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(57) ABSTRACT

A liquid crystal display is furnished with: a liquid crystal
display element having a pair of substrates, to which align-
ment members are provided to their respective opposing sur-
faces, and a liquid crystal layer sandwiched by the pair of
substrates; an alignment mechanism for providing at least two
different director configurations simultaneously on different
arbitrary regions used for display in the liquid crystal layer;
and a reflection film provided to at least one of the different
arbitrary regions showing different director configurations;
wherein the different arbitrary regions showing different
director configurations are used for a reflection display sec-
tion for showing reflection display and a transmission display
section for showing transmission display, respectively.
Examples of the alignment mechanism include an alignment
film to which the alignment treatment is applied in different
orientations in the reflection display section and transmission
display section, respectively, an insulation film having differ-
ent film thicknesses in the reflection display section and trans-
mission display section, and so forth.

LIGHT

7 13a

T

3,



Patent Application Publication =~ May 5,2011 Sheet 1 of 32 US 2011/0102723 A1

FIG.1

100
)
107
: > > , \VA 113102
8
LIGHT 7 132
Y



Patent Application Publication =~ May 5,2011 Sheet 2 of 32 US 2011/0102723 A1

APPLIED VOLTAGE (V)

{ %)

BRIGHTNESS

FIG.Z2



Patent Application Publication =~ May 5,2011 Sheet 3 of 32 US 2011/0102723 A1

APPLIED VYOLTAGE (V)

1.8

BRIGHTNESS
{ %)

FIG.3



May 5, 2011 Sheet 4 of 32 US 2011/0102723 A1

Patent Application Publication

FIG. 4

200

k;\\13

— o o
5 2 e
—
R
~3 O ™ =
~F Ly O
Wit < N85S
! / N \
VBN h«//mxL
YN I
P4 N
N /X B mn
A > A+ — — = AN £
SE AN | %ﬁw
1N /\ S N
A X . w\/ oSN
NN | : 53
N TN ~ [ 4]
ST~ S
f ~ #
U Y N N
Y N N
N P RSN
\? VAL
N N
e
N d LS
N L N
] | X /\ﬁ
N | 4]
\f d RN
S 7] q AN
V7 EERN SO
N L —
N \ 1\/ o
VRN N
,/,r \ //\\,“AII.IL
3 2
e % AR f\,//ll:
X AN
X [+
2 // N
..,/ / NN

13b)




Patent Application Publication =~ May 5,2011 Sheet 5 of 32 US 2011/0102723 A1

FIG.5

RUBBING ORIENTATION Y
OF ALIGNMENT FILM 3

CROSSED RUBBING ANGLE

= RUBBING ORIENTATION X
OF ALIGNMENT FILM 2



Patent Application Publication =~ May 5,2011 Sheet 6 of 32 US 2011/0102723 A1

APPLIED VOLTAGE (V)

(%)

BRIGHTNESS

FIG.6



Patent Application Publication =~ May 5,2011 Sheet 7 of 32 US 2011/0102723 A1

APPLIED VOLTAGE

(%)

BRIGHTNESS

FIG.7



Patent Application Publication =~ May 5,2011 Sheet 8 of 32 US 2011/0102723 A1

APPLIED VOLTAGE (V)

(%)

BRIGHTNESS

FIG.8



Patent Application Publication =~ May 5,2011 Sheet 9 of 32 US 2011/0102723 A1

APPLIED VOLTAGE (V)

(%)

BRIGHTNESS -

FIG.9



Patent Application Publication =~ May 5,2011 Sheet 10 0f32  US 2011/0102723 Al

252
APPLIED VOLTAGE (V)

(%)

BRIGHTNESS

FI1G.10



Patent Application Publication =~ May 5,2011 Sheet 11 0f32  US 2011/0102723 A1

APPLIED VOLTAGE(V)

(%)

BRIGHTNESS

FIG.11



Patent Application Publication =~ May 5,2011 Sheet 12 0f32  US 2011/0102723 A1

APPLIED VOLTAGE (V)

(%)

BRIGHTNESS

FIG.12



Patent Application Publication =~ May 5,2011 Sheet 13 0f32  US 2011/0102723 Al

APPLIED VOLTAGE (V)

(%)

BRIGHTNESS

FIG.13



Patent Application Publication = May 5,2011 Sheet 14 0f32  US 2011/0102723 Al

APPLIED VOLTAGE (V)

(%)

BRIGHTNESS

FIG.14



Patent Application Publication =~ May §,2011 Sheet 15032  US 2011/0102723 Al

(V)

APPLIED VOLTAGE

(%)

BRIGHTNESS

FIG.15



Patent Application Publication =~ May 5,2011 Sheet 16 0f 32 US 2011/0102723 A1

"APPLIED VOLTAGE (V)

(%) -

BRIGHTNESS

FIG.16



Patent Application Publication =~ May 5,2011 Sheet 17 0f32  US 2011/0102723 Al

FI1G. 17

S Ll/ ALIGNMENT FILM MATERIAL COATING

PRE-BAKING
i

2

(S
S 3 |- CURING
~ 1

S 4 | RESIST COATING

S

'S5 _| PRE-BAKING

S 6 | UV MASKING EXPOSURE

S

OEVELOPING

w

1
RUBBING
!
S 1.0 | POST-RUBBING CLEANING
- 1

S 1.1 | REMOVAL OF RESIST
~ |

S 12 | RESIST COATING
h [

S 1 3 | PRE-BAKING
T |

S14 | UVMASKING EXPOSURE
~ |

DEVELOP NG
|
CURING
I
S17 | RUBBING

M |
POST-RUBBING CLEANING

S 1\9/1 REMOVAL OF RESIST

i

8 | curing
1 -

g

S
A

Sl§/

81\6/




Patent Application Publication = May 5,2011 Sheet 18 0f32  US 2011/0102723 A1
S NOYAY
F1G.18(a) L0
1+~ 47
§L3 | L3
. L2a . L2a
Ay
Z7TFTI7I777; 777777777 47
FI1G.18(b) 10
Lla 42a
— ——r—
DI T 1,2
F1c.18(c) .Nm}ho
L4 L
42h
— A
NN\ AL iz N
d) — 1 7T 40
FI1G.18( / /L
| L2a “L2a
AEE\ L2a 423
&T\\‘?\\\i\\\‘%/////////’/;A:\\\\\\\\‘Q\V;///////////;, A
F1G.18(e) 41740




Patent Application Publication =~ May 5,2011 Sheet 19 0f32  US 2011/0102723 Al

S —
>

"3_,/—-! -
L

s | &
-4

' O

>

O

. b

: o

0.

[

<

(%)

BRIGHTNESS

FIG.19



Patent Application Publication =~ May 5,2011 Sheet 20 0f32  US 2011/0102723 A1

J >

/ =
-

! S
0
-~

\ g 8:

\ ™ <

>\‘\~
= T~

(%)

BRIGHTNESS

FIG.20



Patent Application Publication =~ May 5,2011 Sheet 21 0f32  US 2011/0102723 A1

10: TRANSMISSION
DISPLAY SECTION

FIG.21(a)
9:REFLECTION DISPLAY Q:REFLECTION DISPLAY
SECT[ON ) SECTION
VLI L LSRR S AL S B AR S T A KA AT ST
NN ; )\ AR NIRRT AR R R E NN NSRRI
’ Vi Vi /’ ,r / rd 7 /
K/,// ,4 /,/ [I’ //’ /I(I ///// /(/
¥ T
CI} CD CO(CD Co CH Co CniCDo

g

)
i
00
afa
00
00

0
)
J
]
)
0
]
]
040

ra

1B
U
{00
100

/

S I W, A W WU Wteh Ve |

lr/’/’/’/’/'/’ o 227 5‘38 c:5/{,3/73/ ///////-:\5
) ;
FIG.21(b) 53 9:REFLECTION DISPLAY

: SECTION
9:REFLECTION DISPLAY, 1%@;‘5,@55558%0,4 S

SECT
s z;'z/rz LT L L LT L AL I Ty
“““““““““ SR S\ INNANRRARN ~\~\‘\\\x\xx\\t~x\ ~-16

L_‘(H C W‘“T}F—O(:jyf“‘ﬁ_ﬂ
'-_L__‘ZD(ID(‘_—-D‘(T'TF_D(_\_OL_J
-(T_‘fof ) i s [

==
= =7
A LI AL LI

\ \/\\ ‘\ Y\ \l \\ )\ \\ \\ \
/Aﬁxu'iwvy/ﬁﬂ/%nnﬁ,vm/
53a 53b Ta

53



Patent Application Publication = May §,2011 Sheet 22 0f32  US 2011/0102723 Al

FIG.22

BRIGHTNESS
(%)

2 : 5 _
APPLIED VOLTAGE (V)



Patent Application Publication =~ May §,2011 Sheet23 0f32  US 2011/0102723 Al

23 =
I e e e
M—lr—=-22
- ./“20}18
. itk i | ’_"/'19 N
| il FIG.23(b)
i I :261—4 NFIG.23(c)
__.I' -l-_-.:.::_:i'il. ':_-:.::'_j‘D'.ii‘ L:.-:-é-:;j
T Al r
H‘Lﬁ—--—lﬁi \.1 \L— 21
N, _
Ak | s ' :\ -) .
19al i l
1
B B |l ]!
A A (. 1S3
. T--:ZT o R APPEPEE o)
L L - L__LL"_"'_%F



US 2011/0102723 A1

May 5, 2011 Sheet 24 of 32

Patent Application Publication

S¢

G

=< , =< b_ =<
_ NOLLD3S 5 Unoiozs

AV 1dS 1A NOISSIWSNVHL:0L AV 1d4S1Q NOILDAH43N:G

NO11035
AV 1d4S1a NOILOTT43N:6

NO11235
AV1dSIa NOTLO31438:6

72" 9OI1d



US 2011/0102723 A1

May 5§, 2011 Sheet 25 of 32

Patent Application Publication

NOILJ3S
AV 1dS1A NOISSIWSNVHL: (L

> = =T . N
, r/zls/J | NO1LD3S
NCI1D3S AVIdSIa NOISSINSNYHL:0L -

AV 1dSId NOILD3143M:6

NOILDJ3S
AV1dSId NOILD31d3YU:f

G OI1d



Patent Application Publication =~ May 5,2011 Sheet 26 0f 32 US 2011/0102723 A1

| 62
- . h e .
r? | Larty 1ty I
A A | A
i :{ i ;} :: :i 0|
il b hir e
A T T
i | | ; : }
FI1G.26(a) o T 19
1 : : } L t i
! 1 | T
T
| | | d 4t-4--319a
( x | | !
Lo afAel JJ- | }J—
[
61 616 68
61R 61G 618 .
502
(NN SN /AN v 1
FIG.ZG(b) / g /// ,// /// //7 //,/// //// / 62




Patent Application Publication =~ May 5,2011 Sheet27 0f32  US 2011/0102723 Al

FIG.27

B1R 681G 61B
{ 7 s '/r 7 7 { ra 7 6
/// //7 Vs ’ i /’/ 7/ // // /// ¢ // /’
// /// 7 R4 /// d ,// // s / 501
NyI®, N/ S Z N L LS/ Y L L
P22 Zemawas ez
| | :
] I | 1
: | l
‘ {
| i l
f | l
P‘f‘ i i ~W.n | P
‘ | {
: | I _/19
f /) [ (/=2
8 s’ s‘ i/
‘ 4 L/
4 V4 ’ ’ 4 / o
/ /// // // /// // ’ /7 /1 // //l /
/ ’ / // s/ S S A7 [// / L/ 29

|
PV AVAN A y Z ) Y v
[
l
i
]

] 10: TR ANSMISSION
3 glESFPLLEA%TISOEt\éTION DISPLAY SECTION



Patent Application Publication =~ May 5,2011 Sheet 28 0f32  US 2011/0102723 A1

F1G.28

LT = N '_‘_/22




US 2011/0102723 A1

May 5§, 2011 Sheet 29 of 32

Patent Application Publication

o
o

llllll IL.-I mI‘M - o I-l|.l'
_1 —/ | e 1 I.“ m
| 'y | ] w
I ! !
\ i 1 |
“ / / ! ! 1
4 O
t. \ - -1
llllll W.I. l.|”||,||||.||..l||....ll.l.7
lllllllll e
r-* 3 1 - L4
_ _ e e O
| 1 i ! [ w
! ' ] ! ]
! f 1 i {
! { 1 I _
n. ! [ S _ J
- { ————

llllllll .glll LW (lcll_oxl“illl.ﬂn...h..l...h..w. AN
.:11_ A | VR, // N
[ | N
1 a N
! o S N
] N
1 //
— ''''' N
L SN

lllllll N

s AN
- ~
44)] 0
~— —~
(@) ()}
o~ ™~
—_ —y
F F



US 2011/0102723 A1

May 5, 2011 Sheet 30 of 32

Patent Application Publication

{zW/P2)
JONVNINNT a3 L3vav
G09
oL crf oL ] 0l oi oL ., 0L oL .
] y E Z l Q - Fé £
£ OF 7 T r ND@
i “ \. \\\
7 7/
20 __r Sty L0
‘ \\ o
m; . \wnfl\ €09
_\IOP “ L A\\\
“ A ~\\\\\‘ ,\llul.A!Llllw
oc—\ “ \\ \\\\\ F
- Sl
oL 3 \%q unal A|\||om
(zw/ pa) 1 = I s Ty A
JONYNINNT ITdNWVYS ‘ \ML‘\.\\\ \“\\V\\LHL\“II oc
20t m.\.\N‘ g g s —Gf
e ¥V = \\\H\.\. .\tll.l.llll)f'l
b1 - L -0
s ===
Ps
oL \%\\\\“\ (149
Vs 7z
’ dill
oL \
S . 7/

SS3INLHOIKE d3IAI30d3dd

O€ ' 9ld



Patent Application Publication

FIG.31

May 5,2011 Sheet310f32  US 2011/0102723 A1l
~t w ~
w5 5 == =
B w0 w0 w
1 \\\ I ) 2
\
\
\
g
N o
V _ -
\
\
\ w
\ ™ (Z)
\
3 2«
' | Vs = .
\ \\_II LTE % é
\ ___]::
\ N
O -
"4 v L
0 / \
el
- o o ‘
— WO
w /
\ ©
\ L and
1
|
= = 20\
W0 ~ o W |
i o
e
3 X = °

(brit)

PERCEIVED BRIGHTNESS



Patent Application Publication

May 5§, 2011 Sheet 32 of 32

US 2011/0102723 A1

1%
J16

< il i el e L i e el i Ll Lo Lol
- N DRSNS NMCLSSA AR AR AN SN S SRS N S
S S S S S SSSESS 73
‘ bbbl et et £ pi £ P AV
AT RARATRAASRN \*\‘\\\ AR 72
| A LV AT A Q)

AR SERRRRSERSRERSSS N

L\"\% n

7

7 re i /r 4 i i 7
: /
// , . 7 S S S S
, / ’ s s S ’ ’ / ’ (_\‘[t
L 4 ra Z < v z Z V4 Z 4

/
V L/
e —————— R man—
—_———> ">
[ cesmnmmme ] [ e
[ — L Aasaum————
[ cusm—
[ mm——
7 / 7 7 7 ll‘;_T;I, r 7
/ Ve 7 / 7/ 7 ’ e Va 4
// s d s Ve Ve s / A 7 s Vs '\—~5
/ / e 7 7z s ’ / ’ / ’
Y. Z Z - ya £ L 2z Vd Z V4 y 4
AR MO RN DA LN ORI PN BRI “\__17
WA I BTANT I V4 f-’f'/-/;'}[’ﬁ VWA RN




US 2011/0102723 Al

LIQUID CRYSTAL DISPLAY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of co-pending
application Ser. No. 12/427,449 filed Apr. 21, 2009, which is
a Divisional of co-pending application Ser. No. 12/051,776
filed on Mar. 19, 2008, which is a divisional of application
Ser. No. 11/333,304 filed on Jan. 18, 2006, now U.S, Pat. No.
7,394,511 issued Jul. 1, 2008, which is a divisional of appli-
cation Ser. No. 10/774,625 filed on Feb. 10, 2004, now U.S.
Pat. No. 7,050,132 issued May 23, 2006, which is a divisional
of application Ser. No. 10/177,149 filed on filed on Jun. 24,
2002, now U.S. Pat. No. 6,900,863 B2 issued May 31, 2005,
which is a divisional of application Ser. No. 09/887,442 filed
Jun. 25,2001, now U.S. Pat. No. 6,563,554 B2 issued May 13,
2003, which is a divisional of application Ser. No. 09/217,931
filed on Dec. 22, 1998, now U.S. Pat. No. 6,281,952 issued
Aug. 28, 2001, for which priority is claimed under 35 U.S.C.
§120; and this application claims priority of Application No.
9-359036 filed in Japan on Dec. 26, 1997 and Application No.
10-364247 filed in Japan on Dec. 22, 1998, under 35 U.S.C.
§119. The entire contents of all of these applications are
hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to liquid crystal dis-
plays used for information systems, such as word processors
and notebook-type personal computers, video equipment of
various kinds, video game machines, portable VCRs, digital
cameras, etc. More particularly, the present invention relates
to liquid crystal displays used indoors and outdoors, or in
automobiles, air-planes, marine vessels, etc. where a variety
of ambient light conditions occurs.

BACKGROUND OF THE INVENTION

[0003] Conventionally, CRTs (Cathode Ray Tubes), EL
(Electroluminescence) elements, PDPs (Plasma Display Pan-
els), etc. have been put into practical use as displays of the
light emissive type in which display contents can be overwrit-
ten electrically.

[0004] However, since this type of displays emit display
light and use the same directly for the display, there arises a
problem that their power consumption is quite large. Further
since a light-emitting surface of the displays of this type
serves as a display surface having high reflectance, if the
displays of this type are used under the circumstances where
ambient light is brighter than the luminance, for example, in
direct sunlight, there always occurs a phenomenon known as
“wash-out” in which the display light can not be observed.
[0005] On the other hand, liquid crystal displays have been
put into practical use as color displays which display charac-
ters and/or images not by emitting the display light, but by
adjusting an amount of transmitted light from a particular
light source. These liquid crystal displays include a transmis-
sion type and a reflection type.

[0006] Ofthe two types, particularly popular are the liquid
crystal displays of the transmission type which employ a light
source called “back light” at the back side, namely, behind the
liquid crystal cell. Since the liquid crystal displays of the
transmission type are advantageous in thinness and lightness,
they have been used in diversified fields. On the other hand,
the liquid crystal displays of the transmission type consume a
large amount of power to keep the back light turned ON.
Thus, regardless of the advantage that only a small amount of
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power is consumed to adjust transmittance of the liquid crys-
tal, a relatively large amount of power is consumed as a
whole.

[0007] However, the liquid crystal displays of the transmis-
sion type (that is, color liquid crystal displays of the trans-
mission type) wash out less frequently compared with the
displays of the light emissive type. This is because, in the
color liquid crystal displays of the transmission type, the
reflectance on the display surface of a color filter layer is
reduced by the reflectance reducing technique using a black
matrix.

[0008] Nevertheless, it becomes too difficult to observe the
display light on the color liquid crystal displays of the trans-
mission type when they are used under the circumstances
where the ambient light is very strong and the display light is
relatively weak. This problem can be eliminated by using
brighter back light, but this solution raises another problem
that the power consumption is further increased.

[0009] Unlike the displays of the light emissive type and
liquid crystal displays of the transmission type, the liquid
crystal displays of the reflection type show the display using
the ambient light, thereby obtaining display light propor-
tional to an amount of the ambient light. Thus, the liquid
crystal displays of the reflection type are advantageous in a
principle that they do not wash out, and when used in a very
bright place in direct sunlight, for example, the display can be
observed all the more sharply. Further, the liquid crystal dis-
plays of the reflection type do not use the back light for the
display, and therefore, have another advantage that the power
for keeping the back light turned ON can be saved. For the
above reasons, the liquid crystal displays of the reflection
type are particularly suitable as the devices for the outdoor
use, such as portable information terminals, digital cameras,
and portable video cameras.

[0010] However, since these conventional liquid crystal
displays of the reflection type use the ambient light for the
display, the display luminance largely depends on the sur-
rounding environment, and when used under the circum-
stances where the ambient light is weak, there arises a prob-
lem that the display content can not be observed. Particularly,
in case that a color filter is used for realizing the color display,
the color filter absorbs the light and the display becomes
darker. Thus, when used under these circumstances, the above
problem becomes more apparent.

[0011] To eliminate the above problem, a lighting device
called “front light” has been developed as an auxiliary light,
so that the liquid crystal displays of the reflection type can be
used under the circumstances where the ambient light is
weak. Since the liquid crystal displays of the reflection type
have a reflection layer behind the liquid crystal layer, they can
not use the back light as do the liquid crystal displays of the
transmission type. For this reason, the lighting device (front
light) lights the liquid crystal displays of the reflection type
from the front side, that is, from the display surface side.

[0012] On the other hand, liquid crystal displays, employ-
ing atransflective film which transmits a part of incident light
and reflects the rest, have been put into practical use as the
liquid crystal displays which can be used under the circum-
stances where the ambient light is weak while maintaining the
advantages of the liquid crystal displays of the reflection type.
The liquid crystal displays using both the transmitted light
and reflected light are generally referred to as the liquid
crystal displays of the transflective type.
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[0013] For example, Japanese Laid-open Patent Applica-
tion No. 218483/1984 (Tokukaisho No. 59-21843) (Japanese
Patent Application No. 92885/1983 (Tokugansho No.
58-92885)) discloses a liquid crystal display of the transflec-
tive type which modulates the brightness by the TN (Twisted
Nematic) mode, STN (Super-Twisted Nematic) mode, etc.,
which are known as the liquid crystal display modes for
modulating the luminance of the transmitted light. Also, Japa-
nese Laid-open Patent Application No. 318929/1995 (Toku-
kaihei No. 7-318929) discloses a liquid crystal display of the
transflective type, in which a transflective film is provided in
close proximity to the liquid crystal layer. Further, Japanese
Laid-open Patent Application No. 160878/1994 (Tokukaihei
No. 6-160878) (U.S. Pat. Nos. 5,598,285 and 5,737,051)
discloses a liquid crystal display of the transmission type
adopting the in-plane switching method as a technique for
realizing a wider range of viewing angles. However, since the
liquid crystal display of the transflective type disclosed in
Japanese Patent Application No. 218483/1984 (Tokukaisho
No. 59-218483) has the transflective film behind the liquid
crystal cell seen from the viewer’s side, there occur the fol-
lowing problems (1) and (2).

[0014] (1) It is very difficult to set the brightness which
affects a visibility of the display device. More specifically,
when the brightness of the liquid crystal display of the trans-
flective type is set adequately for the reflection display, the
brightness is set high, so that it can be used under the circum-
stances where the ambient light is insufficient. However, if the
brightness is set high by using a polarization plate having high
transmittance in the TN method, for example, a contrast ratio,
which is defined as a quotient obtained by dividing the bright-
ness in the light display by the brightness in the dark display,
becomes too low for the transmission display, thereby dete-
riorating the visibility. Conversely, when the brightness of the
liquid crystal display of the transflective type is set adequately
for the transmission display, it is preferable to set the bright-
ness in such a manner as to raise the contrast ratio. However,
in this case, the brightness becomes too low for the reflection
display, thereby deteriorating the visibility as well.

[0015] (2) In the reflection display. since the display is
observed by reflecting the light having passed through the
liquid crystal layer sandwiched by the two substrates by the
reflection film provided behind the liquid crystal cell, there
occurs parallax (double image) and the resolution deterio-
rates, thereby making high-resolution display very difficult.
[0016] Also, inthe liquid crystal display of the transflective
type disclosed in Japanese Laid-open Patent Application No.
318929/1995 (Tokukaihei No. 7-318929), since the transflec-
tive film is used as the reflection film, there arises another
problem that there is no optical design such that can be suit-
able for both the reflection display section and transmission
display section.

[0017] Further, although the in-plane switching method
disclosed in Japanese Laid-open Patent Application No.
160878/1994 (Tokukaihei No. 6-160878) is employed in the
liquid crystal displays of the transmission type, the director
configuration of the liquid crystal on the comb-shaped elec-
trode does not contribute to the display. This is not because, in
most cases, the electrode lines are made of metal that does not
transmit light, but because the director configuration of the
liquid crystal is not changed sufficiently for the transmission
display.
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SUMMARY OF THE INVENTION

[0018] Thus, to eliminate the above problems, the inventors
of the present invention tried to apply the display method
capable of eliminating the parallax and employed in the liquid
crystal displays of the reflection type to the liquid crystal
displays of the transflective type. More specifically, the inven-
tors conducted an assiduous study by applying the two fol-
lowing methods to the transflective display:

[0019] (a) the GH (Guest-Host) method for filling liquid
crystal composition blended with a dichroic dye into the
liquid crystal layer; and

[0020] (b) the reflection type liquid crystal display method
using asingle polarization plate (hereinafter, referred to as the
single polarization plate method).

[0021] To apply the above two display methods (a) and (b)
which eliminate the parallax to the liquid crystal displays of
the transflective type, the reflection layer is provided to touch
or almost touch the liquid crystal layer, and a transmission
opening is made through the reflection layer to use the trans-
mitted light for the display in addition to the reflected light.
[0022] Then, the study revealed the following problems. In
case of (a) GH method, when a concentration of the dichroic
dye blended with the liquid crystal composition is adjusted
adequately for the reflection display, the brightness is suffi-
ciently high but the contrast ratio becomes too low in the
transmission display section, thereby failing to obtain satis-
factory display. On the other hand, when a concentration of
the dichroic dye blended with the liquid crystal composition
is adjusted adequately for the transmission display, the con-
trast ratio is sufficiently high in the transmission display
section, but the brightness becomes too low in the reflection
display section, thereby failing to obtain satisfactory display.
[0023] Also, in case of (b) single polarization plate method,
the director configuration of the liquid crystal and a thickness
of the liquid crystal layer which determine the optical char-
acteristics, a voltage applied to the liquid crystal for driving
the same, etc. are set adequately for either the reflection
display section or the transmission display realized by addi-
tionally providing a polarization plate or the like behind the
display surface (double polarization plate method).

[0024] Firstly, the display in the transmission display sec-
tion when the thickness of the liquid crystal layer is set
adequately for the reflection display will be explained. In this
case, an amount of change in the polarization state caused
when the director configuration of the liquid crystal layer is
changed by an external field, such as an electric field, is about
a strength such that can realize a satisfactory contrast ratio
when incident light from the front, that is, from the display
surface side, passes through the liquid crystal layer and exits
to the display surface side by passing through the liquid
crystal layer again. However, when set in this manner, an
amount of the change of the polarization state of the light
having passed through the liquid crystal layer is not sufficient
in the transmission display section. Thus, even if the polar-
ization plate used for the transmission display alone is pro-
vided behind the liquid crystal cell seen from the viewer’s
side in addition to the polarization plate used for the reflection
display and provided to the viewer’s side of the liquid crystal
cell, that is, the display surface side, the display in the trans-
mission display section is not satisfactory. In other words,
when the director configurations (thickness of the liquid crys-
tal layer, director configuration of the liquid crystal, etc.) of
the liquid crystal layer are set to be suitable for the reflection
display, in the transmission display section, either the bright-



US 2011/0102723 Al

ness is not sufficient or even if the brightness is sufficient, the
transmittance does not decrease in the dark display, thereby
failing to attain a sufficient contrast ratio for the display.

[0025] To be more specific, in case of the reflection display,
the director configuration of the liquid crystal in the liquid
crystal layer is controlled by means of a voltage applied to the
liquid crystal layer to impart a phase difference of about Y4
wavelength to the light passing through the liquid crystal
layer only once. When the transmission display is shown with
the voltage modulation such that imparts a % wavelength
phase modulation to the light passing through the liquid crys-
tal layer set in such a manner as to impart the above-specified
phase difference to the light passing through the same, if the
transmittance of the transmission display section for the dark
display is lowered sufficiently, about half the luminance of the
light is absorbed by the polarization plate at the light outgoing
side when the transmission display section shows the light
display, thereby failing to obtain satisfactory light display. If
optical elements, such as a polarization plate and a phase
difference compensation plate, are provided to increase the
brightness in the light display in the transmission display
section, the brightness in the dark display in the transmission
display section is increased to about half the brightness in the
light display, and the resulting contrast ratio is not satisfactory
for the display.

[0026] Next, the display in the reflection display section, in
case that the director configurations of the liquid crystal layer
are set to be suitable for the transmission display, will be
explained. In case that the reflection display is shown when
the liquid crystal layer is set adequately for the transmission
display, the director configuration of the liquid crystal must
be controlled by the voltage modulation in such a manner that
the polarization state of the light passing through the liquid
crystal layer only once is modulated between the two polar-
ization states which are orthogonal each other. The two
orthogonal polarization states include two linearly polarized
light beams having oscillation planes intersecting at right
angles, two circularly polarized light beams of right and left
circularly polarization, or two elliptically polarized light
beams having the same ellipticity whose major axis orienta-
tions intersect at right angles, thereby having opposite rota-
tion directions in their respective photo-electric fields. To
realize the modulation of the polarization state in any com-
bination of the above two polarization states being orthogonal
each other, a voltage must be modulated in such a manner that
the liquid crystal layer imparts a phase difference of /2 wave-
length to the light passing through the same. When the polar-
ization state of the light is modulated by any combination of
the two orthogonal polarization states in the above manner,
satisfactory brightness and contrast ratio can be attained in the
transmission display optionally, by the function of the polar-
ization plate, with the help of the phase difference compen-
sation plate.

[0027] However, when the liquid crystal layer is set to
realize the above control, the reflectance in the reflection
display is changed from the light display to the dark display
and to the light display again while the transmittance in the
transmission display is changed once from the light display to
the dark display. Thus, the same display, that is, either the
light or dark display, can notbe realized simultaneously in the
reflection display section and transmission display section by
the same liquid crystal alignment changing means (for
example, the thickness of the liquid crystal layer is equal, the
initial director configuration is identical, and the driving volt-
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age is equal). The problems raised in the methods (a) and (b)
are also raised with the liquid crystal display of the transflec-
tive type disclosed in aforementioned Japanese Laid-open
Patent Application No. 318929/1995 (Tokukaihei No.
7-318929). In addition, a pressure detecting input device
(touch panel) superimposed on the liquid crystal display has
light reflecting properties, thereby posing a problem that the
visibility is deteriorated. This problem is particularly obvious
in the liquid crystal displays of the reflection type.

[0028] Also, in general, a front light unit used to improve
the visibility of the liquid crystal displays of the reflection
type under the circumstances where the ambient light is weak
has a planar light pipe structure. Thus, the display content is
observed through this light pipe, and there arises a problem
that the visibility is deteriorated.

[0029] The present invention is devised to solve the above
problems, and it is therefore an object of the present invention
to provide a liquid crystal display with excellent visibility,
capable of showing high-resolution display while using both
the reflected light and transmitted light for the display. It is
another object of the present invention to provide a liquid
crystal display with excellent visibility, capable of showing
high-resolution color display while using both the reflected
light and transmitted light for the display.

[0030] The inventors of the present invention continued an
assiduous study to fulfill the above and other objects, and
achieved the present invention when they discovered that the
cause of the problems occurred in the conventional liquid
crystal displays applying either the GH method or polariza-
tion plate method is that the director configuration of the
liquid crystal layer is set identical in the transmission display
section and reflection display section at the same time.
[0031] Here, the director configuration of the liquid crystal
layer indicates not only the director defined as orientation of
the liquid crystal molecules at a specific point in the liquid
crystal layer, but also the variation of the director field with
respect to the position along the normal axis of the liquid
crystal layer.

[0032] To be more specific, to fulfill the above and other
objects, a liquid crystal display of the present invention is a
liquid crystal display furnished with a liquid crystal display
element having a pair of substrates, to which alignment mem-
bers are provided to their respective opposing surfaces, and a
liquid crystal layer sandwiched by the pair of substrates,
characterized in that:

[0033] alignment mechanism for providing at least two dif-
ferent director configurations simultaneously on different
arbitrary regions used for display in the liquid crystal layer is
provided,

[0034] areflecting member is provided to at least one of the
different arbitrary regions showing different director configu-
rations; and

[0035] the different arbitrary regions showing different
director configurations are used for a reflection display sec-
tion for showing reflection display and a transmission display
section for showing transmission display, respectively.
[0036] According to the above arrangement, the director
configuration of the liquid crystal can be different simulta-
neously. Thus, for example, an amplitude of modulation in an
opti-physical quantity, such as an amount of absorbed light
(absorbance) in case that a light absorber like a dichroic dye
is used for the display, and a phase difference in case that
optical anisotropy is used for the display, can be changed
separately in each region having a different director configu-
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ration of the liquid crystal. Thus, according to the above
arrangement, the transmittance or reflectance based on an
amplitude of modulation in an opti-physical quantity in
response to the director configuration of the liquid crystal
layer can be obtained, thereby making it possible to set the
optical parameters of the transmission display section and
those of the reflection display section independently. Conse-
quently, according to the above arrangement, it has become
possible to provide a liquid crystal display of the transflective
type with excellent visibility, capable of showing high-reso-
lution display while using both the reflected light and trans-
mitted light for the display.

[0037] Also, to fulfill the above and other objects, a liquid
crystal display of the present invention is a liquid crystal
display furnished with a liquid crystal display element having
a pair of substrates, to which alignment members are pro-
vided to their respective opposing surfaces, and a liquid crys-
tallayer sandwiched by the pair of substrates, characterized in
that:

[0038] aregionused fordisplay in the liquid crystal layer is
composed of regions having at least two different thicknesses
of the liquid crystal layer;

[0039] the regions having at least two different thicknesses
are used for a reflection display section and a transmission
display section, respectively;

[0040] areflecting member is provided at least to the reflec-
tion display section; and

[0041] the thickness of the liquid crystal layer is thinner in
the reflection display section than in the transmission display
section.

[0042] According to the above arrangement, the transmit-
tance or reflectance based on an amplitude of modulation in
an opti-physical quantity in the regions having different
thicknesses of the liquid crystal layer can be obtained, thereby
making it possible to set the transmission display section and
reflection display section independently. Thus, according to
the above arrangement, it has become possible to provide a
liquid crystal display of the transflective type with excellent
visibility, capable of showing high-resolution display while
using both the reflected light and transmitted light for the
display.

[0043]  According to the present invention, satisfactory dis-
play can be shown on both the reflection display section and
transmission display section by providing the above arrange-
ment to the liquid crystal display. However, there is an opti-
mal ratio of the reflection display section to the transmission
display section for showing satisfactory display, and this opti-
mal ratio varies depending on whether color display or mono-
chrome display is desired, or whether the display is shown
mainly by the reflection display or transmission display.

[0044] Inthe liquid crystal display of the present invention,
in case that both the reflection display section and the trans-
mission display section show color display, it is preferable
that an area of the reflection display section accounts for 30%
or above and 90% and less of a total of areas of the reflection
display section and the transmission display section.

[0045] When the color display is shown on the liquid crys-
tal display of the present invention in the above manner,
besides the liquid crystal layer, design of the color filter layer,
which plays an important role in color reproduction, is criti-
cal. According to the study of the inventors of the present
invention, the liquid crystal display of the transflective type
will be used in typical two styles.
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[0046] One is a style that mainly shows the transmission
display in general use and uses the reflection display supple-
mentarily, so that the wash-out can be prevented under the
lighting environment where the ambient light is very strong,
and therefore, can be used extensively in diversified lighting
environments compared with the displays of the luminous
type or the liquid crystal displays of the transmission type.
The other is a style that mainly shows the reflection display in
general use by exploiting the advantages of the reflection
display that the power consumption is small and the lighting
device known as the back light is turned ON only when used
under the circumstances where the lighting is weak. Hence,
like in the former style, this style can be used extensively in
diversified lighting environments.

[0047] Inthe former style (the style showing the transmis-
sion display mainly), by providing a color filter having a
transmission color at least in the transmission display section
of the regions making up the region of each pixel in at least
one of the pair of substrates, it has become possible to provide
a liquid crystal display with excellent visibility, capable of
showing high-resolution color display while using both the
reflected light and transmitted light for the display.

[0048] When the color display is shown in the above man-
ner, it is effective if the color filter having a transmission color
is provided at least to the transmission display section in each
pixel, and in the reflection display section, either no color film
is used or a color filter having the same brightness as the
brightness of the color filter provided to the transmission
display section or a color filter having a transmission color
brighter than the brightness in the color filter provided to the
transmission display section, is provided at least partially.
[0049] In the latter style (the style showing the reflection
display mainly), by providing a color filter having a transmis-
sion color at least in the reflection display section of the
regions making up the display region of each pixel in at least
one of the pair of substrates, it has become possible to provide
a liquid crystal display with excellent visibility, capable of
showing high-resolution color display while using both the
reflected light and transmitted light for the display.

[0050] When the color display is shown in the above man-
ner, it is effective if the color filter having a transmission color
is provided to at least the reflection display section in each
pixel, and in the transmission display section, either no color
film is used or a color filter having chroma as good as the
chroma of the color filter provided to the reflection display
section or a color filter having a transmission color with better
chroma than the chroma of the color filter provided to the
reflection display section, is provided at least partially.
[0051] According to the above arrangement, it has become
possible to provide a liquid crystal display with excellent
visibility, capable of showing a high-resolution color display
while using both the reflected light and transmitted light for
the display.

[0052] For a fuller understanding of the nature and advan-
tages of the invention, reference should be made to the ensu-
ing detailed description taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] FIG. 1isa cross section showing a major portion of
a liquid crystal display in accordance with Embodiment 1 of
the present invention;

[0054] FIG. 21s a view showing display characteristics of a
liquid crystal display of Example 1;
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[0055] FIG. 3 is a view showing display characteristics of
liquid crystal displays of Comparative Examples 2 and 3,
respectively;

[0056] FIG. 4 1is a cross section showing a major portion of
a liquid crystal display in accordance with Embodiment 2 of
the present invention;

[0057] FIG. 5 is a view explaining a definition of a crossed
rubbing angle;

[0058] FIG. 6 is aview showing display characteristics of a
liquid crystal display of Example 2;

[0059] FIG.71s aview showing display characteristics of a
liquid crystal display of Example 3;

[0060] FIG. 81s aview showing display characteristics of a
liquid crystal display of Example 4;

[0061] FIG.91is aview showing display characteristics of a
liquid crystal display of Example 5;

[0062] FIG. 10 is a view showing display characteristics of
a liquid crystal display of Example 6;

[0063] FIG. 11 is a view showing display characteristics of
a liquid crystal display of Example 7;

[0064] FIG. 12 is a view showing display characteristics of
a liquid crystal display of Comparative Example 3;

[0065] FIG. 13 is a view showing display characteristics of
a liquid crystal display of Example 8;

[0066] FIG. 14 is a view showing display characteristics of
a liquid crystal display of Comparative Example 4;

[0067] FIG. 15 1is a view showing display characteristics of
a liquid crystal display of Comparative Example 5;

[0068] FIG. 16 is a view showing display characteristics of
a liquid crystal display of Example 9;

[0069] FIG. 17 is a view showing the steps of the alignment
treatment applied to the substrates used for a liquid crystal
display in accordance with Embodiment 4 of the present
mvention;

[0070] FIGS. 18(a) through 18(e) are cross sections sche-
matically showing the alignment treatment steps of FIG. 17,
[0071] FIG. 19 is a view showing display characteristics of
a liquid crystal display of Example 10,

[0072] FIG. 20 is a view showing display characteristics of
a liquid crystal display of Example 11;

[0073] FIG. 21(a) is a cross section showing a major por-
tion of a liquid crystal display of Example 12 when no voltage
is applied,

[0074] FIG. 21(b) is a cross section showing the major
portion of the liquid crystal display of FIG. 21(a) when a
voltage is applied;

[0075] FIG. 22 is a view showing display characteristics of
a liquid crystal display of Example 12;

[0076] FIG.23(a)is aplan view showing a major portion of
a TFT element substrate for realizing a liquid crystal display
of the transmission-main transflective type in accordance
with Embodiment 7 of the present invention;

[0077] FIG. 23(b) is a view showing a driving electrode of
a reflection display section on the TFT element substrate of
FIG. 23(a);

[0078] FIG. 23(c) is a view showing a transparent pixel
electrode on the TFT element substrate of F1G. 23(a);
[0079] FIG. 24 is a cross section of the TFT element sub-
strate taken on line A-A' of FIG. 23(a);

[0080] FIG. 25 is a cross section of the TFT element sub-
strate taken on line B-B' of FIG. 23(a);

[0081] FIG.26(a)is aplan view showing a major portion of
the liquid crystal display of the transmission-main transflec-
tive type in accordance with Embodiment 7 of the present
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invention, and it is a partial cutaway view of a color filter
substrate showing an alignment of color filters formed on the
color filter substrate used in the above liquid crystal display of
the transmission-main transflective type with respect to a
transmission display opening of a driving electrode formed in
the reflection display section on the TFT element substrate of
FIG. 23(a);

[0082] FIG. 26(b) is a cross section of the color filter sub-
strate of FIG. 26(a):

[0083] FIG.271isa cross section showing a major portion of
the liquid crystal display taken on line C-C' of FIG. 26(a);

[0084] FIG. 28 is a plan view showing a major portion of a
TFT element substrate for realizing a liquid crystal display of
the reflection-main transflective type in accordance with
Embodiment 7 of the present invention;

[0085] FIG.29(a)is a plan view showing a major portion of
the liquid crystal display of the reflection-main transflective
type in accordance with Embodiment 7 of the present inven-
tion, and it is a partial cutaway view of a color filter substrate
showing an alignment of color filters formed on the color
filter substrate used in the above liquid crystal display of the
reflection-main transflective type with respect to a transmis-
sion display opening of a driving electrode formed in the
reflection display section on the TFT element substrate of
FIG. 28;

[0086] FIG. 29(b) is a cross section of the color filter sub-
strate of FIG. 29(a):

[0087] FIG. 30 is a contour plot showing a relation of
adapted luminance which imparts perceived brightness of an
equivalent value versus sample luminance;

[0088] FIG. 31 is a view showing characteristics of a rela-
tion of illuminance versus perceived brightness in a liquid
crystal display of the transflective type in accordance with
Embodiment 8 of the present invention; and

[0089] FIG. 32 is a cross section schematically showing an
arrangement of a major portion of a liquid crystal display
incorporating an input device in accordance with Embodi-
ment 11 of the present invention.

DESCRIPTION OF THE EMBODIMENTS

[0090] A liquid crystal display of the present invention is
characterized in that the director configuration of the liquid
crystal can take different states respectively in the reflection
display section and transmission display section at the same
time. Here, the director configuration of the liquid crystal
means not only the director defined as orientation of the liquid
crystal molecules at a particular point in the liquid crystal
layer, but also the variation of the director field with respect to
the position along the normal axis of the liquid crystal layer.
Thus, in the present invention, methods of realizing different
director configurations of the liquid crystal in the reflection
display section and transmission display section and align-
ment mechanisms used for these methods are classified into
three categories, and each will be explained separately below.

[0091] Ina first category method, the liquid crystal is given
different director configurations in the reflection display sec-
tion and transmission display section by means of an align-
ment mechanism formed to impose a specific condition of the
liquid crystal layer differently in the reflection display section
and transmission display section.
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[0092] To be more specific, examples of the first category
method include:

[0093] (1) using an alignment mechanism that twists the
director of the liquid crystal at totally different twist angles in
the reflection display section and transmission display sec-
tion;

[0094] (2) using an alignment mechanism that greatly
changes the tilt angle of the director of the liquid crystal with
respect to the substrates;

[0095] (3) providing liquid crystal materials of different
kinds in the reflection display section and transmission dis-
play section; and

[0096] (4) blending different kinds of dyes with the liquid
crystal material at different concentrations in the transmis-
sion display section and reflection display section (in this
case, a liquid crystal material of the same kind may be used in
the transmission display section and reflection display sec-
tion).

[0097] The liquid crystal display of the present invention is
furnished with the mechanism used for implementing the
above methods as the alignment mechanism of the present
invention. The first category method and the alignment
mechanism used for the first category method may be a com-
bination of any ofthe above example methods (1) through (4),
and different director configurations of the liquid crystal can
be realized in the reflection display section and transmission
display section by the above example methods and the align-
ment mechanism used for these example methods.

[0098] In a second category method, the liquid crystal is
given different director configurations in the reflection dis-
play section and transmission display section by display con-
tent overwriting means for overwriting the display content
with a time lapse (in other words, the alignment mechanism
that makes the director configurations of the liquid crystal
different in the transmission display section and reflection
display section is a display content overwriting means). The
display content overwriting means adopted in the second
category method can be any of the existing display overwrit-
ing means.

[0099] More specifically, examples of the second category
method include:

[0100] (5) overwriting the director configuration of the lig-
uid crystal by using different electrodes in the transmission
display section and reflection display section as the alignment
mechanism, in other words, applying different voltages as the
display content overwriting means directly to the reflection
display section and transmission display section;

[0101] (6) applying substantially different voltages to the
reflection display section and transmission display section
from the same electrode. In this case, the liquid crystal is
given with different director configurations in the reflection
display section and transmission display section driven by a
common electrode by providing an insulation body (for
example, an insulation film) having different layer thick-
nesses in the reflection display section and transmission dis-
play section between the liquid crystal layer and the electrode
driving the same; and

[0102] (7) making the directions of the electric fields dif-
ferent in the reflection display section and transmission dis-
play section. In case that the display is shown by changing the
in-plane alignment direction of the liquid crystal of the liquid
crystal layer by means of an electrode group provided in
parallel with one of the substrates sandwiching the liquid
crystal layer for supplying different potentials to the liquid
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crystal layer, the director configurations of the liquid crystal
differ greatly at a region between the electrodes and a region
on the electrode. Thus, these regions having different director
configurations of the liquid crystal may be used for the reflec-
tion display and transmission display, respectively. Further, a
method of applying different potentials to the liquid crystal
layer aligned perpendicularly to the substrates by the same
electrode group may be adopted. In case of adopting the
second category method, the electrodes or insulation body
used for implementing the above example methods, or a
combination thereof corresponds to the alignment mecha-
nism of the present invention, and naturally, the resulting
liquid crystal display is furnished with such alignment
mechanism.

[0103] In a third category method, the director configura-
tions of the liquid crystal do not differ greatly, but the thick-
nesses of the liquid crystal layer, which are factors that deter-
mine the optical characteristics, differ in the reflection display
section and transmission display section. To implement the
third category method, an insulation film having different
thicknesses in the reflection display section and transmission
display section, substrates having different layer thicknesses
or shapes in the reflection display section and transmission
display section, etc. are used as the above alignment mecha-
nism.

[0104] In case of adopting the third category method, the
director configuration of the liquid crystal may be twisted
uniformly like in the TN method adopted in the liquid crystal
display employing two polarization plates, for example. In
this case, the director configuration of the liquid crystal is
parallel to the substrates sandwiching the liquid crystal layer,
and the director is twisted while changing its direction in the
plane of one of the substrates in accordance with a distance
from that substrate. When this director configuration of the
liquid crystal is adopted in the reflection display section and
transmission display section by varying the thickness of the
liquid crystal layer, satisfactory display can be realized both
in the reflection display section and transmission display
section, because the optical characteristics vary with the
thickness of the liquid crystal layer.

[0105] Also, in the GH method, since varying the thickness
of the liquid crystal layer can offer substantially the same
effect as the effect obtained in case of changing the concen-
tration of the dye, satisfactory display can be realized both in
the reflection display section and transmission display sec-
tion, even when the director configurations of the liquid crys-
tal are substantially the same in the reflection display section
and transmission display section.

[0106] As has been explained, the method for realizing
different director configurations of the liquid crystal in the
reflection display section and transmission display section
and the alignment mechanism used for this method are clas-
sified into three categories, and the liquid crystal display
method used in the liquid crystal display of the present inven-
tion realized by the above method and alignment mechanism
is not especially limited, and can be selected from the meth-
ods using a change of the director configuration of the liquid
crystal for the display. Examples of the liquid crystal display
method applicable in the present invention include: a mode
using the nematic phase of the liquid crystal composition for
the display, such as the TN method, STN method, nematic
bistable mode, vertical alignment mode, hybrid alignment
mode, and ECB (Electrically Controlled Birefringence)
mode. Also, a mode using scattering, such as the polymer
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dispersing type liquid crystal mode and dynamic scattering
method, can be used as the above liquid crystal display
method. Further, the surface stabilized ferroelectric liquid
crystal display method using ferroelectric liquid crystal com-
position and the thresholdless switching anti-ferroelectric lig-
uid crystal display method using anti-ferroelectric liquid
crystal can be used as the above liquid crystal display method
ofthe present invention, because they also use a change of the
director configuration of the liquid crystal for the display.

[0107] In case of adopting the third category method, the
liquid crystal display method used in the present invention
can be a method of using modulation of the optical rotatory
polarization like the TN method, a method ofusing the modu-
lation of the retardation like the ECB mode, or a method of
modulating light absorption (absorbance) like the GH
method. In case of adopting the third category method,
besides the above methods, any method is applicable, pro-
vided that the thickness of the liquid crystal layer is a critical
factor for determining the optical characteristics, and pro-
vided that making the liquid crystal layer thick in the trans-
mission display section and thin in the reflection display
section can offer an effect of realizing satisfactory display.

[0108] As has been discussed, the liquid crystal display of
the present invention is furnished with a liquid crystal display
element having a pair of substrates. to which alignment mem-
bers (alignment means) are provided to their respective
opposing surfaces, and a liquid crystal layer sandwiched by
the pair of substrates, and it is arranged in such a manner that:
it is furnished with alignment mechanism for imparting at
least two different director configurations to arbitrary and
different areas in the liquid crystal layer used for the display
simultaneously; a reflecting member (reflecting means) is
provided in at least one of the regions showing the different
director configurations in the liquid crystal layer; and the
regions showing the different director configurations are used
as a reflection display section for showing reflection display
and a transmission display section for showing transmission
display, respectively. This arrangement makes it possible to
obtain transmittance or reflectance based on an amplitude of
modulation in an opti-physical quantity in response to the
director configuration of the liquid crystal layer, thereby real-
izing a high contrast ratio without causing any parallax. Con-
sequently, not only can the visibility under dark circum-
stances be improved, but also satisfactory visibility can be
obtained even when the ambient light is strong.

[0109] To change an amplitude of modulation in an opti-
physical quantity (such as absorption of light and a phase
difference caused by optical anisotropy) in the reflection dis-
play section and transmission display section independently,
even if the alignment direction of the liquid crystal deter-
mined by the applied voltage is oriented to substantially the
same direction across a region of the liquid crystal layer used
for the display, regions having different thicknesses of the
liquid crystal layer can attain substantially the same effect as
the effect obtained when the alignment direction of the liquid
crystal layer is changed in these regions. For this reason,
another liquid crystal display of the present invention is fur-
nished with a liquid crystal display element having a pair of
substrates, to which alignment members (alignment means)
are provided to their respective opposing surfaces, and a
liquid crystal layer sandwiched by the pair of substrates, and
it is arranged in such a manner that:
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[0110] aregionused for display in the liquid crystal layer is
composed of regions having at least two different thicknesses
of the liquid crystal layer;

[0111] the regions having at least two different thicknesses
are used for a reflection display section and a transmission
display section, respectively;

[0112] a reflecting member (reflecting means) is provided
at least to the reflection display section; and

[0113] the thickness of the liquid crystal layer is thinner in
the reflection display section than in the transmission display
section.

[0114] This arrangement also makes it possible to obtain
transmittance or reflectance based on an amplitude of modu-
lation in an opti-physical quantity in regions having different
thicknesses of the liquid crystal layer. Accordingly, the trans-
mission display section and reflection display section can be
set independently. Thus, according to the above arrangement,
a high contrast ratio can be attained without causing any
parallax, and not only can the visibility under dark circum-
stances be improved, but also satisfactory visibility can be
obtained even when the ambient light is strong.

[0115] A liquid crystal display realizing satisfactory reflec-
tion display and transmission display by changing the thick-
ness of the liquid crystal layer in the reflection display section
and transmission display section will be explained mainly in
Embodiments 1 and 2 below.

Embodiment 1

[0116] Mainly referring to FIG. 1, an example liquid crystal
display adopting the GH method will be explained in the
present embodiment.

[0117] FIG. 1 is a cross section of a major portion of the
liquid crystal display in accordance with the present embodi-
ment. As shown in the drawing, the liquid crystal display
includes a liquid crystal cell 100 (liquid crystal display ele-
ment), and optionally, a back light 13 (lighting device) serv-
ing as back light means. The liquid crystal cell 100 and back
light 13 are provided sequentially in this order from the view-
er’s (user’s) side.

[0118] As shown in the drawing, the liquid crystal cell 100
is composed of a liquid crystal layer 1 sandwiched by an
electrode substrate 101 (first substrate) and an electrode sub-
strate 102 (second substrate). The electrode substrate 101 has
an alignment film 2 on a surface touching the liquid crystal
layer 1 (an interface between the first substrate and the liquid
crystal layer 1), and the electrode substrate 102 has an align-
ment film 3 on a surface touching the liquid crystal layer 1 (an
interface between the second substrate and the liquid crystal
layer 1).

[0119] The electrode substrate 101 is composed of a sub-
strate 4 made of, for example, a light transmitting glass sub-
strate on which are formed an electrode 6 (voltage applying
means ) for applying a voltage to the liquid crystal layer 1, and
the electrode 6 is covered with the alignment film 2 (align-
ment mechanism) to which the rubbing treatment has been
applied.

[0120] On the other hand, the electrode substrate 102 pro-
vided in such a manner as to oppose the electrode substrate
101 through the liquid crystal layer 1 is composed of a light
transmitting substrate 5 on which are formed counter elec-
trodes 7 (voltage applying means) opposing the electrode 6
through an insulation film 11 for applying a voltage to the
liquid crystal layer 1.
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[0121] Theinsulation film 11 is made in such a manner as to
have different film thicknesses in regions corresponding to a
region of the liquid crystal layer 1 used for the display, so that
the above region of the liquid crystal layer 1 used for the
display has at least two different thicknesses of the liquid
crystal layer (herein, exactly two different thicknesses). To be
more specific, the insulation film 11 is made thinner in the
region corresponding to the transmission display section 10
than in the region corresponding to the reflection display
section 9.

[0122] In the region of the electrode substrate 102 corre-
sponding to the reflection display section 9, a reflection film 8
(reflecting means) is formed to cover the electrodes 7, and
further, the alignment film 3 (alignment member, alignment
mechanism) to which the rubbing treatment has been applied
is formed to cover the electrodes 7 and reflection film 8.

[0123] Here, each of the electrodes 6 and 7 is a transparent
electrode made of ITO (Indium Tin Oxide), for example.
Also, a voltage is applied to the electrodes 6 and 7 to apply an
electric field in the liquid crystal layer 1. Thus, the display is
controlled by a voltage applied in accordance with the display
content.

[0124] Also, the reflection film 8 has light reflecting prop-
erties, and is made of metal, such as aluminum or silver, or
composed of dielectric multi-layer film mirror. In case that
the reflection film 8 is made of a conducting material, the
reflection film 8 may also serve as an electrode instead of the
electrodes 7. In other words, the reflection film 8 may be a
reflective pixel electrode serving both as a liquid crystal driv-
ing electrode for driving the liquid crystal layer 1 and the
reflecting means. Further, the reflection film 8 may be a color
reflection film which reflects light having a wavelength in a
range selected from the visible light, as the case may be.

[0125] Tt should be appreciated that the materials and pro-
ducing methods of each member forming the electrode sub-
strates 101 and 102 are not limited to the above disclosure,
and any known material and typical method are applicable.
Also, the arrangement of the liquid crystal display is not
limited to the above-described arrangement. For example, it
may be arranged in such a manner that voltages are applied to
the electrodes 6 and 7 of the reflection display section 9 and
transmission display section 10 directly from an exterior of
the liquid crystal cell 100 in the form of a signal from a touch
panel (pressed coordinate detecting type input means) or the
like, which will be explained in embodiments below. Also,
active elements, such as TFT elements and MIM elements,
may be provided as the switching elements.

[0126] AsshowninFIG. 1, the electrode substrates 101 and
102 are bonded to each other with a sealing agent or the like
in such a manner that their respective alignment films 2 and 3
oppose each other, and liquid crystal composition is filled into
a space therebetween, whereby the liquid crystal layer 1 is
formed.

[0127] The back light 13 is provided behind the liquid
crystal cell 100 seen from the viewer’s (user’s) side, that is, at
the back side of the electrode substrate 102. The back light 13
is mainly composed of a light source 134 and a light pipe 135.
For example, the light source 13a is provided along the side
surface of the light pipe 135, and accordingly, the light pipe
135 receives light emitted from the light source 13a on the
side surface where it is provided, and emits the received light
to an object, namely, the liquid crystal cell 100. Here, any
existing lighting device can be used as the back light 13.
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[0128] In the above-arranged liquid crystal display, the
reflection display section 9 on which is formed the reflection
film 8 shows the display by controlling the reflection lumi-
nance of the ambient light incident on the display surface
from the substrate 4 side, that is from the viewer’s side, by
changing the director configuration of the liquid crystal. The
transmission display section 10 on which is formed no reflec-
tion film 8 shows the display by controlling the luminance of
the transmitted light incident on the display surface from the
substrate 5 side by changing the director configuration of the
liquid crystal. In this case, light emitted from the back light 13
provided behind the liquid crystal cell 100 may be used, as the
case may be.

[0129] As has been explained, the liquid crystal display of
FIG. 1 is assembled in such a manner as to have different
thicknesses of the liquid crystal layer in the reflection display
section 9 and transmission display section 10. Consequently,
the present liquid crystal display has substantially different
director configurations of the liquid crystal in the reflection
display section 9 and transmission display section 10.
[0130] Here, the arrangement of the liquid crystal display
having different thicknesses in the reflection display section9
and transmission display section 10 will be explained in the
following.

[0131] Theliquid crystal layer can be given different thick-
nesses in the reflection display section 9 and transmission
display section 10, for example, by providing the insulation
film 11 having different thicknesses in the reflection display
section 9 and transmission display section 10 as shown in
FIG. 1.

[0132] In order to vary the thickness of the liquid crystal
layer in the reflection display section 9 and transmission
display section 10, it is sufficient if at least one of the sub-
strates (electrode substrates 101 and 102) sandwiching the
liquid crystal is arranged in the above manner.

[0133] Therefore, the insulation film 11 is not necessarily
provided on the substrate 4 and it can be provided on the
substrate 5 instead. Even in this case, the reflection film 8 is
provided on the substrate 5 on the electrode substrate 102 side
(that is, opposing side to the display surface side (electrode
substrate 101 side) through the liquid crystal layer 1).
[0134] Inthe liquid crystal display of FIG. 1, the thickness
of the liquid crystal layer is changed in the reflection display
section9 and transmission display section 10 by changing the
thickness of the insulation film 11 in a region corresponding
to the reflection display section 9 and a region corresponding
to the transmission display section 10. However, the same can
be realized by forming the substrate 4 or 5 it self in exactly the
same shape as the insulation film 11 of FIG. 1.

[0135] When the thickness of the insulation film 11 is
changed in the region corresponding to the reflection display
section 9 and the region corresponding to the transmission
display section 10, the insulation film 11 on the region cor-
responding to the transmission display section 10 is made
thinner than the insulation film 11 on the region correspond-
ing to the reflection display section 9 as shown in FIG. 1, or
the insulation film 11 is formed on the region corresponding
to the reflection display section 9 alone, and not on the region
corresponding to the transmission display section 10.

[0136] Further, the thickness of the liquid crystal layer in
the reflection display section 9 or in the transmission display
section 10 is kept constant by providing spacers (not shown)
to the liquid crystal layer 1 or by any other applicable means.
For example, when spherical spacers are provided to the
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liquid crystal layer 1, the thickness of the thinner liquid crys-
tal layer in the reflection display section 9 is almost as large as
the diameter of the spacers.

[0137] Theliquidcrystal layer 1 sandwiched by a pair of the
substrates prepared in the above manner, that is, the electrode
substrates 101 and 102, is made of the liquid crystal compo-
sition as previously mentioned. As the liquid crystal display
method using the liquid crystal layer 1, the GH method may
be used, in which the liquid crystal composition prepared by
blending a dichroic dye 12 with liquid crystal is used as
shown in FIG. 1, and the director configuration of the liquid
crystal and the alignment direction of the dichroic dye 12 are
changed simultaneously upon application of an electric field
in the liquid crystal layer 1, so that the display is shown using
the variance of the absorption coefficient caused by the
dichroism.

[0138] Next, the following will explain, with reference to
FIG. 1, the action of the liquid crystal layer 1 in the GH
method, and the display principle in case that the thicknesses
ofthe liquid crystal layer are different in the reflection display
section 9 and transmission display section 10.

[0139] When the display is shown on the liquid crystal
display of FIG. 1, the display is shown in the transmission
display section 10 by letting light emanated from the back
light 13 or the like behind the liquid crystal layer 1 pass
through the liquid crystal layer 1 only once and go out from
the display surface as the display light as is indicated by an
arrow. Here, the dichroic dye 12 blended in the liquid crystal
composition in the liquid crystal layer 1 changes its light
absorbance in response to the director configuration of the
liquid crystal. Thus, when the liquid crystal is aligned in
parallel with the display surface (electrode substrate 101) as
shown in a transmission display section 10a (which is
referred to as planer alignment, hereinafter), the dichroic dye
12 in this region absorbs most of the light passing through the
liquid crystal layer 1, and the transmission display section 10
shows the dark display. On the other hand, when the liquid
crystal is aligned perpendicular to the display surface (elec-
trode substrate 101) as shown in a transmission display sec-
tion 105, (which is referred to as the vertical alignment), the
dichroic dye 12 absorbs a smaller amount of the light, and the
transmission display section 10 shows the light display.
[0140] By contrast, the reflection display section 9 uses the
light incident on the display surface from the viewer’s side for
the display. To be more specific, as is indicated by an arrow,
the light incident on the display surface passes through the
liquid crystal layer 1 is reflected by the reflection film 8,
passes through the liquid crystal layer 1 again, and exits from
the display surface as the display light. Here, when the liquid
crystal is aligned in parallel with the display surface as shown
in a reflection display section 9a, the dichroic dye 12 in this
region absorbs most of the light, and the reflection display
section 9 shows the dark display. On the other hand, when the
liquid crystal is aligned perpendicular to the display surface
as showninareflection display section 95, the dichroic dye 12
in this region absorbs less amount of the light, and the reflec-
tion display section 9 shows the light display.

[0141] Thus, the light display and dark display can be
shown by controlling the director configuration of the liquid
crystal by supplying a potential difference between the elec-
trodes 6 and 7. In this case, the initial director configuration of
the liquid crystal is not especially limited. For example, the
liquid crystal may be aligned in parallel with the display
surface or twisted further when no voltage is applied. Con-
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versely, the liquid crystal may be aligned perpendicular to the
display surface when no voltage is applied. In the former case
(parallel when no voltage is applied or further with a twist),
liquid crystal having positive dielectric constant anisotropy
can be used. On the other hand, in the latter case, (perpen-
dicular when no voltage is applied), liquid crystal having
negative dielectric constant anisotropy can be used. As has
been explained, the initial director configuration of the liquid
crystal is not especially limited, but it is necessary to adjust
the thickness of the insulation film 11 in such a manner as to
secure a thickness of the liquid crystal layer suitable for the
director configuration of the liquid crystal to be used.

[0142] Here, for ease of production of the liquid crystal
layer 1, liquid crystal layer 1, as in typical liquid crystal
displays, is preferably provided continuously across the
reflection display section 9 and transmission display section
10 or a plurality of display pixels, as shown in FIG. 1.
[0143] Even when the liquid crystal layer 1 is provided
across the reflection display section 9 and transmission dis-
play section 10, if the thicknesses of the liquid crystal layer
are different in the reflection display section 9 and transmis-
sion display section 10, a distance the light travels by passing
through the liquid crystal layer 1 only once in the transmis-
sion display section 10 to serve as the display light in the end
can be set equal to a distance the light travels by passing and
returning through the liquid crystal layer 1 in the reflection
display section 9.

[0144] Thus, the reflection brightness in the reflection dis-
play section 9 and the transmission brightness in the trans-
mission display section 10 can be set to substantially the same
level, and the contrast ratios in the reflection display section 9
and transmission display section 10 can be also set to sub-
stantially the same value. In other words, in the GH method
using the light absorption by the dichroic dye 12, providing
different thicknesses of the liquid crystal layer in the reflec-
tion display section 9 and transmission display section 10 can
offer substantially the same effect as the effect offered by
changing the concentration of the dye, and therefore, by so
doing, the adequate concentration of the blended dichroic dye
12 in the reflection display section 9 and the adequate con-
centration of the blended dichroic dye 12 in the transmission
display section 10 can be set to substantially the same value.
Consequently, the reflection display section 9 and transmis-
sion display section 10 can show satisfactory display simul-
taneously both in the reflection display section 9 and trans-
mission display section 10 by means of the liquid crystal layer
1 provided across the reflection display section 9 and trans-
mission display section 10. In short, both the display contrast
ratio and brightness in the light display become substantially
equal in the reflection display section 9 and transmission
display section 10.

[0145] Herein, “brightness” is defined as a ratio of the
incident light on the liquid crystal layer 1 observed by the
viewer as the display light in either the reflection display
section 9 or transmission display section 10, and “contrast
ratio” is defined as the quotient obtained by dividing the
brightness in the light display by the brightness in the dark
display.

[0146] Generally, the contrast ratio suitable for the trans-
mission display must be higher than the contrast ratio suitable
for the refection display. Thus, in order to realize satisfactory
display, compared with a case of setting the equal contrast
ratio in the reflection display section 9 and transmission dis-
play section 10 to satisfy the above requirement, it is more
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effective to set the contrast ratio higher in the transmission
display section 10 than in the reflection display section 9 by
setting the thickness of the liquid crystal layer larger in the
transmission display section 10 than in the reflection display
section 9.

[0147] In the following, the liquid crystal display of the
present embodiment will be explained based on the above-
described display principle and with reference to FIGS. 1
through 3 by way of an example and comparative examples
for purposes of explanation only, without any intention as a
definition of the limits of the invention.

Example 1

[0148] Explained in the present example is a liquid crystal
display employing the liquid crystal layer 1 adopting the GH
method, in which the liquid crystal having the negative
dielectric constant anisotropy aligns substantially perpen-
dicular to the display surface when no voltage is applied to the
liquid crystal layer 1 and tilts with respect to the display
normal when a voltage is applied to the liquid crystal layer 1.
First, the following will explain a method of manufacturing
the liquid crystal display.

[0149] Initially, a 140 nm-thick ITO film is sputtered over
the transparent substrate 4, which is etched by photolithog-
raphy, whereby the electrode 6 (transparent electrode) of a
predetermined pattern is formed. Here, a glass substrate is
used as the substrate 4.

[0150] Next, a vertical aligning alignment film is provided
to the substrate 4 by the offset printing on the surface where
the electrode 6 is formed, and the substrate 4 is baked at 200
C in an oven, whereby the alignment film 2 is formed. Sub-
sequently, the alignment treatment is applied to the alignment
film 2 by means of rubbing, and as a consequence, the elec-
trode substrate 101 which serves as the substrate on the view-
er’s side is produced.

[0151] The vertical aligning alignment film originally has
the properties such that align the liquid crystal along the
normal direction of the film surface, and the alignment treat-
ment like the rubbing changes the properties to the properties
such that tilt the director configuration of the liquid crystal by
several degrees with respect to the normal direction. After a
voltage is applied to the liquid crystal layer 1, the tilt thus
conferred tilts the director configuration of the liquid crystal
much further toward the above alignment treatment direction.
[0152] In the meantime, insulation photosensitive resin is
applied over the substrate 5 by spin coating, and UV rays are
irradiated to the photosensitive resin masked in such a manner
that no photosensitive resin is left in the transmission display
section 10, while a 3 m-thick layer of the photosensitive resin
is formed in the reflection display section 9, whereby a pre-
determined pattern of the insulation film 11 is formed. The
pattern edge portion of the insulation film 11 is made in such
amanner as to form gentle steps, so that the electrode 7 which
will be formed later will not be broken by a difference in steps
ofthe insulation film 11. As with the substrate 4, a transparent
glass substrate is used as the substrate 5.

[0153] Further, a 140 nm-thick ITO film is sputtered over
the substrate 5 on the surface where the insulation film 11 is
formed, over which a 200 nm-thick aluminum film, which
will serve as a light reflective electrode, is sputtered. Then, the
aluminum film thus formed is patterned by photolithography
and dry etching in such a manner as to leave the aluminum
film in the reflection display section 9 alone (where the pho-
tosensitive resin was left when the photosensitive resin was
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patterned to form the insulation film 11), whereby the reflec-
tion film 8 is formed. Further, the ITO film beneath the reflec-
tion film 8 is etched by photolithography to form the elec-
trodes 7 (transparent electrode) of a predetermined pattern.
[0154] Subsequently, the alignment film 3 is formed over
the substrate 5 on the surface where the electrodes 7 and
reflection film 8 are formed in the same manner as the align-
ment film 2 formed on the electrode substrate 101 serving as
the substrate on the viewer’s side. Then, the alignment treat-
ment is applied to the alignment film 3 by means of rubbing,
whereby the electrode substrate 102 is produced.

[0155] Then, as a sealing agent, sealing resin (not shown)is
provided around one of the electrode substrates 101 and 102
produced in the above manner, and plastic spherical spacers
having a diameter of 4.5 m are scattered over the other elec-
trode substrate on the surface where the alignment film is
formed. Then, as shown in FIG. 1, the electrode substrates
101 and 102 are placed to oppose each other with their elec-
trode surfaces inside, and the sealing resin is cured under
applied pressure, whereby a liquid crystal cell for filling is
produced. Filling spaces (thicknesses of the liquid crystal
layer 1) into which the liquid crystal will be filled in the
refection display section 9 and transmission display section
10 of the liquid crystal cell for filling were measured by
means of the reflected light spectrum, and were 4.5 m across
and 7.5 m across, respectively.

[0156] Further, a concentration of the dichroic dye 12,
blended with the liquid crystal having the negative dielectric
constant anisotropy to produce the liquid crystal composition
filled in the liquid crystal cell for filling is adjusted in such a
manner that a satisfactory contrast ratio can be attained both
in the reflection display section 9 and transmission display
section 10. Further, a chiral dopant for imparting twist to the
director configuration of the liquid crystal is added to the
liquid crystal composition, so that, with the alignment treat-
ment applied to the alignment films 2 and 3, the chiral dopant
imparts the same twist to the director configuration of the
liquid crystal in the liquid crystal layer 1 sandwiched by the
electrode substrates 101 and 102 above and beneath in the
reflection display section 9 and transmission display section
10 when a voltage is applied for the dark display. Then, the
liquid crystal cell for filling is filled with the liquid crystal by
means of vacuum injection, whereby the liquid crystal dis-
play is assembled.

[0157] A voltage was applied to the liquid crystal layer 1
while measuring the reflectance of the reflection display sec-
tion 9 and transmittance of the transmission display section
10 of the liquid crystal display thus obtained through a micro-
scope, and the display characteristics graphed in FIG. 2 were
obtained. The voltage applied to the liquid crystal layer 1 1s a
rectangular pulse inverting every 17 msec. In the drawing, the
horizontal axis represents a root mean square value of the
applied voltage, and the vertical axis represents the brightness
(reflectance or transmittance). Also, in the drawing, a curve
111 represents the voltage dependence of the reflectance in
the reflection display section 9 and a curve 112 represents the
voltage dependence of the transmittance in the transmission
display section 10.

[0158] As the curves 111 and 112 reveal, the brightness
(reflectance or transmittance) in the reflection display section
9 and transmission display section 10 of the above liquid
crystal display decreases with an increasing applied voltage.
That is, when the applied voltage is 1.8V, the reflectance of
the reflection display section 9 and transmittance of the trans-
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mission display section 10 are 55% and 52%, respectively,
and when the applied voltage is increased to 5V, both decrease
to 11% and 10%, respectively.

[0159] In other words, in the above liquid crystal display,
both the reflection display section 9 and transmission display
section 10 can realize the display with excellent visibility,
attaining high brightness exceeding 50% in the light display
and a contrast ratio of about 5.

Comparative Example 1

[0160] A comparative example with respect to Example 1
will be explained in the following. In the present comparative
example, a comparative liquid crystal display adopting the
GH method was assembled in the same manner as Example 1
except that the thicknesses of the liquid crystal layer were
equal in the reflection display section 9 and transmission
display section 10.

[0161] More specifically, in the present comparative
example, the insulation film 11 formed over the substrate 5 in
Example 1 was omitted, so that the liquid crystal display was
assembled in such a manner that the thickness of the liquid
crystal layer was 4.5 m in both the reflection display section
9 and transmission display section 10. In other words, a
comparative liquid crystal cell for filling was produced, in
which the reflection display section 9 and transmission dis-
play section 10 are flat on both the electrode substrates oppos-
ing and sandwiching the liquid crystal layer 1 above and
beneath, and the liquid crystal composition blended with the
dichroic dye 12 and chiral dopant used in Example 1 were
also filled into the comparative liquid crystal cell for filling,
whereby the comparative liquid crystal display was
assembled.

[0162] The reflectance of the reflection display section 9
and transmittance of the transmission display section 10 of
the above comparative liquid crystal display were measured
in the same manner as Example 1, and the resulting display
characteristics are graphed in FIG. 3.

Comparative Example 2

[0163] In the present comparative example, a comparative
liquid crystal display was assembled in such a manner that
liquid crystal composition having higher concentration of the
dichroic dye 12 than the one in Comparative Example 1 was
filled into a comparative liquid crystal cell for filling of the
same type as the one used in Comparative Example 1, so that
the brightness and contrast ratio become optimal for the trans-
mission display section 10.

[0164] The reflectance of the reflection display section 9
and transmittance of the transmission display section 10 of
the above comparative liquid crystal display were measured
in the same manner as Example 1, and the resulting display
characteristics are also graphed in FIG. 3.

[0165] InFIG. 3, the horizontal axis represents a root mean
square value of the applied voltage, and the vertical axis
represents the brightness (reflectance or transmittance). Also,
in the drawing, a curve 121 represents the voltage dependence
of the reflectance in the reflection display section 9 and a
curve 122 represents the voltage dependence of the transmit-
tance in the transmission display section 10 in Comparative
Example 1, whereas a curve 123 represents the voltage depen-
dence of the reflectance in the reflection display section 9 and
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a curve 124 represents the voltage dependence of the trans-
mittance in the transmission display section 10 in Compara-
tive Example 2.

[0166] As the curves 121 and 122 reveal, the brightness
(reflectance and transmission) in the reflection display sec-
tion 9 and transmission display section 10 of the comparative
liquid crystal display of Comparative Example 1 decreases
with an increasing applied voltage. That is, when the applied
voltage is 1.8V, the reflectance in the reflection display sec-
tion 9 and transmittance in the transmission display section
10 are 55% and 66%, respectively. When the applied voltage
is increased to SV, both decrease to 11% and 22%, respec-
tively.

[0167] In other words, in the comparative liquid crystal
display of Comparative Example 1, high brightness exceed-
ing 50% and a satisfactory contrast ratio of about 5 were
attained in the reflection display section 9, whereas in the
transmission display section 10, high brightness was attained
but a contrast ratio was as low as 3, thereby deteriorating the
display quality. This happens because the thickness of the
liquid crystal layer 1 is equal in the reflection display section
9 and transmission display section 10.

[0168] Also, as the curves 123 and 124 reveal, the bright-
ness (reflectance and transmission) of the reflection display
section 9 and transmission display section 10 of the compara-
tive liquid crystal display of Comparative Example 2
decreases with an increasing applied voltage. That is, when
the applied voltage is 1.8V, the reflectance of the reflection
display section 9 and the transmittance of the transmission
display section 10 are 29% and 51%, respectively. When the
applied voltage is increased to 5V, both decrease to 3% and
10%, respectively.

[0169] In other words, in the comparative liquid crystal
display of Comparative Example 2, high brightness exceed-
ing 50% and a satisfactory contrast ratio of about 5 were
attained in the transmission display section 10, whereas in the
reflection display section 9, a contrast ratio as high as 10 was
attained but the brightness was below 30%, and the display
shown thereon was dark. This happens because the thickness
of the liquid crystal layer 1 is equal in the reflection display
section 9 and transmission display section 10.

[0170] Theabove comparison of Example 1 with Compara-
tive Examples 1 and 2 reveals that, with the liquid crystal
display adopting the GH method, it is effective to set the
thickness of the liquid crystal layer 1 larger in the transmis-
sion display section 10 than in the reflection display section 9
to make the contrast ratio of the transmission display section
10 as high as or higher than the contrast ratio of the reflection
display section 9.

Embodiment 2

[0171] The liquid crystal display of Embodiment 1 adopts
the GH method, but liquid crystal displaying methods other
than the GH method are also applicable. For example, another
applicable method is shown in FIG. 4, in which the substrates
4 and 5 are sandwiched by polarization plates 14 and 15, so
that the retardation or optical rotatory polarization (which are
collectively referred to as polarization converting function) of
the liquid crystal layer 1 is used for the display.

[0172] Inthe present embodiment, a liquid crystal display
using the polarization converting function will be explained
with reference to FIG. 4 mainly. Hereinafter, like components
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are labeled with like reference numerals with respect to
Embodiment 1, and, for ease of explanation, the description
of these components 1s not repeated here.

[0173] FIG. 4is a cross section showing a major portion of
the liquid crystal display of the present embodiment. The
liquid crystal display of FIG. 4 includes a liquid crystal cell
200 (liquid crystal element), and optionally, the back light 13
(lighting device), which are sequentially provided in this
order from the viewer’s (user’s) side.

[0174] As shown in FIG. 4, the liquid crystal cell 200
includes the liquid crystal layer 1 sandwiched by an electrode
substrate 201 (first substrate) and another electrode substrate
202 (second substrate). The electrode substrate 201 has the
alignment film 2 on a surface touching the liquid crystal layer
1 (an interface between the first substrate and the liquid crys-
tal layer 1), and the electrode substrate 202 has the alignment
film 3 on a surface touching the liquid crystal layer 1 (an
interface between the second substrate and the liquid crystal
layer 1). Further, the liquid crystal cell 200 includes a phase
difference compensation plate 16 and the polarization plate
14 at the outside of the electrode substrate 201 (the opposite
side from the side facing the electrode substrate 202), and a
phase difference compensation plate 17 and the polarization
plate 15 at the outside of the electrode substrate 202 (the other
side across the side opposing the electrode substrate 201).
The phase difference compensation plates 16 and 17 are used
only when necessary.

[0175] Phase difference compensation plates of various
kinds, such as a stretched polymer film, a polymer film of
fixed orientation of its liquid crystalline phase, and a liquid
crystal polymer film, can be used as the phase difference
compensation plates 16 and 17 used optionally in the present
embodiment. The optical functions of the phase difference
compensation plates 16 and 17 are used to (1) prevent the
coloring often caused when the phase difference compensa-
tion plates 16 and 17 are omitted, (2) change the dependence
of the brightness on the potential difference between the
electrodes 6 and 7, (3) change the viewing angle characteris-
tics, etc.

[0176] Also, the electrode substrate 201 is composed of the
substrate 4 made of, for example, a light-transmitting glass
substrate on which is formed the electrode 6 for applying a
voltage to the liquid crystal layer 1, and the electrode 6 is
covered with the alignment film 2 to which the rubbing treat-
ment has been applied.

[0177] On the other hand, the other electrode substrate 202
provided to oppose the electrode substrate 201 through the
liquid crystal layer 1 is composed of the light-transmitting
substrate 5 on which are formed the electrodes 7 for applying
a voltage to the liquid crystal layer 1 as counter electrodes
opposing the electrode 6 through the insulation film 11. Note
that, however, the liquid crystal display of FIG. 4 is arranged
in such a manner that the electrodes 7 in the reflection display
section 9 and the electrodes 7 in the transmission display
section 10 are electrically isolated, so that a voltage is applied
10 each separately from outside the liquid crystal cell. The
reflection film 8 is formed on the electrode substrate 202 at a
region corresponding to the reflection display section 9, and
the liquid crystal alignment film 3 to which the rubbing treat-
ment has been applied is formed to cover the electrodes 7 and
reflection film 8. The insulation film 11 is formed thinner in a
region corresponding to the transmission display section 10
than in a region corresponding to the reflection display sec-
tion 9.
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[0178] Asshownin FIG. 4, the electrode substrates 201 and
202 are bonded to each other by a sealing agent or the like
while opposing each other with their respective alignment
films 2 and 3 inside, and the liquid crystal composition is
filled in a space therebetween, whereby the liquid crystal
layer 1 is formed.

[0179] Inthe lightdisplay shown on the above liquid crystal
display, the liquid crystal layer 1 made of the above-described
liquid crystal composition is provided continuously across
the reflection display section 9 and transmission display sec-
tion 10. In FIG. 4, the liquid crystal in the liquid crystal layer
1 effects the polarization converting function to the light
passing through the liquid crystal layer 1 when aligned in
parallel with the display surface as shown in the reflection
display section 96 and transmission display section 105, and
as a consequence, for example, the dark display is shown. On
the other hand, the liquid crystal in the liquid crystal layer 1
hardly effects the polarization converting function when
aligned perpendicularly to the display surface as shown in the
reflection display section 9a and transmission display section
10a, and as a consequence, for example, the light display is
shown.

[0180] Thus, the light display and dark display can be
shown by using the change in the alignment in the reflection
display sections 9a and 95 and the transmission display sec-
tions 10a and 105 as the change in luminance of the display
light by the linearly polarized light selective transmission
function effected by the polarization plate 14 on the display
surface side and the polarization plate 15 on the back light 13
side sandwiching the liquid crystal layer 1. In this case, as
previously mentioned, the phase difference compensation
plates 16 and 17 as shown in FIG. 4 may be used to compen-
sate the wavelength dependence of a difference of the refrac-
tive index of the liquid crystal layer 1, to change the voltage
dependence of the brightness modulated by the liquid crystal
layer 1, or to change the viewing angle characteristics, as the
case may be.

[0181] When using the optical anisotropy for the display in
the above manner, the initial director configuration of the
liquid crystal is not especially limited, and for example, the
liquid crystal layer 1 can be aligned either in parallel with or
perpendicular to the display surface when no voltage is
applied. In the former case (aligned parallel when no voltage
is applied), liquid crystal having the positive dielectric con-
stant anisotropy is used, while in the latter case (aligned
perpendicular whenno voltage is applied), liquid crystal hav-
ing the negative dielectric constant anisotropy is used.
[0182] As has been explained, the initial director configu-
ration of the liquid crystal is not especially limited when the
optical anisotropy is used for the display, but it is effective to
adjust a thickness of the insulation film 11 in such a manner as
to secure a suitable thickness of the liquid crystal layer for the
director configuration of the liquid crystal to be used.

[0183] In order to realize the dark display in the reflection
display section 9, light is first converted to linearly polarized
light by the polarization plate 14. Then, the polarization state
is changed by the phase difference compensation plate 16
when necessary, and the polarization state is further changed
by the liquid crystal layer 1 in the reflection display section 9
which is thinner than the transmission display section 10.
Here, the necessary condition for the idea dark display is to
covert the polarization state on the reflection film 8 to circu-
larly polarized light whether right or left in the end. Also, the
necessary condition to realize the idea light display in the
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reflection display section 9 is to convert the polarization state
on the reflection film 8 to the linearly polarized light. If the
director configuration of the liquid crystal can be controlled
electrically between the dark display and light display, the
display states can be switched.

[0184] In other words, there must be substantially a differ-
ence of ¥4 wavelength (approximately 90) between the phase
difference (phase difference of the display light on the reflec-
tion film 8) imparted to the travelling light by the liquid
crystal layer 1 before it reaches the reflection film 8 when
realizing the dark display, and a phase difference (phase dif-
ference of the display light on the reflection film 8) imparted
to the travelling light by the liquid crystal layer 1 before it
reaches the reflection film 8 when realizing the light display,
and the director configuration of the liquid crystal realizing
the above condition has to be controlled electrically, that is,
the director configuration of the liquid crystal has to be con-
trolled between the ones, one gives the circularly polarized
light in the dark display, and the other gives the linearly
polarized light in the light display, on the reflection film 8.
Here, the linearly polarized light on the reflection film 8 to
realize the light display can take any direction of polarization.
[0185] Inthetransmission display section 10, incident light
is converted to the linearly polarized light by the polarization
plate 15, and its polarization state is changed by the phase
difference compensation plate 17 when necessary, and the
polarization state is converted further by the liquid crystal
layer 1 formed thicker than in the reflection display section 9.
Finally, the polarization state is changed by the phase differ-
ence compensation plate 16 when necessary, and the light
exits through the polarization plate 14, whereby the display is
shown.

[0186] In the reflection display section 9, it is the change of
the polarization state of the light immediately before it enters
the polarization plate 14 that is used for the display. Thus, to
show the light display, the polarization state of the light
immediately before it enters the polarization plate 14 is
adjusted to be linearly polarized light having an oscillating
direction along the transmission axis orientation of the polar-
ization plate 14. On the other hand, to show the dark display,
the polarization state of the light immediately before it enters
the polarization plate 14 is adjusted to be linearly polarized
light having an oscillation plane along the absorption axis
orientation of the polarization plate 14.

[0187] In other words, the display can be switched if a
change of the director configuration of the liquid crystal 1 can
be controlled electrically with the voltage application over a
range such that can make a difference of substantially %2
wavelength (approximately 180) between the phase differ-
ence (phase difference of the display light going out through
the liquid crystal layer 1) imparted to the light passing
through the liquid crystal layer 1 in the transmission display
section 10 for the light display, and the phase difference
(phase difference of the display light going out through the
liquid crystal layer 1) imparted to the light passing through
the liquid crystal layer 1 in the transmission display section 10
for the dark display.

[0188] Thephasecontrol of 2 wavelength means to control
the polarizing orientation of the linearly polarized light
immediately before it enters the polarization plate 14 from
liquid crystal layer 1, and polarization conversion function
which includes not only the control of the phase difference
caused by the retardation whose major axis of the refractive
index is aligned uniformly parallel, but also the polarization
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rotation phenomenon, in which the major axis of the refrac-
tive index of theliquid crystal layer 1 is twisted along the twist
of the director configuration of the liquid crystal, and the
polarizing orientation of the linearly polarized light changes
in response to the twist of the director, which varies with the
voltage. Actual polarization converting function to realize the
above control is the one controlling over two orthogonal
polarization states of general kind, when the application of
the phase difference compensation plates 16 and 17 is con-
cerned.

[0189] Examples of director configurations of the liquid
crystal which realize the polarization converting function
realizing the control of the polarization state (phase control of
light) described above are: director configuration uniformly
parallel to the substrates 4 and 5 (parallel to the display
surface) (homogenous alignment); director configuration
parallel to the substrates 4 and 5 (parallel to the display
surface) and twisted between the substrates 4 and 5 (an inter-
val between the substrates sandwiching the liquid crystal
layer 1 above and beneath) (twist alignment); and director
configuration perpendicular to the substrates 4 and 5 (perpen-
dicular to the display surface) (homeotropic alignment). Fur-
ther, the hybrid director configuration having planer align-
ment on one of the interfaces of the liquid crystal layer 1 and
vertical alignment on the other interface and the like can be
used as well.

[0190] Incaseofthe twistalignment, it is preferable that the
liquid crystal is twisted by an angle in a range between 60 and
100 inclusive, or 0 and 40 inclusive between the substrates 4
and S.

[0191] This is because the conditions suitable for both the
reflection display section 9 and transmission display section
10 can be satisfied without changing the directions of rubbing
treatment in the two sections.

[0192] To mass-produce the liquid crystal displays, the
most preferable optical design of the liquid crystal is such that
monotonously increases or decreases the display brightness
(reflectance or transmittance) in response to a driving voltage
applied to the liquid crystal layer 1 between its upper and
lower limits.

[0193] When the above driving conditions are concerned,
the simplest optical design of the liquid crystal layer 1 is the
one such that can attain electro-optical characteristics which
allow the display control, under which the display brightness
monotonously increases or decreases when the liquid crystal
aligned substantially perpendicular to the display surface is
re-aligned to be substantially parallel to the display surface
and vice versa.

[0194] In particular, when the parallel aligning alignment
film is used to align the liquid crystal in parallel with the
display surface when no voltage is applied, there are specific
conditions suitable for the reflection display; on the other
hand, there are specific conditions suitable for the transmis-
sion display as well. Thus, these conditions were computed
by the Jones matrix method to find optimal twist angles.
[0195] The result of the above computation was that, to
obtain satisfactory reflection display, the twist angle must be
set to a range between 0 and 100 inclusive.

[0196] To be more specific, the inventors of the present
invention discovered that, if satisfactory reflection display is
to be shown by means of the liquid crystal layer 1, the liquid
crystal layer 1 must have an optical property to convert the
circularly polarized light to the linearly polarized light effi-
ciently when the liquid crystal is aligned to effect the polar-
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ization converting function (when the parallel aligning align-
ment film is used, the liquid crystal is aligned substantially in
the same manner when no voltage is applied). To evaluate the
above function, the reflectance when the circularly polarized
light enters the liquid crystal layer 1 was computed by the
above-specified computation method. The reflectance com-
puted herein is the reflectance ofthe light that enters the liquid
crystal cell 200 in order of the polarization plate 14, phase
difference compensation plate 16 for imparting a phase dif-
ference of 90 to the light, liquid crystal layer 1, and reflection
film 8, and then exits from the liquid crystal cell 200 in
reversed order.

[0197] Then, it turned out that when the twist angle is in a
range between 0 and 70 inclusive, the circularly polarized
light can be converted to the linearly polarized light perfectly
by adjusting the product (n d) of a difference of refractive
index (n) of the liquid crystal in the liquid crystal layer 1 and
athickness (d) thereof for each twist angle of the liquid crystal
layer 1. Also, the inventors of the present invention discov-
ered that when the twist angle is in a range between 70
exclusive and 100 inclusive, although the circularly polarized
light can not be converted to the linearly polarized light per-
fectly, the resulting display is satisfactorily. Thus, satisfactory
reflectance can be obtained with light having a particular
wavelength by adjusting n d of the liquid crystal layer 1 for
each twist angle: the reflectance is 97% at the twist angle of
80, 83% at 90, and 72% at 100, when the maximum reflec-
tance of the light having a visible wavelength at the twist
angle up to 70 is scaled as 100%. However, if the twist angle
exceeds 100, the circularly polarized light can not be con-
verted to the linearly polarized light because the reflectance is
reduced to 54% and 37% at the twist angles of 110 and 120,
respectively. In short, it is necessary to set the twist angle of
the liquid crystal layer 1 to a range between 0 and 100 inclu-
sive in the reflection display section 9.

[0198] In the above explanation, the circularly polarized
light was used for the computation to evaluate the polariza-
tion converting function of the liquid crystal layer 1 in the
reflection display section 9. However, in the actual display,
the incident light on the liquid crystal layer 1 in the reflection
display section 9 is not necessarily the circularly polarized
light, and satisfactory display can also be obtained in the
reflection display section 9 if the linearly polarized light
enters the above-designed liquid crystal layer 1 instead.
[0199] On the other hand, to obtain the satisfactory display
in the transmission display section 10, the liquid crystal must
be aligned either at a small twist angle (in a range between 0
and 40 inclusive) or a large twist angle (in a range between 60
and 110 inclusive)

[0200] The polarization converting function necessary to
obtain satisfactory display in the transmission display section
10 must satisfy two types of conditions: one is a basic optical
function (first conditions), and the other is a practical optical
function (second conditions) which is determined by a rela-
tion between the basic optical function (first conditions) and
the reflection display section 9.

[0201] The reason why is as follows. For example, to sat-
isfy the first conditions when the liquid crystal is aligned to
effect the polarization converting function (when the parallel
aligning alignment film is used, the liquid crystal is aligned
substantially in the same manner when no voltage is applied),
the liquid crystal layer 1 in the transmission display section 10
must efficiently convert particular polarized light to another
polarized light that is orthogonal to that particular polarized
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light. To be more specific, in case that the particular polarized
light is the linearly polarized light, it is converted to another
linearly polarized light with which their respective planes
containing light oscillating electric fields intersect at right
angles; in case that the particular polarized light is the circu-
larly polarized light, it is converted to another circularly
polarized light having an inverse rotation direction; and in
case that the particular polarized light is elliptically polarized
light in a specific state, it is converted to another elliptically
polarized light having an inverse rotation direction and the
same ellipticity while their major axis orientations intersect-
ing at right angles.

[0202] Thus, the inventors of the present invention calcu-
lated the polarization converting function by the above-speci-
fied method (Jones matrix method) to evaluate the above
function as the indispensable properties of the transmission
display section 10, and discovered that the twist angle is not
especially limited.

[0203] The second conditions become necessary due to a
common optical film (polarization plate 14 and phase differ-
ence compensation plate 16) used in both the reflection dis-
play section 9 and transmission display section 10 on the
display front surface. The optical film on the front surface
used both in the reflection display section 9 and transmission
display section 10 is designed to show satisfactory reflection
display. Another optical film set on a back surface of the
display can be set to the opposite surface of the liquid crystal
display from the display surface, and it is preferable to pro-
vide the same at a direction such that realizes satisfactory
display in the reflection display section 10 together with the
polarization plate 14 and phase difference compensation
plate 16 (serving as the optical film on the display front
surface), and the liquid crystal layer 1 in the transmission
display section 10 region. To do so, it is important that the
polarization converting function of the liquid crystal layer 1
in the transmission display section 10 not only satisfies the
first conditions, but also converts the circularly polarized light
to another circularly polarized light with a reversed rotation
direction, or the incident linearly polarized light to another
polarized light intersecting at right angles with the incident
linearly polarized light in a satisfactory manner.

[0204] The luminance of the light, which will be converted
from circularly polarized light to a reversed rotation direction
when it passes through the liquid crystal layer 1 in the form of
circularly polarized light, was found by the above computa-
tion method to evaluate specific conditions satisfying the
second conditions for the liquid crystal layer 1 in the trans-
mission display section 10. The transmittance computed
herein is the transmittance of the light that sequentially passes
through the polarization plate 15 (serving as a first polariza-
tion plate), phase difference compensation plate 17 (serving
as a first phase difference compensation plate for imparting
the phase difference of 90 to the light), liquid crystal layer 1,
phase difference compensation plate 16 (serving as a second
phase difference compensation plate having the slow axis
intersecting at right angles with a slow axis of the first phase
difference compensation plate for imparting the phase differ-
ence of 90 to the light), and polarization plate 14 (serving as
asecond polarization plate that intersects at right angles with
the first polarization plate).

[0205] Then, the inventors of the present invention discov-
ered that circularly polarized light can be converted to another
circularly polarized light with a reversed rotation direction in
a satisfactory manner when the twist angle is in a range
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between 0 and 40 inclusive by adjusting n d of the liquid
crystal layer 1 for each twist angle. More specifically, the
transmittance decreases with an increasing twist angle when
the polarization converting function that converts circularly
polarized light to another circularly polarized light with an
inverse rotation direction is evaluated in the form of transmit-
tance: the transmittance at the twist angle of 30 is 88.6%, and
is 80.8%, 72.0%, and 62.4% at the twist angles of 40, 50, and
60, respectively, when the transmittance of the light having a
visible wavelength at the twist angle of 0 is scaled as 100%.
Consequently, the inventors of the present invention achieved
the conclusion that it is appropriate to set the upper limit of the
twist angle at approximately 40.

[0206] On the otherhand, in setting twist angle in the trans-
mission display section 10 which is able to efficiently convert
linearly polarized light to another linearly polarized light that
intersects at the right angles with the incident polarized light,
satisfactory transmittance can be obtained efficiently at an
arbitrary twist angle of 0 or above if the wavelength of the
light is limited to one specific wavelength. However, to obtain
high transmittance with visible light in a broad range of
wavelength, the twist angle must be set to an optimal value.
More specifically, a band-width of a wavelength range, in
which the transmittance of 90% or above can be attained, is
found by omitting the upper and lower limits of the wave-
length when n d of the liquid crystal layer 1 is adjusted by
changing the twist angel in such a manner that the transmit-
tance achieves the maximum of 100% at a wavelength of 550
nm, which is the wavelength at the center of the visible
wavelength range. The transmittance computed herein is the
transmittance of the light that passes through the polarization
plate 15 as the first polarization plate, liquid crystal layer 1,
and polarization plate 14 as the second polarization plate that
intersects at right angles with the first polarization plate,
during which the liquid crystal at the center of the liquid
crystal layer 1 in its layer thickness is aligned to form an angle
of 45 with respect to the transmission axes of the polarization
plates 14 and 15.

[0207] Then it turned out that the band-width (range of
wavelength) is 230 nm at the twist angle of 0, 235 nm at 10,
240 nm at 20, 245 nm at 30, 250 nm at 40, 255 nm at 50, 265
nm at 60, 280 nm at 70, 310 nm at 80, 330 nm at 90, 305 nm
at 100, 255 nm at 110, and 210 nm at 120.

[0208] In view of the foregoing, it is understood that when
the twist angle is in a range between 60 and 110 inclusive,
high transmittance can be attained in a broad range of wave-
length (wavelength width), and the polarization converting
function is effected in a satisfactory manner, thereby realizing
satisfactory display. Thus, the twist angle of the liquid crystal
in the transmission display section 10 which satisfies the
second conditions is limited to a range between 0 and 40
inclusive or a range between 60 and 110 inclusive, due to the
polarization converting function effected on circularly polar-
ized light or linearly polarized light.

[0209] As has been discussed, it turned out that satisfactory
display can be obtained when the twist angle of liquid crystal
layer 1 is in a range between 0 and 100 inclusive in the
reflection display section 9, and in a range between 0 and 40
inclusive or in a range between 60 and 110 inclusive in the
transmission display section 10.

[0210] Of all the examples explained below, when the twist
angle of the liquid crystal layer 1 is equal in the reflection
display section 9 and transmission display section 10 (Ex-
amples 2 through 9 and 11), Example 11 is a typical case
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using the circularly polarized light at the twist angle of 0 (the
liquid crystal is aligned perpendicular to the display surface);
Example 3 is a typical case using the linearly polarized light
at the twist angle of 0 (the liquid crystal display is arranged to
show satisfactory light display by using the phase difference
compensation plate); and Example 5 is a typical case using
the linearly polarized light at the twist angle of approximately
70 (the liquid crystal display is arranged to show satisfactory
light display by using the phase difference compensation
plate).

[0211] Thus, the twist angle of the liquid crystal layer 1 to
realize satisfactory display on both the reflection display 9
and transmission display 10 is in a range between 0 and 40
inclusive or in a range between 60 and 100 inclusive.

[0212] Inthe above explanation, the twist angle is indicated
by positive degrees. However, it should be appreciated that
the same explanation can be applied if the twist angle is
indicated by negative degrees of the same absolute value (the
twist direction is reversed in this case).

[0213] Inany case, when a small twist angle is set, a change
of the polarization state is expressed as a function of the
product (n d) of a difference of refractive index (n) and a
thickness (d) of the liquid crystal layer, and moreover, the
incident light passes through the liquid crystal layer 1 and
returns through the same in the reflection display section 9
while the incident light passes through the liquid crystal layer
1 only oncein the transmission display section 10. Therefore,
it is preferable to make the liquid crystal layer thicker in the
transmission display section 10 than in the reflection display
section.

[0214] It should be appreciated that normal optical rotatory
polarization used in the TN liquid crystal display can be used
forthe light display and dark display exploiting the aforemen-
tioned polarization converting function, because, in case that
the TN liquid crystal display has a thin liquid crystal layer 1,
the optical rotatory polarization and a change in the polariza-
tion state caused by the retardation can not be distinguished
and elliptically polarized light is generally used for the dis-
play. The polarization converting function of the present
invention includes the modulation of the luminance of the
transmitted light using the above optical rotatory polariza-
tion.

[0215] Further, as has been described above, in the above
polarization converting function, the change of the director
configuration ofthe liquid crystal which can change the polar-
ization state includes: the control of the director configuration
of the liquid crystal to be parallel or perpendicular to the
substrates 4 and 5; as in the surface stabilized ferroelectric
liquid crystal or anti-ferroelectric liquid crystal, the change of
the director direction alone while keeping the director direc-
tion substantially in parallel with the substrates 4 and 5; and,
using nematic liquid crystal, the change of the director direc-
tion of the liquid crystal, while keeping the director direction
in a plane parallel to the display surface, by changing the
electrode structure.

[0216] In the above liquid crystal display, the position
(lamination orientation) of the polarization plates 14 and 15
can be set in any suitable manner. For example, if the polar-
ization plate 14 is set to a position corresponding to the
position of the reflection display section 9, then the polariza-
tion plate 15 is set to a position corresponding to the polar-
ization plate 14, because the polarization plate 14 naturally
affects the display light passing through the transmission
display section 10 as well.
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[0217] As has been explained, in case of using the non-
wisted director configuration of the liquid crystal, when the
reflection display section 9 shows, for example, the dark
display, so does the transmission display section 10. How-
ever. for example, when only the polarization plate 15 is
turned 90 while leaving the orientation of the polarization
plate 14 intact, the display is inverted between in the reflec-
tion display section and in the transmission display section
10, thereby making it impossible to obtain satisfactory dis-
play. Thus, to prevent such unwanted inversion of the display,
the polarization plate 15 is returned to the initial position, or
the electrodes are provided to the reflection display section 9
and transmission display section 10 individually to invert the
electrical driving itself either in the reflection display section
9 or transmission display section 10 alone, so that both the
display sections shows either the light or dark display simul-
taneously.

[0218] Next, the display principle in the reflection display
section 9 and transmission display section 10 of the liquid
crystal display of FIG. 4 will be explained in further detail.

[0219] To begin with, the display principle in the reflection
display section 9 will be explained. Assume, for ease of
explanation, that the phase difference compensation plates 16
and 17 are omitted and the director configuration of the liquid
crystal in the liquid crystal layer 1 is not twisted in the reflec-
tion display section 96 nor transmission display section 105.
Also, assume that the thicknesses of the liquid crystal layer 1
in the reflection display section 9 and transmission display
section 10 are adjusted in such a manner that the reflection
display section 95 and transmission display section 105
respectively cause phase differences of /4 wavelength and %
wavelength when the light having a wavelength of 550 nm
passes through the liquid crystal layer 1 only once. Also, the
liquid crystal composition has positive dielectric constant
anisotropy and the liquid crystal is aligned substantially in
parallel with the substrates 4 and 5 when no voltage is applied,
and the alignment orientation and the absorption axis orien-
tation of the polarization plate 14 form 45 within display
plane.

[0220] In this case, the director configuration of the liquid
crystal in the reflection display section 9 and transmission
display section 10 when no voltage is applied is the director
configuration of the liquid crystal shown in the reflection
display section 96 and transmission display section 105, and
upon application of a voltage, the director configuration of the
liquid crystal in the reflection display section 9 and transmis-
sion display section 10 is changed to the one shown in the
reflection display section 9a and transmission display section
10a.

[0221] Inthereflection display section 94, the product (nd)
of a difference of refractive index (n) of the liquid crystal
composition and a thickness (d) of the liquid crystal layer
satisfies the Y4 wavelength condition. Thus, the ambient light
is converted to linearly polarized light by the polarization
plate 14 when it enters the liquid crystal layer 1, and converted
further to circularly polarized light by the retardation of the
liquid crystal layer 1 before it reaches the reflection film 8.
The incident light inverts its direction of propagation on the
reflection film 8, while the circularly polarized light inverts its
direction of propagation alone while keeping the rotational
direction of the oscillating electric field. Hence, the circularly
polarized light is converted to circularly polarized light
orthogonal to the polarized light at the time of incidence, in
other words, circularly polarized light is inverted from right to
left. Then, the resulting circularly polarized light is converted
to linearly polarized light parallel to the absorption axis ori-
entation of the polarization plate 14 after it has passed through
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the liquid crystal layer 1 in the reflection display section 95
again, and absorbed by the polarization plate 14, thereby
showing the dark display.

[0222] Here, in the transmission display section 105, the
product (n d) of a difference of refractive index (n) of the
liquid crystal composition and a thickness (d) of the liquid
crystal layer satisfies the 4 wavelength condition. Thus, the
liquid crystal layer 1 has a function of converting the orien-
tation of the oscillation plane of the linearly polarized inci-
dent light symmetrically with respect to a line along the
alignment direction of the liquid crystal. Thus, the orientation
of the absorption axis of the polarization plate 15 on the light
incident side in the transmission display section 105 is deter-
mined to become parallel to the transmission axis orientation
of the polarization plates 14 and 15, so that the light passing
through the polarization plate 14 is absorbed therein by the
aforementioned function of the liquid crystal layer 1, thereby
showing the dark display.

[0223] As mentioned above, it has been discovered that,
when the polarization plates 14 and 15 are provided in such a
manner that their transmission axis orientations are parallel to
each other, and the alignment direction of the liquid crystal
and the transmission axis orientation forms angle of 45 in the
above manner, both the reflection display section 95 and
transmission display section 105 show the dark display.

[0224] Next, the following will explain a function when the
director configuration of the liquid crystal is changed to be
substantially perpendicular to the display surface as shown in
the reflection display section 9a and transmission display
section 10a by supplying a potential difference between the
electrodes 6 and 7 from the state where no voltage is applied
(initial director configuration of the liquid crystal) as shown
in the reflection display section 95 and transmission display
section 105.

[0225] Inthis case, in the reflection display section 9a, the
ambient light is converted to linearly polarized light by the
polarization plate 14, and since the liquid crystal layer 1 does
not have the retardation for the linearly polarized light, the
incident light reaches the reflection film 8 while maintaining
its polarization state. After the direction of propagation is
inverted, the light passes through the liquid crystal layer 1
again, and exits through the polarization plate 14 while main-
taining its direction of polarization which intersect at right
angles with the absorption axis orientation of the polarization
plate 14.

[0226] Also, like in the reflection display section 9a, in the
transmission display section 10a, the incident light is con-
verted to linearly polarized light by the polarization plate 15,
and passes through the polarization plate 14 while keeping its
polarization state substantially the same.

[0227] When using the above polarization converting func-
tion exploiting the optical anisotropy for the display, an
amount of the polarization converting function is determined,
for example, when the liquid crystal is aligned in parallel with
the display surface and no voltage is applied to the liquid
crystal layer 1, by an angle of twist of the director configura-
tion of the liquid crystal layer 1, and the product (n d) of a
thickness (d) of the liquid crystal layer and a difference of
refractive index (n) of the liquid crystal composition. Thus,
providing a thicker liquid crystal layer in the transmission
display section 10 than in the reflection display section 9, as
in the present invention, is effective for aliquid crystal display
using both the transmitted light and reflected light for the
display to obtain satisfactory brightness and contrast ratio for
the display in both the reflection display section 9 and trans-
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mission display section 10. The angle of twist may be differ-
ent in the reflection display section 9 and transmission display
section 10.

[0228] When the liquid crystal display includes the phase
difference compensation plates 16 and 17, satisfactory bright-
ness and contrast ratio can be attained in a reliable manner
with respect to light having more than one wavelength in the
range of visible light, thereby making it possible to realize
even more satisfactory display.

[0229] Also, if the liquid crystal composition and director
configuration of the liquid crystal layer 1 are identical to one
in the above explanation, a change in the display can be
inverted by the function ofthe phase difference compensation
plates 16 and 17. More specifically, when 4 wavelength
plates are used as the phase difference compensation plates 16
and 17, in the reflection display section 95, the ambient light
is converted to circularly polarized light by the phase differ-
ence compensation plate 16 upon incidence on the liquid
crystal layer 1, and converted further to linearly polarized
light by the polarization converting function exploiting the
optical anisotropy of the liquid crystal layer 1 before it
reaches the reflection film 8. Then, after its direction of propa-
gationis inverted at the reflection film 8, thelinearly polarized
light becomes the transmission components of the polariza-
tion plate 14 and exits through the same, thereby showing the
light display. On the other hand, when the director configu-
ration of the liquid crystal is changed as shown in the reflec-
tion display section 9a, the ambient light reaches the reflec-
tion film 8 as the circularly polarized light, thereby showing
the dark display.

[0230] The foregoing explained a case where the dark dis-
play changes to the light display with an increasing potential
difference between the electrodes 6 and 7 was explained.
However, it should be appreciated such a change in display is
not limited to the above disclosure. For example, as has been
explained, the display can be inverted by using aliquid crystal
composition having negative dielectric constant anisotropy in
the liquid crystal layer 1, or giving the liquid crystal vertical
alignment in the initial stage.

[0231] Here, setting the initial director configuration of the
liquid crystal perpendicular to the display surface can offer
technical characteristics such that the polarization converting
function of the initial director configuration is not greatly
affected by a manufacturing accuracy of the thickness of the
liquid crystal layer. Thus, taking advantage of the above char-
acteristics it is highly productive to assign the initial director
configuration to black display, thereby stabilizing black dis-
play, which affects display quality considerably. In particular,
to do so, black must be shown at a state where the polarization
converting function of the perpendicularly aligned liquid
crystal layer 1 is almost completely lost, and the phase dif-
ference compensation plate 16 must have satisfactory circu-
larly polarizing function. In short, it is important that the
phase difference compensation plate 16 is arranged in such a
manner as to convert the incident light to circularly polarized
light in a wavelength range as broad as possible.

[0232] When the phase difference compensation plates 16
and 17 are provided to have their respective slow axis orien-
tations intersecting at right angles and the polarization plates
14 and 15 are provided to have their respective absorption
axis orientations intersecting at right angles, the transmission
display section 10 shows the light display with the director
configuration of the liquid crystal shown in the transmission
display section 106 and the dark display with the director
configuration of the liquid crystal shown in the transmission
display section 10a.
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[0233] Inthe liquid crystal display of the present invention,
whether the liquid crystal layer 1 is aligned in parallel with or
perpendicular to the display surface, in case that the thick-
nesses of the liquid crystal layer are different in the reflection
display section 9 and transmission display section 10, to
obtain satisfactory brightness and contrast ratio both in the
reflection display section 9 and transmission display section
10, when the reflection display section 9 shows the display by
letting the incident light from the display surface side pass
through the liquid crystal layer 1 and go out to the display
surface side through the liquid crystal layer 1 again, and the
transmission display section 10 shows the display by letting
the incident light from behind (back light 13 side) pass
through the liquid crystal layer 1 only once and go out to the
display surface side, it is very effective to make the liquid
crystal layer thicker in the transmission display section 10
than in the reflection display section 9, and therefore, to
satisfy the aforementioned conditions.

[0234] Inthe following, of all the liquid crystal displays of
the present embodiment, those using the change of the polar-
ization state caused by the polarization converting function of
the liquid crystal layer 1 with the polarization plates 14 and 15
will be explained by way of examples and comparative
examples with reference to FIGS. 4 through 8 for purposes of
explanation only, without any intention as a definition of the
limits of the invention.

Examples 2-4

[0235] Ineach of Examples 2 through 4, liquid crystal cells
for filling are assembled in the same manner as Example 1.
Here, the thicknesses (d) of the liquid crystal layer in the
transmission display section 10 and reflection display section
9 are 7.5 m and 4.5 m, respectively. In other words, in
Examples 2 through 4, the liquid crystal layer 1 is made
thicker in the transmission display section 10 than in the
reflection display section 9 by patterning the insulation film
11 in such a manner as to leave no photosensitive resin in the
transmission display section and form a3 m-thick layer of the
photosensitive resin in the reflection display section 9. How-
ever, in Examples 2 through 4, as shown in FIG. 4, the elec-
trode pattern is formed in such a manner that the electrode 7
of the reflection display section 9 and the electrode 7 of the
transmission display section 10 are electrically isolated, so
that a voltage is applied to each separately from outside the
liquid crystal cell.

[0236] Further, in Examples 2 through 4, the liquid crystal
layer 1 is produced by filling liquid crystal composition with
no chiral dopant, having positive dielectric constant anisot-
ropy and a difference of refractive index (n) of 0.065 by
means of vacuum injection.

[0237] Then, the liquid crystal displays are assembled by
laminating the phase difference compensation plates 16 and
17 and polarization plates 14 and 15 to the outside of the
respective electrode substrates of the liquid crystal cell pro-
duced in the above manner. Here, the phase difference com-
pensation plate 17 is composed of two phase difference com-
pensation plates in Examples 2 through 4, while the phase
difference compensation plate 16 is composed of two phase
difference compensation plates in Examples 2 and 4, and a
single phase difference compensation plate in Example 3.
The lamination orientation of the phase difference compen-
sation plates 16 and 17 and polarization plates 14 and 15 is
determined correspondingly to the alignment direction
(alignment orientation) of the liquid crystal.
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[0238] In Example 2, homogeneous alignment is used as
the director configuration of the liquid crystal, and the NB
(Normally Black) mode is used for the display mode. In
Example 3, the homogenous alignment is used as the director
configuration of the liquid crystal, and the NW (Normally
White) mode is used for the display mode. In Example 4, a
combination of these modes are used (the NB mode is used
for the reflection display, and the NW mode is used for the
transmission display).

[0239] In Examples 2 through 4, parallel aligning align-
ment films are used as the alignment films 2 and 3, so that the
liquid crystal is aligned in parallel with the display surface
when no voltage is applied to the liquid crystal layer 1, and the
alignment treatment is applied to these alignment films 2 and
3 to form a crossed rubbing angle of 180.

[0240] Here, the crossed rubbing angle is defined, as shown
in FIG. 5, in the liquid crystal cell for filling composed of a
pair of electrode substrates sandwiching the liquid crystal
layer 1, as an angle of the rubbing direction; Y of the align-
ment treatment orientation of the alignment film 3 (the align-
ment film 3 on the substrate 5 side) on the electrode substrate
in a let direction with respect to the rubbing direction X of the
alignment treatment orientation of the other alignment film 2
(alignment film 2 on the substrate 4 side) on the electrode
substrate on the viewer’s side.

[0241] The director configuration of the liquid crystal mol-
ecules in the liquid crystal layer 1 sandwiched by the align-
ment treated alignment films 2 and 3 is determined by the
alignment properties of the alignment films 2 and 3, a con-
centration of the chiral dopant for imparting a natural twist to
the liquid crystal, and the crossed rubbing angle, when neither
electric field nor magnetic field exists.

[0242] When the crossed rubbing angle is 180, the liquid
crystal composition aligns itself without twisting when no
chiral dopant is added. When the chiral dopant induces a
left-handed twist, the director configuration of the liquid crys-
tal remains intact until a predetermined amount of the chiral
dopant is added, and when an amount added exceeds the
predetermined amount, the liquid crystal twists 180 to the left
(180 left twist alignment), and with a further increasing
amount of the chiral dopant, the liquid crystal twists by an
angle of an integral multiple of 180.

[0243] Thus, in the present embodiment, given x as the
rubbing orientation X of the alignment film 2 provided on the
electrode substrate above the liquid crystal layer 1, then the
alignment orientation of the liquid crystal on the alignment
film 3 realized by the crossed rubbing angle (180) is x when
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no chiral dopant is added, and the alignment orientation is
(180+x) when the liquid crystal is twisted 180 to the left
between the electrode substrates above and beneath the liquid
crystal layer 1 with an increasing amount of the chiral dopant.
[0244] In case that the nematic liquid crystal having posi-
tive dielectric constant anisotropy and no chiral dopant is
used when the alignment films 2 and 3 are the parallel align-
ing alignment films that align the liquid crystal in parallel
with their film surfaces, when no voltage is applied, the liquid
crystal molecules take an director configuration substantially
parallel to the electrode substrates sandwiching the liquid
crystal layer 1 above and beneath with no twist (that is, the
homogenous alignment), and upon voltage application, the
alignment starts to change from the central portion of the
liquid crystal layer 1 in the layer thickness direction.

[0245] The optical of the polarization plates 14 and 15,
phase difference compensation plates 16 and 17, and the
liquid crystal layer 1 (that is, the lamination orientation of the
polarization plates 14 and 15, and phase difference compen-
sation plates 16 and 17, and the alignment orientation of the
liquid crystal) in the liquid crystal displays in Examples 2
through 4 is set forth in Table 1 below for ready comparison
with reference to a common orientation in any example.
[0246] Theoptical set forth in Table 1 is the position of each
optical element on the display surface when the viewer
observes the display surface, and when the phase difference
compensation plate 16 or 17 is composed of more than one
phase difference compensation plate, each phase difference
compensation plate forming the phase difference compensa-
tion plate 16 or 17 is set forth in accordance with the actual
position from the viewer’s side.

[0247] Since the liquid crystal layer 1 is aligned without
any twist, the alignment orientation (alignment orientation of
the major axis of the liquid crystal molecules) of the entire
liquid crystal layer 1 when no voltage is applied is set forth in
Table 1 below, and this alignment orientation is the orienta-
tion of the rubbing treatment applied to the alignment film 2
on the substrate 4 side.

[0248] Each orientation is expressed in degrees from the
reference orientation set arbitrarily on the display surface,
and the retardation (product of a difference of in-plane refrac-
tive index and a thickness of the phase difference compensa-
tion plate) of each phase difference compensation plate is
expressed in nm with respect to a beam of monochrome light
having the wavelength of 550 nm.

TABLE 1
EXAMPLE
2 3 4

PLATE 14 TRANSMISSION AXIS ORIENTATION (°) 0o 0 0
PLATE 16 PLATE SLOW AXIS ORIENTATION (°) 15 15 15
RETARDATION (nm) 270 270 270

PLATE SLOW AXIS ORIENTATION (°) 165 — 165
RETARDATION (nm) 135 — 135

LC LAYER 1 ALIGNMENT ORIENTATION (°) 5075
PLATE 17 PLATE SLOW AXIS ORIENTATION (°) 165 165 165
RETARDATION (nm) 70 220 90

PLATE SLOW AXIS ORIENTATION (°) 135 135 105
RETARDATION (nm) 270 270 270

PLATE 15

TRANSMISSION AXIS ORIENTATION (°) 60 60 90

PLATES 14 x 15: POLARIZATION FLATES
PLATES 16 x 17: PHASE DIFFERENCE COMPENSATION PLATES
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[0249] The display characteristics of the liquid crystal dis-
plays assembled in Examples 2 through 4 are graphed in
FIGS. 6 through 8, respectively. These display characteristics
were measured in the same manneras Example 1, and in these
drawings, the horizontal axis represents a root mean square
value of the applied voltage, and the vertical axis represents
the brightness (reflectance or transmittance). Here, the trans-
mittance of the transmission display section 10 when the
polarization plates 14 and 15 are not provided is scaled as
100%, and the reflectance of the reflection display section 9
before the polarization plate 14 is provided is scaled as 100%.

[0250] InFIG. 6, a curve 211 represents the voltage depen-
dence of the reflectance of the reflection display section 9
versus a voltage across the electrodes 6 and 7, and a curve 212
represents the voltage dependence of the transmittance of the
transmission display section 10 versus a voltage across the
electrodes 6 and 7 in the liquid crystal display assembled in
Example 2.

[0251] FIG. 6 reveals that, in Example 2, while the applied
voltage is in a range between 1V and 2V, both the reflectance
and transmittance increase with an increasing applied volt-
age. That s, when the applied voltage is 1V, the reflectance of
the reflection display section 9 and the transmittance of the
transmission display section 10 are 3% and 2%, respectively,
and when the applied voltage is increased to 2V, both increase
10 40%.

[0252] InFIG.7,acurve 221 represents the voltage depen-
dence of the reflectance of the reflection display section 9
versus a voltage across the electrodes 6 and 7, and a curve 222
represents the voltage dependence of the transmittance of the
transmission display section 10 versus a voltage across the
electrodes 6 and 7 in the liquid crystal display assembled in
Example 3.

[0253] FIG. 7 reveals that. in Example 3, while the applied
voltage is in a range between 1V and 2V, both the reflection
and transmittance decrease with an increasing applied volt-
age. That is, when the applied voltage is 1V, both the reflec-
tance of the reflection display section 9 and the transmittance
of the transmission display section 10 are 40%, and when the
applied voltage is increased to 2V, both decrease to 3% and
2%, respectively.

[0254] InFIG. 8, a curve 231 represents the voltage depen-
dence of the reflectance of the reflection display section 9
versus a voltage across the electrodes 6 and 7, and a curve 232
represents the voltage dependence of the transmittance of the
transmission display section 10 versus a voltage across the
electrodes 6 and 7 in the liquid crystal display assembled in
Example 4.

[0255] FIG. 8 reveals that, in Example 4, while the applied
voltage is in a range between 1V and 2V, the reflectance
increases while the transmittance decreases with an increas-
ing applied voltage. That is, when the applied voltage is 1V,
the reflectance of the reflection display section 9 and the
transmittance of the transmission display section 10 are 3%
and 40%, respectively, and when the applied voltage is
increased to 2V, the reflectance of the reflection display sec-
tion 9 increases to 40%, while the transmittance of the trans-
mission display section 10 decreases to 2%.

[0256] As has been explained, in all the liquid crystal dis-
plays assembled in Examples 2 through 4, the transmittance
and reflectance change in response to a change in the applied
voltage, and each can show both the reflection display and
transmission display.
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[0257] Further, the changes were checked visually. Then, in
Examples 2 and 3, it was confirmed that the changes between
the light display and dark display is equal and the display was
not inverted (from light to dark and vice versa) in the reflec-
tion display section 9 and transmission display section 10.
This is because the display is shown by applying the same
voltage to the electrode 7 of the reflection display section 9
and the electrode 7 of the transmission display section 10 to
keep the applied voltage to the liquid crystal layer 1 equal in
the reflection display section 9 and transmission display sec-
tion 10 by means of the electrodes 6 and 7. In addition, no
change in the content of the display was observed when the
luminance of the ambient light was changed during the obser-
vation. In other words, when the reflection display section 9
shows the dark display, so does the transmission display
section 10, and when the reflection display section 9 shows
the light display, so does the transmission display section 10.
For this reason, even when the reflection display section 9 and
transmission display section 10 are driven by the same elec-
trode 7 as is shown in FIG. 1, the display is not inverted.

[0258] By contrast, in Example 4, when the voltage is
applied in the same manner as Examples 2 and 3, that is, when
avoltage of 1V is applied, the transmission display section 10
shows the light display while the reflection display section 9
shows the dark display. Then, when a voltage of 2V is applied,
the transmission display section 10 shows the dark display
while the reflection display section 9 shows the light display.
Hence, the displays are inverted in the reflection display
section 9 and transmission display section 10. Thus, when the
display is shown under the circumstance where the ambient
light is weak, and the display is shown by the reflection
display by brightening the ambient light when the user is
mainly observing the transmission display section 10, the
display is inverted (from light to dark and vice versa), and as
aconsequence, it becomes difficult to see the display content.
Thus, when, as in Example 4, the same voltage was applied to
the electrode 7 in the reflection display section 9 and the
electrode 7 in the transmission display section 10, it was
confirmed that the displays of the reflection display section 9
and transmission display section 10 were inverted consider-
ably in a combination mode of the NB and NW, thereby
deteriorating the visibility.

[0259] However, in Example 4, the problem of such
unwanted inversion of the dark display and light display can
be resolved and a display state as satisfactory as those in
Examples 2 and 3 can be obtained by applying different
voltages to the electrode 7 in the reflection display section 9
and the electrode 7 in the transmission display section 10, so
that when the reflection display section 9 shows the light
display, so does the transmission display section 10, and
when the reflection display section 9 shows the dark display,
so does the transmission display section 10. More specifi-
cally, by means of the electrodes 6 and 7 (alignment mecha-
nism), when a voltage of 1V is applied to the reflection dis-
play section 9 to let the same show the dark display, a voltage
of 2V is applied to the transmission display section 10 to let
the same show the dark display too, but when a voltage of 2V
is applied to the reflection display section 9 to let the same
show the light display, a voltage of 1V is applied to the
transmission display section 10 to let the same show the light
display too.

[0260] Inview of the foregoing, the liquid crystal display in
any of Examples 2 through 4 can attain satisfactory brightness
and contrast ratio for the light display in both the reflection
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display section 9 and transmission display section 10. More-
over, the liquid crystal display in any of Examples 2 through
4 can match the dark/light display in the reflection display
section 9 and transmission display section 10, thereby realiz-
ing display with excellent visibility. Further, the liquid crystal
display in any of Examples 2 through 4 has a higher contrast
ratio in the transmission display section 10 than in the reflec-
tion display section 9. Consequently, the display quality can
be further improved and more satisfactory display can be
shown.

[0261] Next, of all the liquid crystal displays of the present
embodiment, a liquid crystal display using the polarization
converting function of the liquid crystal layer 1 effected by
the twist alignment thereof will be explained by way of
examples and comparative examples with reference to FIGS.
9 and 10 for purposes of explanation only, without any inten-
tion as a definition of the limits of the invention.

Example 5

[0262] In the present example, a liquid crystal cell for fill-
ing is assembled in the same manner as Example 1. Here, the
thicknesses (d) of the liquid crystal layer in the transmission
display section 10 and reflection display section 9 are 7.5 m
and 4.5 m, respectively. In other words, in the present
example too, the thickness of the liquid crystal layer is made
thicker in the transmission display section 10 than in the
reflection display section 9 by patterning the insulation film
11 in such a manner as to leave no photosensitive resin in the
transmission display section 10 and form a 3 m-thick layer of
the photosensitive resin in the reflection display section 9.
[0263] However, in the present example, like in Examples 2
through 4 as shown in FIG. 4, the electrode pattern is formed
in such a manner that the electrode 7 of the reflection display
section 9 and the electrode 7 of the transmission display
section 10 are electrically isolated, so that a voltage is applied
to each separately from outside the liquid crystal cell.
[0264] Further, the phase difference compensation plates
16 and 17 and polarization plates 14 and 15 are laminated to
the outside of the respective electrode substrates of the above
liquid crystal cell. Here, the phase difference compensation
plate 17 is composed of a single phase difference compensa-
tion plate, while the phase difference compensation plate 16
is composed of two phase difference compensation plates.
The lamination orientation of the phase difference compen-
sation plates 16 and 17 and polarization plates 14 and 15 is
determined correspondingly to the alignment direction
(alignment orientation) of the liquid crystal.

[0265] In the present example, the liquid crystal display is
assembled in such a manner that the twist director configu-
ration of the liquid crystal layer 1 (angle of twist of the
director configuration of the liquid crystal (twist angle)) is 70.
More specifically, parallel aligning alignment films are used
as the alignment films 2 and 3, so that the director configura-
tion of the liquid crystal is parallel to the display surface when
no voltage is applied, and the alignment treatment is applied
1o these alignment films 2 and 3 by means of rubbing in such
a manner as to form the crossed rubbing angle of 250. The
crossed rubbing angle is defined as above. Then, the liquid
crystal layer 1 is produced by using vacuum injection to full
a space between the electrode substrates of the above liquid
crystal cell with a liquid crystal composition having a differ-
ence of refractive index (n) of 0.065 and positive dielectric
constant anisotropy. The above alignment treatment and the
function of the chiral dopant added to the liquid crystal com-
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position impart an angle of twist (twist angle) of 70 to the
director configuration of the liquid crystal. The liquid crystal
layer 1 aligned in this manner starts to change its alignment
upon application of the voltage from the central portion
thereof in the layer thickness direction.

[0266] The optical of the polarization plates 14 and 15,
phase difference compensation plates 16 and 17, and the
liquid crystal layer 1 (that is, the lamination orientation of the
polarization plates 14 and 15, and phase difference compen-
sation plates 16 and 17, and the alignment orientation of the
liquid crystal) in the liquid crystal display of the present
example is set forth in Table 2 below for ready comparison
with reference to a common orientation.

Example 6

[0267] Inthe present example, like in Example 5, a liquid
crystal cell for filling is assembled in the same manner as
Example 1. Here, the thicknesses (d) of the liquid crystal layer
in the transmission display section 10 and reflection display
section 9 are 7.5 m and 4.5 m, respectively. Also, as shown in
FIG. 4, the electrode pattern is formed in such a manner that
the electrode 7 of the reflection display section 9 and the
electrode 7 of the transmission display section 10 are electri-
cally isolated, so that a voltage is applied to each separately
from outside the liquid crystal cell.

[0268] Further, the phase difference compensation plates
16 and 17 and polarization plates 14 and 15 are laminated to
the outside of the respective electrode substrates of the above
liquid crystal cell. Here, each of the phase difference com-
pensation plates 16 and 17 is composed of a single phase
difference compensation plate. The lamination orientation of
the phase difference compensation plates 16 and 17 and
polarization plates 14 and 15 is determined correspondingly
to the alignment direction (alignment orientation) of the lig-
uid crystal.

[0269] In the present example, the liquid crystal display is
assembled in such a manner that the twist director configu-
ration of the liquid crystal layer 1 (twist angle) is 90. More
specifically, parallel aligning alignment films are used as the
alignment films 2 and 3, so that the director configuration of
theliquid crystal becomes parallel to the display surface when
no voltage is applied, and the alignment treatment is applied
to these alignment films 2 and 3 by means of rubbing in such
a manner as to form the crossed rubbing angle of 270. The
crossed rubbing angle is defined as above. Then, the liquid
crystal layer 1 is produced by filling the liquid crystal com-
position having a difference of refractive index (n) of 0.065
and the positive dielectric constant anisotropy into a space
between the electrode substrates of the liquid crystal cell for
filling by means of vacuum injection. The above alignment
treatment and the function of the chiral dopant added to the
liquid crystal composition impart the angle of twist (twist
angle) of 90 to the director configuration of the liquid crystal.
The liquid crystal layer 1 aligned in this manner starts to
change its alignment upon application of the voltage from the
central portion thereof in the layer thickness direction.
[0270] The optical of the polarization plates 14 and 15,
phase difference compensation plates 16 and 17, and the
liquid crystal layer 1 (that is, the lamination orientation of the
polarization plates 14 and 15, and phase difference compen-
sation plates 16 and 17, and the alignment orientation of the
liquid crystal) in the liquid crystal display of the present
example is set forth in Table 2 below for ready comparison
with a reference to common orientation.
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[0271] Theoptical set forth in Table 2 is the position of each
optical element on the display surface when the viewer
observes the display surface, and when the phase difference
compensation plate 16 or 17 is composed of more than one
phase difference compensation plate, each phase difference
compensation plate forming the phase difference compensa-
tion plate 16 or 17 is set forth in accordance with the actual
position from the viewer’s side.

[0272] The alignment orientation of the liquid crystal layer
1 (the alignment orientation of the major axis of the liquid
crystal molecules) on the substrate 4 side is identical with the
orientation of the rubbing treatment applied to the alignment
film 2 on the substrate 4, and on the substrate 5 side is
identical with the orientation of the rubbing treatment applied
to the alignment film 3 on the substrate 5. Note that, however,
when the alignment orientation of the liquid crystal touching
the alignment film 2 is traced toward the alignment film 3, the
alignment orientation is twisted 90 to the left. In case that the
director configuration of the liquid crystal is traced in the
above manner, on the assumption that the orientation of the
rubbing treatment applied to the alignment film 2 is the align-
ment orientation on the substrate 4 side (hereinafter, referred
1o as the substrate 4 alignment orientation), the rubbing ori-
entation of the alignment film 3 is inverted by 180 from the
orientation traced along the twist of the director configuration
of the liquid crystal. In the following, the alignment orienta-
tion on the substrate 5 side (hereinafter, referred to as the
substrate 5 alignment orientation) is defined as the director
configuration of the liquid crystal on the substrate 5 traced
along the twist of the director configuration of the liquid
crystal from the substrate 4 alignment orientation.

[0273] Each orientation is expressed in degrees from the
reference orientation set arbitrarily on the display surface,
and the retardation of each phase difference compensation
plate is expressed in nm with respect to a beam of mono-
chrome light having the wavelength of 550 nm.

TABLE 2

21
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[0275] InFIG.9, acurve 241 represents the voltage depen-
dence of the reflectance of the reflection display section 9
versus a voltage across the electrodes 6 and 7, and a curve 242
represents the voltage dependence of the transmittance of the
transmission display section 10 versus a voltage across the
electrodes 6 and 7 in the liquid crystal display assembled in
Example 5.

[0276] FIG. 9 reveals that, in Example 5, while the applied
voltage is 1.2V or higher, both the reflectance and transmit-
tance increase with an increasing applied voltage. That 1s,
when the applied voltage is 1V, the reflectance of the reflec-
tion display section 9 and the transmittance of the transmis-
sion display section 10 are 3% and 2%, respectively, and
when the applied voltage is increased to 4V, both increase to
41% and 40%, respectively.

[0277] In FIG. 10, a curve 251 represents the voltage
dependence of the reflectance of the reflection display section
9 versus a voltage across the electrodes 6 and 7, and a curve
252 represents the voltage dependence of the transmittance of
the transmission display section 10 versus a voltage across the
electrodes 6 and 7 in the liquid crystal display assembled in
Example 6.

[0278] FIG. 10 reveals that, in Example 6, like in Example
5, while the applied voltage is 1.2V or higher, both the reflec-
tance and transmittance increase with an increasing applied
voltage. That is, when the applied voltage is 1V, the reflec-
tance of the reflection display section 9 and the transmittance
ofthe transmission display section 10 are 3% and 2%, respec-
tively, and when the applied voltage is increased to 4V, both
increase to 35% and 37%, respectively.

[0279] As has been explained, in each of the liquid crystal
displays assembled in Examples 5 and 6, the transmittance
and reflectance change in response to a change in the applied
voltage, and each can show both the reflection display and
transmission display.

PLATE 14 TRANSMISSION AXIS ORIENTATION (%)
PLATE 16 PLATE SLOW AXIS ORIENTATION (°)
RETARDATION (nm)
PLATE SLOW AXIS ORIENTATION (%)
RETARDATION (nm)
LC LAYER 1 SUBSTRATE 4 ALIGNMENT ORIENTATION (°)

SUBSTRATE 5 ALIGNMENT ORIENTATION (°)
SLOW AXIS ORIENTATION (°)
RETARDATION (nm)

TRANSMISSION AXIS ORIENTATION (°)

PLATE 17 PLATE

PLATE 15

EXAMPLE
5 6
0 0
18 12
270 135
126 —
135 —
16 -11
86 79
-4 135
260 260
152 90

PLATES 14 x 15: POLARIZATION PLATES
PLATES 16 x 17: PHASE DIFFERENCE COMPENSATION PLATES

[0274] The display characteristics of the liquid crystal dis-
plays assembled in Examples 5 and 6 are graphed in FIGS. 9
and 10, respectively. These display characteristics were mea-
sured in the same manner as Example 1, and in each drawing,
the horizontal axis represents a root mean square value of the
applied voltage, and the vertical axis represents the brightness
(reflectance or transmittance). Here, the transmittance of the
transmission display section 10 when the polarization plates
14 and 15 are not provided is scaled as 100%, and the reflec-
tance of the reflection display section 9 before the polariza-
tion plate 14 is provided is scaled as 100%.

[0280] Further, the changes were checked visually. Then, in
Examples 5 and 6. it was confirmed that the changes between
the light display and dark display were equal and the display
was not inverted (from light to dark and vice versa) in the
reflection display section 9 and transmission display section
10, even when the display is shown by applying the same
voltage to the electrode 7 of the reflection display section 9
and the electrode 7 of the transmission display section 10 to
keep the applied voltage to the liquid crystal layer 1 equal in
the reflection display section 9 and transmission display sec-
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tion 10 by the electrodes 6 and 7. In addition, a change in the
content of the display is not observed when the luminance of
the ambient light is changed during the observation. In other
words, when the reflection display section 9 shows the dark
display, so does the transmission display section 10, and
when the reflection display section 9 shows the light display,
so does the transmission display section 10. For this reason,
even when the reflection display section 9 and transmission
display section 10 are driven by the same electrode 7 as is
shown in FIG. 1, the display is not inverted in Example 5 nor
6.

[0281] Inview ofthe foregoing, the liquid crystal displays
in Examples 5 and 6 can attain satisfactory brightness and
contrast ratio for the light display in both the reflection dis-
play section 9 and transmission display section 10. Moreover,
the liquid crystal displays in Examples 5 and 6 can match the
dark/light display in the reflection display section 9 and trans-
mission display section 10, thereby realizing display with
excellent visibility. Further, the liquid crystal displays in
Examples 5 and 6 have a higher contrast ratio in the transmis-
sion display section 10 than in the reflection display section 9.
Consequently, the display quality can be further improved
and more satisfactory display can be shown.

[0282] Also, both the liquid crystal displays of Examples 5
and 6 have good visibility, and can show a high-resolution
color display while using both the reflected light and trans-
mitted light, but the liquid crystal display of Example 6 is less
expensive compared with its counterpart of Example 5,
because the former uses fewer phase difference compensation
plates.

[0283] Explained in the present embodiment was the liquid
crystal display which can show satisfactory reflection display
and transmission display by changing the thickness of the
liquid crystal layer in the reflection display section and trans-
mission display section. The following will explain a liquid
crystal display, which can show satisfactory reflection display
and transmission display even though the thicknesses of the
liquid crystal layer in the reflection display section and trans-
mission display section are equal.

Embodiment 3

[0284] Explained in the present embodiment is a liquid
crystal display which has the equal thickness of the liquid
crystal layer in the reflection display section and transmission
display section but can show satisfactory reflection display
and transmission display by changing the director configura-
tion of the liquid crystal by applying different voltages to the
reflection display section and transmission display section.
[0285] In the present embodiment, a liquid crystal display,
which has the polarization plates 14 and 15 of Embodiment 2
and the equal thickness of the liquid crystal layer in the
reflection display section and transmission display section
and uses the retardation of the liquid crystal layer 1 for the
display, will be explained by way of examples and compara-
tive examples with reference to FIGS. 4 and 11 through 16 for
purposes of explanation only, without any intention as a defi-
nition of the limits of the invention.

[0286] Hereinafter, like components are labeled with like
reference numerals with respect to Embodiments 1 and 2,
and, for ease of explanation, the description of these compo-
nents is not repeated here. Also, the arrangement of the entire
liquid crystal display of the present embodiment is identical
with its counterpart of Embodiment 2 except that the thick-
ness of the liquid crystal layer is equal in the reflection display
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section 9 and transmission display section 10, and the
description of which is not repeated either for ease of expla-
nation.

[0287] To givethe liquid crystal layer 1 equal thicknesses in
the reflection display section 9 and transmission display sec-
tion 10 like in the present embodiment, the insulation film 11
is omitted and the electrode 7 is formed directly on the sub-
strate 5, for example.

Example 7

[0288] In the present example, a liquid crystal cell for fill-
ing, having the liquid crystal layer having a thickness (d) of
4.5 m both in the reflection display section9 and transmission
display section 10 is produced in the same manner as
Example 1 except that the insulation film 11 made of the
insulation photosensitive resin is not formed on the substrate
5, and that, as shown in FIG. 4, the electrode pattern is formed
in such a manner that the electrode 7 of the reflection display
section 9 and the electrode 7 of the transmission display
section 10 are electrically isolated, so thata voltage is applied
to each separately from outside the liquid crystal cell.

[0289] Then, the liquid crystal layer 1 is produced by filling
the liquid crystal composition having a difference of refrac-
tive index (n) of 0.065 and positive dielectric constant anisot-
ropy into the liquid crystal cell for filling by means of vacuum
injection.

[0290] Further, the phase difference compensation plates
16 and 17 and polarization plates 14 and 15 are laminated to
the outside of the respective electrode substrates of the above
liquid crystal cell. Here, each of the phase difference com-
pensation plates 16 and 17 is composed of two phase differ-
ence compensation plates. The lamination orientation of the
phase difference compensation plates 16 and 17 and polar-
ization plates 14 and 15 is determined correspondingly to the
alignment direction (alignment orientation) of the liquid crys-
tal.

[0291] In the present example, the liquid crystal in the
liquid crystal layer 1 is aligned in parallel with the substrates
4 and 5 (parallel to the display surface) with no twist, and the
birefringence mode using the retardation of the liquid crystal
layer 1 for the display is adopted as the liquid crystal display
method.

[0292] Also, in the present example, the retardation suit-
able for the reflection display is used for the transmission
display section 10. Here, the reflection display section 9 is
arranged in the same manner as its counterpart of Example 2
in Embodiment 2, while the transmission display section 101is
arranged differently from its counterpart of Example 2 in that
it has the liquid crystal layer as thick as the one in the reflec-
tion display section 9. Thus, to assemble the liquid crystal
display of the present example, the liquid crystal display of
Example 2 is re-designed optically to determine the optical of
the polarization plates 14 and 15 and phase difference com-
pensationplates 16 and 17. In the present example, the optical
of the polarization plates 14 and 15 and phase difference
compensation plates 16 and 17 is determined in such a man-
ner that the transmission display section 10 can show satis-
factory dark display.

[0293] In the present example, like in Example 2, parallel
aligning alignment films are used as the alignment films 2 and
3to align the liquid crystal in parallel with the display surface
when no voltage is applied to the liquid crystal layer 1, and the
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alignment treatment is applied to these alignment films 2 and
3 in such a manner as to form the crossed rubbing angle of
180.

[0294] In the above alignment treatment, the angle of twist
ofthe director configuration of the liquid crystal (twist angle)
is 0, and the alignment starts to change upon the voltage
application from the central portion of the liquid crystal in the
layer thickness direction of the liquid crystal layer 1.

[0295] The optical of the polarization plates 14 and 15,
phase difference compensation plates 16 and 17, and the
liquid crystal layer 1 (that is, the lamination orientation of the
polarization plates 14 and 15, and phase difference compen-
sation plates 16 and 17, and the alignment orientation of the
liquid crystal) in the liquid crystal display of the present
example is set forth in Table 3 below for ready comparison
with reference to a common orientation.

Comparative Example 3

[0296] In the present comparative example with respect to
Example 7 above, a comparative liquid crystal display is
assembled in the same manner as Example 7 except that the
phase difference compensation plate 16 is composed of two
phase difference compensation plates while the phase differ-
ence compensation plate 17 is composed of a single phase
difference compensation plate, and that the optical of the
polarization plates 14 and 15 and phase difference compen-
sation plates 16 and 17 is set in such a manner that the
transmission display section 10 can show satisfactory light
display. The lamination orientation of the phase difference
compensation plates 16 and 17 and polarization plates 14 and
15 is determined correspondingly to the alignment direction
(alignment orientation) of the liquid crystal.

[0297] In the present comparative example, like in
Example 7, parallel aligning alignment films are used as the
alignment films 2 and 3 to align the liquid crystal in parallel
with the display surface when no voltage is applied to the
liquid crystal layer 1, and the alignment treatment is applied
to these alignment films 2 and 3 in such a manner as to form
the crossed rubbing angle of 180.

[0298] In the above alignment treatment, the angle of twist
ofthe director configuration of the liquid crystal (twist angle)
is 0, and the alignment starts to change upon the voltage
application from the central portion of the liquid crystal in the
layer thickness direction of the liquid crystal layer 1.

[0299] The optical of the polarization plates 14 and 15,
phase difference compensation plates 16 and 17, and the
liquid crystal layer 1 (that is, the lamination orientation of the
polarization plates 14 and 15, and phase difference compen-
sation plates 16 and 17, and the alignment orientation of the
liquid crystal) in the comparative liquid crystal display of the
present comparative example is set forth in Table 3 below for
ready comparison with reference to a common orientation.

Example 8

[0300] A liquid crystal display of the present example is
assembled in the same manner as Example 7 except that the
thickness (d) of the liquid crystal layer in both the reflection
display section9 and transmission display section 10 is 7.5 m,
and that the optical of the polarization plates 14 and 15 and
phase difference compensation plates 16 and 17 is set in such
a manner that reflection display section 9 can show satisfac-
tory reflection display by using the retardation suitable for the
transmission display.
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[0301] To be more specific, in the present example, a liquid
crystal cell for filling, including the liquid crystal layer having
a thickness (d) of 7.5 m in both the reflection display section
9 and transmission display section 10, is produced in the same
manner as Example 1 except that the insulation film 11 made
of the insulation photosensitive resin is not formed on the
substrate 5, and that, as shown in FIG. 4, the electrode pattern
1s formed in such a manner that the electrode 7 of the reflec-
tion display section 9 and the electrode 7 of the transmission
display section 10 are electrically isolated, so that a voltage is
applied to each separately from outside the liquid crystal cell.
[0302] Then, theliquid crystal layer 1 is produced by filling
the liquid crystal composition having a difference of refrac-
tive index (n) of 0.065 and the positive dielectric constant
anisotropy but the chiral dopant into the above liquid crystal
cell for filling by means of vacuum injection.

[0303] Further, the phase difference compensation plates
16 and 17 and polarization plates 14 and 15 are laminated to
the outside of the respective electrode substrates of the above
liquid crystal cell. Here, each of the phase difference com-
pensation plates 16 and 17 is composed of two phase differ-
ence compensation plates. The lamination orientation of the
phase difference compensation plates 16 and 17 and polar-
ization plates 14 and 15 is determined correspondingly to the
alignment direction (alignment orientation) of the liquid crys-
tal.

[0304] In the present example, the liquid crystal in the
liquid crystal layer 1 is aligned in parallel with the substrates
4 and 5 (parallel to the display surface) with no twist, and the
birefringence mode using the retardation of the liquid crystal
layer 1 for the display is adopted as the liquid crystal display
method.

[0305] Also, in the present example, the retardation suit-
able for the transmission display is used for the reflection
display section 9. Here, the transmission display section 101is
arranged in the same manner as its counterpart of Example 2
in Embodiment 2, while the reflection display section 9 is
arranged differently from its counterpart of Example 2 in that
it has the liquid crystal layer as thick as the one in the trans-
mission display section 10. Thus, to assemble the liquid crys-
tal display of the present example, the liquid crystal display of
Example 2 is re-designed optically to determine the optical of
the polarization plates 14 and 15 and phase difference com-
pensationplates 16 and 17. In the present example, the optical
of the polarization plates 14 and 15 and phase difference
compensation plates 16 and 17 is determined in such a man-
ner that satisfactory reflection display can be shown.

[0306] Inthe present example, like in Example 2, parallel
aligning alignment films are used as the alignment films 2 and
3 to align the liquid crystal in parallel with the display surface
when no voltage is applied to the liquid crystal layer 1, and the
alignment treatment is applied to these alignment films 2 and
3 in such a manner as to form the crossed rubbing angle of
180.

[0307] Inthe above alignment treatment, the angle of twist
of the director configuration of the liquid crystal (twist angle)
is 0, and the alignment starts to change upon the voltage
application from the central portion of the liquid crystal in the
layer thickness direction of the liquid crystal layer 1.

[0308] The optical of the polarization plates 14 and 15,
phase difference compensation plates 16 and 17, and the
liquid crystal layer 1 (that is, the lamination orientation of the
polarization plates 14 and 15, and phase difference compen-
sation plates 16 and 17, and the alignment orientation of the
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liquid crystal) in the liquid crystal display of the present
example is set forth in Table 3 below for ready comparison
with reference to a common orientation.

[0309] Theoptical shown in Table 3 below is the position of
each optical element on the display surface when the viewer
observes the display surface, and when the phase difference
compensation plate 16 or 17 is composed of more than one
phase difference compensation plate, each phase difference
compensation plate forming the phase difference compensa-
tion plate 16 or 17 is set forth in accordance with the actual
position from the viewer’s side.

[0310] Since the liquid crystal layer 1 is aligned without
any twist, the alignment orientation set forth in Table 3 below
is the alignment orientation (alignment orientation of the
major axis of the liquid crystal molecules) in the entire liquid
crystal layer 1 when no voltage is applied, and it is identical
with the orientation of the rubbing treatment applied to the
alignment film 2 on the substrate 4 side.

[0311] Each orientation is expressed in degrees from the
reference direction set arbitrarily on the display surface, and
the retardation of each phase difference compensation plate is
expressed in nm with respect to a beam of monochrome light
having the wavelength of 550 nm.

TABLE 3
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ence compensation plates 16 and 17 and polarization plates
14 and 15 are laminated to the outside of the respective
electrode substrates of the above liquid crystal cell. Here,
each of the phase difference compensation plates 16 and 17 is
composed of two phase difference compensation plates. The
lamination orientation of the phase difference compensation
plates 16 and 17 and polarization plates 14 and 15 is deter-
mined correspondingly to the alignment direction (alignment
direction) of the liquid crystal.

[0314] Further, in the present comparative example, paral-
lel aligning alignment films are used as the alignment films 2
and 3, so that the director configuration of the liquid crystal is
parallel to the display surface when no voltage is applied, and
the rubbing treatment is applied these alignment films 2 and 3
in such a manner as to form the crossed rubbing angle of 250.
The crossed rubbing angle is defined as above. Then, the
liquid crystal layer 1 is produced by filling the liquid crystal
composition having a difference of refractive index (n) of
0.065 and positive dielectric constant anisotropy into a space
between the electrode substrates of the liquid crystal cell for
filling by means of vacuum injection. The above alignment
treatment and the function of the chiral dopant added to the
liquid crystal composition impart the angle of twist (twist

EXAMPLE

~
i

3*

PLATE 14 TRANSMISSION AXIS ORIENTATION (°) 0
PLATE 16 PLATE SLOW AXIS ORIENTATION (°) 15
RETARDATION (nm) 70

PLATE SLOW AXIS ORIENTATION (%) 165
RETARDATION (nm) 135

LCLAYER | ALIGNMENT ORIENTATION (°) 75
PLATE  PLATE SLOW AXIS ORIENTATION (°) 75
17 RETARDATION (nm) 135
PLATE SLOW AXIS ORIENTATION (%) 135
RETARDATION (nm) 70

PLATE 15 TRANSMISSION AXIS ORIENTATION (°) 60

0
270
165
135
105
270

0

0
15
270
165
135
75
165
70
135
270
60

3*: COMPARATIVE EXAMPLE 3
PLATES 14 x 15: POLARIZATION PLATES
PLATES 16 x 17: PHASE DIFFERENCE COMPENSATION PLATES

Comparative Example 4

[0312] A comparative liquid crystal display of the present
comparative example is assembled in the same manner as
Example 7 except that the liquid crystal in the liquid crystal
layer 1 is aligned in parallel with the substrates 4 and 5
(parallel to the display surface) and twisted by 70, and that the
polarization converting function of the liquid crystal layer 1
effected by the twisted director configuration of the liquid
crystal layer 1 is used for the display.

[0313] To be more specific, in the present comparative
example, a liquid crystal cell for filling, including the liquid
crystal layer having a thickness (d) of 4.5 m in both the
reflection display section 9 and transmission display section
10, is produced in the same manner as Example 1 except that
the insulation film 11 made of the insulation photosensitive
resin is not formed on the substrate 5, and that, as shown in
FIG. 4, the electrode pattern is formed in such a manner that
the electrode 7 of the reflection display section 9 and the
electrode 7 of the transmission display section 10 are electri-
cally isolated, so that a voltage is applied to each separately
from outside the liquid crystal cell. Further, the phase differ-

angle) of 70 to the director configuration of the liquid crystal.
A concentration of the chiral dopant is adjusted to impart the
above specified twist angle. The liquid crystal layer 1 aligned
in this manner starts to change its alignment upon application
of the voltage from the central portion thereof in its layer
thickness direction.

[0315] Also, in the present comparative example, the prod-
uct (nd) ofa difference of the refractive index (n) of the liquid
crystal composition and a thickness (d) of the liquid crystal
layer suitable for the reflection display is used for the trans-
mission display section 10. Here, the reflection display sec-
tion 9 is arranged in the same manner as its counterpart of
Example 5 in Embodiment 2, while the transmission display
section 10 is arranged differently from its counterpart of
Example 5 in Embodiment 2 in that it has the same liquid
crystal layer thickness as the one in the reflection display
section 9. Thus, to assemble the comparative liquid crystal
display of the present comparative example, the liquid crystal
display of Example 5 s re-designed optically to determine the
optical of the polarization plates 14 and 15 and phase differ-
ence compensation plates 16 and 17. In the present compara-
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tive example, the optical of the polarization plates 14 and 15
and phase difference compensation plates 16 and 17 is deter-
mined in such a manner that the transmission display section
10 can show satisfactory dark display.

[0316] The optical of the polarization plates 14 and 15,
phase difference compensation plates 16 and 17, and the
liquid crystal layer 1 (that is, the lamination orientation of the
polarization plates 14 and 15, and phase difference compen-
sation plates 16 and 17, and the alignment orientation of the
liquid crystal) in the comparative liquid crystal display of the
present comparative example is set forth in Table 4 below for
ready comparison with a reference to a common orientation.

Comparative Example 5

[0317] In the present comparative example, a comparative
liquid crystal display is assembled in the same manner as
Comparative Example 4 except that the polarization plates 14
and 15 and phase difference compensation plates 16 and 17
are optically positioned in such a manner that the transmis-
siondisplay section 10 can show satisfactory light display. To
be more specific, a comparative liquid crystal display is
assembled in the same manner as Example 7 except that: (1)
the polarization plates 14 and 15 and phase difference com-
pensation plates 16 and 17 are optically positioned in such a
manner that the transmission display section 10 can show
satisfactory light display, (2) the liquid crystal in the liquid
crystal layer 1 is aligned in parallel with the substrates 4 and
5 (parallel to the display surface) and twisted by 70, and (3)
the polarization converting function of the liquid crystal layer
1 effected by the twisted alignment thereof is used for the
display.

[0318] The optical of the polarization plates 14 and 15,
phase difference compensation plates 16 and 17, and the
liquid crystal layer 1 (that is, the lamination orientation of the
polarization plates 14 and 15, and phase difference compen-
sation plates 16 and 17, and the alignment orientation of the
liquid crystal) in the comparative liquid crystal display of the
present comparative example is set forth in Table 4 below for
ready comparison with reference to a common orientation.

Example 9

[0319] In the present example, a liquid crystal display is
assembled in the same manner as Example 8 except that (1)
the phase difference compensation plate 16 is composed of
two phase difference compensation plates while the phase
difference compensation plate 17 is composed of a single
phase difference compensation plate, (2) the liquid crystal in
the liquid crystal layer 1 is aligned in parallel with the sub-
strates 4 and 5 (parallel to the display surface) and twisted by
70, and (3) the polarization converting function of the liquid
crystal layer 1 effected by the twisted alignment thereof is
used for the display.

[0320] To be more specific, in the present example, a liquid
crystal cell for filling, including the liquid crystal layer having
a thickness (d) of 7.5 m both in the reflection display section
9 and transmission display section 10, is produced in the same
manner as Example 1 except that the insulation film 11 made
of the insulation photosensitive resin is not formed on the
substrate 5, and that, as shown in FIG. 4, the electrode pattern
is formed in such a manner that the electrode 7 of the reflec-
tion display section 9 and the electrode 7 of the transmission
display section 10 are electrically isolated, so that a voltage is
applied to each separately from outside the liquid crystal cell.
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[0321] Further, the phase difference compensation plates
16 and 17 and polarization plates 14 and 15 are laminated to
the outside of the respective electrode substrates of the above
liquid crystal cell. Here, the phase difference compensation
plate 17 is composed of a single phase difference compensa-
tion plate, while the phase difference compensation plate 16
is composed of two phase difference compensation plates.
The lamination orientation of the phase difference compen-
sation plates 16 and 17 and polarization plates 14 and 15 is
determined correspondingly to the alignment direction
(alignment orientation) of the liquid crystal.

[0322] Inthe present example, the liquid crystal display is
assembled in such a manner that the twist director configu-
ration of the liquid crystal layer 1 (angle of twist of the
director configuration ofthe liquid crystal (twist angle)) is 70.
More specifically, parallel aligning alignment films are used
as the alignment films 2 and 3, so that the director configura-
tion of the liquid crystal is parallel to the display surface when
no voltage is applied, and the alignment treatment is applied
to these alignment films 2 and 3 by means of rubbing in such
a manner as to form the crossed rubbing angle of 250. The
crossed rubbing angle is defined as above. Then, the liquid
crystal layer 1 is produced by filling the liquid crystal com-
position having a difference of refractive index (n) of 0.065
and positive dielectric constant anisotropy into a space
between the electrode substrates of the liquid crystal cell for
filling by means of vacuum injection. The above alignment
treatment and the function of the chiral dopant added to the
liquid crystal composition impart the angle of twist (twist
angle) of 70 to the director configuration of the liquid crystal.
A concentration of the chiral dopant is adjusted in such a
manner as to impart the above specified twist angle to the
director configuration of the liquid crystal. The liquid crystal
layer 1 aligned in this manner starts to change its alignment
upon the voltage application from the central portion thereof
in its layer thickness direction.

[0323] Inthe present example, the product (n d) of a differ-
ence of the refractive index (n) of the liquid crystal composi-
tion and a thickness (d) of the liquid crystal layer suitable for
the transmission display is used for the reflection display
section 9. Here, the transmission display section 10 is
arranged in the same manner as its counterpart of Example 5
in Embodiment 2, while the reflection display section 9 is
arranged differently from its counterpart of Example 5 in that
it has the same liquid crystal layer thickness as the one in the
transmission display section 10. Thus, to assemble the liquid
crystal display of the present example, the liquid crystal dis-
play of Example 5 is re-designed optically to determine the
optical of the polarization plates 14 and 15 and phase differ-
ence compensation plates 16 and 17. In the present example,
the optical of the polarization plates 14 and 15 and phase
difference compensation plates 16 and 17 is determined in
such a manner that satisfactory reflection display can be
shown.

[0324] The optical of the polarization plates 14 and 15,
phase difference compensation plates 16 and 17, and the
liquid crystal layer 1 (that is, the lamination orientation of the
polarization plates 14 and 15, and phase difference compen-
sation plates 16 and 17, and the alignment orientation of the
liquid crystal) in the liquid crystal display of the present
example is set forth in Table 4 below for ready comparison
with reference to a common orientation.
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[0325] The optical shown in Table 4 is the position of each
optical element on the display surface when the viewer
observes the display surface, and when the phase difference
compensation plate 16 or 17 is composed of more than one
phase difference compensation plate, each phase difference
compensation plate forming the phase difference compensa-
tion plate 16 or 17 is set forth in accordance with the actual
position from the viewer’s side. Also, in Table 4, each orien-
tation is expressed in degrees from the reference orientation
set arbitrarily on the display surface, and the retardation of
each phase difference compensation plate is expressed in nm
with respect to a beam of monochrome light having the wave-
length of 550 nm.
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17, and polarization plate 15 is set to be suitable for the
transmission display. Thus, in Examples 8 and 9, the display
characteristics of the reflection display section 9 are deter-
mined by the optical of the polarization plate 14 and phase
difference compensation plate 16 whose optical is set for the
transmission display.

[0328] In addition, the display characteristics of the liquid
crystal displays assembled in Example 7, Comparative
Example 3, Example 8, Comparative Examples 4 and 5, and
Example 9 are graphed in FIGS. 11 through 15, respectively.
These display characteristics were measured through the
microscope in the same manner as Example 1, and in each
drawing, the horizontal axis represents a root mean square

TABLE 4
EXAMPLE
4% 559

PLATE 14 TRANSMISSION AXIS ORIENTATION (°) 0o 0 0
PLATE 16 PLATE SLOW AXIS ORIENTATION (°) 18 18 18
RETARDATION (nm) 70 270 127
PLATE SLOW AXIS ORIENTATION (%) 126 126 126
RETARDATION (nm) 135 135 135
LCLAYER 1 SUBSTRATE 4 ALIGNMENT 16 16 16

ORIENTATION (%)
SUBSTRATE 5 ALIGNMENT 8 8 86

ORIENTATION (°)
PLATE  PLATE SLOW AXIS ORIENTATION (°) 36 36 -4
17 RETARDATION (nm) 135 135 260
PLATE SLOW AXIS ORIENTATION (%) 96 108 —
RETARDATION (nm) 70 270 —
PLATE 15 TRANSMISSION AXIS ORIENTATION ) 21 0 152

4* COMPARATIVE EXAMPLE 4

5% COMPARATIVE EXAMPLE 5

PLATES 14 x 15: POLARIZATION PLATES

PLATES 16 x 17: PHASE DIFFERENCE COMPENSATION PLATES

[0326] As has been explained, in the liquid crystal display
of Example 7 and the comparative liquid crystal displays of
Comparative Examples 3 through 5, a thickness (d) of the
liquid crystal layer is set to 4.5 m, so that satisfactory reflec-
tion display can be shown. Thus, in Example 7 and Compara-
tive Examples 3 through 5, the optical of the polarization plate
14 and phase difference compensation plate 16, which are
responsible for the reflection display alone, is set to be suit-
able for the reflection display. On the other hand, the thick-
ness of the liquid crystal layer of the transmission display
section 10 is set differently from the one in its counterpart of
each Example in Embodiment 2. Thus, in Example 7 and
Comparative Examples 3 through 5, the optical of the phase
difference compensation plate 17 and polarization plate 15 is
set individually in accordance with the optical characteristics
of the transmission display section 10. In other words, in
Example 7 and Comparative Example 4, the liquid crystal
displays which can realize the satisfactory dark display are
assembled, and in Comparative Examples 3 and 5, the liquid
crystal displays which can realize satisfactory light display
are assembled.

[0327] In contrast, in the liquid crystal displays of
Examples 8 and 9, a thickness (d) of the liquid crystal layer is
set to 7.5 m, so that satisfactory transmission display can be
shown. For this reason, in Examples 8 and 9, the optical of the
polarization plate 14, phase difference control plates 16 and

value of the applied voltage, and the vertical axis represents
the brightness (reflectance or transmittance). Here, the trans-
mittance of the transmitting display section 10 when the
polarization plates 14 and 15 are not provided is scaled as
100%, and the reflectance of the reflection display section 9
before the polarization plate 14 is provided is scaled as 100%.
[0329] In FIG. 11, a curve 261 represents the voltage
dependence of the reflectance of the reflection display section
9 versus a voltage across the electrodes 6 and 7, and a curve
262 represents the voltage dependence of the transmittance of
the transmission display section 10 versus a voltage across the
electrodes 6 and 7 in the liquid crystal display assembled in
Example 7.

[0330] FIG. 11 reveals that, in Example 7, while the applied
voltage is in a range between 1V and 3V, the transmittance
increases with an increasing applied voltage. On the other
hand, the reflectance increases with an increasing applied
voltage while the applied voltage is in a range between 1V and
2V, and decreases with an increasing applied voltage after the
applied voltage exceeds 2V. That is, when the applied voltage
is 1V, the reflectance of the reflection display section 9 and the
transmittance of the transmission display section 10 are both
3%. When the applied voltage is increased to 2V, both
increase to 40% and 18%, respectively, and when the applied
voltageis increased further to 3V, the reflectance of the reflec-
tion display section 9 decreases to 28%, while the transmit-
tance of the transmission display section increases further to
33%.
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[0331] In FIG. 12, a curve 271 represents the voltage
dependence of the reflectance of the reflection display section
9 versus a voltage across the electrodes 6 and 7, and a curve
272 represents the voltage dependence of the transmittance of
the transmission display section 10 versus a voltage across the
electrodes 6 and 7 in the liquid crystal display assembled in
Comparative Example 3.

[0332] FIG. 12 reveals that, in Comparative Example 3,
while the applied voltage is in a range between 1V and 2V,
both the reflectance and transmittance increase with an
increasing applied voltage. That is, when the applied voltage
is 1V, the reflectance of the reflection display section 9 and the
transmittance of the transmission display section 10 are 3%
and 18%, respectively, and when the applied voltage is
increased to 2V, both increase to 40%.

[0333] In FIG. 13, a curve 281 represents the voltage
dependence of the reflectance of the reflection display section
9 versus a voltage across the electrodes 6 and 7, and a curve
282 represents the voltage dependence of the transmittance of
the transmission display section 10 versus a voltage across the
electrodes 6 and 7 in the liquid crystal display assembled in
Example 8.

[0334] FIG. 13 reveals that, in Example 8, while the applied
voltage is in a range between 1V and 2V, the transmittance
increases with an increasing applied voltage. On the other
hand, the reflectance increases with an increasing applied
voltage when the applied voltage is in a range between 0.7V
and 1.2V, decreases with an increasing applied voltage when
the applied voltage is in a range between 1.2V and 1.7V, and
increases again with an increasing applied voltage when the
applied voltage is in a range between 1.7V and 2.3V. That is,
when the applied voltage is 1V, the reflectance of the reflec-
tion display section 9 and the transmittance of the transmis-
sion display section 10 are 24% and 3%, respectively. When
the applied voltage is increased to 1.2V, the reflectance of the
reflection display section 9 increases to 40%. When the
applied voltage is further increased to 1.7V, the reflectance of
the reflection display section 9 decreases to 3%. When the
applied voltage is further increased to 2V, both the reflectance
ofthe reflection display section 9 and the transmittance of the
transmission display section 10 increase to 27% and 39%,
respectively.

[0335] In FIG. 14, a curve 291 represents the voltage
dependence of the reflectance of'the reflection display section
9 versus a voltage across the electrodes 6 and 7, and a curve
292 represents the voltage dependence of the transmittance of
the transmission display section 10 versus a voltage across the
electrodes 6 and 7 in the liquid crystal display assembled in
Comparative Example 4.

[0336] FIG. 14 reveals that, in Comparative Example 4,
while the applied voltage is in a range between 1.2V and 3V,
both the reflectance and transmittance increase with an
increasing applied voltage. That is, when the applied voltage
1s 1.2V, the reflectance of the reflection display section 9 and
the transmittance of the transmission display section 10 are
3% and 1%, respectively, and when the applied voltage is
increased to 3V, both increase to 36% and 16%, respectively.
[0337] In FIG. 15, a curve 311 represents the voltage
dependence of the reflectance of the reflection display section
9 versus a voltage actoss the electrodes 6 and 7, and a curve
312 represents the voltage dependence of the transmittance of
the transmission display section 10 versus a voltage across the
electrodes 6 and 7 in the liquid crystal display assembled in
Comparative Example 5.
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[0338] FIG. 15 reveals that, in Comparative Example 5,
while the applied voltage is in a range between 1.2V and 3V,
both the reflectance and transmittance increase with an
increasing applied voltage. That is, when the applied voltage
is 1.2V, the reflectance of the reflection display section 9 and
the transmittance of the transmission display section 10 are
3% and 21%, respectively, and when the applied voltage is
increased to 3V, both increase to 39% and 35%, respectively.
[0339] In FIG. 16, a curve 321 represents the voltage
dependence of the reflectance of the reflection display section
9 versus a voltage across the electrodes 6 and 7, and a curve
322 represents the voltage dependence of the transmittance of
thetransmission display section 10 versus a voltage across the
electrodes 6 and 7 in the liquid crystal display assembled in
Example 9.

[0340] FIG.16revealsthat, in Example 9, while the applied
voltage is in a range between 1.2V and 3V, the transmittance
increases with an increasing applied voltage. On the other
hand, when the applied voltage is in a range between 0.9 and
1.7V, the reflectance decreases with an increasing applied
voltage, and then increases with an increasing applied volt-
age. That is, when the applied voltage is 1.2V, the reflectance
of the reflection display section 9 and the transmittance of the
transmission display section 10 are 7% and 32%, respec-
tively, and when the applied voltage is increased to 1.7V, the
reflectance of the reflection display section 9 decreases to 3%,
and when the applied voltage is further increased to 3V, both
the reflectance of the reflection display section 9 and the
transmittance of the transmission display section 10 increase
to 37% and 36%, respectively.

[0341] The above Examples and Comparative Examples
discussed a liquid crystal display exploiting the change in the
polarization state caused by the polarization converting func-
tion of the liquid crystal layer 1, such as retardation and
optical rotatory polarization, provided with the polarization
plates 14 and 15, and having equal thicknesses of the liquid
crystal layer 1 in the reflection display section 9 and trans-
mission display section 10. In this case, when the same volt-
age is applied to the respective electrodes 7 of the reflection
display section 9 and transmission display 10 (when the
reflection display section 9 and transmission display section
10 are driven by the same voltage), if, as in Example 7 and
Comparative Examples 3 through 5, a voltage which can
attain satisfactory brightness and contrast ratio for the light
display in the reflection display section 9 is applied, the
brightness and contrast ratio for the light display in the trans-
mission display section 10 are not satisfactory, and if, as in
Example 7 and Comparative Examples 3 through 5, a voltage
which can attain satisfactory brightness and contrast ratio for
the light display in the transmission display section 10 is
applied, the brightness in the reflection display section 9 and
the brightness in the transmission display section 10 do not
change in the same manner, thereby making satisfactory dis-
play impossible.

[0342] However, the liquid crystal displays of Examples 7
through 9 can solve the above problem and show satisfactory
display by applying different voltages to the respective elec-
trodes 7 in the reflection display section 9 and transmission
display section 10 (by driving the reflection display section 9
and transmission display section 10 using different respective
voltages).

[0343] Inother words, any of the liquid crystal displays of
Examples 7 through 9 can attain satisfactory brightness and
contrast ratio for the light display both in the reflection dis-
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play section 9 and transmission display section 10 by apply-
ing different respective voltages to the electrode 7 of the
transmission display section 10 and the electrode 7 of the
reflection display section 9. At the same time, the reflection
display section 9 and transmission display section 10 can
show the same display state, that is, either the light or dark
display, thereby realizing the display with excellent visibility.
[0344] Tt is understood from the comparison of the present
embodiment and Embodiment 2 that it is effective to make the
liquid crystal layer 1 thicker in the transmission display sec-
tion 10 than in the reflection display section 9 to attain the
satisfactory brightness and contrast ratio for the light display
both in the reflection display section 9 and transmission dis-
play section 10 of the liquid crystal display using the polar-
ization converting function, such as the retardation and opti-
cal rotatory polarization of the liquid crystal layer 1, with the
use of the polarization plates 14 and 15.

[0345] In the liquid crystal display mode adopted in each
example of the present embodiment and Embodiment 2, the
director configuration of the liquid crystal when no voltage is
applied is parallel to the plane surface direction of the display
surface. It should be appreciated that, however, other modes,
such as vertical alignment mode and hybrid alignment mode,
are also applicable by using the liquid crystal materials of
differentkinds from those disclosed in the above examples or
using the alignment film having different properties from
those of the alignment film disclosed above.

[0346] Further, it should be appreciated that satisfactory
optical characteristics can be attained by the present invention
using any liquid crystal display mode which exploits the
retardation or optical rotatory polarization of the liquid crys-
tal layer 1, provided that, in the display mode used, the thick-
ness of the liquid crystal layer affects the optical characteris-
tics, and that a liquid crystal layer thickness which is thinner
in the reflection display section 9 than in the transmission
display section 10 is suitable for the display mode used.
[0347] Furthermore, it is understood that the liquid crystal
displays of Examples 4 and 7 through 9 can show the satis-
factory display when supplied with different voltages to the
reflection display section 9 and transmission display section
10 by means of the electrodes 6 and 7 (alignment mecha-
nism). In this case, the liquid crystal displays of Examples 4
and 7 can show satisfactory display when a sufficiently high
voltage is applied to the transmission display section10. Also,
the liquid crystal displays of Examples 8 and 9 can show
satisfactory display by adjusting the voltage at the reflection
display section 9. Thus, according to the present embodiment
and Embodiment 2, satisfactory display can be shown by
producing the liquid crystal cell beforehand in such a manner
that different voltages can be applied to the reflection display
section 9 and transmission display section 10, besides by
changing the thickness of the liquid crystal layer in the reflec-
tion display section 9 and transmission display section 10.

Embodiment 4

[0348] Explained in the present embodiment is a liquid
crystal display which can realize satisfactory reflection dis-
play and transmission display by providing different director
configurations of the liquid crystal in the reflection display
section and transmission display section by changing the
alignment treatment orientation (rubbing orientation) on the
substrate, which is a factor that determines the director con-
figuration ofthe liquid crystal, that is, the alignment treatment
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orientation of the alignment film provided to each electrode
substrate in the reflection display section and transmission
display section.

[0349] In the present embodiment, a so-called rubbing
method is adopted to align the liquid crystal layer uniformly.
In the present embodiment, at least two different director
configurations of the liquid crystal can be realized by cover-
ing the surface of the alignment film with the photoresist or
the like before subjecting the alignment film to the rubbing
treatment, so that the alignment film provided to each elec-
trode substrate can be given different respective alignment
treatment orientations in the reflection display section and
transmission display section. According to the above method,
the director configuration of the liquid crystal suitable for the
reflection display and the director configuration of the liquid
crystal suitable for the transmission display can be realized at
the same time, thereby realizing satisfactory reflection dis-
play and transmission display.

[0350] In the following, the liquid crystal display of the
present embodiment will be explained in detail, and herein-
after, like components are labeled with like reference numer-
als with respect to Embodiments 1 through 3, and, for ease of
explanation, the description of these components is not
repeated here.

[0351] Inthe first place, the process of alignment treatment
of the substrate (electrode substrate 40) used in the liquid
crystal display of the present embodiment will be explained
with reference to FIGS. 17 and 18(a) through 18(e).

[0352] As shown in FIG. 18(a), an alignment film material
is applied over a substrate 41 (equivalent to the substrate 4 on
which is formed the electrode 6 or the substrate S on which are
formed the electrodes 7) of the liquid crystal cell on the
surface thereof touching the liquid crystal layer 1 (S1). Then,
the alignment film material is pre-baked (S2) and cured (S3),
whereby an alignment film 42 (equivalent to the alignment
film 2 or 3) is formed over the substrate 41 on the surface
thereof touching the liquid crystal layer 1.

[0353] Then, the alignment film 42 is subjected to the rub-
bing treatment, and as a consequence, the alignment treat-
ment is applied to the electrode substrate 40 which includes
the alignment film 42 at the interface with the liquid crystal
layer 1 of the substrate 41. Here, in the present embodiment,
as shown in FIG. 18(5), screening is carried out by a screen
resist 43 for the rubbing treatment, so that the rubbing treat-
ment is applied partially. In this case, a resist material for the
screen for the rubbing treatment is applied over the alignment
film 42 (S4). Then, the resist material is pre-baked (S5),
exposed to UV rays with masking to expose portions (first
alignment treatment regions 42¢) of the alignment film 42
(S6), developed (S7), and cured (S8), after which the rubbing
treatment is applied to the first alignment treatment regions
42a (S9). Then, after the rubbing treated electrode substrate
40 is cleaned (S10), the resist 43 is removed as shown in FIG.
18(c) (S11).

[0354] Subsequently, to realize an director configuration of
the liquid crystal different from the director configuration of
the liquid crystal on the first alignment treatment regions 42a,
as shown in FIG. 18(d), rubbed portions (first alignment
treatment regions 42a) are protected by a screen resist 44 for
the rubbing treatment, and the rubbing treatment is applied to
portions which have not been rubbed. To be more specific, a
resist material of the screen for the rubbing treatment is
applied over the alignment film 42 from which the resist 43
was removed (S12). Then, the resist material is pre-baked
(§13), exposed to UV rays with masking in such a manner that
portions (second alignment treatment regions 425) other than
the first alignment treatment regions 42a on the alignment



US 2011/0102723 Al

film 42 are exposed (S14), developed (S15), and cured (S16).
Subsequently, the second alignment treatment regions 424
are subjected to the rubbing treatment in such a manner that
the treatment orientations are different in the first and second
alignment treatment regions 42a and 425 (S17). Then, after
the rubbing treated electrode substrate 40 is cleaned (S18),
the resist 44 is removed as shown in FIG. 18(e) (S19). Con-
sequently, the alignment film 42 (alignment mechanism), to
which the alignment treatment has been applied twice in
different orientations, is obtained.

[0355] As has been explained, in the present embodiment,
the alignment treatment is applied at least twice with the
patterning by means of the resist. Here, at least two different
director configurations of the liquid crystal (for example,
various kinds of planer alignments having their respective
aligning directions) can be obtained by changing the treat-
ment orientation for each alignment treatment (in the above
explanation, the alignment treatment is effected in two dif-
ferent orientations by applying the alignment treatment
wwice). If the alignment treatment orientation is changed on at
least one of the substrates (electrode substrates) in the above
manner, the alignments are provided to the reflection display
section 9 and transmission display section 10 independently,
thereby making it possible to realize satisfactory display.
[0356] Next, a liquid crystal display having different direc-
tor configurations of the liquid crystal in the reflection display
section 9 and transmission display section 10 and using the
polarization plates 14 and 15 will be explained by way of
examples for purposes of explanation only, without any inten-
tion as a definition of the limits of the invention.

Example 10

[0357] In the present example, a liquid crystal display is
assembled in the same manner as Comparative Example 5. To
be more specific, a liquid crystal cell for filling, including the
liquid crystal layer having a thickness (d) (cell gap) of 4.5 m
both in the reflection display section 9 and transmission dis-
play section 10, is produced in the same manner as Example
1 except that the insulation film 11 made of the insulation
photosensitive resin is not formed on the substrate 5, and that,
as shown in FIG. 4, the electrode pattern is formed in such a
manner that the electrode 7 of the reflection display section 9
and the electrode 7 of the transmission display section 10 are
electrically isolated, so that a voltage is applied to each sepa-
rately from outside the liquid crystal cell. Then, the phase
difference compensation plates 16 and 17 and polarization
plates 14 and 15 are laminated to the outside of the respective
electrode substrates of the above liquid crystal cell. Here,
each of the phase difference compensation plates 16 and 17 is
composed of two phase difference compensation plates.
[0358] In the present example, the alignment film 3 is sub-
jected to the rubbing treatment in different orientations in the
same manner as shown in FIGS. 17 and 18(a) through 18(e).
To be more specific, in the present example, the alignment
film 2 on the substrate 4 side is rubbed in the same orientation
both in the reflection display section 9 and transmission dis-
play section 10, whereas the alignment film 3 (alignment
mechanism) onthe substrate 5 sideis rubbed in such a manner
the alignment orientations of the liquid crystal are different in
the reflection display section 9 and transmission display sec-
tion 10.

[0359] Inthepresent example, the reflection display section
9 adopts a liquid crystal display mode, in which the liquid
crystal is aligned in parallel with the display surface (parallel
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to the substrates 4 and 5) with a twist, and the transmission
display section 10 adopts a liquid crystal display mode, in
which the liquid crystal is aligned in parallel with the display
surface (parallel to the substrates 4 and 5) without twist.

[0360] Also, in the present example, the liquid crystal dis-
play is assembled in such a manner that, in the reflection
display section 9, n d of the liquid crystal layer 1 is approxi-
mately 270 nm and the angle of twist of the director configu-
ration of the liquid crystal (twist angle) is 70, and in the
transmission display section 10, n d of the liquid crystal layer
1is approximately 270 nm and the angle of twist of the liquid
crystal (twist angle) is 0. Thus, the liquid crystal display
assembled in the above manner can show satisfactory display
both in the reflection display section 9 and transmission dis-
play section 10 while having the liquid crystal layer 1 pro-
vided continuously across the reflection display section 9 and
transmission display section 10 without changing the cell
gap.

[0361] The optical of the polarization plates 14 and 15,
phase difference compensation plates 16 and 17, and the
liquid crystal layer 1 (that is, the lamination orientation of the
polarization plates 14 and 15, and phase difference compen-
sation plates 16 and 17, and the alignment orientation of the
liquid crystal) in the reflection display section 9 and trans-
mission display section 10 in the liquid crystal display of the
present example is set forth in Table 5 below for ready com-
parison with reference to a common orientation.

[0362] The optical shown in Table 5 is the position of each
optical element on the display surface when the viewer
observes the display surface, and when the phase difference
compensation plate 16 or 17 is composed of more than one
phase difference compensation plate, each phase difference
compensation plate forming the phase difference compensa-
tion plate 16 or 17 is set forth in accordance with the actual
position from the viewer’s side. Also, in Table 5, each orien-
tation is expressed in degrees from the reference orientation
set arbitrarily on the display surface, and the retardation of
each phase difference compensation plate is expressed in nm
with respect to a beam of monochrome light having the wave-
length of 550 nm.

TABLE 5
EXAMPLE 10
SEC.9 SEC.10
PLATE 14 TRANSMISSION AXTS 0
ORIENTATION (°)
PLATE PLATE SLOW AXIS ORIENTATION (%) 15
16 RETARDATION (nm) 270
PLATE SLOW AXIS ORIENTATION (°) 75
RETARDATION (um) 135
LCLAYER 1 SUBSTRATE 4 -5 -15
ALIGNMENT ORIENTATION (°)
SUBSTRATE 5 55 -15
ALIGNMENT ORIENTATION (°)
PLATE PLATE SLOW AXIS ORIENTATION (°) -15
17 RETARDATION (um) 115
PLATE SLOW AXIS ORIENTATION (%) =75
RETARDATION (nm) 270
PLATE 15 TRANSMISSION AXTS 90
ORIENTATION (°)

SEC. 9: SECTION 9

SEC. 10: SECTION 10

PLATES 14 x 15: POLARIZATION PLATES

PLATES 16 x 17: PHASE DIFFERENCE COMPENSATION PLATES
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[0363] Next, the operation of each optical element in the
present embodiment will be explained in the following.
[0364] First, a case where no voltage is applied to the liquid
crystal layer 1 will be explained. In this case, theliquid crystal
in the liquid crystal layer 1 is aligned along the alignment of
the interface of the substrate touching the liquid crystal layer
1, that is, the alignment treatment orientation of the alignment
films 2 and 3 provided on their respective electrode sub-
strates. For example, when the chiral dopant is not added to
the liquid crystal composition in the liquid crystal display of
Example 10, the liquid crystal is twisted 70 to the left in the
reflection display section 9, and 0, that is, not twisted, in the
transmission display section 10.

[0365] For this reason, if no voltage is applied to the liquid
crystal layer 1, given 270 nm as n d of the liquid crystal layer
1, circularly polarized light entering the liquid crystal layer 1
is converted to linearly polarized light before it exits from the
reflection display section 9. Thus, light entering the liquid
crystal layer 1 from the polarization plate 14 side is converted
to circularly polarized light by the phase different compen-
sation plate 16, then converted to linearly polarized light by
the liquid crystal layer 1, which exits from the liquid crystal
layer 1 and reaches the reflection film 8. If the linearly polar-
ized light is reflected by the reflection film 8, the reflected
light is converted again into the transmission components of
the polarization plate 14. Consequently, in the above liquid
crystal display, the reflection display section 9 shows light
display when no voltage is applied to the liquid crystal layer
1.

[0366] On the other hand, if no voltage is applied to the
liquid layer 1, given 250nm-270 nm as nd of the liquid crystal
layer 1, the liquid crystal layer 1 functions as the 12 wave-
length plate in the transmission display section 10. To be more
specific, circularly polarized light entering the liquid crystal
layer 1 is converted to another circularly polarized light that is
orthogonal to the incident circularly polarized light at right
angles. For example, if the incident circularly polarized light
is right, then it is converted to left circularly polarized light,
and if the incident circularly polarized is left, then it is con-
verted to right circularly polarized light. In the transmission
display section 10, the incident light passes through the polar-
ization plate 15, and enters the liquid crystal layer 1 after it is
converted to circularly polarized light by the phase difference
compensation plate 17. In Example 10, substantially left cir-
cularly polarized light enters the liquid crystal layer 1 from
the phase difference compensation plate 17, and is converted
1o right circularly polarized light. Here, right circularly polar-
ized light is converted to linearly polarized light along the
transmission axis direction of the polarization plate 14 by the
phase difference compensation plate 16, while left circularly
polarized light is converted to linearly polarized light along
the absorption axis direction of the polarization plate 14.
Thus, the transmission display section 10 of the above liquid
crystal display shows light display when no voltage is applied
1o the liquid crystal layer 1.

[0367] Next, a case where a voltage is applied to the liquid
crystal layer 1 will be explained. While a voltage is applied to
the liquid crystal layer 1, the liquid crystal in the liquid crystal
layer 1 is aligned perpendicular to the substrates 4 and 5 in
response to the applied voltage in both the reflection display
section 9 and transmission display section 10, whereby the
above polarization converting function becomes less effec-
tive. In other words, the incident circularly polarized light
from the phase difference compensation plates 16 and 17
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passes through the liquid crystal layer 1 directly. Conse-
quently, both the reflection display section 9 and transmission
display section 10 show the dark display.

[0368] In Example 10, the phase difference compensation
plate 17 is composed of a phase difference compensation
plate having the retardation of 115 nm. Itis preferable that the
phase difference compensation plate 17 has the retardation of
about 135 nm to realize satisfactory circularly polarized light
by the phase difference compensation plate 17 alone. How-
ever, the retardation of the liquid crystal layer 1 in the trans-
mission display section 10 is not lost completely at a practical
voltage level, and in consideration of this fact, the retardation
of the phase difference compensation plate 17 is set in such a
manner as to obtain satisfactory contrast.

[0369] The phase difference compensation plate 16 is fur-
nished with a function of converting light entering the liquid
crystal layer 1 in the reflection display section 9 into circu-
larly polarized light witha wavelength in a broad range. Inthe
above liquid crystal display, the liquid crystal layer 1 in the
reflection display section 9 is twisted 70, and n d thereof is set
to 270 nm. Thus, circularly polarized light enters the liquid
crystal layer 1 in the reflection display section 9, and is
converted to linearly polarized light by the liquid crystal layer
1 while it passes through the same and reaches the reflection
film 8. Then, the linearly polarized light having reached the
reflection film 8 is reflected on the mirror surface thereof, and
passes through each optical element in the reversed order.
Consequently, the reflected light is converted to linearly
polarized light having an oscillating electric field along the
transmission axis orientation of the polarization plate 14.
Hence, the reflection display section 9 shows the light display.
[0370] Here, the liquid crystal composition used herein is
blended with the chiral dopant for imparting a natural twist to
the left to the director configuration of the liquid crystal. The
chiral dopant changes the natural helical pitch of the liquid
crystal composition depending on its concentration in the
liquid crystal composition. Thus, by exploiting the fact that
the lowest voltage at which the director configuration of the
liquid crystal starts to change varies with the helical pitch, the
voltage dependencies of the brightness in the reflection dis-
play section 9 and transmission display section 10 can be
matched if the helical pitch is adjusted adequately.

[0371] The display characteristics of the liquid crystal dis-
play of Example 10 assembled in the above manner are
graphed in FIG. 19. The display characteristics of F1G. 19
were measured in the same manner as Example 1, and in the
drawing, the horizontal axis represents a root mean square
value of the applied voltage and the vertical axis represents
the brightness (reflectance or transmittance).

[0372] InFIG. 19, acurve 331 indicates the voltage depen-
dence of the reflectance of the reflection display section9, and
a curve 332 indicates the voltage dependence of the transmit-
tance of the transmission display section 10 in the liquid
crystal display of Example 10.

[0373] As canbe understood from F1G. 19, the liquid crys-
tal display of Example 10 shows the light display when no
voltage is applied, and it can realize the display in the so-
called normally white (NW) mode, in which both the reflec-
tance and transmittance decrease with an increasing applied
voltage. In the present liquid crystal display, not only can the
contrast ratio be set to substantially the same value in the
reflection display section 9 and transmission display section
10, but also the reflection display section 9 and transmission
display section 10 can show either the dark or light display
simultaneously, thereby realizing the display with excellent
visibility.
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[0374] As has been explained, setting different twist angles
of the liquid crystal layer 1 in the reflection display section 9
and transmission display section 10 as the means for chang-
ing the director configuration of the liquid crystal in the
reflection display section 9 and transmission display section
10 is effective to realize satisfactory display both in the reflec-
tion display section 9 and transmission display section 10.
[0375] In Example 10, to change the twist angle of the
liquid crystal layer 1 in the reflecting display section 9 and
transmission display section 10, the rubbing treatment is
applied in different orientations in the reflecting display sec-
tion 9 and transmission display section 10, so that the director
configuration of the liquid crystal layer 1 is twisted in the
reflection display section 9 but not in the transmission display
section 10. However, means for changing the twist angle of
the liquid crystal layer 1 in the reflection display section9 and
transmission display section 10 is not especially limited.
[0376] For example, besides the above combination, the
following combinations are applicable: (1) the director con-
figuration of the liquid crystal layer 1 is twisted in both the
reflecting display section 9 and transmission display section
10, but the twist angles or the orientations of the twist are
different; (2) the director configuration of the liquid crystal
layer 1 is twisted in the transmission display section 10 but
not in the reflection display section 9; (3) the tilts (so-called
pre-tilts) of the liquid crystal with respect to the substrates 4
and 5 are different in the reflection display section 9 and
transmission display section 10; (4) the change of the director
configuration of the liquid crystal at the substrate interface is
combined with other means of the present invention; (5)
different cell gaps are provided to the reflection display sec-
tion 9 and transmission display section 10; and (6) different
electric fields are generated in the reflection display section 9
and transmission display section 10.

Embodiment 5

[0377] In each example of Embodiments 2 through 4, the
arrangement for realizing satisfactory reflection display and
transmission display on the liquid crystal display using the
liquid crystal aligned in parallel with the substrates was
explained. Inthe present embodiment, a liquid crystal display
whose alignment orientation of the liquid crystal is perpen-
dicular to the substrates, like the one in Example 1 of Embodi-
ment 1, will be explained. Note that, however, the dichroic
dye is not blended in the liquid crystal layer, and the liquid
crystal display is designed in such a manner as to show the
display using the polarization plate while exploiting the bire-
fringence or optical rotatory polarization (polarization con-
verting function) of the liquid crystal. Hereinafter, like com-
ponents are labeled with like reference numerals with respect
to Embodiments 1 through 4, and, for ease of explanation, the
description of these components is not repeated here.

[0378] In the liquid crystal display of the present embodi-
ment, liquid crystal having negative dielectric constant
anisotropy is used in the liquid crystal layer 1. Also, vertical
aligning alignment films are used for the alignment films 2
and 3 for sandwiching the liquid crystal layer 1. In this case,
the liquid crystal molecules are aligned substantially perpen-
dicular to the substrates 4 and 5 (display surface) when no
voltage is applied to the liquid crystal layer 1, and start to tilt
from the normal direction of the substrates 4 and 5 upon
application of the voltage, thereby effecting the polarization
converting function to the light passing through the liquid
crystal layer 1 in the normal direction thereof.
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[0379] The difference between the liquid crystal display of
the present embodiment and the counterpart using the align-
ment films 2 and 3 that align the liquid crystal in parallel with
the substrates is that, in the liquid crystal display of the
present embodiment, the liquid crystal is aligned in the nor-
mal direction of the substrates 4 and 5, up to and including a
layer at the interface between the liquid crystal layer 1 and
electrode substrate, even without applying a voltage. To
exploit these characteristics effectively, the NB (Normally
Black) mode, in which the black display is shown when no
voltage is applied, is used for the liquid crystal display of the
present embodiment. To be more specific, the display is
shown in the reflection display section 9 by allowing circu-
larly polarized light to go into the liquid crystal layer 1. In the
transmission display section 10, circularly polarized light is
also allowed to go into the liquid crystal layer 1. Circularly
polarized light is also used in the transmission display section
10 because the phase difference compensation plate 16
(which is also used in reflection display) affects the polariza-
tion of the light exiting the liquid crystal layer 1, and in
consideration of the fact that, in order to use electrically
connected electrodes to drive the liquid crystal layer 1 in both
the reflection display section 9 and transmission display sec-
tion 10, and in order to realize dark display in both sections
simultaneously, the liquid crystal layer 1 is aligned perpen-
dicular to the substrates 4 and 5 in the transmission display
section as well. Thus, with a combination of the polarization
plates 14 and 15 and phase difference compensation plates 16
and 17, of all the phase difference compensation plates form-
ing the phase difference compensation plate 17, the retarda-
tion of'the one closest to the liquid crystal layer 1 is set to 135
nm. Consequently, the liquid crystal display of the present
embodiment can realize satisfactory NB display.

[0380] Next, the setting of the liquid crystal layer 1 so as to
realize satisfactory light display in the above combination of
the polarization plates 14 and 15 and the phase difference
compensation plates 16 and 17 will be explained.

[0381] Ashasbeen described above, in the presentembodi-
ment, the director configuration of the liquid crystal layer 1
starts to tilt from the normal direction of the substrates 4 and
5 upon voltage application. While the voltage is fully applied
to the liquid crystal layer 1, it is preferable that the liquid
crystal layer 1 functions to convert the circularly polarized
light to the linearly polarized light in the reflection display
section 9, and to convert the circularly polarized light to
another circularly polarized light rotating in the reverse direc-
tion in the transmission display section 10. When the liquid
crystal layer 1 effects the above converting function, satisfac-
tory light display can be realized.

[0382] To allow the liquid crystal layer 1 to effect the above
converting function, for example, it is preferable that the
alignment treatment is applied to the alignment films 2 and 3
in such a manner not to twist the liquid crystal, and that no
chiral dopant is added to the liquid crystal composition. To be
more specific, it is preferable that, when means the wave-
length of incident light, retardation of the liquid crystal layer
varies by /4 in the reflection display section 9 and by /2 in the
transmission display section 10 upon voltage application.
[0383] Incasethat the thicknesses of the liquid crystal layer
1 are different in the refection display section 9 and transmis-
sion display section 10, the liquid crystal layer 1 can be
readily set in the above-described manner to effect the above
converting function.
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[0384] In the following, the liquid crystal display of the
present embodiment will be explained by way of examples
for purposes of explanation only, without any intention as a
definition of the limits of the invention.

Example 11

[0385] In the present example, a liquid crystal cell for fill-
ing having different thicknesses of the liquid crystal layer in
the reflection display section 9 and transmission display sec-
tion 10 is produced in the same manner as Example 1. Here,
vertical aligning alignment films which align the liquid crys-
tal perpendicular to the substrates 4 and 5 are used as the
alignment films 2 and 3. The alignment treatment is applied to
the alignment films 2 and 3 by means of rubbing, so that the
liquid crystal is aligned slightly tilted with respect to the
normal orientation (perpendicular direction) of the substrates
4 and 5.

[0386] Note that, however, the thicknesses (d) of the liquid
crystal layer are set to 3 m and 6 m in the reflection display
section 9 and transmission display section 10, respectively,
and the liquid crystal layer 1 is made from a liquid crystal
material, that is, liquid crystal having a difference of refrac-
tive index (n) of 0.06 and negative dielectric constant anisot-
ropy. Then, the liquid crystal display is assembled by lami-
nating the phase difference compensation plates 16 and 17
and the polarization plates 14 and 15 to the outside of the
respective electrode substrates of the above liquid crystal cell.
Herein, each of the phase difference compensation plates 16
and 17 is composed of two phase difference compensation
plates.

[0387] The optical of the polarization plates 14 and 15,
phase difference compensation plates 16 and 17, and the
liquid crystallayer 1 (that is, the lamination orientation of the
polarization plates 14 and 15, and phase difference compen-
sation plates 16 and 17, and the alignment orientation of the
liquid crystal) in the reflection display section 9 and trans-
mission display section 10 in the liquid crystal display of the
present example is set forth in Table 6 below for ready com-
parison with reference to a common orientation.

[0388] The optical shown in Table 6 is the position of each
optical element on the display surface when the viewer
observes the display surface, and when the phase difference
compensation plate 16 or 17 is composed of more than one
phase difference compensation plate, each phase difference
compensation plate forming the phase difference compensa-
tion plate 16 or 17 is set forth in accordance with the actual
position from the viewer’s side. Also, in Table 6, each direc-
tion is expressed in degrees from the reference direction set
arbitrarily on the display surface, and the retardation of each
phase difference compensation plate is expressed in nm with
respect to a beam of monochrome light having the wavelength
of 550 nm.

TABLE 6
EXAMPLE 11
SEC.9 SEC. 10
PLATE 14 TRANSMISSION AXIS 0
ORIENTATION (°)
PLATE PLATE SLOW AXIS ORIENTATION (°) 15
16 RETARDATION (nm) 270
PLATE SLOW AXIS ORIENTATION (°) 75
RETARDATION (nm) 135
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TABLE 6-continued

EXAMPLE 11

SEC.9 SEC.10
LCLAYER1  SUBSTRATE 4 -15 -15
ALIGNMENT ORIENTATION (%)

SUBSTRATE 3 -5 -15
ALIGNMENT ORIENTATION (%)

PLATE PLATE SLOW AXIS ORIENTATION (°) -15

17 RETARDATION (um) 135

PLATE SLOW AXIS ORIENTATION (°) =75

RETARDATION (um) 270

PLATE 15 TRANSMISSION AXIS 90
ORIENTATION (°)

SEC. 9: SECTION 9

SEC. 10: SECTION 10

PLATES 14 x 15: POLARIZATION PLATES

PLATES 16 x 17: PHASE DIFFERENCE COMPENSATION PLATES

[0389] The display characteristics of the liquid crystal dis-
play of Example 11 assembled in the above manner are
graphed in FIG. 20. The display characteristics of FI1G. 20
were measured in the same manner as Example 1, and in the
drawing, the horizontal axis represents a root mean square
value of the applied voltage and the vertical axis represents
the brightness (reflectance or transmittance).

[0390] InFIG. 20, a curve 341 indicates the voltage depen-
dence of the reflectance of the reflection display section9, and
a curve 342 indicates the voltage dependence of the transmit-
tance of the transmission display section 10 in the liquid
crystal display of Example 11.

[0391] As can be understood from F1G. 20, the liquid crys-
tal display of Example 11 shows the dark display when no
voltage is applied, and it can realize the display in the so-
called normally black (NB) mode, in which the reflectance
and transmittance increase with an increasing applied volt-
age. In the present liquid crystal display, not only can the
contrast ratio be set to substantially the same value in the
reflection display section 9 and transmission display section
10, but also the reflection display section 9 and transmission
display section 10 show either the dark or light display simul-
taneously, thereby realizing the display with excellent visibil-
ity.

[0392] As has been explained, according to the present
embodiment, itis confirmed that aliquid crystal display of the
transflective type can show satisfactory display both in the
reflection display section 9 and transmission display section
10, if alignment means (vertical aligning alignment film) that
aligns the liquid crystal perpendicular to the substrate surface
touching the liquid crystal (liquid crystal layer 1) is provided
to at least one of the reflection display section 9 and trans-
mission display section 10 in the liquid crystal display of the
present invention, in which different director configurations
of the liquid crystal are realized in the reflection display
section 9 and transmission display section 10 simultaneously.

Embodiment 6

[0393] Explained in the present embodiment is a liquid
crystal display which shows the display by changing the
alignment orientation of the liquid crystal in response to a
varying voltage while keeping the director configuration of
the liquid crystal in parallel with the display surface (sub-
strate) in at least one of the reflecting display section 9 and
transmission display section 10. In other words, in the liquid
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crystal display of the present embodiment, the liquid crystal
molecules start to rotate in parallel with the display surface
(substrate) upon voltage application in at least one of the
reflection display section and transmission display section.
[0394] In the following, the liquid crystal display of the
present embodiment will be explained by way of examples
for purposes of explanation only, without any intention as a
definition of the limits of the invention. Hereinafter, like
components are labeled with like reference numerals with
respect to Embodiments 1 through 5, and, for ease of expla-
nation, the description of these components is not repeated
here.

Example 12

[0395] Explained in the present example with reference to
FIGS. 21(a) and 21(b) is a liquid crystal display furnished
with an optical switching function, in which the liquid crystal
molecules are rotated in parallel with the substrate by means
of a transverse electric field (in the in-plane direction with
respect to the substrate), by adopting the IPS (In-plane
Switching) mode, which is used to increase viewing angle
characteristics in liquid crystal displays of the transmission
type, to a liquid crystal display of the transflective type.
[0396] Conventionally, the IPS mode has been used for
liquid crystal displays of the transmission type. However,
since the director configuration of the liquid crystal is not
changed sufficiently for the transmission display on the
comb-shaped electrode used in the IPS mode, the director
configuration of the liquid crystal on the comb-shaped elec-
trode does not contribute to the display, thereby failing to
realize satisfactory display. In the present example, however,
regions on the comb-shaped line, which could not be used in
the conventional IPS system, are used to realize the reflection
display, thereby making it possible to provide a liquid crystal
display of the transflective type with high light efficiency.
[0397] FIG.21(a)is across sectionofa major portion of the
liquid crystal display of the present example when no voltage
is applied, and FIG. 21(b) is a cross section of the major
portion of the liquid crystal display of FIG. 21(a) when a
voltage is applied. Both of FIGS. 21(a) and 21(b) are the cross
sections when the liquid crystal cell of the present liquid
crystal display is cut at a plane perpendicular to the orienta-
tion along which the electrode line (terminal) of the comb-
shaped electrode provided in the liquid crystal cell extends.
[0398] In the liquid crystal display shown in FIGS. 21(a)
and 21(b), the liquid crystal layer 1 is sandwiched by a light
transmitting substrate 51 and a substrate 54, which is given
light reflecting properties by being provided with a light
reflecting comb-shaped electrode 53 (display content over-
writing means, voltage applying means, alignment mecha-
nism). Further, the phase difference compensation plate 16
and polarization plate 14 are provided to the outside of the
substrate 51 (the opposite side from the surface facing the
substrate 54), and the phase difference compensation plate 17
and polarization plate 15 are provided to the outside of the
substrate 54 (the opposite side from the surface facing the
substrate 51). Herein, the phase difference compensation
plate 16 is composed of a single phase difference compensa-
tion plate 16, and the phase difference compensation plate 17
is composed of two phase difference compensation plates.
[0399] The liquid crystal display of the present example is
also arranged in the following manner. That is, on the sub-
strate 54 (electrode substrate), one of the pair of substrates
sandwiching the liquid crystal layer 1, an insulation film 11
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(alignment mechanism) is patterned on a glass substrate 52 by
spin-coating an insulation photo-sensitive resin, irradiating
the UV rays with masking, so as to leave no photo-sensitive
resin in the transmission display section 10, while forming a
layer of the photo-sensitive resin of a predetermined thick-
ness in the reflection display section 9. Consequently, the
liquid crystal layer 1 is made thinner in the transmission
display section 10 than in the reflection display section 9.

[0400] Inthe liquid crystal display of the present example,
the light reflecting comb-shaped electrode 53 (alignment
mechanism) is formed on the glass substrate 52 to cover the
insulation film 11. The comb-shaped electrode 53 is a reflec-
tive pixel electrode serving both as the liquid crystal driving
electrode for driving the liquid crystal layer 1 and the reflec-
tion film (reflecting means), and it is made of metal having
high light reflectance.

[0401] In the present liquid crystal display, the director
configuration of liquid crystal molecules 1a is changed by the
electric field applied thereon by the comb-shaped electrode
53 in the transmission display section 10. In the reflection
display section 9, the liquid crystal layer 1 is driven by the
electric field generated by the comb-shaped electrode 53, and
the reflecting function of the comb-shaped electrode 53 is
used for the display.

[0402] Inthe present example, the line of the comb-shaped
electrode 53 is used as the reflecting means. However, pro-
jections and depressions may be provided to the surface
thereof;, or a light scattering film may be additionally formed
on a region opposing the comb-shaped electrode 53 at the
outside of the glass substrate 51 to confer light scattering
properties to the comb-shaped electrode 53.

[0403] In the liquid crystal display of FIGS. 21(a) and
21(b), different potentials are given to the adjacent comb-
shaped electrodes 53a and 535, whereby an electric field
develops between the comb-shaped electrodes 53a and 535.
As shown in FIG. 21(b). the transmission display section 10
corresponds to a space between the comb-shaped electrodes
53a and 535, and the director configuration of the liquid
crystal at this particular portion is changed drastically by the
pair of comb-shaped electrodes (comb-shaped electrodes 53a
and 53b) while keeping its orientation in parallel with the
glass substrate 52. In addition, the reflection display section 9
corresponds to a portion directly above the comb-shaped
electrode 53 (comb-shaped electrodes 53a and 535). In this
particular portion, the director configuration of the liquid
crystal display changes not only in the orientation along the
plane of the glass substrate 52, but also the orientation pet-
pendicular to the glass substrate 52. This is because, as shown
in FIG. 21(b), the lines of electric force (indicated by broken
lines in the drawing) extend substantially in parallel with the
glass substrate 52 in the transmission display section 10,
while in the reflection display section 9, the lines of electric
force have components which are perpendicular to the glass
substrate 52.

[0404] The optical of the polarization plates 14 and 15,
phase difference compensation plates 16 and 17, and the
liquid crystal layer 1 (that is, the lamination orientation of the
polarization plates 14 and 15, and phase difference compen-
sation plates 16 and 17, and the alignment orientation of the
liquid crystal) in the reflection display section 9 and trans-
mission display section 10 in the liquid crystal display of the
present example is set forth in Table 7 below for ready com-
parison with reference to a common orientation.
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[0405] The optical shown in Table 7 is the position of each
optical element on the display surface when the viewer
observes the display surface, and each phase difference com-
pensation plate forming the phase difference compensation
plate 17 is set forth in accordance with the actual position
from the viewer’s side.

[0406] The direction of director of the liquid crystal layer 1
(the alignment orientation of the major axis of the liquid
crystal molecules 1a) on the substrate 51 side is identical with
the orientation of the rubbing treatment applied to the surface
thereof, and the alignment orientation on the substrate 54 side
is identical with the orientation of the rubbing treatment
applied to the surface thereof. Hereinafter, the alignment
orientation of the liquid crystal layer 1 on the substrate 51 side
is referred to as the substrate 51 alignment orientation, and the
direction of director of the liquid crystal layer 1 on the sub-
strate 54 side is referred to as the substrate 54 alignment
orientation.

[0407] 1In Table 7 below, each orientation is expressed in
degrees from the reference orientation set arbitrarily on the
display surface, and the retardation of each phase difference
compensation plate is expressed in nm with respect to a beam
of monochrome light having the wavelength of 550 nm.
[0408] Here, the direction, along which the electrode line
(terminal) of the comb-shaped electrode 53 extends, forms an
angle of 65 with respect to the reference orientation, and the
director configuration of the liquid crystal molecules 1¢ ini-
tially aligned at an angle of 75 both in the reflection display
section 9 and transmission display section 10 is re-aligned at
a greater angle. In addition, in the present liquid crystal dis-
play. nd of the liquid crystal layer 1 is set to about 130 nm in
the reflection display section 9 and about 240 nm in the
transmission display section 10.

TABLE 7
EXAMPLE 12
SEC.9 SEC.10
PLATE 14 TRANSMISSION AXIS 0
ORIENTATION (°)
PLATE PLATE SLOW AXIS ORIENTATION (%) 15
16 RETARDATION (nm) 270
LCLAYER1  SUBSTRATE 51 75 75
ALIGNMENT ORIENTATION (°)
SUBSTRATE 54 75 75
ALIGNMENT ORIENTATION (°)
PLATE PLATE SLOW AXIS ORIENTATION (%) -13
17 RETARDATION (nm) 240
PLATE SLOW AXIS ORIENTATION (°) 75
RETARDATION (nm) 270
PLATE 15 TRANSMISSION AXIS 90
ORIENTATION (°)

SEC. 9: SECTION 9

SEC. 10: SECTION 10

PLATES 14 x 15: POLARIZATION PLATES

PLATES 16 x 17: PHASE DIFFERENCE COMPENSATION PLATES

[0409] In the liquid crystal display set as above, both the
reflection display section 9 and transmission display section
10 show the dark display when no voltage is applied to the
liquid crystal layer 1. If a voltage is applied to the liquid
crystal layer 1 under these conditions, the liquid crystal mol-
ecules 1a change their director directions to deviate from the
orientation (herein, 65 orientation) along which the electrode
line (terminal) of the comb-shaped electrode 53 extends.
Thus, the present liquid crystal display can realize the light
display by changing the director configuration of the liquid
crystal with an increasing applied voltage.
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[0410] The display characteristics of the liquid crystal dis-
play of Example 12 assembled in the above manner are
graphed in FIG. 22. The display characteristics of FI1G. 22
were measured in the same manner as Example 1, and in the
drawing, the horizontal axis represents a root mean square
value of the applied voltage and the vertical axis represents
the brightness (reflectance or transmittance).

[0411] InFIG. 22, a curve 351 indicates the voltage depen-
dence of the reflectance of the reflection display section9, and
a curve 352 indicates the voltage dependence of the transmit-
tance of the transmission display section 10 in the liquid
crystal display of Example 12. Although the optical charac-
teristics differ in the reflection display section 9 depending on
the position on the comb-shaped electrode 53, the optical
characteristics of the most typical portion are set forth in FIG.
22.

[0412] As can be understood from F1G. 22, the liquid crys-
tal display of Example 12 shows the dark display both in the
reflection display section 9 and transmission display section
10 when no voltage is applied, and both the reflectance and
transmittance increase with an increasing applied voltage.
That is, when the applied voltage is 2V, both the reflectance of
the reflection display section 9 and the transmittance of the
transmission display section 10 are 3%, and when the applied
voltage is increased to 5V, both increase to 35% and 38%,
respectively. Thus, the above liquid crystal display can attain
satisfactory brightness and contrast ratio for the light display
both in the reflection display section 9 and transmission dis-
play section 10, thereby realizing the display with excellent
visibility. Also, since the contrast ratio is higher in the trans-
mission display section 10 than in the reflection display sec-
tion 9, the above liquid crystal display can further improve the
display quality and show more satisfactory display.

[0413] As has been explained, according to Example 12, it
was confirmed that there can be provided a liquid crystal
display of the transflective type which can realize the reflec-
tion display on the region above the comb-shaped line 53,
which could not be used for the display in the conventional
IPS system, while attaining high light utilization.

[0414] In the present embodiment, besides the method
using the nematic liquid crystal in the aforementioned IPS
mode, a method using the ferroelectric liquid crystal display
mode or a method using the anti-ferroelectric liquid crystal
display mode can be adopted as a method for realizing the
above-described director configuration of the liquid crystal.
[0415] InExample 13 below, a liquid crystal display using
the ferroelectric liquid crystal display mode will be explained
as another example liquid crystal display for realizing the
above-described director configuration of the liquid crystal.

Example 13

[0416] In the present example, a liquid crystal cell is pro-
duced in the same manner as its counterpart used for assem-
bling the liquid crystal display of Example 1 except that:
[0417] surface-stabilized ferroelectric liquid crystal is used
as a liquid crystal material,

[0418] the thicknesses (d) of the liquid crystal layer 11in the
transmission display section 10 and reflection display section
9 are set to 1.4 m and 0.7 m, respectively;

[0419] n d of the liquid crystal layer 1 in the reflection
display section 9 and transmission display section 10 are set
to 130 nm and 260 nm, respectively; and
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[0420] a reflective electrode is used for a region corre-
sponding to the reflection display section 9 instead of forming
the reflection film 8 over the electrode 7 for the reflection
display section 9.

[0421] To be more specific, the insulation film 11 is pat-
terned over the substrate 5 (glass substrate) in such a manner
that no photosensitive resin is left in the transmission display
section 10, while a 0.7 m-thick layer of the photosensitive
resin is formed in the reflection display section 9. Also, a
reflective electrode is formed where the insulation film 11 is
formed (reflection display section 9), and a transparent elec-
trode is formed where the insulation film 11 is not provided
(transmission display section 10). Then, the alignment film 3
is formed on the substrate 5 on the surface on which is formed
the electrode, to which the alignment treatment is applied by
means of rubbing, whereby the electrode substrate is pro-
duced. The other electrode substrate (opposing substrate)
placed in an opposing position to the electrode substrate thus
obtained is arranged in the same manner as its counterpart in
Example 1. Then, the liquid crystal cell is produced by filling
a space between the two electrode substrates with ferroelec-
tric liquid crystal composition containing the surface-stabi-
lizing ferroelectric liquid crystal. Subsequently, the liquid
crystal display is assembled by laminating the phase differ-
ence compensation plates 16 and 17 and the polarization
plates 14 and 15 to the outside of the respective electrode
substrates forming the liquid crystal cell. Herein, the phase
difference compensation plate 16 is composed of a single
phase difference compensation plate, and the phase differ-
ence compensation plate 17 is composed of two phase differ-
ence compensation plates.

[0422] The optical of the polarization plates 14 and 15,
phase difference compensation plates 16 and 17, and the
liquid crystal layer 1 (that is, the lamination orientation of the
polarization plates 14 and 15, and phase difference compen-
sation plates 16 and 17, and the alignment orientation of the
liquid crystal of dark display and light display) in the liquid
crystal display of the present example is set forth in Table 8
below for ready comparison with reference to a common
orientation.

[0423] The optical shown in Table 8 is the position of each
optical element on the display surface when the viewer
observes the display surface, and each phase difference com-
pensation plate forming the phase difference compensation
plate 17 is set forth in accordance with the actual position
from the viewer’s side. Also, in Table 8, each orientation is
expressed in degrees from the reference orientation set arbi-
trarily on the display surface, and the retardation of each
phase difference compensation plate is expressed in nm with
respect to a beam of monochrome light having the wavelength
of 550 nm.

TABLE 8
EXAMPLE 13
SEC.9 SEC.10
PLATE 14 TRANSMISSION AXIS 0
ORIENTATION (°)
PLATE PLATE SLOW AXIS ORIENTATION (°) 15
16 RETARDATION (nm) 270
LC LAYER 1 SUBSTRATE 51 D: 75
ALIGNMENT ORIENTATION (°) L: 120
SUBSTRATE 54 D: 75
ALIGNMENT ORIENTATION (°) L: 120
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TABLE 8-continued

EXAMPLE 13

SEC.9 SEC.10
PLATE PLATE SLOW AXIS ORIENTATION (%) -15
17 RETARDATION (nm) 270
PLATE SLOW AXIS ORIENTATION (°) =75
RETARDATION (nm) 270
PLATE 15 TRANSMISSION AXIS 90

ORIENTATION ()

SEC. 9: SECTION 9

SEC. 10: SECTION 10

D: ORIENTATION WHEN DARK DISPLAY IS OBSERVED

L: ORIENTATION WHEN LIGHT DISPLAY IS OBSERVED
PLATES 14 x 15: POLARIZATION PLATES

PLATES 16 x 17: PHASE DIFFERENCE COMPENSATION PLATES

[0424] The liquid crystal display assembled in the above
manner can attain satisfactory brightness and contrast ratio
both in the reflection display section 9 and transmission dis-
play section 10.

[0425] As has been explained, any type of liquid crystal
display which can realize different director configurations of
the liquid crystal and different thicknesses of the liquid crys-
tal layer in the reflection display section 9 and transmission
display section 10 simultaneously can serve as the liquid
crystal display of the transflective type of the present inven-
tion and show satisfactory display even if the alignment direc-
tion of the liquid crystal layer 1 changes in the plane of the
liquid crystal layer upon the voltage application. In case that
the liquid crystal display adopts the IPS mode, the light effi-
ciency can be improved compared with the conventional lig-
uid crystal display of the transmission type also adopting the
IPS mode. In addition, the liquid crystal display of the present
embodiment can be used in the other modes using the ferro-
electric liquid crystal and the like.

Embodiment 7

[0426] Inthe present embodiment, a specific example of an
element substrate and a color filter substrate driven by an
active matrix, which realize the arrangement of the liquid
crystal display of the present invention, will be explained.
[0427] In assembling the liquid crystal display of the
present invention aiming at displaying an image, it is very
critical to set a ratio of the transmission display section and
reflection display section based on how frequently the liquid
crystal display is mainly used for the transmission display and
reflection display.

[0428] To be more specific, in a first style, like the liquid
crystal display of the transmission type currently used, the
transmitted light from the lighting device (back light) serving
as the back lighting means is mainly used for the display, and
the reflection display section is used to prevent the wash-out
(this style is referred to as the transmission-main transflective
type, hereinafter).

[0429] 1In a second style, the reflection display is mainly
used for the display, in which the power-consuming back light
is turned ON/OFF frequently depending on the circumstances
to save the power consumption, and therefore, the back light
is turned ON only when the ambient light is so weak that the
display content can not be seen by the reflection display alone
(this style is referred to as the reflection-main transflective
type, hereinafter).
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[0430] The above two styles are distinguished from each
other based on whether the display is chiefly shown by the
transmission display or reflection display, and for this reason,
a specific area ratio of the transmission display section and
reflection display section, a color of the color filter in case of
color display, etc. must be designed differently in each style.
[0431] Thus, inthe first place, a liquid crystal display using
for display TFT elements as adopting one of the active matrix
methods will be explained as an example of the liquid crystal
display of the transmission-main transflective type. Herein-
after, like components are labeled with like reference numer-
als with respect to Embodiments 1 through 6, and, for ease of
explanation, the description of these components is not
repeated here.

[0432] To begin with, the arrangement of the substrate in
the liquid crystal display of the transmission-main transflec-
tive type using the TFT elements for the display will be
explained with reference to FIGS. 23(a) through 25.

[0433] FIG.23(a)is aplan view illustrating a major portion
of the TFT element substrate for realizing the liquid crystal
display of the transmission-main semi-transmission type of
present embodiment. FI1G. 23(6) is a view showing a driving
electrode 19 for the reflection display section 9 (see FIGS. 1,
4, 24, and 25) on the TFT element substrate of FIG. 23(a).
FIG. 23(c) is a view showing a transparent pixel electrode 20
on the TFT element substrate of FIG. 23(a).

[0434] FIG. 24 is a cross section of the TFT element sub-
strate sliced on line A-A' of FIG. 23(a). To be more specific,
FIG. 24 is a cross section of the TFT element substrate tra-
versing the TFT element 21 to the driving electrode 19 and
transparent pixel electrode 20 and further to a storage capaci-
tor section 26. FIG. 25 is a cross section of the TFT element
substrate of FIG. 23(a) sliced on line B-B' of FIG. 23(a), and
shows the arrangement on the cross section at a boundary
portion of adjacent pixels.

[0435] As shown in FIGS. 23(a), 24, and 25, a pixel elec-
trode 18 driving the liquid crystal layer 1 (see FIGS. 1 and 4)
is composed of the driving electrode 19 (display content
overwriting means, voltage applying means) in the reflection
display section 9 and the transparent pixel electrode 20 (dis-
play content overwriting means, voltage applying means)
made of ITO. The driving electrode 19 may be a reflective
electrode rendering the reflecting properties. Also, the driving
electrode 19 and transparent pixel electrode 20 may be elec-
trically connected to each other when adopting a display
method in which the display is not inverted when the displays
are shown on the same voltage.

[0436] The driving electrode 19 and transparent pixel elec-
trode 20 are connected to a drain terminal 22 of the TFT
element 21 which controls a voltage applied to each pixel for
the display. In case that the driving electrode 19 is a reflective
electrode and furnished with a transmission display opening
19a, a region where the transmission display opening 19a is
made through is used for the transmission display as the
transmission display section 10.

[0437] On the layer beneath the driving electrode 19, the
TFT element 21, lines 23 and 24, storage capacitor section 26
and a storage capacitor line 27 are provided. Note that, how-
ever, since these components are made of light-blocking
material, such as metal, the TFT element substrate is pro-
duced in such a manner that none of these components is
provided in the transmission display opening 19a. In FIG.
23(a), the driving electrode 19 is indicated by a two-dot chain
line.
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[0438] Also, as shown in FIG. 24, a major portion of the
driving electrode 19 of the reflection display section 9 for
applying a voltage to the reflection display section 9 forming
the driving electrode 18 is spaced apart from the surface of the
substrate 19 on which are formed the lines 23 and 24 for
driving the TFT element 21 and the TFT element 21 (TFT
element substrate surface) by an organic insulation film 25.
The organic insulation film 25 is made of an organic insula-
tion material having a low dielectric constant so as to have a
layer thickness of 3 m for the following reasons:

[0439] to prevent a parasitic capacitor component, formed
between the pixel electrode 18 and the line 23 which will be
used as the gate line of the TFT element 21 or the line 24
which will be used as the source line of the TFT element 21,
from delaying or deforming a gate signal waveform or a
source signal waveform which controls the opening/closing
action of the TFT element 21, so that a high-resolution dot
matrix display is shown; and

[0440] to improve the optical characteristics of the reflec-
tion display section 9 and transmission display section 10 in
the liquid crystal display of the present embodiment.

[0441] The pixel electrode 18 is connected to the drain
terminal 22 ofthe TFT element 21. The drain terminal 22 is an
n* amorphous silicon layer doped to form the n type semi-
conductor, and serves as the drain electrode of the TFT ele-
ment 21. Inthe TFT element substrate of the present embodi-
ment, the ITO layer placed to touch the drain terminal 22 is
used as the transparent pixel electrode 20, and the driving
electrode 19 of the reflection display section 9 is formed on
the organic insulation film 25 which is patterned in such a
manner as to cover the transparent pixel electrode 20 partially.
In other words, in the liquid crystal display of the transmis-
sion-main transflective type using the TFT element substrate
of FIG. 24, the transparent pixel electrode 20 used for the
transmission display and the driving electrode 19 used for the
reflection display are electrically connected at the pattern
boundary of the organic insulation film 25. Further, smooth
protrusion and depressions may be provided on the surface of
the driving electrode 19 of the reflection display section 9 as
shown in FIGS. 24 and 25 to prevent the surface from turning
into a specular reflector.

[0442] Also, as shown in FIG. 25, the organic insulation
film 25 is formed to cover the line 24 connected to the source
terminal 28 of the TFT element 21 at the boundary of adjacent
pixels on the TFT element substrate, whereby the driving
electrode 19 of the reflection display section 9 is formed on
the organic insulation film 25.

[0443] The TFT element substrate produced in this manner
can control the parasitic capacitor component produced by
the pixel electrode 18 and lines 23 and 24 through the organic
insulation film 25 by setting an appropriate relation between
the layer thickness and dielectric constant of the organic
insulation film 25. Thus, as shown in FIG. 23(a), the driving
electrode 19 of the reflection display section 9 can be
extended directly above the lines 23 and 24. In this case, a
space between the adjacent pixel electrodes 18 can be nar-
rowed, and the leaking electric field from the lines 23 and 24
to the liquid crystal layer 1 through such a space can be
reduced. Consequently, the director configuration of the lig-
uid crystal layer 1 is hardly disturbed. Thus, the director
configuration of the liquid crystal in the liquid crystal layer 1
can be controlled closer to the boundary between adjacent
pixel electrodes 18 by setting an adequate relation between
the layer thickness and dielectric constant of the organic
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insulation film 25. Hence, there can be produced a TFT ele-
ment substrate for the liquid crystal display of the transmis-
sion-main transflective type having a high aperture. In the
present embodiment, the organic insulation film 25 is made of
an organic insulation material having a relative dielectric
constant of 3.5 to have a film thickness of 3 m.

[0444] As has been explained, in the present embodiment,
the TFT element substrate, in which 45% of the entire pixel
area is used for the transmission display, and 38% of the same
is used for the reflection display, is produced. Given that the
most general conventional TFT liquid crystal display of the
transmission type attains an aperture of about 50% in the
transmission display section, the present TFT element sub-
strate can be said to be the TFT element substrate for a liquid
crystal display of the transmission-main transflective type
with high light efficiency, because it secures a ratio for the
area of the transmission display section 10 which is substan-
tially the same as in conventional displays, and also shows
display by adding the luminance of the display light in the
reflection display section 9 to the transmission display light.

[0445] The reason why the liquid crystal display of the
present embodiment can attain high light utilization is
because the light blocking components, such as TFT elements
21, lines 23 and 24, storage capacitor 26, and storage capaci-
tor line 27, are provided to the reflection display section 9, and
thus these components do not cause any loss of the light used
for the liquid crystal display.

[0446] Next, the color filter substrate placed to oppose the
TFT element substrate produced in the above manner will be
explained with reference to FIGS. 26(a) and 26(5).

[0447] As shown in FIGS. 26(a) and 26(b), three color
filters, namely, a color filter 61R for red (R), acolor filter 61G
for green (G), and a color filter 61B for blue (B), are formed
onthe color filter substrate. Each of the three color filters 61R,
61G, and 61B is made of photosensitive resin in which a
pigment is dispersed, and formed separately on the glass
substrate 62 as a planar and stripe color layer in a matching
position with the pixels on the TFT element substrate.

[0448] Further, as shown in FIG. 26(5), a smoothing layer
501 made of transparent acrylic resin is formed on the glass
substrate 62 on the surface where the color filters 61R, 61G,
and 61B are formed to cover the same. Also, a 140 nm-thick
ITO film is sputtered on the smoothing layer 501, using a
blocking mask covering non-specified portions, to serve as a
counter electrode 502 (display content overwriting means,
voltage applying means) for the pixel electrode 18 of the TFT
element substrate. Consequently, the color filters 61R, 61G,
and 61B are separated from each other by transparent regions.

[0449] The superimposing position of the color filter sub-
strate and TFT element substrate is shown in FIG. 26(a). That
1s, the transmission display opening 19a (transmission dis-
play section 10) of the driving electrode 19 formed in the
reflection display section 9 on the TFT element substrate is
completely covered with the stripe color filters 61R, 61G, and
61B. On the other hand, only the portion of the driving elec-
trode 19 in the reflection display section 9 along the extending
direction of the color filters 61R, 61G, and 61B is covered
with the color filters 61R, 61G, and 61B. The transparent
regions between adjacent color filters 61R, 61G, and 61B are
placed to oppose the driving electrode 19 formed in the reflec-
tion display section 9 at the other portion (the portion other
than the one along extending direction of the color filters 61R,
61G, and 61B).
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[0450] FIG. 27 shows the positions of the reflection display
section 9, transmission display section 10, color filters 61R,
61G, and 61B by way of a combination of the color filter
substrate and TFT element substrate. FIG. 27 is a cross sec-
tion of a major portion of the liquid crystal display sliced on
line C-C' of FIG. 26(a), that is, the cross section cut along the
line C-C' of the color filter substrate and TFT element sub-
strate superimposed for the use of the liquid crystal display.

[0451] Thus, any of the color filters 61R, 61G, and 61B is
formed in the transmission display section 10, and the portion
of the reflection display section 9 other than the one along the
extending direction of the color filters 61R, 61G, and 61B
corresponds to the transparent regions among the color filters
61R, 61G, and 61B.

[0452] According to the above arrangement, the color fil-
ters 61R, 61G, and 61B of the same kind as those used for the
transmission display function only on a part of the reflection
display section 9. Consequently, the color display can be
realized in the reflection display, and reflectance necessary
for the refection display section can also be secured.

[0453] The transmission colors shown by the light having
passed through the color filter substrate produced as shown in
FIGS. 26(a) and 26(b) may be the same transmission colors of
RGB used for liquid crystal displays of the transmission type
for each of the RGB pixels, or may be adjusted in an adequate
manner, as the case may be.

[0454] In a combination of the TFT element substrate and
color filter substrate shown in FIGS. 26(a) and 27, the trans-
mission display section 10 shows the display using only the
light having passed through the color filters 61R, 61G, and
61B, and part of the reflection display section 9 shows the
display using the color filters 61R, 61G, and 61B used for the
transmission display section 10, and the rest shows the dis-
play without using the color filters 61R, 61G, and 61B. This
is because the reflection display section 9 can not attain suf-
ficient brightness if it uses the color filters 61R, 61G, and 61B
entirely, and the brightness is compensated by providing
therein a portion where the color filters 61R, 61G, and 61B are
not used.

[0455] Further, in the present embodiment, since the dis-
play light passes through the color filters 61R, 61G, and 61B
twice in the reflection display section 9, color filters 61R,
61G, and 61B may be used in the reflection display section 9
which have higher brightness than those used in the transmis-
sion display section 10.

[0456] Also, as in the present embodiment, the color filters
61R, 61G, and 61B may be provided at least to the transmis-
sion display section 10, and the reflection display section 9
may have a region (portion) where no color filters 61R, 61G,
and 61B are provided. Further, the color filters 61R, 61G, and
61B may be provided to the transmission display section 10
alone, and not to the reflection display section 9.

[0457] Incase that color filters 61R, 61G, and 61B are not
provided to the reflection display section 9, a display voltage
signal necessary for the transmission display is a signal suit-
able for a color display, and a display voltage signal necessary
for the reflection display is a signal suitable for a mono-
chrome display. For this reason, there arises a driving prob-
lem that the percentage of the contribution of each of the RGB
pixels to the brightness is proportional to the luminous trans-
mittance (Y value) of each color in the transmission display
section 10, but the percentage in each pixel is the same in the
reflection display section 9.
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[0458] To be more specific, if the display brightness in a
case where the B pixels alone show light display is compared
to the display brightness in a case where the G pixels alone
show light display, the brightness in each pixel, in which the
luminous transmittance is concerned, varies in the transmis-
sion display section 10 where the color filters 61R, 61G, and
61B are provided, but is the same in the reflection display
section 9 where the color filters 61R, 61G, and 61B are not
provided.

[0459] This problem can be eliminated by changing the
area of the portion of the reflection display section 9 in each
of the RGB pixels that does not show the color display in
accordance with the Y value for each of the RGB colors of the
color filters 61R, 61G, and 61B used for the transmission
display. Accordingly, the contribution of the monochrome
display of the reflection display section 9 to the brightness in
each of the RGB pixels can be adjusted by changing the
respective areas of the reflection display section 9 in each
RGB pixel and the brightness of the monochrome display
based on the area of the reflection display section 9 can be
reflected in the display luminance of each color.

[0460] In addition, the same effect can be obtained by set-
ting the ratio of coverage of the reflection display section 9 by
the color filter to a different value for each color, in the order
G, R, B from smallest to largest. This method has another
advantage that the slight green coloring occurred when a
normal polarization plate is used can be compensated. Also,
in case that the color filter substrate and TFT element sub-
strate are superimposed as shown in FIG. 26(a), a relatively
large allowance can be secured in the accuracy of the super-
imposing position. The reason why is because each pixel
exists between portions where no color filter is formed in the
reflection display section 9, if an area of one of those portions
increases by the position shift, the other decreases accord-
ingly.

[0461] When the TFT element substrate and color filter
substrate described as above are used, transmission display as
good as the transmission display shown in conventional TFT
liquid crystal displays can be displayed with the use of the
lighting device (back light) as the back light means. Further,
even when the ambient light is too bright, the display content
can be seen because the reflected light is used to display the
display content very close to the display content in the trans-
mission display. Hence, there can be realized a high-resolu-
tion color liquid crystal display which does not cause parallax
and does not wash out even when used with too bright ambi-
ent light.

[0462] Next, the arrangement of the substrate of the liquid
crystal display of the reflection-main transflective type will be
explained with reference to FIGS. 28, 29(a) and 29(b). In the
liquid crystal display of this type, the arrangements of the
TFT element display and color filter substrate are changed, so
that it is mainly used as a low power consuming liquid crystal
display which uses the reflected light of the ambient light for
the display, and shows the transmission display when the
ambient light is not sufficiently strong.

[0463] FIG. 28 is a plan view showing a major portion of
the TFT element substrate for realizing a liquid crystal dis-
play of the reflection-main transflective type of Embodiment
7, and it shows the TFT element substrate which mainly
reflects light. In the drawing, the driving electrode 19 is rep-
resented by a two-dot line.

[0464] AsshowninFIG. 28, theliquid crystal display of the
reflection-main transflective type is arranged in the same
manner as the above liquid crystal display of the transmis-
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sion-main transflective type except that the transmission dis-
play opening 19a of the driving electrode 19 and the trans-
parent pixel electrode 20 are made smaller than their
respective counterparts on the TFT element substrate used in
the liquid crystal display of the transmission-main transflec-
tive type.

[0465] In other words, in the liquid crystal display of the
reflection-main transflective type, as shown in FIG. 28, the
pixel electrode 18 which drives the liquid crystal layer 1
(FIGS. 1 and 4) is composed of the driving electrode 19 and
the transparent pixel electrode 20 made of ITO in the reflec-
tion display section 9, and the driving electrode 19 and trans-
parent pixel electrode 20 are connected to the drain terminal
22 of the TFT element 21 which controls a voltage applied to
each pixel for the display. Also, the driving electrode 19 is
furnished with the transmission display opening 194, and in
case that the driving electrode 19 is the reflective electrode, a
region where the transmission display opening 19« is made
through is used for the transmission display as the transmis-
sion display section 10 (FIGS. 24, 25, and 27).

[0466] Also, the TFT element 21, lines 23 and 24, storage
capacitor section 26, and storage capacitor line 27 are pro-
vided on the layer beneath the driving electrode 19, and these
components are provided outside of the transmission display
opening 19a.

[0467] Note that, however, the TFT element substrate of
FIG. 28 is arranged in such a manner that the transmission
display section 10 is smaller and the reflection display section
9 (FIGS. 24, 25, and 27) is larger compared with those in the
TFT element substrate used in the liquid crystal of the trans-
mission-main transflective type.

[0468] Inthis manner, in the present embodiment, the TEFT
element substrate using 13% of the entire pixel area for the
transmission display and 70% of the entire pixel area for the
reflection display is produced as the TFT element substrate
for the liquid crystal display of the reflection-main transflec-
tive type.

[0469] Compared with the ratio of the transmission display
section 10 in the TFT element substrate of the liquid crystal
display of the transmission-main transflective type, 13% is a
relatively small value for the ratio of the transmission display
section 10 in the TFT element substrate for the liquid crystal
display of the reflection-main transflective type. However, in
case of the liquid crystal display of the reflection-main trans-
flective type using the TFT element substrate, if the transmis-
sion display is shown only when the display content can not
be seen with reflection display alone, the ON time of the
lighting device (back light) as the back light means is con-
trolled. Consequently, the power consumption can be saved,
thereby proving of the practical use of the present liquid
crystal display.

[0470] Next, the following will explain the arrangement of
the color filter substrate used in a combination with the TFT
element substrate with reference to FIGS. 29(a) and 29(b).
[0471] As shown in these drawings, the color filter 61R for
red (R), color filter 61G for green (G), and color filter 61B for
blue (B) are provided on the glass substrate 62 in stripes in the
same manner as the color filter substrate for the liquid crystal
display of the transmission-main transflective type of FIGS.
26(a) and 26(b). A smoothing layer 501 made of transparent
acrylic resin is formed on the glass substrate 62 on the surface
where the color filters 61R, 61G, and 61B are formed to cover
the same. Also, a ITO film is sputtered on the smoothing layer
501, using a blocking mask covering non-specified portions,
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to serve as a counter electrode 502 for the pixel electrode 18
of the TFT element substrate. Note that, however, the color
filter substrate for the liquid crystal display of the reflection-
main transflective type of FIGS. 29(a) and 29(b) is different
from the one used for the liquid crystal display of the trans-
mission-main transflective type of FIGS. 26(a) and 26(d) in
planar shapes and spectral transmittance in each color.
[0472] To be more specific, on the color filter substrate of
the liquid crystal display of the reflection-main transflective
type, the color filters 61R, 61G, and 61B (color layer) are
formed to cover the reflection display section 9 on the TFT
element substrate entirely, and these color filters 61R, 61G,
and 61B are made to attain high brightness to allow the
display light to attain satisfactory brightness after having
passed through the color filters 61R, 61G, and 61B twice,
because the display light passes through the color filters 61R,
61G, and 61B twice in the reflection display section 9.
[0473] Forthisreason, satisfactory reflection display can be
shown in the reflection display section 9 by means of a com-
bination of a TFT element substrate having the reflection
display section 9 in a large ratio, and a corresponding color
filter substrate suited to reflection display.

[0474] Further, in the transmission display section 10, the
transmission display opening 194 is small, but the display
content can also be seen during the transmission display,
which is used only when the ambient light is not sufficiently
strong by suing the lighting device (back light) as the back
lighting means. This is the difference that distinguishes the
liquid crystal display of the reflection-main transflective type
of the present embodiment from a conventional liquid crystal
display of the reflection type. With the liquid crystal display
of the reflection-main transflective type of the present
embodiment, when the transmission display is shown by the
color filters 61R, 61G, and 61B adjusted suitably for the
reflection display, the chroma is not satisfactory but the dis-
play colors can be confirmed.

[0475] Thus, in case that the above liquid crystal display of
the reflection-main transflective type shows the color display,
it is effective to use an arrangement whereby the color filters
61R, 61G, and 61B are provided to the reflection display
section 9 to show the color display, and in the transmission
display section 10, either the color filters 61R, 61G, and 61B
are not provided or color filters 61R, 61G, and 61B having
chroma at least as good as the chroma of those provided to the
reflection display section 9 are provided partially.

[0476] As has been discussed, the liquid crystal display of
the reflection-main transflective type can be arranged in such
amanner that the color filters 61R, 61G, and 61B are provided
at least to the reflection display section 9, and the transmis-
sion display section 10 has a portion where the color filters
61R. 61G, and 61B are not provided, or the color filters 61R,
61G, and 61B are not provided to the transmission display
section 10, so that it shows the monochrome display. In the
latter case, the transmission display section 10 can be made
smaller because the light transmittance increases. Conse-
quently, a larger area can be secured as the reflection display
section 9, and more satisfactory display can be obtained in the
normal reflection display.

[0477] In this case, like in the liquid crystal display of the
transmission-main transflective type, the area of the portion
of the display section where the color display is not shown,
that is, the area of the portion of the transmission display
section 10 that does not show the color display, may be
changed for each of the RGB pixels in accordance with the Y
value of each color of the color filters 61R, 61G, and 61B. In
other words, each substrate may be produced in such a man-
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ner that the ratio of the transmission display area for each of
the RGB pixels is changed, so that the contribution of mono-
chrome display of the transmission display section 10 to the
brightness in each of the RGB pixels is set adequately by
taking the luminous transmittance into consideration.

[0478] On the other hand, although the power consumption
increases for turning ON the lighting device (back light) as
the back light means, vivid color filters suitable for the trans-
mission display in the transmission display section 10 can be
used by brightening the light emanated from the lighting
device (back light) sufficiently. In this case, not only the
chroma, but also the color reproduction of the transmitted
light can be secured. In any case, it is very important to keep
the lighting device (back light) turned OFF as much as pos-
sible to save the power consumption.

[0479] As has been explained, according to the present
embodiment, it has become possible to provide a liquid crys-
tal display of the reflection-main transflective type which can
save the power consumption during normal use, and prevent
wash-out in the reflection display section 9, while showing
the transmission display using the back light means (back
light) when occasion demands.

[0480] Intheabove explanation, the TFT element 21 is used
as the switching element in the active matrix method, and an
amorphous silicon TFT element of the bottom gate type is
used as an example of the TFT element 21. However, the
switching element of the present embodiment is not limited to
the above disclosure, and may be a polysilicon TFT element,
or an MIM (Metal Insulator Metal) element known as a 2-ter-
minal element, for example. Also, it should be appreciated
that these active elements are not necessarily used, and can be
omitted, as the case may be.

[0481] Ashas been explained, in each liquid crystal display
of the present embodiment, the thickness of the liquid crystal
layer can be changed in the reflection display section 9 and
transmission display section 10 by a film thickness of the
organic insulation film 25 by employing the TFT element
substrate, in which the driving electrode 19 serving as the
display electrode is separated from the lines 23 and 24 by the
organic insulation film 25. Moreover, in each liquid crystal
display of the present embodiment, even when a thickness of
the organic insulation film 25 is as thin as 3 m (at whicha high
capacitor display is allowed based on the line resistance and
parasitic capacitor of the TFT element substrate), a difference
in liquid crystal layer thickness sufficient to realize satisfac-
tory display on both the reflection display section 9 and trans-
mission display section 10 (as has been discussed Embodi-
ments 1 and 2) can be secured.

[0482] Thus, a liquid crystal display capable of showing
high capacitor display can be provided by employing the TFT
element substrate arranged in the manner illustrated in FIG.
23(a) or 28 and adopting the liquid crystal display method
described in Embodiment 1 or 2.

[0483] Further, since the TFT element substrate using the
above-mentioned organic insulation film 25 has been applied
in part to the liquid crystal displays for the transmission
display alone adopting the normal TFT element driving
method, the above TFT element substrate has fewer technical
problems for the mass production, thereby proving of its high
probabilities for the practical application.

[0484] The inventors of the present invention have been
carrying out an assiduous study on the production of a reflec-
tion film rendering satisfactory reflection properties by
smooth protrusion and depressions provided thereon to pre-
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vent the display surface from turning into a specular reflector
in the liquid crystal display of the reflection type. They dis-
covered that a similar surface with the protrusion and depres-
sions can be formed on the organic insulation film 25 used in
the present invention. Accordingly, the TFT element substrate
for the liquid crystal display of the transmission-main trans-
flective type of FIGS. 23(a) through 27 is furnished with the
protrusions and depressions in a portion corresponding to the
reflection display section 9.

[0485] As has been explained, the present embodiment
includes the liquid crystal display of the transmission-main
transflective type and the reflection-main transflective type,
and a ratio of the display surfaces of the transmission display
section and reflection display section, colors of the color
filters in case of color display, etc. are changed depending on
whether the display is mainly shown by the transmission
display or reflection display.

[0486] Next, a ratio of the transmission display section and
reflection display section in the liquid crystal display of the
present invention will be explained in Embodiment 8 below.

Embodiment 8

[0487] A ratio between the respective areas of the transmis-
sion display section and reflection display section must be set
by taking the visibility into consideration. Stevens et al.
(“Brightness Function: Effect of Adaptation”, Journal of the
Optical Society of America, Vol. 53, No. 3, page 375) inves-
tigates the brightness perceived visually (perceived bright-
ness), giving consideration the adaptation of human vision.
According to this publication, even when a human is seeing
objects with the same luminance, the perceived brightness
depends on the brightness to which he is currently adapted,
and there has been established a quantitative relation therebe-
tween.

[0488] FIG. 30 shows a relation of the adapted brightness
for providing the perceived brightness values ranging from 5
brils to 45 brils versus the sample luminance, which was
prepared based on the study of Stevens et al. expressed in
different units. In the drawing, the horizontal axis represents
the adapted luminance (unit: cd/m?) to which a viewer of the
sample is adapted, and the vertical axis represents the lumi-
nance (unit: cd/m?) of the sample (sample luminance) pre-
sented to the viewer.

[0489] In the drawing, a point A represents the perceived
brightness when a viewer adapted to the adapted luminance of
1 cd/m? observes a sample having a surface at the luminance
of 10 cd/m?, and a point B represents the perceived brightness
when a viewer adapted to an adapted luminance of 1700
cd/m® observes a sample having a surface at the luminance of
300 cd/m?. FIG. 30 reveals that, given the fact that the per-
ceived brightness on both the points A and B shows the same
value (9.4 brils), the brightness perceived by human is
affected not only by the luminance of the display surface, but
also by the adapted luminance.

[0490] Next, the adaptation of the viewer of the display
surface of a liquid crystal display will be discussed.

[0491] To begin with, the object to which the viewer adapts
will be discussed. When a human observes a particular object
and adapts to its brightness, he adapts to the luminance on the
surface of the visible object in the visual surroundings, which
generally varies with the circumstantial conditions. However,
it is very useful to take the adapted object into consideration
as akind of measure, that is, to consider the situation in which
the observed object is assumed to be a surface reflecting the
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ambient light. This is because whether indoors or outdoors, a
human more often adapts to reflection surfaces illuminated by
a light source than to the light-emitting light source itself. In
the following, the adaptation of the viewer who adapts one’s
vision to the object’s reflection surface will be discussed.
[0492] In this case, the adapted luminance of FIG. 30 is
represented by a value obtained by multiplying a predeter-
mined value with the illuminance on the object surface to
which the viewer adapts, lighted by an illuminating light
source. Let [ be the illuminance (unit: lux) and B be the
luminance (unit: cd/m?), then, the luminance (B) on a surface
having a reflectance ratio R in the reference of the perfect
reflecting diffuser surface is computed as: B=L.R/. Herein, it
is appropriate to use a surface of N5 on Munsell color stan-
dard known as having average reflectance for objects gener-
ally observed by humans, and to treat the adapted luminance
as the luminance of the surface of the N5 on Munsell color
standard lighted by predetermined illuminance. In this case,
Ris 0.2,

[0493] Further, assume that the illuminance light source
lighting the surface of N5 on Munsell color standard as the
representative of the observed object also lights the surface of
a sample object whose perceived brightness is evaluated
under the adapted conditions. By the above assumption, the
perceived brightness of the reflection display section when
the viewer is observing the liquid crystal display can be linked
to the illuminance at which the liquid crystal is lighted
through the adapted luminance. Consequently, specific
reflectance or ratio of the area of the reflection display section
can be selected based on the data obtained from the psycho-
physical experiments.

[0494] As the result of the study of the inventors of the
present invention, a specific standard for perceived brightness
can be expressed as the brightness values set forth in Table 9
below. The inventors reproduced several combinations of the
adapted luminance and sample luminance, and discovered
that the brightness expression set forth in Table 9 below is
appropriate. Table 9 can be used as the reference when setting
the reflection display section based on the perceived bright-
ness.

TABLE 9

PERCEIVED
BRIGHTNESS (UNIT: brils)

0£PB <5 TOO DARK TO SEE

S£PB <10 DARK
10£ PB <20 NORMAL
20£PB <30 BRIGHT AND GOOD OBSERVATION
30£PB TOO BRIGHT

[0495] Here, typical reflectance (R) of the liquid crystal
display of the reflection type is about 30% in the polarization
plate method. Thus, the operation of the liquid crystal display
of the transflective type of the present invention will be
explained using the above specific value.

[0496] A straight line 601 of FIG. 30 indicates the display
operation of the liquid crystal display having the reflectance
01 30%. In other words, let L (unit: lux) be the illuminance of
the illuminance light source lighting the luminance surface to
which the viewer adapts, then the adapted luminance by the
surface of N5 on Munsell color standard is computed as 0.2
L/, because the reflectance (R=20%) of the surface of N5 on
Munsell color standard varies with the luminance (I/) of the
perfect reflecting diffuser surface lighted by the same illumi-
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nance light source. Likewise, the luminance on the display
surface of the liquid crystal display (sample object) having
the reflectance 0f 30% when lighted by the same illuminance
light source can be computed as: 0.3 L/. In other words, the
straight line 601 is obtained by plotting the varying illumi-
nance (L) on the points which satisfy a relation established
between the horizontal axis of 0.2 L/ and the vertical axis of
0.3 L/. As in the case of using the liquid crystal display having
the reflectance 0f30% as the sample object, a straight line 602
is obtained by plotting the varying illuminance (L) on the
points which satisty a relation established between the hori-
zontal axis of 0.2 [/ and the vertical axis of 0.1 /.

[0497] Next, the usable circumstances of the above liquid
crystal display having the reflectance of 30% will be dis-
cussed in the following. The adapted luminance by the sur-
face of N5 on Munsell color standard at the illuminance
(about 100,0001ux) of direct sunlight in fair weather, which is
the brightest illuminating conditions a human can experience
in normal life, is about 6000 cd/m?>. Here, as shown in FIG.
30, the perceived brightness on the display surface of the
liquid crystal display having the reflectance of 30% is the
intersection of the straight line 602 and a straight line 605
indicating the adaptive luminance of 6000 cd/m?, or approxi-
mately 30 brils, which is as shown in Table 9 above, is too
bright. For this reason, the perceived brightness at lower
illuminance is below the value of the above perceived bright-
ness. Hence, the illuminance capable of securing a perceived
brightness of 10 brils is about 450 lux (found by calculating
backward from the corresponding adapted luminance using
the above equation). In other words, when light display hav-
ing brightness between 10 brils and 30 brils inclusive is
necessary, the illuminance is 450 lux at the minimum and
100,000 lux at the maximum. Thus, the above liquid crystal
display can be used outdoors during normal day time or in
interiors having illuminance of 450 lux or above (for
example, in a room lighted by a light 0f 450 lux or above), but
when used in a darker place, the illuminance is too low to
enable the viewer to perceive the display.

[0498] A relation of the adapted luminance versus the
sample luminance when the reflectance is 50% is shown as a
straight line 603 in FIG. 30. As can be understood from the
straight line 603, when the reflective display is shown at the
reflectance of 50% or above as with normal white paper, the
perceived brightness exceeds 30 brils under the high illumi-
nance circumstances of 1800 lux or above (for example, a
bright interior near the window, or under direct sunlight).
Under these circumstances, the viewer feels the white paper is
too bright. Thus, it is not appropriate to use the display surface
having the reflectance of 50% or above under the high illu-
minance circumstance from the standpoint of the visibility,
and it can be understood that preferable reflectance of the
display surface (luminance surface) for the reflection display
used under these circumstances is 30% or so.

[0499] On the other hand, in the reflection display at the
reflectance 0f30% and the reflection display at the reflectance
of 10% respectively shown as the straight lines 601 and 602,
the illuminance which can give the perceived brightness of 10
brils is about 450 lux and 3000 lux, respectively. In other
words, when the reflectance decreases to one third, the illu-
minance 6.7 times brighter is necessary. This means that, if
the illuminance is increased because the reflectance of the
liquid crystal display decreases, the eyes of the human adapt
1o a bright reflective object other than the liquid crystal dis-
play. and the illumination must be raised more than the recip-
rocal of a changing ratio of the reflectance.
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[0500] Further, as can be understood from FIG. 30, there is
a problem that the viewer feels that the display on a display
body (for example, a typical display of the illuminance type)
having predetermined luminance is very dark when the sur-
roundings are bright.

[0501] However, the liquid crystal display of the transflec-
tive type of the present invention uses for display a sum of a
predetermined luminance determined by the back light and
the transmittance in the transmission display section, and an
luminance (sample luminance) determined by predetermined
reflectance in the reflection display section. In other words, in
the liquid crystal display of the transflective type of the
present invention, the display at the display luminance indi-
cated by a curve 604 in FIG. 30 can be realized, for example.
As indicated by the curve 604, in the liquid crystal display of
the transflective type of the present invention, the visibility is
secured by the reflection display when the illuminance is
high, while the visibility is secured by the transmission dis-
play using the lighting device (back light) as the back light
means when the illumination is low.

[0502] Next, the perceived brightness was checked when
changing the illuminance using the surface luminance of the
above liquid crystal display of the transflective type, the result
of which is set forth in FIG. 31. Also, relations of the illumi-
nance versus the perceived brightness in the liquid crystal
displays of the transmission type and reflectance type are
respectively set forth in FIG. 31 for comparison. Here, the
conditions for computing the perceived brightness are: the
reflectance is 30% when the entire display area is used for the
reflection display of color; the transmittance is 7.5% when the
entire display area is used for the transmission display: the
luminance of the back light is 2000 ¢d/m?; the illuminance of
the surface to which the viewer is adapted is equal to the
illuminance of the display surface of the liquid crystal display
of color; and the reflectance of the adapted object surface is
assumed to be 20% based on the brightness of N5 on Munsell
color standard.

[0503] InFIG.31,avalue ofthe perceived brightness when
the illuminance is varied depends on a ratio (Sr) of the reflec-
tion display section in the displayable area on the liquid
crystal display of the transflective type. A curve 611 shows a
relation of the illuminance versus perceived brightness when
the normal liquid crystal display of the transmission type
shows the transmission display alone, that is when Sr=0. The
luminance on the display surface of the liquid crystal display
of the transmission type is 150 cd/m?, and when the illumi-
nance is 6000 lux or above, the perceived brightness is 10 brils
or below. Thus, to secure the perceived brightness of 10 brils
or above by changing a part of the transmission display sec-
tion to the reflection display section, as is indicated by the
curve 612, Sr=0.1, that is ¥io of the displayable area should be
used as the reflection display section.

[0504] A curve 613 shows a relation of the illuminance
versus the perceived brightness of the liquid crystal display of
the reflection type which shows the reflection display alone,
that is, Sr=1. The reflectance of the display surface on the
liquid crystal display of the reflection type is 30% compared
with a perfect reflecting diffuser surface, and when the illu-
minance is 450 lux or below, the perceived brightness is 10
brils or below. Thus, to secure the perceived brightness of 10
brils or above by changing a part of the reflection display
section to the transmission display section, as is indicated by
the curve 614, Sr=0.9, that is, Y40 of the displayable area
should be used as the transmission display section.
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[0505] Also, as can be understood from FIG. 31, when Sris
in a range between 0.1 and 0.9, satisfactory display with the
perceived brightness of 10 brils or above and less than 30 brils
can be shown. When Sr is set to 0.30 (curve 615) or 0.50
(curve 616), satisfactory light display with the perceived
brightness of 20 brils or above and less than 30 brils can be
shown.

[0506] Also, surface reflection occurs on the surface of
liquid crystal displays. The surface reflection interferes with
the display more markedly as the illuminance of the surround-
ing rises. In FIG. 31, a relation ofthe perceived brightness and
illuminance caused by the surface reflection is shown (curve
617). Though the surface reflection is affected considerably
by the finish of the surface, the curve 617 shows the relation
of the perceived brightness form the surface refection versus
lluminance in case that the surface reflection caused at the
interface between air and a medium having a refractive index
of 1.5 has the same diffusing abilities as a perfect diffuse
surface (that is, when the reflectance by surface reflection is
4%). Thus, when the surface reflectance is taken into consid-
eration, in order to obtain satisfactory display, it is preferable
ifanarea of the reflection display section accounts for 30% or
above (that is, Sr>0.3) of a total of areas of the reflection
display section and transmission display section.

[0507] According to the above analysis, it is understood
that, satisfactory color display can be shown both in the
reflection display section and transmission display section of
the liquid crystal ofthe present embodiment when the area of
reflection display section accounts for 30% or above and 90%
or below of a total of the areas of the reflection display section
and transmission display section.

[0508] A ratio of each display section for showing satisfac-
tory display can be analyzed in the above manner even when
at least one of the reflection display and transmission display
is not used for the color display. However, in any case, the
satisfactory display can be realized when a ratio of the area of
the reflection display section in a total of areas of the reflec-
tion display section and transmission display section is in the
above specified range. The liquid crystal displays of the trans-
mission-main transflective type and the reflection-main trans-
flective type of Example 7 are assembled using a preferable
ratio in the above specified range.

Embodiment 9

[0509] In the present embodiment, an active matrix liquid
crystal display adopting the liquid crystal display method
described in Embodiments 1 and 2, to be more specific, a
liquid crystal display for showing the color display using the
TFT element substrate, will be explained by way of examples
for purposes of explanation only, without any intention as a
definition of the limits of the invention.

[0510] A procedure for assembling the active matrix liquid
crystal display of the present embodiment is composed of a
process of producing the TFT element substrate; a process of
producing the color filter substrate; a process of producing a
liquid crystal cell for filling using the TFT element substrate
and color filter substrate; and a process of assembling the
liquid crystal display by filling the liquid crystal into the
liquid crystal cell for filling obtained in the preceding process.
[0511] Thus, the manufacturing method of the active
matrix liquid crystal display of each example below in the
present embodiment will be explained from the process of
producing the TFT element substrate, to begin with.
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[0512] As shown in FIGS. 23(a) through 25, the TFT ele-
ment substrate is composed of a light transmitting substrate
29 on which is formed a TFT element 21 for each pixel by the
following steps.

[0513] Here, a glass substrate made of a substance having
no alkali contents, such as non-alkali glass, is used as the
substrate 29 on which the TFT elements 21 are formed. In the
first place, a film of tantalum is sputtered on the substrate 29,
which will be made into the line 23 as the gate line and the
storage capacitor line 27 by patterning. The line 23 and stor-
age capacitor line 27 are patterned in such a manner as to have
gradual step in each (line 23 and storage capacitor line 27), so
that they can be covered satisfactorily with the line 24 formed
thereon in the later stage to prevent line disconnection.
[0514] Further, a layer of tantalum oxide (Ta,O;) is formed
over the line 23 and storage capacitor line 27 by the anodic
oxidation process, over which a film of silicon nitride which
will serve as a gate insulation film is formed. Then, a layer of
hydrogenated amorphous silicon as an intrinsic semiconduc-
tor layer (i layer) which will be made into a switching region
of the TFT element 21 and a layer of silicon nitride as an
etching stopper layer are formed in this order by the CVD
(Chemical Vapor Deposition) method using monosilane gas
and sputtering (silicon nitride), respectively. Then, the top
layer (silicon nitride layer) is patterned as the etching stopper
layer, after which an n* layer, which will be made into the
source terminal 28 and drain terminal 22 of the TFT element
21, is formed by the CVD method using a monosilane gas
mixed with a phosphine gas. Subsequently, the n* layer and i
layer are patterned, and further, the gate insulation film is
patterned. Here, silicon nitride on the connection terminal
portion on the line 23 (gate line) outside the display region is
removed.

[0515] Next, a film of ITO, which will be made into the
transparent pixel electrode 20, is sputtered in such a manner
as 10 touch the source terminal 28 and drain terminal 22, and
a film of tantalum, which will be made into the line 24 as the
source line, is sputtered. The tantalum film is patterned into
the line 24, and the ITO film formed beneath the tantalum film
is patterned into the transparent pixel electrode 20. As previ-
ously mentioned, the transparent pixel electrode 20 is con-
nected to the source terminal 28 and drain terminal 22, and it
also forms ohmic contact between these terminals (source
terminal 28 and drain terminal 22) and the lines 23 and 24.
[0516] Next, the organic insulation film 25 having the pro-
trusions and depressions on the surface is formed on the TFT
element 21 as the insulation film of the reflection display
section. Then, a film of aluminum, which will be made into
the driving electrode 19 of the reflection display section 9, is
sputtered in such a manner as to touch the transparent pixel
electrode 20 at a contact hole formed through the organic
insulation film 25 to serve as the transmission display open-
ing. Subsequently, the aluminum film is patterned by means
of the dry etching, whereby the driving electrode 19 serving
as the reflective electrode on which are provided the same
protrusions and depressions as those on the surface of the
organic insulation film 25 is formed.

[0517] In each of the above patterning steps, each compo-
nent is formed into a necessary shape based on a design, by
means of the photolithographic technique. In the photolitho-
graphic steps, the steps of coating and drying photosensitive
resin (resist), irradiating the pattern, developing, baking and
curing the resist, dry etching, wet etching, removing the
resist, etc. are combined.
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[0518] The protrusions and depressions are formed in the
reflection display section 9 by applying an insulation photo-
polymeric resin material thereon and subjecting the same
successively to the pattern irradiating step, developing step,
and curing step. In other words, a dot pattern is formed in the
developing step, and a smoothing layer is formed on the dot
pattern out of the same material. Here, the organic insulation
layer 25 is not formed in the transmission display section 10.
[0519] TheTFT element 21 is provided to each pixel in the
TFT element substrate produced in the above steps, and each
pixel is composed of the refection display section 9 and
transmission display section 10. Here, two types of TFT
element substrate are produced: the TFT element substrate of
FIG. 23(a) and the TFT element substrate of FIG. 28, and a
ratio of the transmission display section 10 and reflection
display section 9 in each type is set as described in Embodi-
ment 7.

[0520] Next, the procedure of producing the color filter
substrate will be explained. This procedure is composed of a
step of producing the RGB color layers (color filters) on the
substrate, a step of forming a smoothing layer on the color
filters, and a step of forming a counter electrode to the trans-
parent pixel electrode 20 formed on the TFT element sub-
strate driven by the TFT element 21.

[0521] In the present embodiment, as shown in FIG. 26(b)
or FIG. 29(5), the color filter 61R for red (R), color filter 61G
for green (G), and color filter 61B for blue (B) are formed on
the glass substrate 62 in stripes. Then, a smoothing layer 501
is formed on the glass substrate 62 on the surface where the
color filters 61R, 61G, and 61B are formed to cover the same,
and the counter electrode 502 is formed on the smoothing
layer 501, whereby the color filter substrate is formed.
[0522] During the step of forming the color filter substrate,
the color filters 61R, 61G, and 61B are formed by using
photolithography to pattern a resin material prepared by dis-
persing the pigment in photosensitive resin. The method of
producing the color filters 61R, 61G, and 61B is not limited to
the above method using the dispersed pigment, and for
example, the electro-deposition method, film transfer
method, and dying process can be adopted as well.

[0523] The smoothing layer 501 is formed by applying
acrylate resin having high light transmittance on the glass
substrate 62 on the surface where the color filters 61R, 61G,
and 61B are formed, and curing the same by heat. The counter
electrode 502 formed on the smoothing layer 501 is a counter
electrode opposing the pixel electrode 18 driven by the TFT
element 21, and is formed as a transparent electrode by sput-
tering layers of ITO with masking and shaping the resulting
deposit of the ITO layers into a planar shape.

[0524] In the present embodiment, two types of color filter
substrates are formed: the color filter substrate having high
chroma for the transmission display, and the color filter sub-
strate having high brightness for the reflection display. The
former is patterned as shown in FIGS. 26(a) and 26(b), and
the latter is patterned as shown in FIGS. 29(a) and 29(5).
[0525] Next, the step of producing the liquid crystal cell for
filling by placing the TFT element substrate and color filter
substrate to oppose each other to assemble the liquid crystal
layer will be explained.

[0526] In this step, alignment films are formed on the TFT
element substrate and color filter substrate on their respective
opposing surfaces (the surface where the TFT element 21 is
formed on the TFT element substrate and the surface where
the color filters 61R, 61G, and 61B are formed on the color
filter substrate) by applying a soluble polyimide solution in
the liquid crystal display area by the offset printing method,
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and subjecting the same to the drying and baking steps. Fur-
ther, the alignment treatment, which determines the align-
ment direction of the liquid crystal, is applied to these align-
ment films by means of rubbing. Whether the parallel
aligning alignment films or perpendicular aligning films are
used depends on each example.

[0527] Subsequently, spherical spacers of the uniform par-
ticle size are scattered on one of the TFT element substrate
and color filter substrate treated in the above manner, and a
sealing agent for sealing the liquid crystal layer in a space
between the TFT element substrate and color filter substrate
and fixing these substrates is printed to the other substrate.
Meanwhile, conductive paste is provided to let the current
flow from the TFT element substrate side to the counter
electrode 502 on the color filter substrate.

[0528] Then, the TFT element substrate and color filter
substrate are placed to oppose each other with surface pro-
vided with the TFT element 21 and the surface provided with
the color filters 61R, 61G, and 61B inside, and after the
positions of these substrates are aligned with respect to each
other, the sealing agent and conductive paste are cured under
applied pressure.

[0529] By the above procedure and steps, the mother glass
substrate 21 containing a plurality of the liquid crystal cells
for filling is produced, and the filling cells are produced by
cutting the mother glass substrate 21.

[0530] Later, the liquid crystal composition is introduced
into the liquid crystal cell by means of vacuum injection, and
photopolymeric resin is applied at the inlet of the liquid
crystal and cured through polymerization upon irradiation of
UV rays, so that the liquid crystal layer filled therein will not
be exposed to air, whereby the liquid crystal cell is produced.
[0531] Then, a short-ring portion, provided at the end por-
tion of the TFT element substrate to short-circuit the line
terminals to prevent the electrostatic breakdown of the TFT
element 21, is removed to connect the TFT element 21 to an
external circuit for driving the TFT element 21. Further, the
back light serving as the light source for the transmission
display is provided, whereby the active matrix liquid crystal
display of the present embodiment is assembled.

Example 14

[0532] The active matrix liquid crystal display of the
present example is a liquid crystal display of the transmis-
sion-main transflective type adopting the GH method, which
uses for display the same GH method as that used in the liquid
crystal display of Example 1 in Embodiment 1.

[0533] The liquid crystal composition used in the present
example is prepared in the same manner as Example 1 in
Embodiment 1. In other words, the liquid crystal composition
using the dichroic dye (dichroic dye 12) used in Example 1 is
used herein too. Also, in the present example, vertical align-
ing alignment films which align the liquid crystal perpendicu-
lar to the display surface are used, and the alignment treat-
ment is applied to these alignment films in such a manner as
to obtain uniform vertical alignment. In the present example,
neither the phase difference compensation plates nor polar-
ization plates are laminated to the liquid crystal cell, because
the GH method using the dichroic dye as the liquid crystal
composition is adopted.

[0534] In the present example, since the transmission dis-
play is mainly used, the color filters 61R, 61G, and 61B are
designed to have chroma as high as that in the conventional
transmission display method, and the color filter substrate is



US 2011/0102723 Al

placed as shown in FIGS. 26(a) and 26(b). The TFT element
substrate laminated to the color filter substrate has a large
transmission display opening 19 and a wide transmission
display section 10, as shown in FIG. 23(a).

[0535] As shown in FIGS. 26(a) and 26(5), in the liquid
crystal display of the present example, only a specific portion
of the driving electrode 19 of the reflection display section 9
is covered with the color filters 61R, 61G, and 61B covering
the transmission display opening 19a which will serve as the
transmission display section 10 (a portion opposing the color
filters 61R, 61G, and 61B in the extending direction thereof).
The driving electrode 19 also has a display portion which has
no color filter and thereby transmits white light.

[0536] A display signal was inputted into the liquid crystal
display assembled in the above manner, and the liquid crystal
display was observed visually. Then, it turned out that, with
the liquid crystal display of the present example, the back
light has to be tumed ON. However, with the back light kept
turned ON, the brightness and contrast ratio are both satisfac-
tory, and satisfactory display is always shown thereon. Fur-
ther, the display content can be observed visibly under direct
light, and there occurs no wash-out.

[0537] In other words, in the present example, it has
become possible to provide a high-resolution color liquid
crystal display without causing wash-out nor parallax, which
can attain high brightness by using the back light when the
ambient light is weak, as does the conventional liquid crystal
display, while enabling the user to observe the display content
even when the ambient light is strong by changing the bright-
ness of the reflection display section 9 in proportion to the
ambient light. In addition, in the present example, very satis-
factory reflection display having no parallax (double image)
can be realized.

BExample 15

[0538] The active matrix liquid crystal display of the
present example is a liquid crystal display of the reflection-
main transflective type adopting the GH method, which uses
for display the same GH method as that used in the liquid
crystal display of Example 1 in Embodiment 1.

[0539] Like in Example 14, the liquid crystal composition
used in the present example is prepared in the same manner as
Example 1 in Embodiment 1. In other words, the liquid crys-
tal composition containing the dichroic dye (dichroic dye 12)
used in Example 1 is used herein too. Also, in the present
example, vertical aligning alignment films which align the
liquid crystal perpendicular to the display surface are used,
and the alignment treatment is applied to these alignment
films by means of rubbing in such a manner as to obtain
uniform vertical alignment. In the present example, neither
the phase difference compensation plates nor polarization
plates are laminated to the liquid crystal cell, because the GH
method using the dichroic dye as the liquid crystal composi-
tion is adopted.

[0540] In the present example, since the reflection display
is mainly used, the color filters 61R, 61G, and 61B are
designed to have brightness higher than that in the conven-
tional liquid crystal display of the transmission type, and the
color filter substrate is placed as shown in FIGS. 29(a) and
29(b). The TFT element substrate laminated to the color filter
substrate has a small transmission display opening 19a and a
wide reflection display section 9, as shown in FIG. 28.
[0541] A display signal was inputted into the liquid crystal
display assembled in the above manner, and the liquid crystal
display was observed visually. Then, it turned out that the
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present liquid crystal display can show the reflection display
without turning ON the back light when used during the day
time under indoor lighting or surrounding exterior light. In
the present example, very satisfactory reflection display hav-
ing no parallax (double image) can be realized. Also, the
display content can be visually confirmed by turning ON the
back light when the ambient light is too weak for the user to
observe the display using reflected light alone.

[0542] To be more specific, in the present example, the
color filters 61R, 61G, and 61B and the color filter substrate
used are designed for the reflection transmission as previ-
ously mentioned, and thus the color display can be shown by
the reflected light alone. Consequently, the present liquid
crystal display can be used with the reflection display alone
while keeping the back light turned OFF for the use in indoor
lighting or outdoor during the day time. In addition, the vis-
ibility can be secured even when the lighting is too weak by
turning ON the back light, as needed.

[0543] Unlike the conventional liquid crystal display of the
transmission type, the back light does not have to be kept
turned ON in the liquid crystal display of the present embodi-
ment. Consequently, the present liquid crystal display can
save the power consumption while causing no wash-out in the
reflection display section 9; moreover, it can show the trans-
mission display using the back light, as needed.

Example 16

[0544] The active matrix liquid crystal display of the
present example is a liquid crystal display of the transmis-
sion-main transflective type using the polarization converting
function of the liquid crystal layer for the display, which uses
for display the same polarization plate method as used in the
liquid crystal display of Example 5 in Embodiment 2.
[0545] The liquid crystal composition used in the present
example is prepared in the same manner as Example 5 in
Embodiment 2. Herein, the phase difference compensation
plates (phase difference compensation plates 16 and 17) and
polarization plates (polarization plates 14 and 15) are lami-
nated to the liquid crystal cell (TFT liquid crystal panel) in
which is sealed the liquid crystal. Further, in the present
example, the alignment treatment is applied to the parallel
aligning alignment films by means of rubbing in such a man-
ner as to form the crossed rubbing angle of 250.

[0546] Like in Example 14, in the present example, since
the transmission display is mainly used, the color filters 61R,
61G, and 61B are designed to have the same transmission
colors as those in the conventional transmission display
method, and the color filter substrate is placed as shown in
FIGS. 26(a) and 26(5). The TFT element substrate laminated
to the color filter substrate has a large transmission display
opening 19a and a wide transmission display section 10 as
shown in FIG. 23(a).

[0547] As shown in FIGS. 26(a) and 26(b), in the liquid
crystal display of the present example, only a specific portion
of the driving electrode 19 in the reflection display section 9
is covered with the color filters 61R, 61G, and 61B covering
the transmission display opening 19a which will serve as the
transmission display section 10 (a portion opposing the color
filters 61R, 61G, and 61B in the extending direction thereof).
The reflection display section 9 also has a display portion
which has no color filter and thereby reflects white light.
[0548] A display signal was inputted into the liquid crystal
display assembled in the above manner, and the liquid crystal
display was observed visually. Then, it turned out that, with
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the liquid crystal display of the present example, the back
light has to be kept turned ON. However, with the back light
kept turned ON, the brightness and contrast ratio are both
satisfactory, and satisfactory display is always shown
thereon. Further, the display content can be observed visibly
under direct sunlight, and there occurs no wash-out.

[0549] In other words, in the present example, a liquid
crystal display attaining high brightness by using the back
light when the ambient light is weak, as does the conventional
liquid crystal display of the transmission type is provided, and
on the other hand, even when the ambient light is strong, the
display content can be confirmed visually by changing the
brightness of the reflection display section 9 in proportion to
the ambient light, thereby eliminating the wash-out caused in
the conventional display of the illuminance type or liquid
crystal display of the transmission type. Further, in the
present example, very satisfactory reflection display having
no parallax (double image) can be realized.

Example 17

[0550] The active matrix liquid crystal display of the
present example is a liquid crystal display of the reflection-
main transflective type using the polarization converting
function of the liquid crystal layer for the display, which uses
for display the same polarization plate method as that used in
the liquid crystal display of Example 5 in Embodiment 2.
[0551] Like in Example 16, the liquid crystal composition
used in the present example is prepared in the same manner as
Example 5 in Embodiment 2. Herein, the phase difference
compensation plates (phase difference compensation plates
16 and 17) and polarization plates (polarization plates 14 and
15) are laminated to the liquid crystal cell (TFT liquid crystal
panel) in which is sealed the liquid crystal. Further, in the
present example, the alignment treatment is applied to the
parallel aligning alignment films by means of rubbing in such
a manner as to form the crossed rubbing angle of 250.
[0552] Also, like in Example 15, since the reflection dis-
play is mainly used, the color filters 61R, 61G, and 61B are
designed to have brightness higher than that in the conven-
tional liquid crystal display of the transmission type, and the
color filter substrate is placed as shown in FIGS. 29(a) and
29(b). The TFT element substrate laminated to the color filter
substrate has a small transmission display opening 19a and a
wide reflection display section 9 as shown in FIG. 28.
[0553] A display signal was inputted into the liquid crystal
display assembled in the above manner, and the liquid crystal
display was observed visually. Then, it turned out that the
present liquid crystal display can show the reflection display
without turning ON the back light when used during the day
time under indoor lighting or surrounding exterior light. In
the present example, very satisfactory reflection display hav-
ing no parallax (double image) can be realized. Also, the
display content can be visually confirmed by turning ON the
back light when the ambient light is too weak for the user to
observe the display using reflected light alone.

[0554] To be more specific, in the present example, the
color filters 61R, 61G, and 61B and color filter substrate used
are designed for the reflection display as previously men-
tioned, and thus the color display can be shown by the
reflected light alone. Consequently, the present liquid crystal
display can be used with the reflection display alone while
keeping the back light turned OFF when used either in indoor
lighting or outdoors during the day time. In addition, even
when the lighting is too weak, the visibility can be secured by
turning ON the back light, as needed.
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[0555] Unlike the conventional liquid crystal display of the
transmission type, the back light does not have to be kept
turned ON in the liquid crystal display of the present embodi-
ment. Consequently, the present liquid crystal display can
save the power consumption while causing no wash-out in the
reflection display section 9; moreover, it can show the trans-
mission display using the back light, as needed.

[0556] As has been discussed by way of Examples 14
through 17, according to the present embodiment, a high-
resolution active matrix liquid crystal display adopting the
liquid crystal display method of Embodiment 1 or 2 can be
realized.

[0557] InExamples 14 through 17, each liquid crystal dis-
play is assembled to have different thicknesses of the liquid
crystal layer in the reflection display section 9 and transmis-
sion display section 10 by providing the organic insulation
film 25 (equivalent to insulation film 11) on the active matrix
substrate (TFT element substrate). However, it should be
appreciated that the same effect can be attained when any
other liquid crystal display principle of the present invention
1s adopted.

Embodiment 10

[0558] The present embodiment will explain how the lumi-
nance of the back light used in the liquid crystal display of the
present invention is changed.

[0559] The luminance of the back light is changed mainly
for the three following reasons.

[0560] A first purposeis to secure the visibility. As has been
discussed in Embodiment 8, the perceived brightness per-
ceived by a human is determined by the adapted luminance
and the luminance of the display surface. Thus, to realize
satisfactory display with satisfactory visibility, it is effective
to change the luminance of the back light to the perceived
brightness of human eyes in response to the adapted lumi-
nance. As described in Embodiment B, it is preferable to
change the luminance of'the display surface by controlling the
luminance of the back light in response to the adapted lumi-
nance, so that the perceived brightness is in a range from 10
brils inclusive to 30 brils exclusive. In short, the back light
also serves as display surface luminance changing means.
Consequently, the visibility can be improved when the trans-
mission display is mainly responsible for the display. Here, a
value of the perceived brightness specified in Embodiment 8
is set on the assumption that the luminance of the display
surface is proportional to the adapted luminance to which the
viewer has adapted. Thus, satisfactory display can be
obtained only by changing the luminance of the back light in
accordance with the perceived brightness.

[0561] A second purpose is to save the power consumption.
There are cases where the visibility is not affected much
whether the back light is turned ON or OFF. An example of
such a case would be when a liquid crystal display of the
transflective type is used where the ambient light lighting the
liquid crystal display has sufficiently high illuminance, so
that the luminance of the display surface is maintained mainly
by the reflection display section. In this case, the luminance of
the display surface may not be affected even if the luminance
of the transmission display is high, and in such a case, it is
preferable to turn OFF the back light to save the power con-
sumption.

[0562] A third purpose is to furnish more than one function
to the liquid crystal display by enabling the user to switch the
color display to the monochrome display and vice versa by
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turning ON/OFF the back light, in cases where the color
display is shown by either the reflection display or transmis-
sion display alone.

[0563] For example, when the reflection display section is
not provided with the color filters, and shows the mono-
chrome display alone, and the transmission display section
alone is provided with the color filters to show the color
display, the resolution of the reflection display can be set
higherthan in the transmission display section which displays
one monochrome unit by a plurality of pixels using color
filters. Consequently, the reflection display is high-resolution
monochrome display, while the transmission display is color
display with moderate resolution. Conversely, the color filters
may be used for the reflection display alone. In this case, more
thanone function can be provided to the liquid crystal display.
Consequently, it has become possible to change the display
content significantly in response to the ON/OFF state by
switching the color display to the monochrome display and
vice versa or changing the illuminating colors by turning
ON/OFF the back light.

[0564] As has been discussed above, the luminance of the
back light can be controlled by an adequate signal in response
to the intended use or use conditions. When the luminance of
the back light is changed in response to the aforementioned
adapted luminance, to improve the visibility, the luminance of
the back light is controlled in response to the visual environ-
ment, such as the illuminance of the light incident on the
display surface, and the kinds of the display adopted by the
liquid crystal display.

[0565] When the luminance of the back light is controlled
in response to the illuminance, it is preferable to control the
ON/OFF state of the back light in the following manner. That
is, the back light is turned OFF when the illuminance is high,
whereas the back light is turned ON in a moderate state when
the illuminance is low so as to avoid excessive brightness, and
the back light is turned ON in a strong state when the illumi-
nance is neither too high nor too low.

[0566] Inthis case, if the ON/OFF state of the back light or
the luminance thereof are controlled by a signal from external
devices or a timer connected to the liquid crystal cell or liquid
crystal display, unnecessary power consumption can be
saved.

[0567] Further, in controlling the luminance of the back
light, ifhe back light is only turned ON when the user manipu-
lates the apparatus including the liquid crystal display, or for
a fixed period thereafter, the overall power consumption of
the apparatus can be saved, and the user can be provided with
display he feels to be satisfactory. The luminance of the back
light may also be controlled by any other applicable signal
besides the illuminance of the light incident on the display
surface.

[0568] To achieve the above objects, it is very effective to
allow the user to control the ON/OFF state of the back light or
the luminance thereof, or the director configuration of the
liquid crystal in the reflection display section and transmis-
sion display section by inputting a signal through a touch
panel (pressed coordinate detecting type input means) lay-
ered on the display surface of the liquid crystal cell, or by
controlling the luminance of the back light in association with
some other signal giving a warning to the user. In this manner,
a liquid crystal display with visibility and consuming less
power can be provided by controlling the luminance of the
display surface from the outside of the liquid crystal cell.
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Embodiment 11

[0569] Explained in the present embodiment is a liquid
crystal display of the present invention, provided with a touch
panel (pressed coordination detecting type input means) as
information input means, and used in a portable device, which
1s the field in which the liquid crystal display of the present
invention is chiefly used. Hereinafter, like components are
labeled with like reference numerals with respect to Embodi-
ments 1 through 10, and, for ease of explanation, the descrip-
tion of these components is not repeated here.

[0570] Inthepresent embodiment, a touch panelisattached
to the liquid crystal display of Example 17 in Embodiment 9,
whereby a liquid crystal display of the transmission type
incorporating an input device is assembled, the arrangement
of which is illustrated in FIG. 32. The basic arrangement of
the liquid crystal display of the present embodiment, that s,
the liquid crystal cell and back light 13, is identical with the
arrangement of Example 17 in Embodiment 9 and Example 5
in Embodiment 2 except for the touch panel 71, and, for ease
of explanation, the description of these components is not
repeated here.

[0571] The touch panel 71 includes a flexible substrate 73
on which is formed a transparent electrode layer 72 and a
supporting substrate 75 on which is formed a transparent
electrode layer 74. The flexible substrate 73 and supporting
substrate 75 are placed to oppose each other with their respec-
tive transparent electrode layers 72 and 74 inside, with spac-
ers (not shown) maintaining a predetermined distance ther-
ebetween so that, when they are supplied with an electrical
current, the transparent electrode layers 72 and 74 do not
touch each other. According to this arrangement, the trans-
parent electrode layer 72 formed on the flexible substrate 73
and the transparent electrode layer 74 formed on the support-
ing substrate 75 keep a space from each other under the
normal state, and are allowed to touch each other at a position
only when such a position on the flexible substrate 73 is
specified (pressed) by a finger or a stylus. Accordingly, the
touch panel 71 functions as an input device by detecting a
position (coordinate position) where the transparent elec-
trodes 72 and 74 touch each other by a pressing force applied
on the flexible substrate 73.

[0572] The touch panel 71 is provided between the phase
difference compensation plate 16 and substrate 4 of the liquid
crystal cell by laminating the phase difference compensation
plate 16 and polarization plate 14 on the flexible substrate 73,
so that it forms an integral unit together with the phase dif-
ference compensation plate 16 and polarization plate 14. In
the present embodiment, to attain the effect of the polariza-
tion plate of Example 17 by the polarization plate 14 lami-
nated to the touch panel 71, both the flexible substrate 73 and
supporting substrate 75 forming the touch panel 71 are made
of a material having no birefringence.

[0573] In the present embodiment, a space is secured
between the supporting substrate 75 of the touch panel 71 and
the substrate 4 of the liquid crystal cell, so that the pressure
applied on the touch panel 71 is not transferred to the liquid
crystal cell without using a pressure damping member,
whereby the touch panel 71 and substrate 4 of the liquid
crystal cell can attain a pressure transfer preventing effect.
[0574] Inthe liquid crystal display incorporating the input
device assembled in the above manner, the back light 13 can
be turned OFF when the user does not observe the display and
turned ON upon input of information into the touch panel 71
by changing the luminance of the back light 13 in response to
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signals from the touch panel. Consequently, the liquid crystal
display of the present embodiment can show satisfactory
display while saving the power consumption. In addition,
according to the present embodiment, visibility can be
improved by providing the polarization plate 14, touch panel
71, and liquid crystal cell in this order, because the polariza-
tion plate 14 also absorbs unwanted reflected light from the
touch panel 71, thus reducing such unwanted reflected light.
[0575] Ashas been explained, a liquid crystal display of the
present invention is arranged in such a manner as to comprise:
[0576] a liquid crystal display element having a pair of
substrates, to which alignment members (alignment means),
such as alignment films, are provided to their respective
opposing surfaces, and a liquid crystal layer sandwiched by
the pair of substrates;

[0577] alignment mechanism for providing at least two dif-
ferent director configurations simultaneously on different
arbitrary regions used for display in the liquid crystal layer;
and

[0578] a reflecting member (reflecting means), such as a
reflection film or a reflective electrode, provided to at least
one of the different arbitrary regions showing different direc-
tor configurations,

[0579] wherein the different arbitrary regions showing dif-
ferent director configurations are used for a reflection display
section for showing reflection display and a transmission
display section for showing transmission display, respec-
tively.

[0580] According to the above arrangement, the director
configuration of the liquid crystal can take different director
configurations simultaneously. Thus, for example, an ampli-
tude of modulation in an opti-physical quantity, such as an
amount of absorbed light (absorbance) when a light absorber
like a dichroic dye is used for the display, and a phase differ-
ence when optical anisotropy is used for the display, can be
changed separately in each region. Thus, according to the
above arrangement, it is possible to obtain transmittance or
reflectance based on an amplitude of modulation in an opti-
physical quantity in response to the director configuration of
the liquid crystal layer, thereby making it possible to set the
transmission display section and transmission display section
independently. Hence, according to the above arrangement, a
high contrast ratio can be attained without causing parallax
and the visibility can be improved when the surroundings are
dark, while satisfactory visibility can be attained even when
the ambient light is strong. Consequently, according to the
above arrangement, it has become possible to provide a liquid
crystal display of the transflective type, having excellent vis-
ibility, and capable of showing high-resolution display and
using both the reflected light and transmitted light for the
display.

[0581] One alignment mechanism which may be suitably
used is display content overwriting means for overwriting a
display content with an evolution of time. In this case, the
display content overwriting means and the alignment mecha-
nism are realized by a single means, so that the above liquid
crystal display can be obtained without adding any additional
members. It should be appreciated that, however, electrical
liquid crystal alignment control means currently used exten-
sively for overwriting the display content with an evolution of
time, namely, any applicable means used for voltage applica-
tion, such as electrodes, can be used as the display content
overwriting means for realizing more than one state of direc-
tor configuration of the liquid crystal. In this case, a plurality
of regions having different director configurations can be
provided in the liquid crystal layer by using different elec-
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trodes in the transmission display section and reflection dis-
play section, or changing the voltage itself in the transmission
display section and reflection display section.

[0582] Also, in case that an amplitude of modulation in an
opti-physical quantity, such as an amount of absorbed light
and a phase difference caused by the optical anisotropy, is set
independently in the reflection display section and transmis-
sion display section, even if the alignment direction of the
liquid crystal obtained by the voltage application is substan-
tially uniform across the region used for the display in the
liquid crystal layer, in regions having different thicknesses of
the liquid crystal layer, there can be offered the same effect as
the one attained in the case where the alignment direction of
the liquid crystal layer is changed. In particular, in the GH
method (which uses a light absorber like a dichroic dye and
makes use of light absorption) or the polarization plate
method which makes use of birefringence or polarization
rotation phenomenon), the phenomena, (such as light absorp-
tion or birefringence) occurring in the liquid crystal layer, are
the phenomena that take place in association with the light
propagation, and thus a relation is established between the
distance of the light propagation in the liquid crystal layer and
the degree of each phenomenon. Further, the display light
passes through the liquid crystal layer twice in the reflection
display section and only once in the transmission display
section. Thus, when the director configuration of the liquid
crystal is substantially the same in the reflection display sec-
tion and transmission display section, neither sufficient
brightness nor contrast ratio can be obtained if the thickness
of the liquid crystal layer is the same in the reflection display
section and transmission display section, thereby making it
impossible to eliminate the above problems.

[0583] Therefore, a liquid crystal display of the present
invention may be arranged in such a manner as to comprise a
liquid crystal display element having a pair of substrates, to
which alignment means are provided to their respective
opposing surfaces, and a liquid crystal layer sandwiched by
the pair of substrates, wherein:

[0584] aregionused for display in the liquid crystal layeris
composed of regions having at least two different thicknesses
of the liquid crystal layer;

[0585] the regions having at least two different thicknesses
are used for a reflection display section and a transmission
display section, respectively;

[0586] reflecting means is provided at least to the reflection
display section; and

[0587] the thickness of the liquid crystal layer is thinner in
the reflection display section than in the transmission display
section.

[0588] According to the above arrangement, itis possible to
obtain the transmittance or reflectance based on an amplitude
of modulation in an opti-physical quantity in the regions
having different thicknesses of the liquid crystal layer,
thereby making it possible to set the transmission display
section and transmission display section independently.
Hence, according to the above arrangement, a high contrast
ratio can be attained without causing parallax and the visibil-
ity can be improved when the surroundings are dark, while
satisfactory visibility can be attained even when the ambient
light is strong. Consequently, according to the above arrange-
ment, it has become possible to provide a liquid crystal dis-
play of the transflective type, having excellent visibility and
capable of showing high-resolution display and using both
the reflected light and transmitted light for the display.
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[0589] The above-arranged liquid crystal display of the
present invention may be arranged in such a manner that, in
order to provide at least two different director configurations
simultaneously on different arbitrary regions used for display
in the liquid crystal layer, an alignment means is provided in
a region of the surface at least one of the substrates touching
a region of the liquid crystal layer used for display, so as to
impart at least two different director directions to an director
configuration of the liquid crystal layer at an interface touch-
ing the region in which the alignment mechanism is provided.
[0590] Besides the above display content overwriting
means, an alignment film provided on the substrate at the
interface touching the liquid crystal, to which the alignment
treatment is applied in such a manner as to impart at least two
different directions of director to the director configuration of
the liquid crystal layer at the interface touching to the same,
can be used as the means for allowing the director configu-
ration of the liquid crystal to take different director configu-
rations simultaneously. By providing the alignment means in
a region of the surface of the substrate touching the region of
the liquid crystal layer used for display so as to impart at least
two different director directions to the director configuration
of the liquid crystal layer at the interface touching the region
in which the alignment is provided, the liquid crystal layer
can take at least two different director configurations simul-
taneously upon the voltage application at different arbitrary
regions used for the display in the liquid crystal layer, and as
a consequence, the reflection display and transmission dis-
play can be shown respectively in these regions having dif-
ferent director configurations in the liquid crystal layer.
[0591] In this case, the director configuration of the liquid
crystal that determines the optical characteristics and a
change of the alignment upon the voltage application can both
be changed by modifving an angle of the director configura-
tion of the liquid crystal layer with respect to the substrate or
an orientation angle, thereby allowing each of the reflection
display section and transmission display section to show
adequate display thereon.

[0592] 1t is preferable that the liquid crystal display of
present invention is arranged in such a manner that at least one
of the pair of substrates includes an insulation film at least on
the region corresponding to the reflection display section, the
insulation film being thicker in the region corresponding to
the reflection display section than in the region corresponding
to the transmission display section.

[0593] Inother words, it is preferable that the liquid crystal
display of the present invention is arranged in such a manner
that it includes an insulation film on one of the smooth sub-
strates sandwiching the liquid crystallayer, and the insulation
film is made thinner in a region corresponding to the trans-
mission display section than in a region corresponding to the
reflection display section, or the insulation film is formed on
the region corresponding to the reflection display section
alone, and not on the region corresponding to the transmis-
sion display section.

[0594] According to the above arrangement, aliquid crystal
display having at least two different thicknesses of the liquid
crystal layer in the region used for the display in the liquid
crystal layer (that is, a liquid crystal display having different
thicknesses of the liquid crystal layer in the reflection display
section and transmission display section) can be readily
obtained.

[0595] Also, the insulation film not only functions as the
liquid crystal layer thickness adjusting means, but also
applies a driving voltage to the liquid crystal layer without
any loss by forming a display electrode on the surface touch-
ing the liquid crystal layer in the reflection display section.
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[0596] In this case, a light-reflecting film is formed, as
reflecting means, on the substrate placed to oppose the sub-
strate of the display surface side, and protrusions and depres-
sions are provided on the light-reflecting film. This arrange-
ment is effective as specular reflection preventing means for
the reflection display which impairs neither the resolution nor
display ability of the transmission display section. If the
insulation film is provided with the protrusions and depres-
sions like those provided to the light-reflecting film, a light-
reflecting film having protrusions and depressions can be
readily formed.

[0597] As has been explained, in the liquid crystal display
of the present invention, the arrangement for providing two
different director configurations simultaneously on different
arbitrary regions used for the display in the liquid crystal
layer, that is, the alignment mechanism, is not especially
limited as long as it can provide two different director con-
figurations simultaneously on different arbitrary regions used
for the display in the liquid crystal display. Examples of the
alignment mechanism include: electrodes or applied voltages
which provide different voltages to or generate different elec-
tric fields in the different arbitrary regions used for the display
in the liquid crystal, an alignment film to which the alignment
treatment is applied in at least two different orientations and
provided to each of the different arbitrary regions used for the
display in the liquid crystal display, an insulation film or
substrate formed to have at least two different thicknesses on
the regions used for the display in the liquid crystal layer,
particular kinds of liquid crystal materials, a liquid crystal
layer arrangement structured to be driven independently,
polarization plates, phase difference compensation plates, or
a combination of the aforementioned.

[0598] According to the present invention, satisfactory dis-
play can be shown on both the reflection display section and
transmission display section by the aforementioned means
and alignment mechanism. However, an optimal ratio of the
reflection display section to the transmission display section
for showing satisfactory display varies depending on the
desired display, such as color display or monochrome display,
or whether the display is shown mainly by the reflection
display or transmission display.

[0599] Inthe liquid crystal display of the present invention,
in case that both the reflection display section and the trans-
mission display section show color display, it is preferable
that an area of the reflection display section accounts for 30%
or above and 90% or less of a total of areas of the reflection
display section and the transmission display section.

[0600] According to the above arrangement, satisfactory
color display can be shown both in the reflection display
section and transmission display section.

[0601] Also, it is preferable that the display content is not
inverted in the reflection display section and transmission
display section from the standpoint of the visibility. This is
because, if the display content is inverted in the reflection
display section and transmission display section under the
circumstance where the lighting environment changes or such
a change is hard to predict, a contrast ratio of the display
changes considerably with the luminance of the ambient
light. Such a change in the contrast ratio is deemed as a similar
phenomenon to the wash-out in terms of the visibility, thereby
deteriorating the visibility considerably.
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[0602] Thus, tosecure the visibility, it is very important that
the transmission display section and reflection display section
show the light display simultaneously, and the transmission
display section and reflection display section show dark dis-
play simultaneously.

[0603] Thus, the liquid crystal display of the present inven-
tion is arranged in such a manner that when the transmission
display section shows the light display, so does the reflection
display section, and when the transmission display section
shows the dark display, so does the reflection display section.
[0604] According to the present invention, the reflection
display section can show the light display when the transmis-
sion display section does so, and the reflection display section
shows the dark display when the transmission display section
does so by changing the alignment mechanism or the thick-
nesses of the liquid crystal layer. In particular, according to
the present invention, even if the display content inverts in the
reflection display section and transmission display section if
no countermeasure is taken, both the sections readily can
show the same kind of display by controlling the overwriting
of the display content in the reflection display section and
transmission display section independently by employing the
display content overwriting means as the alignment mecha-
nism. Thus, according to the above arrangement, there can be
offered an effect that satisfactory visibility can be secured.
[0605] Further, itis preferable that the liquid crystal display
of the present invention is arranged in such a manner that the
liquid crystal layer is made of liquid crystal composition
prepared by blending a dichroic dye with liquid crystal. If the
liquid crystal layer is made of liquid crystal composition
prepared by blending a dichroic dye with liquid crystal, an
amount of absorbed light can be optimized in each of the
reflection display section and transmission display section.
[0606] 1t is effective to adopt a method of using the bire-
fringence or polarization rotation phenomenon using the
polarization plate as the display method for showing satisfac-
tory display on both the reflection display section and trans-
mission display section.

[0607] For this reason, it is preferable that a polarization
plate is provided to at least one of the pair of substrates on a
surface which does not touch the liquid crystal layer.

[0608] According to the above arrangement, since optimal
birefringence can be set in each of the reflection display
section and transmission display section, a satisfactory dis-
play can be shown on each. Here, in order to realize sufficient
display reliably in the transmission display section in a liquid
crystal display adopting the polarization plate method in the
reflection display section and having different thicknesses of
the liquid crystal layer in the reflection display section and
transmission display section, a polarization plate has to be
provided in the transmission display section on the light inci-
dent side in addition to the one provided on the display sur-
face side.

[0609]  Also, in the liquid crystal display furnished with the
polarization plate, to switch the display, itis preferable that an
amount of change of the phase difference in the light caused
by achange in the alignment in response to a voltage applied
to the liquid crystal layer be set suitably for the light passing
through liquid crystal layer and returning through the same in
the reflection display section, and suitably for the light pass-
ing through the liquid crystal layer in the transmission display
section.

[0610] For this reason, it is preferable to arrange the liquid
crystal display of the present invention in such a manner as to
further comprise voltage applying means for applying a volt-
age 10 the liquid crystal layer in such a2 manner that display
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light on the reflecting means of the reflection display section
has a phase difference of approximately 90 between the light
display and the dark display, and so that display light going
out from the liquid crystal layer in the transmission display
section has a phase difference of approximately 180 between
the light display and dark display.

[0611] In this case, it is preferable that the liquid crystal
layer is aligned with a twist between the pair of substrates at
a twist angle in a range between 60 and 100 inclusive, or in a
range between 0 and 40 inclusive.

[0612] When the liquid crystal is assembled in such a man-
ner that the liquid crystal layer is aligned with a twist between
the pair of substrates at a twist angle in a range between 60 and
100 inclusive, a change of the almost rotatory polarized light
along the twist of the director configuration of the liquid
crystal can be used for the display in the liquid crystal layer in
the transmission display section, whereas in the refection
display section, a change of the polarized light controlled by
the optical rotatory polarization and retardation can be used
for the display.

[0613] When the liquid crystal is assembled in such a man-
ner that the liquid crystal layer is aligned with a twist between
the pair of substrates at a twist angle in a range between 0 and
40 inclusive, a change of the retardation can be used for the
display in the liquid crystal layer both in the transmission
display section and reflection display section.

[0614] Also, in the liquid crystal display of the present
invention, satisfactory display can be shown even if the direc-
tor configuration of the liquid crystal is only changed along an
in-plane orientation parallel to the substrates.

[0615] To be more specific, the liquid crystal display of the
present invention may be arranged in such a manner that the
liquid crystal display element shows the display by changing
the director configuration of the liquid crystal layer by rotat-
ing liquid crystal molecules in parallel with the pair of sub-
strates in at least one of the reflection display section and the
transmission display section.

[0616] Further, in the present invention, the drawback of
the in-plane switching method, that is, low light utilization,
can be overcome by positively exploiting for display, as
reflection display, the insufficient director configuration of
the liquid crystal that causes the low transmittance. In other
words, the liquid crystal display of the present invention may
be arranged in such a manner that the liquid crystal display
element includes, in one of the reflection display section and
transmission display section, voltage applying means for gen-
erating an electric field in the liquid crystal display along an
in-plane direction of the pair of substrates.

[0617] The liquid crystal layer may be aligned either in
parallel with the display surface like in most of the conven-
tional cases, or perpendicular to the display surface. In other
words, the liquid crystal display of the present invention may
be arranged in such a manner that at least one of the pair of
substrates includes a vertical aligning alignment film on a
surface touching the liquid crystal layer at a region corte-
sponding to at least one of the reflection display section and
the transmission display section.

[0618] When the vertical aligning alignment film is pro-
vided to the substrate and the liquid crystal is aligned perpen-
dicular to the substrates in the above manner, there can be
offered an advantage that a display contrast ratio can be
improved, which has an advantageous effect in showing sat-
isfactory display on the liquid crystal display.
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[0619] In addition, when color display is shown on the
liquid crystal display of the present invention, not only the
liquid crystal layer, but also design of the color filter layer is
critical, which plays an important role in color reproduction.
According to the study of the inventors of the present inven-
tion, the liquid crystal display of the transflective type
includes two styles.

[0620] One is a style that mainly shows the transmission
display in general use and uses the reflection display supple-
mentarily, so that the wash-out can be prevented under the
lighting environment where the ambient light is too strong,
and therefore, this style can be used in diversified lighting
environments compared with displays of the luminous type
and liquid crystal displays which show transmission display
alone. The other is a style that mainly shows the reflection
display in general use, thereby exploiting the advantage of the
reflection display that the power consumption is small, and
turns ON the lighting device known as the back light under the
circumstances where the lighting is too weak, and therefore,
like the former style, this style can be also used in diversified
lighting environments.

[0621] In the former style, (the style showing the transmis-
sion display mainly), by providing a color filter having a
transmission color at least to a region corresponding to the
transmission display section in a region forming the display
region of each pixel on one of the pair of substrates, it has
become possible to provide a liquid crystal display with
excellent visibility, capable of showing high-resolution color
display while using both the reflected light and transmitted
light for the display.

[0622] When the color display is shown in the above man-
ner, it is effective if the color filter having a transmission color
is provided at least to the transmission display section in each
pixel, and the reflection display section either is not provided
with a color filter, or is at least partially provided with a color
filter having the same brightness as the color filter provided to
the transmission display section, or with a color filter having
a transmission color brighter than that of the color filter pro-
vided to the transmission display section.

[0623] This is because when the color filter used for the
transmission display section is used for the reflection display
section directly, the brightness becomes insufficient. Thus,
when showing the color display in the reflection display sec-
tion, the brightness can be compensated by either forming in
the reflection display section a region having no color filter, or
providing the reflection display section with a color filter
having a transmission color brighter than the transmission
color of the color filter provided. Consequently, the color
display can be shown in the reflection display while securing
necessary reflectance for the reflection display section.
[0624] Since the display light passes through the color filter
twice in the reflection display section, it is preferable to use a
color filter having a transmission color brighter than the one
in the transmission display section for the reflection display
section.

[0625] Also, in the former style mainly using the transmis-
siondisplay, when the reflection display section is arranged to
have a region where no color filter is formed, a display voltage
signal necessary for the transmission display is a signal suit-
able for the color display, and when the color filter is not used
at all in the reflection display section, a display voltage signal
necessary for the transmission display is a signal suitable for
the monochrome display. Thus, in the case where no color
filter is provided in the reflection display section, the percent-
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age of the contribution of the pixels of respective colors to the
brightness is in proportion to the luminous transmittance in
respective colors in the transmission display section, but it is
equal in the reflection display section. Hence, in the case
where no color filter is provided in the reflection display
section, it is preferable to change the area of the portion of the
reflectiondisplay section where the color display is not shown
in accordance with the luminous transmittance in the color of
each color filter used for the transmission display.

[0626] Inthe latter style (the style mainly using the reflec-
tion display), by providing a color filter having a transmission
color at least to a region corresponding to the reflection dis-
play section in the region forming the display region of each
pixel on at least one of the pair of substrates, it has become
possible to provide a liquid crystal display with excellent
visibility and capable of showing high-resolution color dis-
play and using both the reflected light and transmitted light
for the display.

[0627] When the color display is shown in the above man-
ner, it is effective if the color filter having a transmission color
is provided at least to the reflection display section in each
pixel, and the transmission display section either is not pro-
vided with a color filter, or is at least partially provided with
acolor filter, having a transmission color with chroma as good
as or better than the chroma of the transmission color of the
color filter provided to the reflection display section.

[0628] In this style mainly using the reflection display,
when the transmission display section shows the mono-
chrome display by omitting the color filter, the transmission
display section can be made smaller because the light trans-
mittance increases. Accordingly, a larger area can be secured
as the reflection display section, and as a consequence, more
satisfactory display can be obtained in the reflection display
in the normal use.

[0629] Inthis style mainly using the reflection display, the
contribution of the monochrome display in the transmission
display section of each pixel to brightness can be set
adequately in consideration of the luminous transmittance by
changing the area of the part of the transmission display
section where the color display is not shown, in response to
the luminous transmittance in each color of the color filter
used for the reflection display.

[0630] Also, as has been explained, since the liquid crystal
display of the present invention has the reflection display
section, it renders the characteristics of the conventional lig-
uid crystal display of the reflection type, namely, small power
consumption. However, if power consuming illumination
light is kept turned ON, the power consumption undesirably
increases.

[0631] Thus, it is preferable to arrange the liquid crystal
display of the present invention in such a manner as to further
comprise a lighting device for emitting light to the liquid
crystal display element from behind, the lighting device also
serving as display surface luminance changing means for
changing luminance on the display surface.

[0632] According to the above arrangement, satisfactory
visibility is realized while reducing the power consumption
by changing the luminance on the display surface by means of
the lighting device.

[0633] Inthis case, it is preferable that the lighting device
changes the luminance on the display surface in response to
adapted luminance in such a manner as to attain perceived
brightness ranging from 10 brils inclusive to 30 brils exclu-
sive.
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[0634] The perceived brightness is determined by the
adapted luminance and the luminance on the display surface.
Here, to realize satisfactory visibility while reducing the
power consumption, it is very preferable, if, in changing the
brightness of the display surface to attain the foregoing per-
ceived brightness, the lighting device changes its ON/OFF
state or luminance in response to the display content on the
liquid crystal display and the adapted luminance which varies
with the visual circumstances such as the lighting. In particu-
lar, in case that the lighting device is controlled from outside
the liquid crystal display element by pressed coordinate
detecting type input means, such as a touch panel, the above
effect becomes more noticeable.

[0635] Inaddition, according to the above arrangement, the
visibility can be improved where the transmission display is
mainly responsible for the display. Thus, there can be offered
an effect that satisfactory visibility can be realized with
reduced power consumption.

[0636] Theliquid crystal display of the transflective type of
the present invention is particularly advantageous in that the
pressed coordinate detecting type input means, such as a
touch panel, can be used more readily compared with liquid
crystal displays of the reflection type which uses a so-called
front light. Hence, to provide a low-power consumption lig-
uid crystal display incorporating the input device, it is effec-
tive 1o realize satisfactory display on the display of the trans-
flective type using the pressed coordinate detecting type input
means.

[0637] Inother words, it is preferable that the liquid crystal
display of the present invention further comprises pressed
coordinate detecting type input means, superimposed on a
display surface, which, when pressed, detect a pressed coor-
dinate position.

[0638] Further, in case that such pressed coordinate detect-
ing type input means is used, whether the viewer is using the
display or not can be readily detected by a signal from the
pressed coordinate detecting type input means. Thus, to real-
ize satisfactory visibility while reducing the power consump-
tion, it is effective to change the luminance on the display
surface by changing the luminance of the lighting device
(which affects overall power consumption of the liquid crys-
tal display), or to change the director configuration of the
liquid crystal, inresponse to the above signal from the pressed
coordinate detecting type input means.

[0639] Forthis reason, it is preferable that the liquid crystal
display of the present invention further comprises pressed
coordinate detecting type input means, superimposed on the
display surface, which, when pressed, detect a pressed coor-
dinate position, wherein the lighting device changes the lumi-
nance on the display surface in association with an output
signal from the pressed coordinate detecting type input
means.

[0640] Also, itis preferable that the liquid crystal display of
the present invention further comprises pressed coordinate
detecting type input means, superimposed on a display sur-
face, which, when pressed, detect a pressed coordinate posi-
tion, wherein the alignment mechanism changes the director
configuration of the liquid crystal layer in at least one of the
reflection display section and the transmission display section
in association with an output signal from the pressed coordi-
nate detecting type input means.
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[0641] Moreover, it is preferable that the liquid crystal dis-
play of the present invention further comprise pressed coor-
dinate detecting type input means, superimposed on a display
surface, which, when pressed, detect a pressed coordinate
position, and a polarization plate, the polarization plate, the
pressed coordinate detecting type input means, and the liquid
crystal display element being provided in that order.
[0642] According to the above arrangements, an effect that
a low-power consumption liquid crystal display incorporat-
ing the input device can be provided, which uses birefrin-
gence for the display, and which includes a polarization plate
and pressed coordinate detecting type input means. In addi-
tion, satisfactory visibility can be attained because the polar-
ization plate also absorbs unwanted reflected light from the
pressed coordination detecting type input means.
[0643] The invention being thus described, it will be obvi-
ous that the same may be varied in many ways. Such varia-
tions are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as would be
obvious to one skilled in the art are intended to be included
within the scope of the following claims.
What is claimed is:
1. A liquid crystal display device comprising:
a pair of polarization plates;
a pair of substrates interposed between the pair of polar-
ization plates; and
a liquid crystal layer interposed between the pair of sub-
strates,
said device including pixels each including a light trans-
mitting display section and a light reflecting display
section, and
a comb-teeth shape electrode being provided on one of the
pair of substrates.
2. The liquid crystal display device of claim 1, wherein
a phase difference plate is disposed at least one of (i)
between one of the pair of polarization plates and cor-
responding one of the pair of substrates and (ii) between
the other one of the pair of polarization plates and the
other one of the pair of substrates.
3. The liquid crystal display device of claim 1, wherein
two phase difference plates are disposed between the pair
of polarization plates, and one of the two phase differ-
ence plates is disposed between one of the pair of polar-
ization plates and corresponding one of the pair of sub-
strates and the other one of the two phase difference
plates is disposed between the other one of the pair of
polarization plates and the other one of the pair of sub-
strates.
4. The liquid crystal display device of claim 1, wherein
both of the light transmitting display section and the light
reflecting display section shows dark display when no
voltage is applied.
5. The liquid crystal display device of claim 1, wherein
a storage capacitor is disposed in the light reflecting dis-
play section.
6. The liquid crystal display device of claim 1, wherein
an alignment orientation of liquid crystal molecules of the
liquid crystal layer is changed in response to voltage
application while the liquid crystal molecules are kept in
parallel to a substrate surface.

L



THMBW(EF)

[ i (S RIR) A ()

RIB(ERR)AGE)

HERB(ERR)AE)

FRI&RBHA

RBA

L M2 FF S0k
S\EReERR

BEG®)

BB~

US20110102723A1

US12/945624

X AMASAY UKI
HIRAKI HAJIME
=HSEIICHI

X AMASAY UKI
HIRAKI HAJIME
=#SEICHI

X AMASAY UKI
HIRAKI HAJIME
=HSEIICHI

OKAMOTO MASAYUKI
HIRAKI HAJIME
MITSUI SEIICHI

OKAMOTO, MASAYUKI
HIRAKI, HAJIME
MITSUI, SEIICHI

GO02F1/1343 G02F1/1333 G02F1/1335 G02F 1/1337

patsnap

2011-05-05

2010-11-12

GO02F1/133371 G02F1/133514 G02F2202/04 G02F1/133753 G02F2001/133638 G02F1/133555

1997359036 1997-12-26 JP
1998364247 1998-12-22 JP

uS8427608

Espacenet USPTO

RBETHRER  RBERAH , BEE-XER , WEHFREEE]
FENMENKRE L , REERE-XNERZE X ENE , ATERTE
RBEETERNWAEESXE LENERELFHHFRENEOREN; R
SRREEFENEEXEFNEL - L, ERHAENIERRS

Hep , ERTESAREENTREERES A TERRHAERNR
SERBIMATEREHERNESFE T, XAV KGISE
R 5 R RER D MBS R R E D 2 Bl ST B EL G B A B 4h 49 B /@
iR, ERFHERBINBEHERBOFEETRAREENLEER &

%, @,

10a ‘: : 106 [ ! 130
Hll! [ | | /

e e inTE 2

== %i ' g': ' i 12

=4 | 1

- - 3

o= }



https://share-analytics.zhihuiya.com/view/3dfe2786-f58d-434c-91d1-c9789181a3c3
https://worldwide.espacenet.com/patent/search/family/026580886/publication/US2011102723A1?q=US2011102723A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220110102723%22.PGNR.&OS=DN/20110102723&RS=DN/20110102723

