19 of 22 US 2005/0264730 A1

14-£

FIG.23A

14~£ }

—

—_—
N

—F—
\./\:

B 111111

e




Patent Application Publication Dec. 1,2005 Sheet 20 of 22 US 2005/0264730 A1

FIG.24A
R | : L
164 1‘3|‘ 160 16e
" ! ¢ -
AN Nk
321 45 45 45
4
I — |
16>i 17 16g g 168 g
16h 16h
FI1G.24B
~ 11
42
32 U\45 LJ|\45 L;l\45 5
17 K \ ' r—+—16
- 48— — S
) ~10
{




US 2005/0264730 A1

Patent Application Publication Dec. 1, 2005 Sheet 21 of 22

d5¢' 014

Y
A
Y

A

1HDIT AN

avs

VSG¢ Ol

Y
A

Y

A

A

7

91—

BpS

1HODIT AN




Patent Application Publication Dec. 1,2005 Sheet 22 of 22 US 2005/0264730 A1

FIG.26

| 187
111
A 1 N ~142}1°4
A L
/ /dR/’ AR | o6
Al g AL
ANT
y/ 134 L1102
s ‘ ~116
~ 110
I 186
AnT = AnR
dr >dr

(dr=2-dr)




US 2005/0264730 Al

LIQUID CRYSTAL DISPLAY AND METHOD OF
MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a liquid crystal
display and a method of manufacturing the same and, more
particularly, to a transflective liquid crystal display capable
of display in both reflective and transmissive modes and a
method of manufacturing the same.

[0003] 2. Description of the Related Art

[0004] Among active matrix type liquid crystal displays,
attention is recently paid to reflective liquid crystal displays
which can be provided with a light weight and a small
thickness and which consume low power. Reflective liquid
crystal displays that are currently in practical use are one-
polarizer type displays utilizing a TN (Twisted Nematic)
mode liquid crystal (see Patent Documents 1 and 2 for
example). However, a one-polarizer type reflective liquid
crystal display has a problem in that it undergoes a signifi-
cant reduction in visibility in an environment of low bright-
ness because the visibility of the display significantly
depends on the brightness of the surroundings.

[0005] Meanwhile, a transmissive liquid crystal display is
characterized in that it exhibits high contrast and visibility
even in a dark environment although it consumes high
power because of the use a backlight unit as a light source.
However, a transmissive liquid crystal display has a problem
in that it undergoes a significant reduction in visibility and
therefore becomes poorer in display quality than a reflective
liquid crystal display in a bright environment.

1. Field of the Invention

[0006] Techniques for mitigating the above-described
problems of the reflective and transmissive liquid crystal
displays include front-light type liquid crystal displays
which are combinations of a reflective liquid crystal display
and a front-light unit and transflective liquid crystal displays
utilizing transflective films as pixel electrodes (see Patent
Document 3 for example). However, a front-light type liquid
crystal display has a problem in that it has a contrast ratio
lower than that of a transmissive liquid crystal display in a
dark environment and in that it displays an object darker
than a normal reflective liquid crystal display does in a
bright environment due to absorption of light at a light guide
plate of the front-light unit.

[0007] On the contrary, Metal thin films such as aluminum
(Al) thin films having a thickness of about 30 nm are
normally used as transflective films of a transflective liquid
crystal display as described above. A metal thin film has a
problem in that it reduces utilization of light because it has
a great light absorption coefficient. Further, since it is very
difficult to form a metal thin film having a great area and a
uniform thickness, a problem arises in that a variation of the
thickness of a transflective film can result in a great in-plane
variation of the transmittance of the film.

[0008] Techniques for solving the above-described prob-
lems include transflective liquid crystal displays which have
a reflective area formed with a reflective electrode reflecting
light and a transmissive area formed with a transparent
electrode transmitting light at each pixel (see Patent Docu-
ment 4 for example). Such a transflective liquid crystal
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display can display an object with a relatively high contrast
ratio in both of the reflective and transmissive modes, and it
has no in-plane variation of transmittance.

[0009] In a transflective liquid crystal display, however,
light passes through a liquid crystal layer only once during
display in the transmissive mode, whereas light passes
through the liquid crystal layer twice during display in the
reflective mode. In the configuration disclosed in Patent
Document 4, since a transmissive arca and a reflective area
have substantially the same cell thickness (the thickness of
the liquid crystal layer) and liquid crystal alignment, sub-
stantial retardation in the reflective area is approximately
twice retardation in the transmissive area when consider-
ation is paid to the fact that light passes through the liquid
crystal layer twice in the reflective area. When the cell
thickness is set such that display is preferably performed in
either of the reflective and transmissive modes, the bright-
ness and contrast ratio are reduced in the other mode. A
problem therefore arises in that it is not possible to perform
preferable display in both of the reflective and transmissive
modes.

[0010] Techniques for solving the above-described prob-
lem include dual cell gap type transflective liquid crystal
displays in which a reflective area and a transmissive area
have different cell thicknesses (see Patent Document 5 for
example). FIG. 26 shows a sectional configuration of such
a transflective liquid crystal display. FIG. 26 shows a
transmissive area T of a pixel region on the left side thereof
and a reflective area R on the right side thereof. As shown
in FIG. 26, the transflective liquid crystal display has a thin
film transistor (TFT) substrate 102 and an opposite substrate
104 which are provided opposite to each other and a liquid
crystal 106 scaled between the substrates 102 and 104. A
pair of polarizers 186 and 187 is provided so as to sandwich
the substrates 102 and 104. The TEFT substrate 102 has a
transparent pixel electrode 116 formed on a glass substrate
110. A leveling film 134 having a thickness of about 2 um
is formed on the pixel electrode 116 in the reflective area R
to make a cell thickness dR in the reflective area R smaller
than a cell thickness dT in the transmissive area T. A
reflective electrode 117 is formed on the leveling film 134.
The opposite substrate 104 has a transparent common elec-
trode 142 formed on a glass substrate 111.

[0011] Since a voltage applied to the liquid crystal 106 is
substantially constant in the same pixel, liquid crystal mol-
ecules 108T in the transmissive area T and liquid crystal
molecules 108R in the reflective area R are tilted at sub-
stantially the same tilting angle. Therefore, refractive index
anisotropy AnT of the transmissive area T and refractive
index anisotropy AnR of the reflective area R are substan-
tially equal to each other (AnT~AnR). The cell thickness dR
in the reflective area R is smaller than the cell thickness dT
in the transmissive area T (dT>dR), and the cell thickness dR
is about one-half of the cell thickness dT (dT=2-dR). Thus,
the substantial retardation in the reflective areca R and the
retardation in the transmissive area T are substantially equal
to each other, and sufficient brightness and contrast ratio can
therefore be achieved in both of the reflective and transmis-
sive modes.

[0012] However, since there is a need for forming the
leveling film 134 in the reflective area R, the transflective
liquid crystal display has a problem in that it involves
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complicated manufacturing processes which results in an
increase in the manufacturing cost. In the transflective liquid
crystal display, since the reflective area R and the transmis-
sive area T have different cell thicknesses, the speed of
response of the liquid crystal 106 varies accordingly. Fur-
ther, since the thickness of the leveling film 134 is about
one-half of the cell thickness in the transmissive area T, a
relatively large step is formed at a boundary between the
reflective area R and the transmissive area T. Such a step can
cause a defect in the alignment of the liquid crystal 106 and
can accumulate a liquid applied to form an alignment film.

[0013] Let us assume that spherical spacers are used to
maintain the cell thicknesses of the above-described trans-
flective liquid crystal display. Then, if the diameter of the
spherical spacers is adjusted to the cell thickness of either of
the reflective arca R and the transmissive arca T, the desired
cell thickness can not be achieved in the other area when the
spherical spacers are disposed in the other area. As thus
described, a dual gap type transflective liquid crystal display
has a problem in that it is difficult to control cell thicknesses
of the same.

[0014] Another problem arises in that a difference between
light paths in the reflective area R and the transmissive area
T results in a difference in color purity between the reflective
and transmissive modes. Specifically, light passes through a
CF layer once in the transmissive area T, whereas light
passes through a CF layer twice and therefore has a rela-
tively low transmittance in the reflective area R. When the
color purity of the CF layer is adjusted to perform display
with high brightness in the reflective mode, the color purity
of display in the transmissive mode becomes quite low to
render the display too light. When the color purity of the CF
layer is adjusted to perform preferable display in the trans-
missive mode, transmittance becomes low during display in
the reflective mode to render the display very dark. Patent
Document 6 discloses a technique for providing a reflective
area R and a transmissive area T with different degrees of
color purity to mitigate the problem. According to the
technique, a CF layer is provided throughout the transmis-
sive area T, whereas the CF layer is formed in parts of the
reflective area R to correct the color purity of the area.
According to this technique, however, there is a need for a
new processing step for leveling steps which are produced
by the partially formed CF layer. This necessitates a greater
number of manufacturing processes than a step for fabricat-
ing an opposite substrate 104 having an ordinary CF layer
and consequently results in an increase in the manufacturing
cost of a liquid crystal display.

[0015] Patent Document 1: Japanese Patent Laid-
Open No. JP-A-5-232465

[0016] Patent Document 2: Japanese Patent Laid-
Open No. JP-A-8-338993

[0017] Patent Document 3: Japanese Patent Laid-
Open No. JP-A-7-333598

[0018] Patent Document 4: Japanese Patent Laid-
Open No. JP-A-11-281972

[0019] Patent Document 5: Japanese Patent No.
3380482

[0020] Patent Document 6: Japanese Patent No.
3410664
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[0021] Patent Document 7: Japanese Patent Laid-
Open No. JP-A-2002-296585

SUMMARY OF THE INVENTION

[0022] Ttis an object of the invention to provide a trans-
flective liquid crystal display which can achieve high display
characteristics in both of the reflective and transmissive
modes and a method of manufacturing the same.

[0023] The above-described object is achieved by a liquid
crystal display characterized in that it has a pair of substrates
provided opposite to each other, a liquid crystal sealed
between the pair of substrates, a plurality of pixel regions
each having a reflective area which reflects light from the
side of one of the pair of substrates and a transmissive area
which transmits light from the side of the other of the pair
of substrates toward the one of the pair of substrates, and an
ultraviolet-hardened material which is a product of poly-
merization of a polymeric component mixed in the liquid
crystal with ultraviolet light and which is formed in a part of
the neighborhood of an interface between the liquid crystal
and the pair of substrates to control the alignment of a part
of the liquid crystal in the pixel region.

[0024] The invention makes it possible to provide a trans-
flective liquid crystal display which can achieve high display
characteristics in both of the reflective and transmissive
modes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1is a diagram showing a principle of a liquid
crystal display in a first mode for carrying out the invention;

[0026] FIGS. 2A and 2B are diagrams showing a first
basic configuration of the liquid crystal display in the first
mode for carrying out the invention;

[0027] FIGS. 3A and 3B are diagrams showing an
example of a method of forming an ultraviolet-hardened
material;

[0028] FIGS. 4A and 4B are diagrams showing a second
basic configuration of the liquid crystal display in the first
mode for carrying out the invention,

[0029] FIG. 5 is a diagram showing a configuration of a
liquid crystal display as an example comparative to Embodi-
ment 1-1 in the first mode for carrying out the invention,

[0030] FIGS. 6A and 6B arc graphs showing transmit-
tance characteristics and reflectance characteristics relative
to applied voltages;

[0031] FIG. 7 is a diagram showing a step of irradiating
a liquid crystal display according to Embodiment 1-2 in the
first mode for carrying out the invention with UV light;

[0032] FIGS. 8A to 8C are diagrams showing a method of
manufacturing a liquid crystal display according to Embodi-
ment 1-3 in the first mode for carrying out the invention;

[0033] FIG. 9 is a diagram showing a configuration of a
liquid crystal display according to Embodiment 1-4 in the
first mode for carrying out the invention,

[0034] FIG. 10 is a sectional view showing a configura-
tion of a common transflective liquid crystal display;
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[0035] FIGS. 11A and 11B are diagrams showing a prin-
ciple of a liquid crystal display in a second mode for
carrying out the invention;

[0036] FIG. 12 is a diagram showing a configuration of a
liquid crystal display according to Embodiment 2-1 in the
second mode for carrying out the invention;

[0037] FIG. 13 is a graph showing T-V characteristics of
the liquid crystal display according to Embodiment 2-1 in
the second mode for carrying out the invention,

[0038] FIGS. 14A and 14B are diagrams showing a
configuration of a liquid crystal display according to
Embodiment 2-2 in the second mode for carrying out the
invention;

[0039] FIGS. 15A and 15B are diagrams showing a
configuration of a liquid crystal display according to
Embodiment 2-3 in the second mode for carrying out the
invention;

[0040] FIG. 16 is a diagram showing a first basic con-
figuration of a liquid crystal display in a third mode for
carrying out the invention;

[0041] FIG. 17 is a diagram showing a second basic
configuration of the liquid crystal display in the third mode
for carrying out the invention;

[0042] FIGS. 18A to 18F are diagrams showing examples
of shapes of a reflective electrode and a transparent elec-
trode;

[0043] FIG. 19 is a diagram showing a third basic con-
figuration of the liquid crystal display in a third mode for
carrying out the invention;

[0044] FIG. 20 is a diagram showing a configuration of a
liquid crystal display which constitutes a basis of a fourth
basic configuration of the liquid crystal display in the third
mode for carrying out the invention;

[0045] FIG. 21 is a diagram showing the fourth basic
configuration of the liquid crystal display in the third mode
for carrying out the invention;

[0046] FIG. 22 is a diagram showing a configuration of a
liquid crystal display according to Embodiment 3-1 in the
third mode for carrying the invention;

[0047] FIGS. 23A and 23B are diagrams showing a
configuration of a liquid crystal display according to
Embodiment 3-2 in the third mode for carrying the inven-
tion;

[0048] FIGS. 24A and 24B are diagrams showing a
configuration of a liquid crystal display according to
Embodiment 3-3 in the third mode for carrying the inven-
tion;

[0049] FIGS. 25A and 25B are diagrams showing a
method for manufacturing a liquid crystal display according
to Embodiment 3-4 in the third mode for carrying the
invention; and

[0050] FIG. 26 is a diagram showing a sectional configu-
ration of a transflective liquid crystal display according to
the related art.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0051] [First Mode for Carrying Out the Invention]

[0052] A liquid crystal display and a method of manufac-
turing the same in a first mode for carrying out the invention
will now be described with reference to FIGS. 110 9. In the
present mode for carrying out the invention, instead of
providing a reflective area R and a transmissive area T with
different cell thicknesses, a modulating effect exerted on
light by a liquid crystal in the reflective area R is made
different from a modulating effect exerted on light by the
liquid crystal in the transmissive area T. FIG. 1 is a sectional
view of a pixel showing a principle of a transflective liquid
crystal display in the present mode for carrying out the
invention. FIG. 1 shows a transmissive area T of the pixel
region on the left side thereof and a reflective area R on the
right side thereof. As shown in FIG. 1, the transflective
liquid crystal display has a TFT substrate 2 and an opposite
substrate 4 which are provided opposite to each other and a
liquid crystal 6 sealed between the substrates 102 and 104.
For example, the liquid crystal 6 has negative dielectric
constant anisotropy, and it is aligned substantially perpen-
dicularly to the surfaces of the substrates when no voltage is
applied. A pair of polarizers 86 and 87 is provided so as to
sandwich the TFT substrate 2 and the opposite substrate 4.
Both of the polarizers 86 and 87 may be linear polarizers or
circular polarizers (combinations of a linear polarizer and a
Vi-wave plate). Alternatively, a combination of a linear
polarizer and a circular polarizer may be used (i.e., one of
the polarizers may be a linear polarizer and the other may be
a circular polarizer). The TFT substrate 2 has a transparent
electrode 16 formed at each pixel region on a glass substrate
10. A reflective electrode 17 is formed on the transparent
electrode 16 in the reflective area R. The opposite substrate
4 has a transparent common electrode 42 which is formed
substantially throughout a glass substrate 11. As a result, as
indicated by the arrows in the figure, light from the side of
TFT substrate 2 is transmitted in the transmissive area T, and
light from the side of the opposite substrate 4 is reflected in
the reflective area R.

[0053] In the present mode for carrying out the invention,
the transmissive area T and the reflective area R are different
from each other in vertical alignment ability of the align-
ment layer, and liquid crystal molecules 8T in the transmis-
sive area T are tilted by a greater amount than liquid crystal
molecules 8R in the reflective area R when a voltage is
applied. As a result, refractive index anisotropy AnT of the
transmissive area T becomes larger than refractive index
anisotropy AnR of the reflective area R (AnT>AnR). For
example, the refractive index anisotropy AnR is about one-
half of the refractive index anisotropy AnT (AnT=2-AnR). In
the present mode for carrying out the invention, the cell
thickness d T in the transmissive area T and the cell thickness
dR in the reflective areca R are substantially equal to each
other (dT=dR), or the cell thickness dT is smaller than the
cell thickness dR (dT<dR).

[0054] 1In the present mode for carrying out the invention,
substantial retardation in the reflective area R substantially
equals retardation in the transmissive area T, which allows
sufficient brightness and contrast ratio to be achieved in both
of the reflective and transmissive modes.

[0055] A description will now be made on a first basic
configuration of the liquid crystal display in the present
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mode for carrying out the invention for realizing the above-
described principle. In the basic configuration, an ultravio-
let-hardened material is formed in parts of the neighborhood
of an interface between the liquid crystal 6 and the TFT
substrate 2 and the neighborhood of an interface between the
liquid crystal 6 and the opposite substrate 4 (hereinafter
simply referred to as “substrate interfaces”) in order to make
the transmissive area T and the reflective area R different
from each other in amount of shifts of the liquid crystal
molecules. For example, the ultraviolet-hardened material is
formed on substrate interfaces in either of the transmissive
area T and the reflective area R. The ultraviolet-cure material
works as an alignment control layer for controlling the
alignment and the amount of shifts of the liquid crystal
molecules, for example, in combination with an alignment
film. FIGS. 2A and 2B show a method of forming the
ultraviolet-hardened material in parts of substrate interfaces.
Although the description refers to a vertical alignment mode
liquid crystal display having vertical alignment films formed
therein, the invention is not limited to the same and can be
similarly applied to other modes of alignment. As shown in
FIG. 2A, an alignment film (vertical alignment film) 36 is
formed, through coating, on an entire surface of the TFT
substrate 2, and an alignment film 37 is formed, through
coating, on an entire surface of the opposite substrate 4.
Next, the TFT substrate 2 and the opposite substrate 4 are
combined 1o seal the liquid crystal 6 mixed with a monomer
50 that is a photo-polymeric component between the sub-
strates 2 and 4. Next, the liquid crystal 6 is irradiated with
ultraviolet (UV) light through a shielding mask 54 which is
formed with a shielding pattern in a part thereof. As a resullt,
as shown in FIG. 2B, the monomer 50 is polymerized in a
region B which has been irradiated with UV light, and an
ultraviolet-hardened material 52 is formed at substrate inter-
faces. At this time, a large part of the monomer 50 in a
shielded region A has been absorbed in the ultraviolet-
hardened material 52. The monomer 50 mixed in the liquid
crystal 6 is not limited to one type of monomer, and it may
be a mixture of two or more types of monomers. However,
it is desirable that one of the monomers has two or more
optically functional group at least. Since the ultraviolet-
hardened material 52 has the function of changing the
alignment ability of the liquid crystal 6, switching charac-
teristics of the liquid crystal 6 in response to an applied
voltage can be varied between the region B where the
ultraviolet-hardened material 32 is formed and the region A
where the ultraviolet-hardened material 52 is not formed.
That is, the above-described principle can be realized by
forming the ultraviolet-hardened material 52 in the reflective
area R of the pixel region.

[0056] FIGS. 3A and 3B show an example of another
method of forming the ultraviolet-hardened material 52 at
substrate interfaces. As shown in FIG. 3A, UV light incident
on a substrate surface in an oblique direction (at an incident
angle 0) to form an ultraviolet-hardened material 52 is
radiated to the liquid crystal 6. The ultraviolet-hardened
material 52 formed by the incident light in an oblique
direction aligns liquid crystal molecules in a direction that is
slightly inclined from the direction perpendicular to the
substrate surface toward the oblique direction. Thus, as
shown in FIG. 3B, the tilting direction of liquid crystal
molecules 8 at the time of application of a voltage is defined
(as indicated by the thick arrow in the figure), and the
switching characteristics of the liquid crystal 6 in response
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to the applied voltage are different from those in a case
wherein UV light perpendicularly impinges upon the sub-
strate surface as seen in the region B in FIG. 2B. The
ultraviolet-hardened material 52 may be formed by irradi-
ating it with UV light at an incident angle 6 that varies
depending on areas using a predetermined shielding mask to
vary the switching characteristics of the liquid crystal 6
depending on areas.

[0057] A second basic configuration of the liquid crystal
display in the present mode for carrying out the invention
will now be described. FIGS. 4A and 4B show a method of
forming an ultraviolet-hardened material. The above-de-
scribed first basic configuration is an example in which the
alignment films 36 and 37 are formed, through coating, on
the entire surfaces of the respective substrates and in which
the ultraviolet-hardened material 52 is formed on parts of the
alignment films 36 and 37. On the contrary, in the present
basic configuration, alignment films (vertical alignment
films) 36 and 37 are partially formed through coating as
shown in FIG. 4A, and an ultraviolet-hardened material 52
is formed throughout substrate interfaces as shown in FIG.
4B. Liquid crystal molecules 8 can be vertically aligned by
forming the ultraviolet-hardened material 52 even in an area
B where the alignment films 36 and 37 are not formed
through coating. The strength of anchoring at a polar angle
becomes very low in the area B where the alignment films
36 and 37 are not formed because the liquid crystal mol-
ecules 8 are bound only by the ultraviolet-hardened material
52 in the area. As a result, the liquid crystal molecules 8
become easy to switch. In an area A where the alignment
films 36 and 37 are formed, the strength of anchoring at a
polar angle becomes very high because the liquid crystal
molecules 8 are bound not only by the alignment films 36
and 37 but also by the ultraviolet-hardened material 52. As
a result, the liquid crystal molecules 8 become difficult to
switch. This basic configuration makes it possible to vary the
switching characteristics of a liquid crystal 6 depending on
areas as thus described.

[0058] The photo-polymeric monomer 50 for forming the
ultraviolet-hardened material 52 must satisty two require-
ments. Specifically, it must sufficiently react to such light
that the liquid crystal 6 is not damaged, and the performance
of the ultraviolet-hardened material 52 in regulating the
alignment of the liquid crystal 6 must not undergo any
change as time passes. When these characteristics are insuf-
ficient, defects such as image sticking of a panel can occur.
The monomer 50 must be a compound including a ring
system in order to satisfy the above-described requirements,
and it has been found desirable that the monomer 50 has a
benzene ring as a ring system. In addition, it is desirable that
there is no spacer (—CH,—) between the ring system and
the photoreactive group.

[0059] The liquid crystal display and the method of manu-
facturing the same in the present mode for carrying out the
invention will now be described with reference to specific
embodiments of the same.

Embodiment 1-1

[0060] A liquid crystal display according to Embodiment
1-1 and a liquid crystal display as an example comparative
to the same were fabricated. First, a liquid crystal display as
a comparative example shown in FIG. § was fabricated as
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follows. As shown in FIG. 5, an aluminum (Al) film was
formed using sputtering on an entire surface of a transparent
electrode 16 and was patterned to form a reflective electrode
17 in the area shown on the right half of the figure. Next,
alignment films 36 and 37 were formed, through coating, on
entire surfaces of a TFT substrate 2 and an opposite substrate
4, respectively using a polyamic acid material manufactured
by JSR Corp. The substrates 2 and 4 were rubbed in
predetermined respective rubbing directions to achieve anti-
parallel rubbing, and the substrates 2 and 4 were combined
to fabricate an open cell. A negative nematic liquid crystal
manufactured by Merck KGaA was injected in the open cell.
The cell thickness was set at 4.2 um.

[0061] Next, the liquid crystal display of the present
embodiment was fabricated as follows. A liquid crystal
added with 1.5% photo-polymeric bifunctional monomer by
weight was injected in a vacant cell similar to the above-
described open cell. Thereafter, a reflective area R was
irradiated with non-polarized UV light with a transmissive
area T shielded from light with a shielding mask. The U light
had irradiation intensity of 5 mW/cm® and irradiation energy
of 9000 mJ/cm?. Thus, an ultraviolet-hardened material 52
was formed at substrate interfaces in the reflective area R.

[0062] FIGS. 6A and 6B are graphs showing transmit-
tance characteristics and reflectance characteristics relative
to applied voltages. FIG. 6A shows the characteristics of the
liquid crystal display as a comparative example, and FIG.
6B shows the characteristics of the liquid crystal display of
the present embodiment. The abscissa axes of the FIGS. 6A
and 6B represent applied voltages (V). The ordinate axes
represent relative magnitudes (a.u.) of transmittance or
reflectance, and the maximum values of transmittance and
reflectance are set at 1. The black dots “@” in the graphs
represent transmittance, and the black squares “I” represent
reflectance. As shown in FIG. 6A, the transmittance of the
liquid crystal display as a comparative example monoto-
nously increases as the applied voltage increases within the
range from 2 V to 5V, whereas the reflectance of the same
reaches a peak at an applied voltage of about 3.3 V and
decreases as the voltage increases after the peak. Therefore,
at an applied voltage of 5V, the transmittance substantially
reaches the maximum value, whereas the reflectance is about
Y5 of the maximum value. On the contrary, as shown in FIG.
6B, the reflectance characteristics of the liquid crystal dis-
play of the present embodiment could be made fairly similar
to the transmittance characteristics.

Embodiment 1-2

[0063] A liquid crystal display according to Embodiment
1-2 and a liquid crystal display as an example comparative
to the same were fabricated. In the present embodiment and
the comparative example, a color filter (CF) layer 40 was
formed on a glass substrate 11 forming a part of an opposite
substrate 4. Light passes through the CF layer 40 only once
during display in the transmissive mode, whereas light
passes through the CF layer 40 twice during display in the
reflective mode. Therefore, the CF layer 40 is formed with
a thickness d1 in a transmissive area T and formed with a
thickness d2 that is about one-half of the thickness d1 in a
reflective area R (see FIG. 7). The substrates 2 and 4 were
rubbed on an anti-parallel rubbing basis in a manner similar
to that in Embodiment 1-1, and the substrates 2 and 4 were
combined to fabricate an open cell. A negative nematic
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liquid crystal manufactured by Merck KGaA was injected in
the open cell to fabricate the liquid crystal display as a
comparative example. The cell thickness in the transmissive
area T was set at 4.2 um.

[0064] A liquid crystal added with 1.5% photo-polymeric
bifunctional monomer by weight and a little photo initiator
was injected in a vacant cell similar to the above-described
open cell. Then, the entire cell was irradiated with non-
polarized UV light from the side of the opposite substrate 4
without using a shielding mask. The UV light had irradiation
intensity of 2 mW/cm? and irradiation energy of 9000
mJ/em?. FIG. 7 shows the step of irradiating with UV light.
In the reflective area R, since the CF layer 40 has the
relatively small thickness d2, the radiated UV light is
transmitted by the CF layer 40 to enter the liquid crystal 6
(the arrows a in FIG. 7). In the transmissive area T, the CF
layer 40 having the greater thickness d1 serves as a mask to
substantially prevent the UV light from entering the liquid
crystal 6. Therefore, an ultraviolet-hardened material was
formed at substrate interfaces in the reflective arca R,
whereas no ultraviolet-hardened material was formed in the
transmissive area T. The liquid crystal display of the present
embodiment was fabricated through the above-described
steps.

[0065] Transmittance characteristics and reflectance char-
acteristics of the liquid crystal display as a comparative
example were evaluated and found to be substantially simi-
lar to the characteristics of the comparative example for
Embodiment 1-1 shown in FIG. 6A. However, the liquid
crystal display of the present comparative example had a
slightly greater difference between the transmittance and
reflectance characteristics because the reflective area R had
a greater cell thickness that is attributable to the smaller
thickness d2 of the CF layer 40 in the reflective area R.
Similarly to the liquid crystal display of Embodiment 1-1
shown in FIG. 6B, the liquid crystal display of the present
embodiment could be provided with reflectance character-
istics fairly similar to the transmittance characteristics. As
described above, in the present embodiment, the ultraviolet-
hardened material could be formed only in the reflective area
R without using a shielding mask to change optical charac-
teristics of the reflective area R without changing optical
characteristics of the transmissive area T.

Embodiment 1-3

[0066] FIGS. 8A to 8C show a method of manufacturing
a liquid crystal display according to Embodiment 1-3. In the
present embodiment, as shown in FIG. 8A, linear protru-
sions 44 (banks) 44 were formed using a resist instead of
applying and forming alignment films 36 and 37 in the
transmissive area T. The reflective area R was not rubbed,
although alignment films 36 and 37 were formed thereon
through coating. The substrates 2 and 4 were combined with
each other to leave a cell thickness of 4.2 um in the
transmissive area T, and an open cell was thus fabricated.

[0067] Next, a liquid crystal added with 0.8 wt % mixture
of a photo-polymeric bifunctional monomer and a mono-
functional monomer having an alkyl chain was injected in
the open cell. Next, UV light incident upon the substrate
surface substantially perpendicularly thereto was radiated
from the side of the TFT substrate 2. The UV light had
irradiation intensity of 2 mW/cm® and irradiation energy of
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9000 mJ/cm?. FIG. 8B shows the step of radiating the UV
light from the side of the TFT substrate 2. As shown in FIG.
8B, since the UV light is radiated from the side of the TFT
substrate 2, the UV light enters the liquid crystal 6 in the
transmissive arca T (the arrows b in the figure), whereas the
UV light does not enter the liquid crystal 6 in the reflective
area R because the light is blocked by a reflective electrode
17. Thus, an ultraviolet-hardened material is formed only in
the transmissive area T.

[0068] Subsequently, the entire surface of the opposite
substrate 4 is irradiated with non-polarized UV light. FIG.
8C shows the step of irradiating the cell with UV light from
the side of the opposite substrate 4. As shown in FIG. 8C,
the UV light is radiated as the angle of incident light is 45°
to the substrate surface. The UV light had irradiation inten-
sity of 8§ mW/cm? and irradiation energy of 9000 mJ/cm?. In
the reflective area R, the radiated UV light is transmitted by
the CF layer 40 to enter the liquid crystal 6 (the arrows ¢ in
the figure) because the CF layer 40 has a relatively small
thickness d2 in the area. On the contrary, in the transmissive
area T, the CF layer 40 has a greater thickness d1 and serves
as a mask to substantially prevent the UV light from entering
the liquid crystal 6. As a result, an ultraviolet-hardened
material is formed only in the reflective area R. That is, an
ultraviolet-hardened material is formed by the UV light
substantially perpendicularly incident upon the substrate
surface in the transmissive area T, and an ultraviolet-hard-
ened material is formed by the UV light obliquely incident
upon the substrate surface in the reflective area R. The liquid
crystal display of the present embodiment was fabricated
through the above-described steps.

[0069] An evaluation of the liquid crystal display thus
fabricated revealed that liquid crystal molecules were ver-
tically aligned and could be switched similarly to those in a
normal MVA type liquid crystal display in spite of the fact
that the alignment films 36 and 37 were not formed in the
transmissive area T. In the reflective area R, in spite of the
fact that no aligning process such as rubbing was performed,
the direction of alignment of liquid crystal molecules could
be regulated when a voltage was applied, and reflectance
characteristics could be made fairly similar to transmittance
characteristics.

Embodiment 1-4

[0070] FIG. 9 shows a configuration of a liquid crystal
display according to Embodiment 1-4. As shown in FIG. 9,
a polyamic acid material manufactured by JSR Corp. was
used for alignment films 36 and 37, and substrates 2 and 4
were rubbed on an anti-parallel basis. The substrates 2 and
4 were combined to fabricate an open cell. A liquid crystal
added with 0.3% photo-polymeric bifunctional monomer by
weight was injected in the vacant cell which was then
irradiated with non-polarized UV light on an entire surface
thereof. The UV light had irradiation intensity of 8 mW/cm*
and irradiation energy of 9000 ml/cm? The cell thickness
was 4.2 um. At this time, seven types of bifunctional
monomers A to G were used as the monomer mixed in the
liquid crystal, and changes in the pre-tilt angle of liquid
crystal molecules were observed after applying a voltage of
15 Vpp AC to the liquid crystal for 24 hours. The results are
shown in Table 1. The monomer G has a molecular length
greater than that of the monomer F. As shown in Table 1,
changes in the pre-tilt angle are small when materials having
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aring system such as the monomers A to E are used. Among
those monomers, the monomers A and C which had a
smaller number of (or no) spacers (—CH,—) between ring
systems and the optically functional group provided better
results.

TABLE 1
Number of Functional Pre-Tilt
Monomer Ring System Spacers  Group Change
A 2 Benzene 0 Acrylate <0.1
Rings
B 3 Benzene 1 Acrylate 0.2
Rings
C 2 Benzene 0 Methacrylate <0.1
Rings
D 2 Aliphatic 1 Acrylate 0.8
Rings
E 2 Benzene 2 Acrylate 0.7
Rings
F None — Acrylate 1.4
G None — Acrylate 1.7

[0071] Table 2 shows a comparison of measurements of
voltage retention rates. As shown in Table 2, when a
monomer is mixed in a liquid crystal to form an ultraviolet-
hardened material, in general, it is possible to achieve a
voltage retention rate higher than that of a liquid crystal
having no ultraviolet-hardened material formed therein.

TABLE 2
Monomer  Measurement after 16.67 ms  Measurement after 1.667 s
None 99.0% 97.2%
A 99.7% 98.3%
C 99.5% 98.0%

[0072] As described above, the present mode for carrying
out the invention allows a transflective liquid crystal display,
in particular, a transflective liquid crystal display utilizing a
VA mode liquid crystal to achieve high display characteris-
tics in both of the reflective and transmissive modes without
making a cell thickness in reflective areas R smaller than cell
thickness in transmissive areas T. When reflective areas R
and transmissive areas T have substantially equal cell thick-
nesses, no large step will be formed at boundaries between
the reflective areas R and the transmissive areas T. There-
fore, no alignment defect of the liquid crystal 6 occurs, and
the cell thicknesses can be easily controlled using spherical
spacers. Further, since there is no need for forming leveling
films only in reflective areas R, manufacturing processes can
be simplified to allow a reduction in the manufacturing cost
of a liquid crystal display.

[0073] In the present mode for carrying out the invention,
since the alignment of a liquid crystal 6 can be controlled
without forming alignment films or rubbing alignment films,
manufacturing processes can be simplified, and the yield of
manufacture can be improved, which makes it possible to
reduce the manufacturing cost of a liquid crystal display.
Further, in the present mode for carrying out the invention,
the alignment of a liquid crystal 6 is controlled using
alignment films and an ultraviolet-hardened material. This
makes it possible to provide a liquid crystal display which is
more reliable than liquid crystal displays according to the
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related art in which the alignment of a liquid crystal 6 is
controlled using only alignment films.

[0074]

[0075] A liquid crystal display and a method of manufac-
turing the same in a second mode for carrying out the
invention will now be described with reference to FIGS. 10
to 15A and 15B. Transmissive liquid crystal display accord-
ing to the related art widely used for liquid crystal monitors
have a problem in that they undergo a significant reduction
in visibility due to the influence of light from their light
sources in a bright environment e.g., an outdoor environ-
ment in fine weather, although they have sufficient visibility
in a relatively dark environment, e.g., an indoor environ-
ment. Reflective liquid crystal displays used in electronic
desk calculators are characterized in that they have sufficient
visibility in a bright environment because display is per-
formed utilizing light from a light source. On the other hand,
a problem arises in that there is a significant reduction in
visibility in a bright environment because the intensity of the
light from the light source used for display is low. Under
such circumstances, reflective/transmissive (transflective)
liquid crystal displays having both of reflective and trans-
missive characteristics are attracting attention as liquid
crystal displays that can be loaded in apparatus which must
have sufficient visibility in any environment (e.g., mobile
apparatus).

[0076] However, transflective liquid crystal displays have
a problem in that they involve complicated manufacturing
processes because both of a reflective area and a transmis-
sive area must be formed in each pixel region. FIG. 10
shows a sectional configuration of a pixel of a common
transflective liquid crystal display. As shown in FIG. 10, a
first factor complicating manufacturing processes of the
transflective liquid crystal display is that fact that only
reflective area R must be selectively formed with a reflective
electrode 117 for reflecting light and an irregular layer 120
for imparting light scattering capability to the reflective
electrode 117 to cause scatter reflection of light. A second
factor is the fact that there must be a difference in retardation
in the liquid crystal layer between the reflective area R and
transmissive area T because light passes through the liquid
crystal layer different numbers of times in the arecas R and T.
According to the related art, in order to provide a liquid
crystal layer with different values of retardation, it has been
required to form a leveling film 134 only in a reflective area
R to make a cell thickness in the reflective area R smaller
than a cell thickness in a transmissive area T.

[0077] In the above-described first mode for carrying out
the invention, an ultraviolet-hardened material is formed at
substrate interfaces in the reflective area R such that modu-
lation of light takes place differently in the reflective area R
and transmissive area T to make retardation in the liquid
crystal layer different between the areas R and T. This
eliminates a need for forming a leveling film 134 to make
manufacturing processes of a transflective liquid crystal
display relatively simple.

[0078] However, the first factor described above still
remains unsolved even in the first mode for carrying out the
invention. For example, in order to impart light scattering
capability to the reflective electrode 117, the irregular layer
120 must be selectively formed under the reflective elec-
trode 117 in the reflective area R (see Patent Documents 1

[Second Mode for Carrying Out the Invention]
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and 7). Thus, manufacturing processes for a transflective
liquid crystal display are still complicated in comparison to
those for a reflective liquid crystal display or a transmissive
liquid crystal display.

[0079] Tt is an object of the present mode for carrying out
the invention to provide a transflective liquid crystal display
and a method of manufacturing the same which can achieve
high display characteristics in both of the reflective and
transmissive modes and which allow manufacturing pro-
cesses to be further simplified.

[0080] FIGS. 11A and 11B show a principle of a liquid
crystal display in the present mode for carrying out the
invention. FIG. 11A shows a state in which a monomer
mixed in a liquid crystal 6 has not been polymerized yet, and
FIG. 11B shows a state in which the monomer has been
polymerized to form a hardened material 56. As shown in
FIGS. 11A and 11B, in the present mode for carrying out the
invention, the hardened material 56 that is formed by
polymerizing a monomer at substrate interfaces is formed in
different states in a reflective area R and a transmissive area
T. Specifically, the hardened material 56 is formed with
irregularities to provide it with light scattering capability. By
forming the material in different states, retardation in a
liquid crystal 6 in response to an applied voltage could be
made to change differently in the reflective area R and the
transmissive area T.

[0081] In the present mode for carrying out the invention,
light scattering capability can be imparted to the reflective
area R, and changes in retardation in the liquid crystal 6 in
response to an applied voltage can be made different
between the reflective area R and the transmissive area T
using relatively simple manufacturing processes that can be
easily carried out.

[0082] Liquid crystal displays and methods of manufac-
turing the same in the present mode for carrying out the
invention will now be described with reference to specific
embodiments thereof.

Embodiment 2-1

[0083] Embodiment 2-1 in the present mode for carrying
out the invention will now be described with reference to
FIGS. 11A and 11B. A product named OA-2 and manufac-
tured by Nippon Electric Glass Co., Ltd. was used as glass
substrates 10 and 11. The thickness of the substrates was 0.7
mm. A common electrode 42 that was a transparent electrode
was formed on an entire surface of a substrate 4. A reflective
electrode 17 having a substantially flat reflecting surface was
formed in a reflective area R of another substrate 2, and a
transparent electrode 16 was formed in a transmissive area
T. An ITO was used as a material to form the transparent
electrodes 42 and 16, and aluminum (Al) was used as a
material to form the reflective electrode 17. An alignment
film 37 was formed on the transparent electrode 42, and an
alignment film 36 was formed on the transparent electrode
16 and the reflective electrode 17. Polyimide manufactured
by ISR Corp. was used as a material to form the alignment
films 36 and 37. The substrates 2 and 4 were combined with
spacers (not shown) interposed between them to fabricate an
open cell. Resin spacers manufactured by Sumitomo Fine
Chemical Co., Ltd. were used as the spacers. The diameter
of the spacers was 4 um. Next, a mixture of a liquid crystal
and a reactive monomer was injected into the open cell. A
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negative nematic liquid crystal manufactured by Merck
KGaA was used as the liquid crystal material. A bifunctional
monomer polymerized as a result of a reaction with UV light
was used as the reactive monomer which was mixed with the
liquid crystal so as to occupy 0.6%.

[0084] The cell having the mixture of the liquid crystal
and the monomer injected therein was irradiated with UV
light (having a wavelength of 365 nm) to polymerize the
monomer, thereby forming a hardened material 56 for
regulating liquid crystal alignment at substrate interfaces. At
this time, the intensity of irradiation with UV light was
varied between the reflective area R and the transmissive
area T. The transmissive area T was irradiated with an
intensity of 1 mW/cm?, and the reflective area R was
irradiated with an intensity of 30 mW/cm®. The areas R and
T were both irradiated with energy of 9000 mJ/cm? by
irradiating them for different periods. Aliquid crystal display
of the present embodiment was fabricated through the
above-described steps.

[0085] FIG. 12 is a view of the neighborhood of a
boundary between the areas T and R of the liquid crystal
display of the present embodiment, the view being taken
substantially perpendicularly to the substrate surface. As
seen in FIG. 12, it was observed that an irregular structure
having light scattering capability was formed in the reflec-
tive area R shown in the upper part of the figure which had
been irradiated with UV light having the higher intensity (30
mW/cm?).

[0086] In order to study the relationship between the
intensity of irradiation with UV light and transmittance
characteristics (T-V characteristics), a liquid crystal display
was fabricated through steps similar to those described
above except that no reflective electrode 17 was formed.
Specifically, no reflective area R was formed in the liquid
crystal display; a certain region A of a transmissive area T
was irradiated with UV light having the intensity of 30
mW/cm?; and another region B was irradiated with UV light
having the intensity of 1 mW/cm®. FIG. 13 shows T-V
characteristics of the regions A and B of the liquid crystal
display. The abscissa axis represents applied voltages (V),
and the ordinate axis represents transmittances (%). As
shown in FIG. 13, the regions A and B have different T-V
characteristics, and the T-V curve of the region A irradiated
with UV light having the higher intensity is shifted to the
high-voltage side compared to the T-V curve of the region B
irradiated with UV light having the lower intensity. This
means that retardation in the region A is smaller than
retardation in the region B. That is, it is preferable to use the
region A irradiated with UV light having the higher intensity
as a reflective area R.

[0087] Therefore, since such a reflective area R is irradi-
ated with UV light having an intensity higher than that for
the transmissive area T, light scattering capability can be
imparted to the reflective area R, and substantial retardation
in the reflective area R can be made close to retardation in
the transmissive area T. In the present embodiment, the
reflecting surface of the reflective electrode 17 is substan-
tially flat in the present embodiment. As a result, light can be
more effectively scattered by a combination of the effect of
scatter reflection caused by irregularities on the surface of
the reflective electrode 17 and the effect of scattering caused
by the hardened material 56 made of polymer.
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Embodiment 2-2

[0088] Embodiment 2-2 in the present mode for carrying
out the invention will now be described. FIGS. 14A and
14B show a configuration of a liquid crystal display of the
present embodiment. FIG. 14A shows a state in which a
monomer mixed in a liquid crystal 6 has not been polymer-
ized yet, and FIG. 14B shows a state in which the monomer
has been polymerized to form a hardened material 56. The
liquid crystal display of the present embodiment is the same
as Embodiment 2-1 except that alignment films 36 and 37
are not formed and that the liquid crystal is added with 2 wt
% mixture of a bifunctional monomer and a monofunctional
monomer having an alkyl chain. In the liquid crystal of the
present embodiment, the alignment of the liquid crystal is
regulated only by the hardened material 56 that is formed at
substrate interfaces as a result of a reaction of the monomers.
Light scattering capability and a shift of a T-V curve toward
high voltages similar to those in Embodiment 2-1 were also
observed in the liquid crystal display of the present embodi-
ment.

Embodiment 2-3

[0089] Embodiment 2-3 in the present mode for carrying
out the invention will now be described. FIGS. 15A and
15B show a configuration of a liquid crystal display of the
present embodiment. FIG. 15A shows a state in which a
monomer mixed in a liquid crystal 6 has not been polymer-
ized yet, and FIG. 15B shows a state in which the monomer
has been polymerized to form a hardened material 56. The
liquid crystal display of the present embodiment is the same
as Embodiment 2-2 except that a reaction accelerating layer
58 for accelerating a reaction of the monomer is formed on
a reflective electrode 17 in a reflective area R. For example,
when a CF layer including an optical polymerization initia-
tor is used as the reaction accelerating layer 58, the embodi-
ment requires no addition to manufacturing processes for a
common reflective/transmissive liquid crystal display for
color display. Thus, a greater amount of polymer (hardened
material 56) is formed on the reflective electrode 17 to allow
light to be scattered more effectively.

[0090] As described above, the present mode for carrying
out the invention makes it possible to manufacture a trans-
flective liquid crystal display which can achieve high display
characteristics in both of the reflective and transmissive
modes through simple manufacturing processes.

[0091]

[0092] Aliquid crystal display in a third mode for carrying
out the invention will now be described with reference to
FIGS. 16 to 25A and 25B. FIG. 16 shows a first basic
configuration of the liquid crystal display in the present
mode for carrying out the invention. As shown in FIG. 16,
a TFT substrate 2 has a reflective electrode 17 provided in
a reflective area R. An insulation film 30 is formed through-
out the substrate over the reflective electrode 17. A trans-
parent electrode 16 is formed on the insulation film 30 in a
transmissive area T. The transparent electrode 16 is electri-
cally connected to the reflective electrode 17 through a
contact hole 32 formed by providing an opening in the
insulation film 30 above the reflective electrode 17. When a
voltage is applied to a liquid crystal 6, the transparent
electrode 17 and the reflective electrode 16 are at the same
potential. However, since the insulation film 30 is formed on

[Third Mode for Carrying Out the Invention]
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the reflective electrode 17, an effective voltage applied to the
liquid crystal 6 in the reflective area R is lower than an
effective voltage applied to the liquid crystal 6 in the
transmissive area T because of a voltage loss at the insula-
tion film 30. As a result, a threshold voltage in the reflective
area R becomes higher than that in the transmissive area T.
In this basic configuration, substantial retardation in the
reflective area R is made close to retardation in the trans-
missive area T to make reflectance characteristics (R-V
characteristics) close to T-V characteristics.

[0093] FIG. 17 shows a second basic configuration of the
liquid crystal display in the present mode for carrying out the
invention. As shown in FIG. 17, a transparent electrode 16
formed in a transmissive area T extends into a part of a
reflective area R. The transparent electrode 16 in the trans-
missive area T and the transparent electrode 16 in the
reflective area R are electrically connected to each other.

[0094] FIGS. 18A to 18F show examples of shapes of a
reflective electrode 17 and a transparent electrode 16 as
viewed in a direction perpendicular to the substrate surface.
FIGS. 18A to 18F show the reflective area R on the left side
thereof and the transmissive area T on the right side thereof.

[0095] In the example shown in FIG. 18, the reflective
electrode 17 is formed substantially throughout the reflective
area R, and the transparent electrode 16 is formed substan-
tially throughout the transmissive area T. The transparent
electrode 16 extends into a part of the reflective area R. The
transparent electrode 16 in the reflective area R has a trunk
section 16a extending in the vertical direction in the figure
and a plurality of branch sections 16 branching from the
trunk section 16z to extend in diagonal directions. An
effective voltage applied to the liquid crystal 6 is lower in the
reflective area R which is only partially occupied by the
transparent electrode 16 than in the transmissive area T
which is substantially entirely occupied by the transparent
electrode 16. In the reflective area R, since liquid crystal
molecules are tilted in the extending directions of the branch
sections 160 by diagonal electric fields generated at the
edges of the transparent electrode 16, the alignment of the
liquid crystal 6 can be regulated. Thus, the transparent
electrode 16 formed in a part of the reflective area R not only
provides optical characteristics such as a saturation voltage
and threshold characteristics in accordance with those in the
transmissive area T but also divides the alignment of liquid
crystal 6 in the reflective area R to allow viewing angle
characteristics to be improved during reflective display.

[0096] Inthe example shown in FIG. 18B, the transparent
electrode 16 in the reflective area R has a plurality of linear
electrodes 16¢ radially extending substantially from the
center of the reflective area R. In the reflective area R, since
liquid crystal molecules are tilted in the extending direction
of the linear electrodes 16c, the alignment of the liquid
crystal 6 can be regulated.

[0097] Inthe example shown in FIG. 18C, the transparent
electrode 16 in the reflective area R has a plurality of circular
openings 18¢ arranged in the form of a matrix. In the
reflective area R, since liquid crystal molecules are tilted
outwardly from the center of each of the openings 184, the
alignment of the liquid crystal 6 can be regulated. The
openings 182 may be in other configurations such as polygo-
nal and radial configurations.

[0098] Inthe example shown in FIG. 18D, the transparent
electrode 16 in the reflective area R has a plurality of linear
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openings 185 extending in parallel with each other in the
horizontal direction in the figure. In the reflective area R,
liquid crystal molecules are tilted in the extending direction
of the openings 18b, the alignment of the liquid crystal 6 can
be regulated.

[0099] In the example shown in FIG. 18E, the transparent
electrode 16 in the transmissive arca T has a rectangular
solid section 16d provided in the middle thereof and comb-
shaped section 16e extending outwardly and diagonally
from the periphery of the solid section 16d. The transparent
electrode 16 in the reflective area R has an opening 18¢
provided in the middle of the reflective area R, a frame-
shaped section 16f in the form of a frame surrounding the
opening 18¢, and a comb-shaped section 16¢ outwardly and
diagonally extending from the periphery of the frame-
shaped section 16f. The opening 18¢ is provided to make an
effective voltage applied to the liquid crystal 6 in the
reflective area R lower than an effective electrode applied to
the liquid crystal 6 in the transmissive area T by making the
surface area of the transparent electrode 16 in the reflective
area R smaller than the surface area of the transparent
electrode 16 in the transmissive area T. The alignment of the
liquid crystal 6 can be regulated in the transmissive area T
and the reflective area R because liquid crystal molecules are
tilted along the comb-shaped section 16e. By shaping the
transparent electrode 16 so as to control the alignment of the
liquid crystal 6 not only in the reflective area R but also in
the transmissive area T as thus described, the alignment of
the liquid crystal 6 can be divided in the transmissive area
T, and viewing angle characteristics can be improved during
transmissive display.

[0100] Inthe example shown in FIG. 18F, the transparent
electrode 16 in the transmissive area T has a solid section
164 and a comb-shaped section 16e. The transparent elec-
trode 16 in the reflective area R has a plurality of rhombic
electrodes 16k extending in the vertical direction in the
figure. The rhombic electrodes 16k are electrically con-
nected to each other. The alignment of the liquid crystal 6
can be regulated because liquid crystal molecules are tilted
along the comb-shaped section 16e in the transmissive area
T and are tilted along the extending direction of the rhombic
electrodes 16k in the reflective area R.

[0101] FIG. 19 shows a third basic configuration of the
liquid crystal display in the present mode for carrying out the
invention. As shown in FIG. 19, a transparent electrode 16
formed in a transmissive area T extends into a part of a
reflective area R. The transparent electrode 16 and a reflec-
tive electrode 17 are connected through a capacity C1. By
applying a predetermined AC voltage between the reflective
electrode 17 and a common electrode 42, a predetermined
voltage is applied to a liquid crystal 6 based on a capacity
ratio between a liquid crystal capacity and the capacity C1.
An effective voltage applied to the liquid crystal 6 is lower
in the reflective area R which is only partially occupied by
the transparent electrode 16 than in the tranmissive area T
which is substantially entirely occupied by the transparent
electrode 16. When a voltage is applied to the liquid crystal
6, the transparent electrode 16 and the reflective electrode 17
are at different potentials. The transparent electrode 16 in the
reflective area R is formed in shapes as shown in FIGS. 18A
to 18F or other shapes.

[0102] A fourth basic configuration of the liquid crystal
display in the present mode for carrying out the invention
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will now be described. FIG. 20 shows a configuration of a
transflective liquid crystal display which constitutes a basis
of the present basic configuration. As shown in FIG. 20, a
TFT substrate 2 has a transparent electrode 16 formed in a
transmissive area T and a reflective area R. A resin layer 48
for making a cell thickness in the reflective area R smaller
than a cell thickness in the transmissive area T is formed on
the transparent electrode 16 in the reflective area R. Irregu-
larities are formed on the surface of the resin layer 48. A
reflective electrode 17 is formed on the resin layer 48.
Irregularities that follow the surface of the resin layer 48 are
formed on the surface of the reflective electrode 17. The
reflective electrode 17 and the transparent electrode 16 are
electrically connected to each other.

[0103] An opposite substrate 4 has a CF layer 40 which is
formed substantially throughout the transmissive area T and
in a part of the reflective area R. The CF layer 40 is formed
only in a part of the reflective area R instead of forming it
throughout the area to achieve the same color purity in both
of the reflective and transmissive display modes. A leveling
film 46 is formed throughout the substrate over the CF layer
40. A common electrode 42 is formed on the leveling film
46.

[0104] In this transflective liquid crystal display, since the
cell thicknesses in the tranmissive area T and the reflective
area R are different from each other, defects of alignment of
the liquid crystal 6 can occur. Further, additional manufac-
turing steps are required because the leveling film 46 is
required to level the CF layer 40 which is partially removed
in the reflective area R.

[0105] FIG. 21 is a sectional view showing a fourth basic
configuration of the liquid crystal display in the present
mode for carrying out the invention. As shown in FIG. 21,
a transmissive liquid crystal display having the present basic
configuration has a CF-on-TFT structure in which a CF layer
40 is provided on a TFT substrate 2. A resin layer 48 is
formed in a reflective area R. Irregularities are formed on the
surface of the resin layer 48. A reflective electrode 17 is
formed on the resin layer 48. Irregularities that follow the
irregularities on the surface of the resin layer 48 are formed
on the surface of the reflective electrode 17. A CF layer 40
having insulating properties is formed on the reflective
electrode 17 in the reflective area R and also in a transmis-
sive area T. The surface of the CF layer 40 is substantially
flat. A transparent electrode 16 is formed on the CF layer 40
in the transmissive area T. The transparent electrode 16 is
electrically connected to the reflective electrode 17 through
a contact hole 32 which is formed by providing an opening
in the CF layer 40. The thickness of the CF layer 40 in the
reflective area R is smaller than the thickness of the CF layer
40 in the transmissive area T by an amount equivalent to the
sum of the thicknesses of the reflective electrode 17 and the
resin layer 48. The thickness of the CF layer 40 in the
reflective area R can be made substantially equal to one-half
of the thickness of the CF layer 40 in the transmissive area
T by forming the resin layer 48 with a thickness that is
substantially one-half of the thickness of the CF layer 40. A
liquid crystal in the TN mode, VA mode or HAN (Hybrid
Aligned Nematic) mode is used as the liquid crystal 6. The
transparent electrode 16 may be formed in a predetermined
shape also in a part of the reflective area R to regulate the
alignment of the liquid crystal 6. The surface of the reflective
electrode 17 may be formed like a mirror surface when a
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forward scattering film is separately provided as a light
scattering section on the viewer’s side of the reflective
electrode 17.

[0106] In this basic configuration, the CF layer 40 is
formed with a substantially flat surface. Since this eliminates
a need for forming a leveling film 46 on the CF layer 40,
manufacturing steps are simplified. Further, the CF layer 40
in the reflective area R can be formed with a thickness
smaller than the thickness of the CF layer 40 in the trans-
missive area T, substantially the same color purity can be
achieved in both of the reflective and transmissive display
modes.

[0107] Liquid crystal displays and methods of manufac-
turing the same in the present mode for carrying out the
invention will now be described with specific embodiments
thereof.

Embodiment 3-1

[0108] First, a liquid crystal display according to Embodi-
ment 3-1 in the present mode for carrying out the invention
will be described. FIG. 22 shows a configuration of the
liquid crystal display of the present embodiment. The
present embodiment is an example of the application of
configurations shown in FIG. 17 and FIGS. 18A to 18F to
an active matrix type liquid crystal display having a TFT at
each pixel. FIG. 22 shows a configuration of three pixels. As
shown in FIG. 22, gate bus lines 12 for supplying scan
signals are formed on a TFT substrate 2 so as to extend in
the vertical direction in the figure. Drain bus lines 14 for
supplying display signals are formed so as to extend in the
horizontal direction in the figure across the gate bus lines 12
with an insulation film (not shown) interposed therebetween.
TFTs 20 are formed in the vicinity of intersections between
the bus lines 12 and 14. A drain electrode 21 of a TFT 20 is
electrically connected to a drain bus line 14. A reflective
electrode 17 and a transparent electrode 16 are formed in a
region surrounded by gate bus lines 12 and drain bus lines
14. The reflective electrode 17 is formed substantially
throughout a reflective arca R such that, for example, it is
integral with a source electrode 22 of the associated TFT 20
residing in the same layer. The manufacturing steps for the
liquid crystal display can be simplified by forming the
reflective electrode 17 and the source electrode 22 in the
same layer. Further, the reflective electrode 17 may be
formed integrally with a storage capacitor electrode (inter-
mediate electrode) formed at each pixel as one of electrodes
of a storage capacitor. However, a forward scattering film
must be separately provided on a polarizer when no irregu-
larity is formed on the surface of the reflective electrode 17.

[0109] In the uppermost pixel region among the three
pixel regions arranged in the vertical direction in the figure,
a transparent electrode 16 in a transmissive area T has a
rectangular solid section 16d provided in the middle and a
comb-shaped section 16¢ outwardly and diagonally extend-
ing from the periphery of the solid section 16d. A transparent
electrode 16 in a reflective area R has an opening 18¢
provided in the middle of the reflective area R, a frame-
shaped section 16f in the form of a frame surrounding the
opening 18¢, and a comb-shaped section 16¢ outwardly and
diagonally extending from the periphery of the frame-
shaped section 16f.

[0110] In the middle pixel region, a transparent electrode
16 is formed substantially throughout a transmissive area T,
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and a plurality of linear openings 18b extending in parallel
with each other in the vertical direction in the figure are
provided in a reflective area R. In the bottom pixel region,
a transparent electrode 16 is formed substantially throughout
a transmissive area T, and a plurality of rhombic electrodes
16k extending in the vertical direction in the figure in
electrically connection with each other are provided in a
reflective area R. Although the shape of the transparent
electrode 16 varies from pixel to pixel in the present
embodiment, the transparent electrodes 16 in those pixels
may obviously have the same shape.

Embodiment 3-2

[0111] A liquid crystal display according to Embodiment
3-2 in the present mode for carrying out the invention will
now be described. In the liquid crystal display of Embodi-
ment 3-1 described above, a significant optical loss can
oceur because light is blocked by the gate bus lines 12, the
drain bus lines 14 and the TFTs 20. For this reason, in the
present embodiment, a reflective electrode 17 is provided
such that it overlaps a gate bus line 12, drain bus line 14 or
TFT 20.

[0112] FIGS. 23A and 23B show a configuration of the
liquid crystal display of the present embodiment. In FIGS.
23A and 23B, a reflective area R is formed in the middle of
the figures, and transmissive areas T are formed on both
sides of the same. As shown in FIGS. 23A and 23B, a
reflective electrode 17 is provided such that it overlaps a
TFT 20. A transparent electrode 16 is formed substantially
throughout the transmissive areas T. In the upper pixel
region in FIG. 23A, a transparent electrode 16 in the
reflective area R has an opening 18¢ provided in the middle
of the reflective area R, a frame-shaped section 16f in the
form of a frame surrounding the openings 18¢, and a
comb-shaped section 16¢ outwardly and diagonally extend-
ing from the periphery of the frame-shaped section 16f. In
the lower pixel region in FIG. 23A, a transparent electrode
16 in a reflective area R has openings 184 in the form of a
plurality of vertically elongate rhombuses connected in the
horizontal direction in the figure. In the pixel region shown
in FIG. 23B, a transparent electrode 16 in a reflective area
R has a plurality of openings 18e in the form of rhombuses
that are elongate in the vertical direction in the figure. In the
present embodiment, since regions subjected to optical loss
are reduced, it is possible to provide a high quality trans-
flective liquid crystal display in which light is efficiently
utilized and which has a wide color reproduction range.

Embodiment 3-3

[0113] A liquid crystal display according to Embodiment
3-3 in the present mode for carrying out the invention will
now be described. FIG. 24A shows a configuration of one
pixel of the liquid crystal display of the present embodiment,
and FIG. 24B schematically shows a sectional configuration
of the liquid crystal display taken along the line A-A in FIG.
24A. As shown in FIGS. 24A and 24B, the pixel region is
generally divided into three areas which are adjacent to each
other in the horizontal direction in the figures. The left part
of the pixel region is a reflective area R. The middle and
right parts of the region are transmissive areas T1 and T2,
respectively. A TFT 20 is formed in the reflective area R
which is located on a glass substrate 10. A resin layer 48
having a predetermined thickness is formed on the TFT 20
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in the reflective area R. A reflective electrode 17 is formed
on the resin layer 48. The reflective electrode 17 is electri-
cally connected to a source electrode 22 of the TFT 20 (and
a storage capacitor electrode provided opposite to a storage
capacitor bus line 19) through a contact hole 32. A CF layer
40 is formed on the reflective electrode 17 in the reflective
area R and also in the transmissive areas T1 and T2. The
surface of the CF layer 40 is substantially flat. For example,
the thickness of the CF layer 40 in the reflective area R is
one-half of the thickness of the same in the transmissive
areas T1 and T2.

[0114] A transparent electrode 16 is formed on the CF
layer 40. The transparent electrode 16 has an electrode unit
16/ formed in each of the transmissive areas T1 and T2, an
electrode unit 16; formed in the reflective area R and having
an ¢lectrode area smaller than that of the electrode units 16/,
and connection electrodes 16g for connecting the electrode
units 16/ and 16/ which are adjacent to each other. The
electrode units 16/ in the transmissive areas T1 and T2 have
a solid section 16d provided in the middle thereof and a
comb-shaped section 16¢ for regulating the alignment of a
liquid crystal 6 in the form of comb teeth extending out-
wardly and diagonally from the periphery of the solid
section 16d. The electrode unit 16i in the reflective area R
has a plurality of linear electrodes 16j radially extending
substantially from the center of the reflective area R. For
example, the electrode unit 16/ is formed like the symbol
“x”. The transparent electrode 16 is electrically connected
to the reflective electrode 17 through the contact hole 32 that
is formed substantially in the middle of the reflective area R.
An opposite substrate 4 is formed with a point-like protru-
sion 45 for regulating the alignment of the liquid crystal 6
located in the middle of each of the reflective area R and the
transmissive areas T1 and T2. The provision of the point-like
protrusions 45 makes it possible to achieve domain division
for dividing the alignment of the liquid crystal 6 into a
plurality of directions in the pixel region without rubbing.
The present embodiment makes it possible to provide a high
quality liquid crystal display in which light is efficiently
utilized and which has a wide color reproduction range.

Embodiment 3-4

[0115] A liquid crystal display according to Embodiment
3-4 in the present mode for carrying out the invention will
now be described. FIGS. 25A and 25B show a configuration
of the liquid crystal display of the present embodiment and
a method of manufacturing the same. As shown in FIG.
25A, a TFT substrate 2 of the liquid crystal display of the
present embodiment has a reflective electrode 17 formed in
a reflective area R, and insulation film (leveling film) 30
formed throughout the substrate over the reflective electrode
17, and a transparent electrode 16 formed in the reflective
area R over the insulation film 30 and formed substantially
throughout a transmissive area T (or in part of the reflective
area R and substantially throughout the transmissive area T).
In the present embodiment, the TFT substrate 2 is combined
with an opposite substrate 4, and a liquid crystal 6 added
with a photo-polymeric monomer such as acrylate is injected
between the substrates 2 and 4. Next, the reflective area R is
irradiated with UV light through a shielding mask 54a for
shielding the transmissive area T from light while applying
a predetermined voltage V1 between the transparent elec-
trode 16 and a common electrode 42. As a result, the
photo-polymeric monomer added in the liquid crystal 6 is
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polymerized in the reflective area R to form polymer layers
for regulating the alignment of the liquid crystal 6 at
substrate interfaces in the reflective area R.

[0116] Next, the transmissive area T is irradiated with UV
light through a shielding mask 34 for shielding the reflec-
tive area R from light while applying a voltage V2 higher
than the voltage V1 (V2>V1) between the transparent elec-
trode 16 and the common electrode 42. As a result, the
photo-polymeric monomer added in the liquid crystal 6 is
polymerized in the transmissive area T to form polymer
layers for regulating the alignment of the liquid crystal 6 at
substrate interfaces in the transmissive area T. The capability
of the polymer layers in controlling the alignment of the
liquid crystal 6 can be varied by irradiating the reflective
area R and the transmissive area T with UV light while
applying respective voltages different from each other,
which makes it possible to threshold characteristics of the
liquid crystal 6 in the reflective area R and the transmissive
area T. It is therefore possible to make optical characteristics
in the reflective and transmissive modes close to each other.

Embodiment 3-5

[0117] A liquid crystal display according to Embodiment
3-5 will now be described. In the present embodiment, for
example, a TFT substrate 2 and an opposite substrate 4
having electrodes in a configuration similar to those in
Embodiments 3-1 to 3-3 are combined without forming
alignment films on surfaces of the substrates 2 and 4 facing
each other. Subsequently, a liquid crystal 6 added with a
photo-polymeric monomer is injected, and irradiation with
UV light is carried out while applying a predetermined
voltage between a transparent electrode 16 and a common
electrode 42. Thus, polymer layers are formed at substrate
interfaces. Since an effective voltage applied to the liquid
crystal 6 varies between a reflective area R and a transmis-
sive area T, polymer layers formed in the reflective area R
and the transmissive area T are different from each other in
the capability of controlling the alignment of the liquid
crystal 6. Thus, threshold characteristics of the liquid crystal
6 in the reflective area R and the transmissive area T can be
controlled, and optical characteristics in the reflective and
transmissive modes can be made close to each other. In the
present embodiment, since the step of applying alignment
films can be deleted, manufacturing processes for a liquid
crystal display can be further simplified.

[0118] As described above, in the present mode for car-
rying out the invention, a transflective liquid crystal display,
more particularly, a transflective liquid crystal display uti-
lizing a VA mode liquid crystal 6 can achive high display
characteristics in both of the reflective and transmissive
modes even when a cell thickness in a reflective area R and
a cell thickness in a transmissive areca T are substantially
equal to each other. Therefore, no large step is formed at a
boundary between the reflective area R and the transmissive
arae T, which eliminates alignment defects of the liquid
crystal 6 and facilitates control of the cell thickness using
spherical spacers. The liquid crystal 6 has substantially the
same response speed in the reflective area R and the trans-
missive area T. Further, since there is no need for forming a
leveling film only in a reflective area R, it is possible to
simplify manufacturing processes to reduce the manufactur-
ing cost of a liquid crystal display.
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What is claimed is:
1. A liquid crystal display comprising:

a pair of substrates provided opposite to each other;
a liquid crystal sealed between the pair of substrates;

a plurality of pixel regions each having a reflective area
which reflects light from the side of one of the pair of
substrates and a transmissive area which transmits light
from the side of the other of the pair of substrates
toward the one of the pair of substrates; and

an ultraviolet-hardened material which is a product of
polymerization of a polymeric component mixed in the
liquid crystal with ultraviolet light and which is mainly
formed in a part of the neighborhood of an interface
between the liquid crystal and the pair of substrates to
change the anchoring energy of a part of the liquid
crystal in the pixel region.

2. A liquid crystal display according to claim 1, wherein
the ultraviolet-hardened material for changing the anchoring
energy is formed in one of the reflective area and the
transmissive area.

3. A liquid crystal display comprising:

a pair of substrates provided opposite to each other;
a liquid crystal sealed between the pair of substrates;

a plurality of pixel regions each having a reflective area
which reflects light from the side of one of the pair of
substrates and a transmissive area which transmits light
from the side of other of the pair of substrates toward
the one of the pair of substrates; and

an alignment control layer formed in the vicinity of an
interface between the pair of substrates and the liquid
crystal, for controlling the alignment of the liquid
crystal in the pixel region with alignment control
capability which varies in a part of the region.

4. A liquid crystal display according to claim 3, wherein
the alignment control layer includes an ultraviolet-hardened
material formed as a result of polymerization of a polymeric
component mixed in the liquid crystal caused by ultraviolet
light and an alignment film formed, through coating, on a
surface of the substrates.

5. A liquid crystal display according to claim 3, wherein
the alignment controlling capability varies between the
reflective area and the transmissive area.

6. A liquid crystal display according to claim 1, wherein
a cell thickness in the reflective area is substantially equal to
a cell thickness in the transmissive area.

7. A liquid crystal display according to claim 1, wherein
the cell thickness in the reflective area is greater than the cell
thickness in the transmissive area.

8. A liquid crystal display according to claim 1, wherein
the ultraviolet-hardened material includes a compound hav-
ing a ring system.

9. A liquid crystal display according to claim 1, wherein
an alignment film for controlling the alignment of the liquid
crystal is not formed, through coating, at least in a part of the
neighborhood of the interface between the pair of substrates
and the liquid crystal.

10. A method of manufacturing a liquid crystal display
having a plurality of pixel regions each having a reflective
area which reflects light from the side of one of a pair of
substrates provided opposite to each other and a transmis-
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sive area which transmits light from the side of the other of
the pair of substrates toward the one of the pair of substrates,
the method comprising the steps of:

sealing a liquid crystal including a polymeric component
polymerized by ultraviolet light between the pair of
substrates;

irradiating the liquid crystal with ultraviolet light through
a shielding mask formed with a shielding pattern in a
part thereof; and

polymerizing the polymeric component to form an ultra-
violet-hardened material for changing the anchoring
energy in a part of the neighborhood of an interface
between the pair of substrates and the liquid crystal.
11. A method of manufacturing a liquid crystal display
having a plurality of pixel regions each having a reflective
area which reflects light from the side of one of a pair of
substrates provided opposite to each other and a transmis-
sive area which transmits light from the side of the other of
the pair of substrates toward the one of the pair of substrates,
the method comprising the steps of:

sealing a liquid crystal including a polymeric component
polymerized by ultraviolet light between the pair of
substrates;

irradiating a part of the liquid crystal with ultraviolet light
incident upon a surface of the substrates in an oblique
direction; and

polymerizing the polymeric component to form an ultra-
violet-hardened material in a part of the neighborhood
of an interface between the pair of substrates and the
liquid crystal.

12. A liquid crystal display comprising:

a pair of substrates provided opposite o each other;
a liquid crystal sealed between the pair of substrates;

a plurality of pixel regions each having a reflective area
which reflects light from the side of one of the pair of
substrates and a transmissive area which transmits light
from the side of the other of the pair of substrates
toward the one of the pair of substrates; and

an ultraviolet-hardened material which is a product of
polymerization of a polymeric component mixed in the
liquid crystal with ultraviolet light and which is formed
in the reflective area and the transmissive area to impart
light scattering capability for scattering light to the
reflective area.

13. A liquid crystal display according to claim 12,

wherein:

the ultraviolet-hardened material in the transmissive area
is formed by ultraviolet light having a first irradiation
intensity; and

the ultraviolet-hardened material in the reflective area is
formed by ultraviolet light having a second irradiation
intensity higher than the first irradiation intensity.
14. Aliquid crystal display according to claim 13, wherein
a reflective electrode formed in the reflective area has a
substantially flat reflecting surface.
15. Aliquid crystal display according to claim 12, wherein
a change of retardation in a liquid crystal layer varies
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between the reflective area and the transmissive area when
a voltage applied to the liquid crystal layer.

16. Aliquid crystal display according to claim 12, wherein
the reflective area has a reaction accelerating layer for
accelerating the reaction of the polymeric component.

17. Aliquid crystal display according to claim 16, wherein
the reaction accelerating layer is a color filter layer including
a polymerization initiator.

18. A liquid crystal display according to claim 12, com-
prising an alignment film for controlling the alignment of the
liquid crystal which is not formed, through coating, on at
least a part of the neighborhood of an interface between the
pair of substrates and the liquid crystal.

19. A method of manufacturing a liquid crystal display
having a plurality of pixel regions each having a reflective
area which reflects light from the side of one of a pair of
substrates provided opposite to each other and a transmis-
sive area which transmits light from the side of the other of
the pair of substrates toward the one of the pair of substrates,
the method comprising the steps of:

sealing a liquid crystal including a polymeric component
polymerized by ultraviolet light between the pair of
substrates; and

irradiating the liquid crystal in the reflective area and the
liquid crystal in the transmissive area with ultraviolet
light under predetermined respective irradiating condi-
tions to polymerize the polymeric component, thereby
forming an ultraviolet-hardened material which imparts
light scattering capability to the reflective area.

20. A method of manufacturing a liquid crystal display
according to claim 19, wherein the irradiating conditions
comprise a condition that the irradiating intensity in the
reflective area is higher than the irradiation intensity in the
transmissive area.

21. Aliquid crystal display comprising:
a pair of substrates provided opposite to each other;
a liquid crystal sealed between the pair of substrates;

a plurality of pixel regions each having a reflective area
which reflects light from the side of one of the pair of
substrates and a transmissive area which transmits light
from the side of the other of the pair of substrates
toward the one of the pair of substrates;

a reflective electrode formed in the reflective area on the
other of the pair of substrates;

an insulation film formed on the reflective electrode and
in the transmissive area; and

a transmissive electrode formed on the insulation film in

the transmissive area.

22. Aliquid crystal display according to claim 21, wherein
the transparent electrode extends into a part of the reflective
area.

23. Aliquid crystal display according to claim 22, wherein
the transparent electrode has a shape which allows the
alignment of the liquid crystal to be controlled at least in the
reflective area.

24. Aliquid crystal display according to claim 22, wherein
the transparent electrode has an opening in a predetermined
shape at least in the reflective area.
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25. Aliquid crystal display according to claim 24, wherein
the predetermined shape is a linear, radial, polygonal or
circular shape.

26. Aliquid crystal display according to claim 24, wherein
the opening is formed only in the reflective area.

27. Aliquid crystal display according to claim 21, wherein
the insulation film includes a color filter layer.

28. Aliquid crystal display according to claim 21, wherein
the reflective electrode and the transparent electrode are
electrically connected to each other.

29. Aliquid crystal display according to claim 21, wherein
the reflective electrode and the transparent electrode are
connected to each other through a capacity.

30. Aliquid crystal display according to claim 29, wherein
the potential of the reflective electrode and the potential of
the transparent electrode are different from each other.

31. Aliquid crystal display according to claim 21, wherein
the reflective electrode has an irregular surface which causes
scatter reflection of light.

32. Aliquid crystal display according to claim 21, wherein
the reflective electrode has a substantially flat surface, the
display further comprising a light scattering section for
scattering light provided on the side of the reflective elec-
trode where the one of the pair of substrates is located.

33. Aliquid crystal display according to claim 21, wherein
the liquid crystal is divided into a plurality of differently
aligned domains in the pixel region.

34. Aliquid crystal display according to claim 21, further
comprising an ultraviolet-hardened material which is a prod-
uct of polymerization of a polymeric component mixed in
the liquid crystal with ultraviolet light and which is formed
in the neighborhood of an interface between the liquid
crystal and the pair of substrates to control the alignment of
the liquid crystal with alignment control capability that
differently works in the reflective area and the transmissive
area.
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35. Aliquid crystal display according to claim 34, wherein
the ultraviolet-hardened material is formed by irradiating the
liquid crystal in the reflective area and the liquid crystal in
the transmissive area with ultraviolet light while applying
different voltages thereto.

36. Aliquid crystal display according to claim 34, wherein
an alignment film for controlling the alignment of the liquid
crystal is not formed at least in a part of the neighborhood
of the interface between the pair of substrates and the liquid
crystal.

37. Aliquid crystal display according to claim 21, further
comprising a plurality of bus lines and a thin film transistor
provided in the vicinity of an intersection between the
plurality of bus lines, wherein the reflective electrode is
formed on the bus line or the thin film transistor.

38. Aliquid crystal display according to claim 21, further
comprising a plurality of bus lines and a thin film transistor
provided in the vicinity of an intersection between the
plurality of bus lines, wherein the reflective electrode is
formed integrally with a source electrode of the thin film
transistor.

39. Aliquid crystal display according to claim 1, wherein
the liquid crystal has negative dielectric constant anisotropy
and is aligned substantially perpendicularly to a surface of
the substrates when no voltage is applied.

40. A liquid crystal display according to claim 1, further
comprising a pair of polarizers is provided so as to sandwich
the pair of substrates,

wherein the pair of polarizers is a combination of two
linear polarizers or two circular polarizers or a linear
polarizer and a circular polarizer.
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