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Description

[0001] The invention relates to a liquid crystal display
device having an area through which a light is allowed
to pass for forming images on a screen, and an area in
which a light is reflected for forming images on a screen.
[0002] A liquid crystal display device has advantages
that it is thin, and it consumes small power. Due to the
advantages, a liquid crystal display device is widely used,
for instance, for a monitoring screen in various displays.
[0003] Unlike a cathode ray tube (CRT) and an elec-
troluminescence (EL) display device, a liquid crystal dis-
play device does not have a function of emitting a light.
Hence, a liquid crystal display device is necessary to
have a light source separately from a monitoring screen.
In dependence on a type of a light source, a liquid crystal
display device is grouped into a light transmission type
liquid crystal display device and a light reflection type
liquid crystal display device.

[0004] A light transmission type liquid crystal display
device includes a light source at a rear, and display im-
ages by switching transmission and interruption of a light
(which is called "backlight") emitted from the light source.
[0005] Inalighttransmission type liquid crystal display
device, power consumed for emitting a backlight is 50%
or greater in total power consumption. That is, a light
source for emitting a backlight causes much power con-
sumptionin a light transmission type liquid crystal display
device.

[0006] In order to solve such a disadvantage of a light
transmission type liquid crystal display device as men-
tioned above, there has been suggested a light reflection
type liquid crystal display device.

[0007] A light reflection type liquid crystal display de-
vice includes a light-reflection plate at which surrounding
lights are reflected. Images are displayed on a screen by
switching transmission and interruption of lights having
been reflected from the light-reflection plate. Unlike a light
transmission type liquid crystal display device, a light re-
flection type liquid crystal display device is not necessary
to include a light source, and hence, can reduce power
consumption in comparison with a light transmission type
liquid crystal display device.

[0008] For instance, a handy communication device
such as a cellular phone is frequently used outside, and
hence, can use surrounding lights as reflected lights. For
that reason, a light reflection type liquid crystal display
device is suitable to a monitoring screen of a handy com-
munication device.

[0009] However, alightreflection type liquid crystal dis-
play device which uses surrounding lights as reflected
lights is accompanied with a problem that if surrounding
lights are not bright, a user cannot clearly look at a screen.
[0010] On the other hand, contrary to a light reflection
type liquid crystal display device, a lighttransmission type
liquid crystal display device is accompanied with a prob-
lem that if surrounding lights are extremely bright, images
displayed on a screen look dark in comparison with the
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surrounding lights.

[0011] In order to solve those problems, there has
been suggested a light reflection and transmission type
liquid crystal display device which accomplish both dis-
playing images by partially transmitting a light and dis-
playing images by partially reflecting a light, in a single
liquid crystal display panel.

[0012] As an example, a light reflection and transmis-
sion type liquid crystal display device suggested in Jap-
anese Patent No. 2955277 (B2) (Japanese Unexamined
Patent Publication No. 11-101992 (A)) is illustrated in
FIG. 1.

[0013] The illustrated liquid crystal display device is
comprised of an active matrix substrate 100, an opposing
substrate 110 facing the active matrix substrate 100, and
a liquid crystal layer 120 sandwiched between the active
matrix substrate 100 and the opposing substrate 110.
[0014] The active matrix substrate 100 is comprised
of a first transparent substrate 101, a retardation plate
102 formed on the first transparent substrate 101 at the
opposite side of the liquid crystal layer 120, and a polar-
izer 103 formed on the retardation plate 102.

[0015] A backlight source 104 is arranged below the
polarizer 103.

[0016] The opposing substrate 110 is comprised of a
second transparent substrate 111, a retardation plate
112 formed on the second transparent substrate 111,
and a polarizer 113 formed on the retardation plate 112.
[0017] The first transparent substrate 101 has a first
area A in which a light emitted from the backlight source
104 transmits through the active matrix substrate 100,
the liquid crystal layer 120 and the opposing substrate
110, and a second area B in which an incoming light is
reflected.

[0018] An electrically conductive transparent film 105
is formed on the first transparent substrate 101 in the first
area A.

[0019] An electrically insulating film 106 having raised
and recessed portions, and a light-reflection plate 107
covering the electrically insulating film 106 therewith are
formed on the first transparent substrate 101 in the sec-
ond area B.

[0020] A light 130 having been emitted from the back-
light source 104 passes through the electrically conduc-
tive transparent film 105 for forming certain images on a
liquid crystal display panel. A light 140 externally entering
the liquid crystal display device is reflected at the light-
reflection plate 107 for forming certain images on a liquid
crystal display panel.

[0021] The retardation plates 102 and 112 provide re-
tardation of a quarter length (A/4) to such a transmission
light and a reflected light. A transmission light and a re-
flected light are converted into a linearly polarized light
from a circularly polarized light or vice versa, when they
pass through the polarizers 103 and 113.

[0022] AsillustratedinFIG. 1, the electrically insulating
film 106 is not formed below the electrically conductive
transparent film 105. Hence, it would be possible to
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equalize an optical length of a light in the liquid crystal
layer 120 which light passes through the liquid crystal
layer 120 in reciprocation in the second area B, and an
optical length of a lightin the liquid crystal layer 120 which
light passes through the liquid crystal layer 120 in the
first area A, to each other by designing a cell gap in the
first area A, that is, a thickness Df of the liquid crystal
layer 120 to be greater than a cell gap Dr in the second
area B. As aresult, it would be possible to control optical
characteristics of lights passing through the liquid crystal
layer 120 in the first area A and in the second area B
such that the optical characteristics vary in the same
manner.

[0023] However, the conventional liquid crystal display
deviceillustrated in FIG. 1 is accompanied with a problem
that if characteristics of displaying images through re-
flected lights are optimized, a luminance would be low-
ered, because the cell gap Df in the first area A is greater
than the cell gap Drin the second area B. This is because
a twisting angle of liquid crystal is equal to about 72 de-
grees, if the above-mentioned characteristics are opti-
mized, and an intensity of a transmission light is lowered
at a twisting angle of about 72 degrees under the condi-
tion of Df < Dr.

[0024] InJP-A-2000035570 a liquid crystal display de-
vice is disclosed having improved coloring in a reflection
mode by climinating the variation of polarization. To
achieve this improvement respective in A/4 wave plates
and in /2 wave plates are arranged accordingly. In US-
B1-6,195,140 a liquid crystal display device is disclosed
combining advantages of the transmission mode display
and the reflection mode display. In EP-A-1. 072 926 a
reflection type liquid crystal display is disclosed, which
disclosed all the features of the preamble of claim 1 in
combination. It comprises a. liquid crystal element com-
prised of twisted nematic liquid crystal sandwiched be-
tween a first substrate provided with a reflector and first
electrodes, and a second substrate provided with second
electrodes, and a twisted retardation film, a first retarda-
tion film, a second retardation film and a polarizing film.
The respective films are disposed such in sequence on
the outer side of the second substrate, thata black display
with low reflectance is obtained.

[0025] Inview of the above-mentioned problems in the
conventional liquid crystal display devices, it is an object
of the present invention to provide a light-transmission
and light-reflection type liquid crystal display device
which is capable of avoiding reduction in brightness when
used as a light-transmission type liquid crystal display
device, and enhancing both contrast and luminance,
when used as a light-reflection type liquid crystal display
device.

[0026] These and other objects of the present inven-
tion are achieved by a liquid crystal display device ac-
cording to independent claim 1. The dependent claims
treat further advantageous developments of the present
invention.

[0027] The advantages obtained by the aforemen-
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tioned present invention will be described hereinbelow.
[0028] In accordance with the above-mentioned liquid
crystal display device, it would be possible to use twist
nematic liquid crystal which has a wide gap margin and
is capable of accomplishing high white-colored display,
when images are displayed through reflected lights, and
to display images vividly in high contrast, when images
are displayed through transmitted lights.

[0029] The reason is as follows.

[0030] When a liquid crystal device used for a light-
reflection panel is designed, any angle other than 90 de-
grees is selected, taking into consideration display char-
acteristics in displaying images through reflected lights.
However, even if a voltage is applied to liquid crystal mol-
ecules, liquid crystal molecules existing in the vicinity of
upper and lower substrates do not rise up at a twisting
angle other than 90 degrees, resulting in that high con-
trast cannot be obtained due to existence of residual bi-
refringence.

[0031] The liquid crystal display device in accordance
with the present invention increases birefringence of the
first retardation plate to thereby make the 1st retardation
plates in parallel with a residual birefringence ellipsoid,
and remove the residual retardation. In addition, combi-
nation of the 1st and 2nd retardation plates would com-
pensate for retardation in a wide range, and present a
high contrast ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032]

FIG. 1 is a cross-sectional view of a conventional
liquid crystal display device.

FIG. 2 is a cross-sectional view of a liquid crystal
display device in accordance with the first embodi-
ment of the present invention.

FIG. 3 is a top plan view of the liquid crystal display
device illustrated in FIG. 2.

FIG. 4Aillustrates a first example of a relation among
arrangement angles of the retardation plates in the
liquid crystal display device illustrated in FIG. 2.
FIG. 4B is a graph showing a relation between a
transmission or reflection rate and a voltage to be
applied to liquid crystal in the liquid crystal display
device illustrated in FIG. 4A.

FIG. 5A illustrates a second example of a relation
among arrangement angles of the retardation plates
intheliquid crystal display device illustrated in FIG. 2.
FIG. 5B is a graph showing a relation between a
transmission or reflection rate and a voltage to be
applied to liquid crystal in the liquid crystal display
device illustrated in FIG. 5A.

FIG. 6A illustrates a third example of a relation
among arrangement angles of the retardation plates
intheliquid crystal display deviceillustrated in FIG. 2.
FIG. 6B is a graph showing a relation between a
transmission or reflection rate and a voltage to be
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applied to liquid crystal in the liquid crystal display
device illustrated in FIG. 6A.

FIG. 7A illustrates a fourth example of a relation
among arrangement angles of the retardation plates
inthe liquid crystal display deviceillustrated in FIG. 2.
FIG. 7B is a graph showing a relation between a
transmission or reflection rate and a voltage to be
applied to liquid crystal in the liquid crystal display
device illustrated in FIG. 7A.

FIGs. 8A and 8B are graphs showing the results of
simulating a relation between a cell gap and a trans-
mission rate.

FIG. 9 is a block diagram of a first example of an
electronic device to which the liquid crystal display
device in accordance with the first embodiment is
applied.

FIG. 10 is a block diagram of a second example of
an electronic device to which the liquid crystal display
device in accordance with the first embodiment is
applied.

[0033] Preferred embodiments in accordance with the
present invention will be explained hereinbelow with ref-
erence to drawings.

[0034] FIG.2isacross-sectional view of aliquid crystal
display device 10 in accordance with the first embodi-
ment.

[0035] The liquid crystal display device 10 in accord-
ance with the first embodiment is comprised of an active
matrix substrate 20, an opposing substrate 40 facing the
active matrix substrate 20, a liquid crystal layer 50 sand-
wiched between the active matrix substrate 20 and the
opposing substrate 40, and a backlight source 30 ar-
ranged below the active matrix substrate 20.

[0036] The active matrix substrate 20 is comprised of
a first transparent substrate 21, a gate insulating film 22
formed on the first transparent substrate 21, a first elec-
trically insulating film 23 formed on the gate insulating
film 22, a second electrically insulating film 24 formed on
the gate insulating film 22 to cover the first electrically
insulating film 23 therewith, a light-reflection electrode
25 formed on the second electrically insulating film 24, a
transparent electrode 26 formed on the second electri-
callyinsulating film 24 such that the transparent electrode
26 partially overlaps the light-reflection electrode 25, a
thin film transistor 31 formed on the first transparent sub-
strate 21, a first 1st retardation plate 27 formed on the
first transparent substrate 21 at the opposite side of the
liquid crystal layer 50, a second 1st retardation plate 28
formed on the first 1st retardation plate 27, and a first
polarizer 29 formed on the second ist retardation plate 28.
[0037] The backlight source 30 is arranged immedi-
ately below the first polarizer 29.

[0038] The opposing substrate 40 is comprised of a
second transparent substrate 41, a first 2nd retardation
plate 42 formed on the second transparent substrate 41,
a second 2nd retardation plate 43 formed on the first 2nd
retardation plate 42, and a second polarizer 44 formed
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on the second 2nd retardation plate 43.

[0039] The opposing substrate 40 further includes a
transparent electrode (not illustrated) and an alignment
film (not illustrated) formed on the second transparent
substrate 41 in contact with the liquid crystal layer 50.
[0040] The active matrix substrate 20 further includes
an alignmentfilm (notillustrated) formed on both the light-
reflection electrode 25 and the transparent electrode 26
in contact with the liquid crystal layer 50.

[0041] The active matrix substrate 20 has a first area
A through which a light is allowed to pass, and a second
area B in which an incoming light is reflected. The light-
reflection electrode 25 is formed in the second area B,
and the transparent electrode 26 is formed in the first
area A. ,

[0042] In the second area B, the first electrically insu-
lating film 23 is formed in spots in the form of a projection,
and the second electrically insulating film 24 covering the
first electrically insulating film therewith is formed to have
raised and recessed portions. In the first area A, the first
electrically insulating film 23 is planarized. Hence, in the
second area B, the light-reflection electrode 25 formed
on the second electrically-insulating film 24 also has
raised and recessed portions, and, in the first area A, the
transparent electrode 26 formed on the second electri-
cally insulating film 24 is also planarized.

[0043] The structure of the liquid crystal display device
in accordance with the first embodiment is not to be lim-
ited to the structure illustrated in FIG. 2. For instance, the
first electrically insulating film 23 may be formed in spots
in the form of a projection, and the, second electrically
insulating film 24 covering the first electrically insulating
film 23 therewith may be formed to have raised and re-
cessed portions also in the first area A, similarly to the
second area B.

[0044] The first electrically insulating film 23 may be
planarized, and the second electrically insulating film 24
may be planarized also in the second area B, in which
case, reflected lights are scattered by the opposing sub-
strate 40.

[0045] A light emitted from the backlight source 30
passes through the first area A to thereby display certain
images on a liquid crystal panel. An incident light 160
entering the liquid crystal display device 10 from outside
is reflected at the light-reflection electrode 25 to there by
display certain images on a liquid crystal panel.

[0046] The thin film transistor 31 is comprised of a gate
electrode 32 formed on the first transparent substrate 21,
an amorphous silicon (a-Si) layer 33a formed on the gate
insulating film 22 above the gate electrode 32, an n+
amorphous silicon (a-Si) layer 33b formed partially on
the a-Si layer 33a, a drain electrode 34 formed on the
gate insulating film 22 covering the n+ a-Si layer 33b and
the a-Si layer 33a therewith, and a source electrode 35
formed on the gate insulating film 22 covering the n+ a-
Si layer 33b and the a-Si layer 33a therewith.

[0047] The light-reflection electrode 25 makes electri-
cal contact with the source electrode 35 at a contact 36.
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[0048] The first 1stretardation plate 27 has retardation
of 140 nm, and the second 1st retardation plate 28 has
retardation of 250 nm.

[0049] The first 1st retardation plate 27 may have re-
tardation in the range of 135 nm to 160 nm, and the sec-
ond 1st retardation plate 28 may have retardation in the
range of 250 nm to 300 nm.

[0050] FIG. 3 is a top plan view of the liquid crystal
display device 10 in accordance with the first embodi-
ment. FIG. 2 corresponds to a cross-sectional view taken
along the line lI-Il in FIG. 3.

[0051] As illustrated in FIG. 3, the active matrix sub-
strate 20 includes gate lines 1 and drain lines 2 extending
perpendicularly to each other. The thin film transistor 31
as aswitching device is arranged in each of pixels defined
by the gate lines 1 and the drain lines 2.

[0052] The light-reflection electrode 25 reflects a light
entering each of the pixels. A voltage is applied to the
liquid crystal layer 50 sandwiched between the active
matrix substrate 20 and the opposing substrate 40,
through the light-reflection electrode 25.

[0053] The transparent electrode 26 formed adjacent
to the light-reflection electrode 25 allows a light emitted
from the backlight source 30 to pass therethrough.
[0054] The gate electrode 32 is electrically connected
to the gate lines 1, the drain electrode 34 is electrically
connected to the drain lines 2, and the source electrode
35 is electrically connected to the light-reflection elec-
trode 25.

[0055] Assuming that the first 1st retardation plate 27
has an optical axis arranged at a first angle relative to a
reference direction, the first 2nd retardation plate 42 has
an optical axis arranged at a second angle relative to the
reference direction, the first and second angles are de-
viated from each other by about 90 degrees. Similarly,
assuming hat the second 1st retardation plate 28 has an
optical axis arranged at a third angle relative to a refer-
ence direction, the second 2nd retardation plate 43 has
an optical axis arranged at a fourth angle relative to the
reference direction, the third and fourth angles are devi-
ated from each other by about 90 degrees.

[0056] Hereinbelow, an angle at which an optical axis
of a retardation plate is arranged relative to a reference
direction is referred to as an arrangement angle.

[0057] Specifically, assuming that first to N-th 1st re-
tardation plates are formed on the first transparent sub-
strate 21 such that a K-th 1st retardation plate is located
closer to the first transparent substrate 21 than a (K+1)
-th 1st retardation plate wherein K is an integer equal to
or greater than one, but equal to or smaller than (N-1),
and that first to N-th 2nd retardation plates are formed
on the second transparent substrate 41 such that a K-th
1stretardation plate is located closer to the second trans-
parent substrate 41 than a (K+1)-th 1st retardation plate,
a K-th 1st retardation plate corresponds to a K-th 2nd
retardation plate, and angles of the corresponding 1st
and 2nd retardation plates at which optical axes thereof
are arranged relative to areference direction are deviated
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from each other by about 90 degrees.

[0058] In the examples explained hereinbelow, a ref-
erence direction is defined as a direction perpendicular
to a direction in which liquid crystal molecules existing at
the middle in a thickness-wise direction of the liquid crys-
tal layer 50 are aligned , and a direction in which liquid
crystal molecules in the liquid crystal layer 50 are twisted
starting from the opposing substrate 40 towards the ac-
tive matrix substrate 20 is defined as a Positive twisting
direction.

[0059] In the first example, in the second area B, the
first 2nd retardation plate 42, the second 2nd retardation
plate 43 and the second polarizer 44 are designed to
have retardation and arrangement angle in accordance
with Japanese Patent Application No. 2001-022485 sug-
gesting a light-reflection type liquid crystal display device
which is capable of avoiding displayed images from being
colored when a black is displayed, and presenting high
contrast to displayed images.

[0060] Then, there are prepared retardation plates
having the same retardation as those of the first 2nd re-
tardation plate 42, the second 2nd retardation plate 43
and the second polarizer 44, as the first 1st retardation
plate 27, the second 1st retardation plate 28 and the first
polarizer 29, respectively, all of which are influenced by
the first area A. The arrangement angles between those
corresponding retardation plates and polarizers are de-
signed to be deviated from each other by about 90 de-
grees.

[0061] FIG. 4A illustrates the first example showing a
relation between the arrangement angles of the first 1st
retardation plate 27 and the first 2nd retardation plate 42
and further between the arrangement angles of the sec-
ond 1st retardation plate 28 and the second 2nd retar-
dation plate 43.

[0062] FIG. 4B is a graph showing a relation between
a voltage to be applied to liquid crystal and a light trans-
mission rate (or a light reflection rate) in the first example.
[0063] As illustrated in FIG. 4A, in the first example,
the first polarizer 29 has an absorption axis inclining by
0 degrees relative to the reference direction, and the sec-
ond polarizer 44 has an absorption axis inclining by 90
degrees relative to the reference direction.

[0064] The active matrix substrate 20 has a rubbing
angle of 126 degrees, and the opposing substrate 40 has
a rubbing angle of 54 degrees. ,

[0065] Inthefirstexample, the first 1stretardation plate
27 and the first 2nd retardation plate 42 are comprised
of aretardation plate having retardation of about a quarter
wavelength (A/4), whereas the second 1st retardation
plate 28 and the second 2nd retardation plate 43 are
comprised of a retardation plate having retardation of
about a half wavelength (A/2).

[0066] Thefirst 1stretardation plate 27 has anarrange-
mentangle of 105 degrees. Thefirst 2nd retardation plate
42 corresponding to the first 1st retardation plate 27 has
an arrangement angle of 15 degrees. Thus, the arrange-
ment angles between the first 1st retardation plate 27
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and the first 2nd retardation plate 42 are deviated from
each other by 90 degrees.

[0067] The second 1st retardation plate 28 has an ar-
rangement angle of 165 degrees. The second 2nd retar-
dation plate 43 corresponding to the second 1st retarda-
tion plate 28 has an arrangement angle of 76 degrees.
Thus, the arrangement angles between the second 1st
retardation plate 28 and the second 2nd retardation plate
43 are deviated from each other by about 90 degrees
(accurately, 89 degrees).

[0068] There was fabricated a liquid crystal display de-
vice including the first 1st retardation plate 27, the second
1st retardation plate 28, the first 2nd retardation plate 42
and the second 2nd retardation plate 43 all having the
above-mentioned relation with respect to the arrange-
ment angle, and a contrast ratio was measured when
images were displayed through transmission lights hav-
ing passed through the first area A.

[0069] The measured contrast ratio was 105.

[0070] The measured contrastratiois animprovedone
in comparison with a contrastratio in a conventional liquid
crystal display device which contrast ratio is equal to or
smaller than 100.

[0071] FIG.5AIllustrates the second example showing
a relation between the arrangement angles of the first
1st retardation plate 27 and the first 2nd retardation plate
42 and further between the arrangement angles of the
second 1st retardation plate 28 and the second 2nd re-
tardation plate 43.

[0072] FIG. 5B is a graph showing a relation between
a voltage to be applied to liquid crystal and a light trans-
mission rate (or alight reflection rate) in the second ex-
ample.

[0073] The first 2nd retardation plate 42, the second
2nd retardation plate 43 and the second polarizer 44 in
the second example are designed to have the same re-
tardation and arrangement angles as those of the above-
mentioned first example.

[0074] The first 1st retardation plate 27 is designed to
have retardation deviated from that of the first example
by 3 nm at a center thereof in order to compensate for
residual retardation by means of the first 1st retardation
plate 27. However, it can be considered that the first 1st
retardation plate 27 has substantially the same retarda-
tion as that of the first example. In contrast, the first 1st
retardation plate 27 and the second 1st retardation plate
28 are designed to have arrangement angles different
fromthose of the firstexample, and the deviation between
the arrangement angles of the first and second 2nd re-
tardation plates 42 and 43 is determined to be out of 90
degrees.

[0075] Asillustratedin FIG.5A, inthe second example,
the first polarizer 29 has an absorption axis inclining by
-1 degrees relative to the reference direction, and the
second polarizer 44 has an absorption axis inclining by
90 degrees relative to the reference direction.

[0076] The active matrix substrate 20 has a rubbing
angle of 126 degrees, and the opposing substrate 40 has
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a rubbing angle of 54 degrees.

[0077] Similarly to the first example, in the second ex-
ample, the first 1st retardation plate 27 and the first 2nd
retardation plate 42 are comprised of a retardation plate
having retardation of about a quarter wavelength (A/4),
whereas the second 1stretardation plate 28 and the sec-
ond 2nd retardation plate 43 are comprised of a retarda-
tion plate having retardation of about a half wavelength
(A 12).

[0078] The first 1st retardation plate 27. has an ar-
rangement angle of -2.8 degrees. The first 2nd retarda-
tion plate 42 corresponding to the first 1st retardation
plate 27 has an arrangement angle of 15 degrees.
Whereas the arrangement angles between the first 1st
retardation plate 27 and the first 2nd retardation plate 42
corresponding to the first 1st retardation plate 27 are de-
viated from each other by 90 degrees in the above-men-
tioned first example, deviation in the arrangement angles
between the first 1st retardation plate 27 and the first 2nd
retardation plate 42 in the second example is not equal
to 90 degrees, unlike the first example, because residual
retardation is compensated for by the first 1st retardation
plate 27.

[0079] The second 1st retardation plate 28 has an ar-
rangement angle of 110 degrees, and the second 2nd
retardation plate 43 corresponding to the second 1st re-
tardation plate 28 has an arrangement angle of 76 de-
grees. Hence, a difference in an arrangement angle be-
tween the second 1st retardation plate 28 and the second
2nd retardation plate 43 is not equal to 90 degrees.
[0080] There was fabricated aliquid crystal display de-
vice including the first 1stretardation plate 27, the second
1st retardation plate 28, the first 2nd retardation plate 42
and the second 2nd retardation plate 43 all having the
above-mentioned relation with respect to the arrange-
ment angle, and a contrast ratio was measured when
images were displayed through transmission lights hav-
ing passed through the first area A.

[0081] The measured contrast ratio was 500.

[0082] The measured contrastratioisanimprovedone
in comparison with a contrastratio in a conventional liquid
crystal display device which contrast ratio is equal to or
smaller than 100.

[0083] FIG. 6A illustrates the third example showing a
relation between the arrangement angles of the first 1st
retardation plate 27 and the first 2nd retardation plate 42
and further between the arrangement angles of the sec-
ond 1st retardation plate 28 and the second 2nd retar-
dation plate 43.

[0084] FIG. 6B is a graph showing a relation between
a voltage to be applied to liquid crystal and a light trans-
missionrate (or alight reflection rate) in the third example.
[0085] In a first step in the third example, the first 2nd
retardation plate 42, the second 2nd retardation plate 43
and the second polarizer 44 are designed to have retar-
dation and arrangement angles such that variance in re-
tardation in the liquid crystal layer 50, caused by variance
in a viewing angle, and variance in retardation in retar-
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dation films, caused by variance in a viewing angle cancel
each other in the second area B. In the third example
explained hereinbelow, the liquid crystal display device
includes only the second area B, but does not include
the first area A.

[0086] Asillustratedin FIG. 6A, the opposing substrate
40 has a rubbing angle of 54 degrees, and a product A
nd of the liquid crystal layer 50 and a cell gap of the liquid
crystal layer 50 is set equal to about 0.27 micrometers.
A twisting angle of the liquid crystal layer 50 has an al-
lowable range of about +4 degrees, and the product And
has an allowable range of about = 0,04 micrometers.
Accordingly, a twisting angle of the liquid crystal layer 50
may be determined in the range of 66 to 74 degrees, and
the product A nd of the liquid crystal layer 50 may be
determined in the range of 0.21 to 0.31 micrometers.
[0087] The first 2nd retardation plate 42, the second
2nd retardation plate 43 and the second polarizer 44 are
arranged in this order on the second transparent sub-
strate 41 at the opposite side of the liquid crystal layer
50. The first 2nd retardation plate 42 is designed to have
retardation in the range of 145 nm to 180 nm relative to
a monochromatic light having a wavelength of 550 nm,
and the second 2nd retardation plate 43 is designed to
have retardation in the range of 250 nm to 300 nm relative
to the same.

[0088] As illustrated in FIG. 6A, alignment of liquid
crystal in the liquid crystal layer 50 is determined in de-
pendence on a direction in which alignment films of both
the opposing substrate 40 and the active matrix substrate
20 are aligned. Specifically, liquid crystal in the liquid
crystal layer 50 is aligned in such a way that the liquid
crystal is continuously twisted from an interface of the
opposing substrate 40 towards an interface of the active
matrix substrate 20.

[0089] The first 2nd retardation plate 42, the second
2nd retardation plate 43 and the second polarizer 44 are
designed to have such polarized absorption axes that
they have arrangement angles of o,  and vy, respectively,
assuming that a direction perpendicular to a first direction
in which liquid crystal molecules in the liquid crystal layer
50 at a middle in a thickness-wise direction of the liquid
crystal layer 50 are aligned, which first direction is a di-
rection bisecting a direction in which liquid crystal mole-
cules are aligned in the vicinity of the opposing substrate
40 and a direction in which liquid crystal molecules are
aligned in the vicinity of the active matrix substrate 20,
is selected as a reference direction, and a direction in
which liquid crystal is twisted from the opposing substrate
40 towards the active matrix substrate 20 is a positive
direction.

[0090] In the third example, the arrangement angle o
is designed to be in the range of -15 to 15 degrees, the
arrangement angle f is designed to be in the range of 45
to 75 degrees, and the arrangement angle vy is designed
tobeinthe range of 60 to 90 degrees, for avoiding images
from being colored due to variance in a viewing angle. ,
[0091] The liquid crystal display device in accordance
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with the third example acts as a normally white device
exhibiting bright condition, in the second area B, when
no voltage is applied to liquid crystal. A light entering the
liquid crystal display device is converted into a circularly
polarized light or a almost circularly polarized light while
it passes through the second polarizer 44, the second
2nd retardation plate 43 and the first 2nd retardation plate
42, and then, enters the liquid crystal layer 50. By apply-
ing an electric field to the liquid crystal layer 50 through
a common transparent electrode (not illustrated) of the
opposing electrode 40, it is possible to vary alignment of
liquid crystal in the liquid crystal layer 50 for causing an
incident light to be reflected at the light-reflection elec-
trode 25 in different manners, resulting in that an intensity
of a light reaching a user is varied, and hence, desired
images are displayed on a liquid crystal panel.

[0092] In the first embodiment, the first 2nd retardation
plate 42 and the second 2nd retardation plate 43 may be
composed of polycarbonate family high polymer, polysul-
fone family high polymer, norbornene family high polymer
or polyvinyl alcohol family high polymer.

[0093] As mentioned above, the second area B in the
liquid crystal display device in accordance with the first
embodiment makes it possible to display full-colored im-
ages without unevenness which images are bright, have
a high contrast ratio, and do not become yellowish, even
if a viewing angle is varied in bright display condition.
[0094] Inthe second step in the third example, the first
1st retardation plate 27 is designed to have retardation
in the range of 125 to 155 nm in order to cause the first
1st retardation plate 27 to compensate for residual retar-
dationinthefirstarea A. The second 1st retardation plate
28 is designed to have the same retardation as that of
the second 2nd retardation plate 43. The first 1st retar-
dation plate 27, the second 1st retardation plate 28 and
the first polarizer 29 are designed to have arrangement
angles which are deviated by 90 degrees from arrange-
ment angles of the corresponding first 2nd retardation
plate 42, the second 2nd retardation plate 43 and the
second polarizer 44, respectively.

[0095] As illustrated in FIG. 6A, in the third example,
the first polarizer 29 has an absorption axis inclining by
163 degrees relative to the reference direction, and the
second polarizer 44 has an absorption axis inclining by
73. degrees relative to the reference direction.

[0096] The active matrix substrate 20 has a rubbing
angle of 126 degrees, and the opposing substrate 40 has
a rubbing angle of 54 degrees.

[0097] Similarly to the above-mentioned first and sec-
ond examples, inthefirstexample, thefirst 1stretardation
plate 27 and the first 2nd retardation plate 42 are com-
prised of a retardation plate having retardation of about
a quarter wavelength (A/4), whereas the second 1st re-
tardation plate 28 and the second 2nd retardation plate
43 are comprised of a retardation plate having retardation
of about a half wavelength (A /2).

[0098] Thefirst1stretardation plate 27 has anarrange-
ment angle : of 90 degrees. The first 2nd retardation
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plate, 42 corresponding to the first 1st retardation plate
27 has an arrangement angle of 0 degrees. Thus, the
arrangement angles between the first 1st retardation
plate 27 and the first 2nd retardation plate 42 are deviated
from each other by 90 degrees.

[0099] The second 1st retardation plate 28 has an ar-
rangement angle of 149 degrees. The second 2nd retar-
dation plate 43 corresponding to the second 1st retarda-
tion plate 28 has an arrangement angle of 59 degrees.
Thus, the arrangement angles between the second 1st
retardation plate 28 and the second 2nd retardation plate
43 are deviated from each other by about 90 degrees.
[0100] There was fabricated a liquid crystal display de-
vice including the first 1st retardation plate 27, the second
1st retardation plate 28, the first 2nd retardation plate 42
and the second 2nd retardation plate 43 all having the
above-mentioned relation with respect to the arrange-
ment angle, and a contrast ratio was measured when
images were displayed through transmission lights hav-
ing passed through the first area A.

[0101] The measured contrast ratio was 800.

[0102] The measured contrast ratio is significantly im-
proved in comparison with a contrast ratio in a conven-
tional liquid crystal display device which contrast ratio is
equal to or smaller than 100.

[0103] Whereas theresidual retardationis compensat-
ed for by the first 1st retardation plate 27 of the active
matrix substrate 20 in the second example, the residual
retardation is compensated for by the first 2nd retardation
plate 42 of the opposing substrate 40 in the third example.
Thus, the residual retardation may be compensated for
by either the first 1st retardation plate 27 or the first 2nd
retardation plate 42. As an alternative, the residual retar-
dation may be compensated for both of the first 1st re-
tardation plate 27 and the first 2nd retardation plate 42.
[0104] FIG. 7A illustrates the fourth example showing
a relation between the arrangement angles of the first
1st retardation plate 27 and the first 2nd retardation plate
42 and further between the arrangement angles of the
second 1st retardation plate 28 and the second 2nd re-
tardation plate 43.

[0105] FIG. 7B is a graph showing a relation between
a voltage to be applied to liquid crystal and a light trans-
mission rate (or a light reflection rate) in the fourth exam-
ple.

[0106] The second 1stretardation plate 28 and the first
polarizer 29 are designed to have the same retardation
and arrangement angles as those of the third example.
[0107] The first 2nd retardation plate 42 is designed to
have retardation deviated from that of the third example
by 6 nm at a center thereof in order to compensate for
residual retardation by means of the first 2nd retardation
plate 42. However, it can be considered that the first 2nd
retardation plate 42 has substantially the same retarda-
tion as that of the third example. In contrast, the first 1st
retardation plate 27 are designed to have arrangement
angles different from that of the third example, and the
deviation in the arrangement angle between the first 1st
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retardation plate 27 and the first 2nd retardation plate 42
corresponding to the first 1st retardation plate 27 is de-
termined to be out of 90 degrees.

[0108] Asiillustrated in FIG. 7A, in the fourth example,
the first polarizer 29 has an absorption axis inclining by
163 degrees relative to the reference direction, and the
second polarizer 44 has an absorption axis inclining by
73 degrees relative to the reference direction.

[0109] The active matrix substrate 20 has a rubbing
angle of 126 degrees, and the opposing substrate 40 has
a rubbing angle of 54 degrees.

[0110] Similarly to the first to third examples, in the
fourth example, the first 1st retardation plate 27 and the
first 2nd retardation plate 42 are comprised of a retarda-
tion plate having retardation of about a quarter wave-
length (A/4), whereas the second 1st retardation plate 28
and the second 2nd retardation plate 43 are comprised
of a retardation plate having retardation of about a half
wavelength (A/2).

[0111] Thefirst 1stretardation plate 27 has anarrange-
ment angle of 105 degrees. The first 2nd retardation
plate , 42 corresponding to the first 1st retardation plate
27 has an arrangement angle of 0 degrees. Thus, the
arrangement angles between the first 1st retardation
plate 27 and the first 2nd retardation plate 42 are deviated
from each other by 90 degrees.

[0112] The second 1st retardation plate 28 has an ar-
rangement angle of 149 degrees, and the second 2nd
retardation plate 43 corresponding to the second 1st re-
tardation plate 28 has an arrangement angle of 59 de-
grees. Thus, the arrangement angles between the sec-
ond 1st retardation plate 28 and the second 2nd retar-
dation plate 43 are deviated from each other by 90 de-
grees.

[0113] There was fabricated aliquid crystal display de-
vice including the first 1stretardation plate 27, the second
1st retardation plate 28, the first 2nd retardation plate 42
and the second 2nd retardation plate 43 all having the
above-mentioned relation with respect to the arrange-
ment angle, and a contrast ratio was measured when
images were displayed through transmission lights hav-
ing passed through the first area A.

[0114] The measured contrast ratio was 330.

[0115] The measured contrastratiois animprovedone
in comparison with a contrastratio in a conventional liquid
crystal display device which contrast ratio is equal to or
smaller than 100.

[0116] Whereasthe residual retardationis compensat-
ed for by the first 1st retardation plate 27 of the active
matrix substrate 20 in the second example, the residual
retardation is compensated for by the first 2nd retardation
plate 42 of the opposing substrate 40 in the fourth exam-
ple, similarly to the third example.

[0117] As having been explained in the first to fourth
examples, it would be possible to significantly improve a
contrast ratio obtained when images are displayed
through transmission lights passing through the first area
A, in comparison with a conventional liquid crystal display
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device, by designing the first 1st retardation plate 27, the
second 1st retardation plate 28, the first 2nd retardation
plate 42 and the second 2nd retardation plate 43 to have
a relation as defined in any one of the above-mentioned
first to fourth examples with respect to the arrangement
angles, namely, such a relation that arrangement angles
between the corresponding retardation plates are devi-
ated from each other by 90 degrees.

[0118] Though both the active matrix substrate 20 and
the opposing substrate 40 are designed to have two re-
tardation plates in the first to fourth examples, the number
of retardation plates is not to be limited to two (2). The
active matrix substrate 20 and the opposing substrate 40
may be designed to have one or three or more retardation
plates.

[0119] In the liquid crystal display device 10 in accord-
ance with the first embodiment, a cell gap in the second
area B, that is, a thickness Dr of the liquid crystal layer
50 is designed longer than a cell gap in the first area A,
that is, a thickness Df of the liquid crystal layer 50.
[0120] Since the light-reflection electrode 25 has
raised and recessed portions in the second area B, a cell
gap Dr in the second area B is defined as an average in
optical lengths in the second area B.

[0121] By designing the cell gap Drlonger than the cell
gap Df, it would be possible to improve white color tem-
perature in displayed images in the liquid crystal display
device 10. In alight transmission and reflection type liquid
crystal display device, the cell gap Dr is selected such
that a luminance in the second area B is maximized.
Hence, by designing the cell gap Df in the first area A to
be equal to the cell gap Dr, a luminance in the first area
A can be also maximized.

[0122] FIG. 8A shows the results of simulating a rela-
tion between a cell gap and a light transmission rate. As
is readily understood in view of FIG. 8A, a luminance is
in maximum when a cell gap is equal to 3.2 micrometers.
However, since there is a jump in V-T (applied voltage
vs. light transmission rate) characteristic, it is preferable
thata cell gapis designed equal to 3 micrometers. Hence,
a cell gap in the first area A in the first embodiment is
designed equal to 3 micrometers.

[0123] FIG. 8B shows the results of simulating a rela-
tion between a cell gap and light transmission rates for
red, green and blue. It is understood in view of FIG. 8B
that a luminance for blue is enhanced, if the cell gap Df
inthefirstarea Ais designed smaller than 3 micrometers.
That is, by designing the cell gap Df smaller than a cell
gap at which a luminance is maximized, it would be pos-
sible to raise a color temperature for white.

[0124] Since the light-reflection electrode 25 has
raised and recessed portions in the second area B, the
cell gap Dr in the second area B is determined as an
average of optical lengths in the second area B. When
spherical micro-pearls are introduced into the liquid crys-
tal layer 50 for ensuring a cell gap, such micro-pearls
have a diameter smaller than a height of the raised and
recessed portions of the light-reflection electrode 25, and
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hence, it would be impossible to control a cell gap in the
second area B by means of such micro-pearls. In con-
trast, since the transparent electrode 26 has a flat sur-
face, it is possible to control a cell gap in the first area A
by means of such micro-pearls.

[0125] The cell gap Dr may be designed to be equal
to or almost equal to the cell gap Df. As mentioned earlier,
the cell gap Dr is determined usually such that a lumi-
nance in the second area B is in maximum. Hence, by
designing the cell gap Df in the first area A to be equal
to the cell gap Dr, it would be possible to maximize a
luminance in the first area A, in which case, the cell gap
Df would be readily controlled, because the transparent
electrode 26 is planarized at a surface in the first area A.
[0126] The liquid crystal display device 10 in accord-
ance with the first embodiment may be applied to an elec-
tronic device. Hereinbelow, some examples are ex-
plained.

[0127] FIG. 9is a block diagram of a portable commu-
nication device 250 to which the liquid crystal display
device 10 is applied. In the portable communication de-
vice 250, the liquid crystal display device 10 in accord-
ance with the first embodiment is used as a part of a later
mentioned liquid crystal panel 265.

[0128] The portable communication terminal 250 is
comprised of a display unit 268 including a liquid crystal
panel 265, a backlight emitter 266, and an image signal
processor 267, a controller 269 controlling operation of
the parts constituting the portable communication termi-
nal 250, a memory 271 storing a program to be executed
by the controller 269 and various data, a communication
unit 272 which makes data communication, an input de-
vice 273 comprised of a keyboard or a pointer, and a
power source 274 supplying power to the above-men-
tioned parts constituting the portable communication ter-
minal 250.

[0129] The liquid crystal panel 265 including the liquid
crystal display device 10 in accordance with the first em-
bodiment enhances an aperture ratio in the display unit
268, and further enhances aluminance in the display unit
268.

[0130] The liquid crystal panel 265 including the liquid
crystal display device 10 may be applied to a monitor, of
a portable personal computer, a note type personal com-
puter, or a desktop type personal computer.

[0131] FIG. 10 is a block diagram of a cellular phone
275towhichthe liquid crystal display device 10 is applied.
[0132] Thecellularphone 275is comprised of a display
unit 276 including a liquid crystal panel 265, a backlight
emitter 266, and an image signal processor 267, a con-
troller 277 controlling operation of the parts constituting
the cellular phone 275, a memory 278 storing a program
to be executed by the controller 277 and various data, a
radio signal receiver 279, a radio signal transmitter 281,
aninput device 282 comprised of a keyboard or a pointer,
and a power source 283 supplying power to the above-
mentioned parts constituting the cellular phone 275.
[0133] The liquid crystal panel 265 including the liquid
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crystal display device 10 in accordance with the first em-
bodiment enhances an aperture ratio in the display unit
276, and further enhances a luminance in the display unit
276,

[0134] In the above-mentioned first embodiment, the
parts by which the present invention is characterized are
intensively explained, and parts known to those skilled
in the art are not explained in detail. However, it should
be noted that the latter could be readily understood to
those skilled in the art without detailed explanation.
[0135] Though the first transparent substrate 21, the
first 1st retardation plate 27, the second 1st retardation
plate 28, the first polarizer 29 and the backlight source
30 are illustrated to make contact with adjacent parts in
the above-mentioned first embodiment, it is not always
necessary for them to make contact with adjacent parts.
One or more of them may be arranged independently of
others or one another.

[0136] The same can be applied to the second trans-
parent substrate 41, the first 2nd retardation plate 42, the
second 2nd retardation plate 43 and the second p,olar-
izer 44.

[0137] The liquid crystal display device 10 in accord-
ance with the first embodiment is designed to include two
retardation plates each above and below the liquid crystal
layer 50. However, the number of the retardation plates
is not to be limited to two (2). The liquid crystal display
device 10 may be designed to include N retardation
plates each above and below the ,liquid crystal layer 50,
wherein N is an integer equal to or greater than one (1).

Claims
1. Aliquid crystal display device comprising:

(a) a first substrate (20);

(b) a second substrate (40) spaced away from
and facing the fist substrate (20); and

(c) a liquid crystal layer (50) sandwiched be-
tween the first and second substrates (20, 40)
and twistingly oriented,

the first substrate (20) being comprised of:

(a1) a first transparent substrate (21) having a
first area (A) through which light is allowed to
pass and a second area (B) in which light is re-
flected;

(a2) first to N-th 1st retardation plates (27, 28)
arranged on the first transparent substrate (21)
at the opposite side of the liquid crystal layer
(50) wherein a K-th 1st retardation plate (27) is
closerto the first transparent substrate (21) than
a (K+1)-th 1st retardation plate (28), and where-
in N is an integer greater than 1, and K is an
integer in the range from 1 to N-1; and

(a3) a first polarizer (29) arranged on the N-th
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10

1st retardation plate (28), the second substrate
(40) being comprised of:

(b1) a second transparent substrate (41);

(b2) first to N-the 2nd retardation plates (42, 43)
arranged on the second transparent substrate
(41) atthe opposite side of the liquid crystal layer
(50) wherein a K-th 2nd retardation plate (42) is
closer to the second transparent substrate (41)
than a (K+1)-th 2nd retardation plate (43), and
wherein N is an integer greater than 1, and K'is
an integer in the range from 1 to N-1; and

(b3) a second polarizer (44) arranged on the N-
th 2nd retardation plate (43), wherein a k-th re-
tardation plate among the first to N-th 1st retar-
dation plates (27, 28) has an optical axis ar-
ranged at a first angle relative to a reference
direction and a k-th retardation plate among the
first to N-th 2nd retardation plates (42, 43) has
an optical axis arranged at a second angle rel-
ative to the reference direction, and wherein the
first and second angles are different from each
other by about 90 degrees, characterised in
that a thickness of the liquid crystal layer (50)
in the first area (A) is smaller than a thickness
of the liquid crystal layer (50) in the second area

(B).

The liquid crystal display device as set forth in claim
1, wherein a retardation plate (27) arranged closest
to the first transparent substrate (21) among the first
to N-th 1st retardation plates (27, 28) has retardation
in the range of 140 nm to 160 nm, and a retardation
plate (43) arranged remotest from the second trans-
parent substrate (41) among the first to N-th 2nd re-
tardation plates (42, 43) has retardation in the range
of 250 nm to 300 nm.

The liquid crystal display device as set forth in claim
10r2, wherein aretardation plate (27) arranged clos-
est to the first transparent substrate (21) among the
firstto N-th 1stretardation plates (27, 28) is arranged
atan angle in the range of 90 to 120 degrees relative
to a reference direction, a retardation plate (28) ar-
ranged remotest from the first transparent substrate
(21) among the first to N-th 1st retardation plates
(27, 28) is arranged at an angle in the range of 150
of 180 degrees relative to the reference direction,
and the first polarizer (29) is arranged at an angle in
the range of -15 to 15 degrees relative to the refer-
ence direction,

and wherein aretardation plate (42) arranged closest
to the second transparent substrate (41) among the
first to N-th 2nd retardation plates (42, 43) is ar-
ranged at an angle of 15 degrees relative to the ref-
erence direction, a retardation plate (43) arranged
remotest from the second transparent substrate (41)
among the first to N-th 2nd retardation plates (42,
43) is arranged at an angle in the range of 60 to 90
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degrees relative to the reference direction, and the (20, 40) angeordnet ist und verdreht orientiert

gegenulber angeordnet ist, und
(c) einer Flussigkristallschicht (50), die zwi-
schen dem ersten und dem zweiten Substrat

11

second polarizer (44) is arranged at an angle in the ist,
range of 75 to 105 degrees relative to the reference wobei das erste Substrat (20) aufweist:
direction.
5 (a1) ein erstes transparentes Substrat (21)
The liquid crystal display device as set forth in claim mit einem ersten Bereich (A), durch den
1 0r2, wherein aretardation plate (27) arranged clos- Licht durchgehen kann, und einem zweiten
est to the first transparent substrate (21) among the Bereich (B), in dem Licht reflektiert wird,
firstto N-th 1stretardation plates (27, 28) is arranged (a2) erste bis N-te erste Phasenverschie-
atan angle in the range of 75 to 105 degrees relative 70 bungsplatten (27, 28), die auf dem ersten
to a reference direction, a retardation plate (28) ar- transparenten Substrat (21) auf der gegen-
ranged remotest from the first transparent substrate Uber liegenden Seite der Flussigkristall-
(21) among the first to N-th 1st retardation plates schicht (50) angeordnet sind, wobei eine K-
(27, 28) is arranged at an angle in the range of 135 te erste Phasenverschiebungsplatte (27)
to 165 degrees relative to the reference direction, 15 naher an dem ersten transparenten Sub-
and the first polarizer (29) is arranged at an angle in strat (21) als eine (K+1)-te erste Phasen-
the range of 150 to 180 degrees relative to the ref- verschiebungsplatte (28) angeordnet ist
erence direction, und wobei N eine ganze Zahl groRer als 1
and wherein aretardation plate (42) arranged closest und K eine ganze Zahl in dem Bereich von
to the second transparent substrate (41) among the 20 1 bis N-1 ist, und
first to N-th 2nd retardation plates (42, 43) is ar- (a3) einen ersten Polarisator (29), der auf
ranged at an angle in the range of -1 to 15 degrees der N-ten ersten Phasenverschiebungs-
relative to the reference direction, a retardation plate platte (28) angeordnet ist, wobei das zweite
(43) arranged remotest from the second transparent Substrate (40) aufweist:
substrate (41) among the first to N-th 2nd retardation 25 (b1) ein zweites transparentes Substrat
plates (42, 43) is arranged at an angle in the range (41),
of45to 75 degrees relative to the reference direction, (b2) erste bis N-te zweite Phasenverschie-
and the second polarizer (44) is arranged at an angle bungsplatten (42, 43), die auf dem zweiten
in the range of 60 to 90 degrees relative to the ref- transparenten Substrat (41) auf der gegen-
erence direction. 30 Uber liegenden Seite der Flussigkristall-
schicht (50) angeordnet sind, wobei eine K-
The liquid crystal display device as set forth in claim te zweite Phasenverschiebungsplatte (42)
1, wherein a retardation plate (27) arranged closest naher an dem zweiten transparenten Sub-
to the first transparent substrate (21) among the first strat (41) als eine (K+1)-te zweite Phasen-
to N-th 1st retardation plates (27, 28) has retardation 35 verschiebungsplatte (43) angeordnet ist
in the range of 125 nm to 155 nm, a retardation plate und wobei N eine ganze Zahl gréf3er als 1
(42) arranged remotest from the second transparent und K eine ganze Zahl in dem Bereich von
substrate (41) among the first to N-th 2nd retardation 1 bis N-1 ist, und
plates (42, 43) has retardation in the range of 250 (b3) einen zweiten Polarisator (44), der auf
nm to 300 nm, and a retardation plate (42) arranged 40 der N-ten zweiten Phasenverschiebungs-
closest to the second transparent substrate (41) platte (43) angeordnet ist, wobei eine K-te
among the first to N-th 2nd retardation plates (42, Phasenverschiebungsplatte unter den er-
43) hasretardationin the range of 140 nmto 170 nm. sten bis N-ten ersten Phasenverschie-
bungsplatten (27, 28) eine optische Achse
An electronic device including a liquid crystal display 45 aufweist, die mit einem ersten Winkel in Be-
device defined in any one of claims 1 to 5. zug auf eine Bezugsrichtung angeordnet
ist, und wobei eine K-te Phasenverschie-
bungsplatte unter den ersten bis N-ten
Patentanspriiche zweiten Phasenverschiebungsplatten (42,
50 43) eine optische Achse aufweist, die mit
Flassigkristallanzeigevorrichtung mit: einem zweiten Winkel in Bezug auf die Be-
zugsrichtung angeordnetist, und wobei sich
(a) einem ersten Substrat (20), der erste und der zweite Winkel voneinan-
(b) einem zweiten Substrat (40), das davon be- der um ungefahr 90 Grad unterscheiden,
abstandet ist und das dein ersten Substrat (20) 55 dadurch gekennzeichnet, dass eine Dik-

ke der Flussigkristallschicht (50) in dem er-
sten Bereich (A) kleiner als eine Dicke der
Flissigkristallschicht (50) in dem zweiten
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Bereich (B) ist.

Flussigkristallanzeigevorrichtung nach Anspruch 1,
wobei eine Phasenverschiebungsplatte (27), die am
nachsten zu dem ersten transparenten Substrat (21)
unter den ersten bis N-ten ersten Phasenverschie-
bungsplatten (27, 28) angeordnet ist, eine Phasen-
verschiebung in dem Bereich von 140 nm bis 160
nm aufweist, und eine Phasenverschiebungsplatte
(41), die am weitesten entfernt von dem zweiten
transparenten Substrat (41) unter den ersten bis N-
ten zweiten Phasenverschiebungsplatten (42, 43)
angeordnet ist, eine Phasenverschiebung in dem
Bereich von 250 nm bis 300 nm aufweist.

Flussigkristallanzeigevorrichtung nach Anspruch 1
oder 2, wobei eine Phasenverschiebungsplatte (27),
die am nachsten zu dem ersten transparenten Sub-
strat (21) unter den ersten bis N-ten ersten Phasen-
verschiebungsplatten (27, 28) angeordnet ist, mit ei-
nem Winkel in dem Bereich von 90 bis 120 Grad in
Bezug auf eine Bezugsrichtung angeordnet ist, eine
Phasenverschiebungsplatte (28), die am weitesten
entfernt von dem ersten transparenten Substrat (21)
unter den ersten bis N-ten ersten Phasenverschie-
bungsplatten (27, 28) angeordnet ist, mit einem Win-
kel in dem Bereich von 150 bis 180 Grad in Bezug
auf die Bezugsrichtung angeordnet ist, und der erste
Polarizator (29) bei einem Winkel in dem Bereich
von -15 bis 15 Grad in Bezug auf die Bezugsrichtung
angeordnet ist,

und wobei eine Phasenverschiebungsplatte (42), die
am nachsten zu dem zweiten transparenten Sub-
strat (41) unter den ersten bis N-ten zweiten Pha-
senverschiebungsplatten (42, 43) angeordnet ist,
mit einem Winkel von 15 Grad in Bezug auf die Be-
zugsrichtung angeordnet ist, eine Phasenverschie-
bungsplatte (43), die am weitesten entfernt von dem
zweiten transparenten Substrat (41) unter den er-
sten bis N-ten zweiten Phasenverschiebungsplatten
(42, 43) angeordnet ist, mit einem Winkel in dem
Bereich von 60 bis 90 Grad in Bezug auf die Bezugs-
richtung angeordnet ist, und der zweite Polarizator
(44) bei einem Winkel in dem Bereich von 75 bis 1
OS Grad in Bezug auf die Bezugsrichtung angeord-
net ist.

Flussigkristallanzeigevorrichtung nach Anspruch 1
oder 2, wobei eine Phasenverschiebungsplatte (27),
die am nachsten zu dem ersten transparenten Sub-
strat (21) unter den ersten bis N-ten ersten Phasen-
verschiebungsplatten (27, 28) angeordnet ist, mit ei-
nem Winkel in dem Bereich von 75 bis 105 Grad in
Bezug auf eine Bezugsrichtung angeordnet ist, eine
Phasenverschiebungsplatte (28), die am weitesten
entfernt von dem ersten transparenten Substrat (21)
unter den ersten bis N-ten ersten Phasenverschie-
bungsplatten (27, 28) angeordnet ist, mit einem Win-
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kel in dem Bereich von 135 bis 165 Grad in Bezug
auf die Bezugsrichtung angeordnet ist, und der erste
Polarizator (29) bei einem Winkel in dem Bereich
von 150 bis 180 Grad in Bezug auf die Bezugsrich-
tung angeordnet ist,

und wobei eine Phasenverschiebungsplatte (42), die
am nachsten zu dem zweiten transparenten Sub-
strat (41) unter den ersten bis N-ten zweiten Pha-
senverschiebungsplatten (42, 43) angeordnet ist,
mit einem Winkel in dem Bereich von -15 bis 15 Grad
in Bezug auf die Bezugsrichtung angeordnetist, eine
Phasenverschiebungsplatte (43), die am weitesten
entfernt von dem zweiten transparenten Substrat
(41) unter den ersten bis N-ten zweiten Phasenver-
schiebungsplatten (42, 43) angeordnetist, miteinem
Winkel in dem Bereich von 45 bis 75 Grad in Bezug
auf die Bezugsrichtung angeordnet ist, und der zwei-
te Polarizator (44) bei einem Winkel in dem Bereich
von 60 bis 90 Grad in Bezug auf die Bezugsrichtung
angeordnet ist.

Flussigkristallanzeigevorrichtung nach Anspruch 1,
wobei eine Phasenverschiebungsplatte (27), die am
nachsten zu dem ersten transparenten Substrat (21)
unter den ersten bis N-ten ersten Phasenverschie-
bungsplatten (27, 28) angeordnet ist, eine Phasen-
verschiebung in dem Bereich von 125 nm bis 155
nm aufweist, eine Phasenverschiebungsplatte (43),
die am weitesten entfernt von dem zweiten transpa-
renten Substrat (41) unter den ersten bis N-ten zwei-
ten Phasenverschiebungsplatten (42, 43) angeord-
net ist, eine Phasenverschiebung in dem Bereich
von 250 nm bis 300 nm aufweist, und eine Phasen-
verschiebungsplatte (42), die am nachsten zu dem
zweiten transparenten Substrat (41) unter den er-
sten bis N-ten zweiten Phasenverschiebungsplatten
(42, 43) angeordnet ist, eine Phasenverschiebung
in dem Bereich von 140 nm bis 170 nm aufweist.

Elektronische Vorrichtung mit einer Flissigkristall-
anzeigevorrichtung nach einem der Anspriiche 1 bis
5.

Revendications

Dispositif ~ d’affichage a  cristaux

comprenant :

liquides

(a) un premier substrat (20);

(b) un second substrat (40) espacé du premier
substrat (20) et lui faisant face ; et

(c) une couche de cristaux liquides (50) prise en
sandwich entre les premier et second substrats
(20, 40) et orientée par torsion,

le premier substrat (20) étant constitué :

(a1) d’'un premier substrat transparent (21)
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ayant une premiére zone (A) a travers la-
quelle la lumiére est autorisée a passer et
une seconde zone (B) dans laquelle la lu-
miéere est réfléchie ;

(a2) d’une premiére a une Ni¢me premiéres
lames aretard (27, 28) agencées sur le pre-
mier substrat transparent (21) au niveau du
c6té opposé de la couche de cristaux liqui-
des (50) dans lequel une Ki¢me premiére la-
me a retard (27) est plus proche du premier
substrat transparent (21) qu’une (K + 1)iéme
premiére lame a retard (28), et dans lequel
N est un entier relatif supérieur a 1 et K est
un entier relatif compris dans la plage allant
de1aN-1;et

(a3) d’'un premier polariseur (29) agencé sur
la Ni#me premiére lame a retard (28), le se-
cond substrat (40) étant constitué :

(b1) d’un second substrat transparent (41) ;
(b2) d’une premiére a une Ni¢me secondes
lames a retard (42, 43) agencées sur le se-
cond substrat transparent (41) au niveau du
c6té opposé de la couche de cristaux liqui-
des (50) dans lequel une Ki¢me seconde la-
me a retard (42) est plus proche du second
substrat transparent (41) qu’une (K + 1)ieme
seconde lame a retard (43), et dans lequel
N est un entier relatif supérieur a 1 et K est
un entier relatif compris dans la plage allant
de1aN-1;et

(b3) d’'un second polariseur (44) agenceé sur
la Nieme seconde lame a retard (43), dans
lequel une Kieéme |ame a retard parmi la pre-
miére & la Niéme premiéres lames a retard
(27, 28) dispose d’'un axe optique agencé
suivant un premier angle par rapport a une
direction de référence et une Ki¢éme Jame a
retard parmi la premiére a la Ni#me secon-
des lames a retard (42, 43) dispose d'un
axe optique agencé suivant un second an-
gle par rapport a la direction de référence,
etdans lequel les premier et second angles
sont différents I'un de 'autre d’environ 90
degrés, caractérisé en ce qu’une épais-
seur de la couche de cristaux liquides (50)
dans la premiére zone (A) est inférieure a
une épaisseur de la couche de cristaux li-
quides (50) dans la seconde zone (B).

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, dans lequel une lame a retard (27)
agenceée le plus prét du premier substrat transparent
(21) parmi la premiére a la Ni#me premiéres lames a
retard (27, 28) a un retard compris dans la plage
allant de 140 nm a 160 nm, et une lame a retard (43)
agenceée le plus loin du second substrat transparent
(41) parmi la premiére a la Ni¢me secondes lames a
retard (42, 43) a un retard compris dans la plage
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allant de 250 nm a 300 nm.

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1 ou 2, dans lequel une lame a retard
(27) agencée le plus prét du premier substrat trans-
parent (21) parmi la premiére a la Ni®me premigres
lames aretard (27, 28) est agencée suivant un angle
compris dans la plage allant de 90 a 120 degrés par
rapport a une direction de référence, une lame a re-
tard (28) agencée le plus loin du premier substrat
transparent (21) parmi la premiére a la Niéme pre-
miéres lames a retard (27, 28) est agencée suivant
un angle compris dans la plage allant de 150 a 180
degrés par rapport a la direction de référence, et le
premier polariseur (29) est agencé suivant un angle
compris dans la plage allant de -15 a 15 degrés par
rapport a la direction de référence,

et dans lequel une lame a retard (42) agencée le
plus prét du second substrat transparent (41) parmi
la premiére & la Ni®me secondes lames a retard (42,
43) est agencée suivant un angle de 15 degrés par
rapport a la direction de référence, une lame a retard
(43) agenceée le plus loin du second substrat trans-
parent (41) parmi la premiére a la Ni#me secondes
lames aretard (42, 43) est agencée suivant un angle
compris dans la plage allant de 60 a 90 degrés par
rapport a la direction de référence, et le second po-
lariseur (44) est agencé suivant un angle compris
dans la plage allant de 75 a 105 degrés par rapport
a la direction de référence.

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1 ou 2, dans lequel une lame a retard
(27) agencée le plus prét du premier substrat trans-
parent (21) parmi la premiére a la Ni®me premigres
lames aretard (27, 28) est agencée suivant un angle
compris dans la plage allant de 75 a 105 degrés par
rapport a une direction de référence, une lame a re-
tard (28) agencée le plus loin du premier substrat
transparent (21) parmi la premiére a la Niéme pre-
miéres lames a retard (27, 28) est agencée suivant
un angle compris dans la plage allant de 135 a 165
degrés par rapport a la direction de référence, et le
premier polariseur (29) est agencé suivant un angle
compris dans la plage allant de 150 a 180 degrés
par rapport a la direction de référence,

et dans lequel une lame a retard (42) agencée le
plus prét du second substrat transparent (41) parmi
la premiére & la Ni®me secondes lames a retard (42,
43) est agencée suivant un angle compris dans la
plage allant de -15 a 15 degrés par rapport a la di-
rection de référence, une lame aretard (43) agencée
le plus loin du second substrat transparent (41) parmi
la premiére & la Ni#me secondes lames a retard (42,
43) est agencée suivant un angle compris dans la
plage allant de 45 a 75 degrés par rapport a la di-
rection de référence, et le second polariseur (44) est
agenceé suivant un angle compris dans la plage allant
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de 60 a 90 degrés par rapport a la direction de réfé-
rence.

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, dans lequel une lame a retard (27)
agenceée le plus prét du premier substrat transparent
(21) parmi la premiére a la Ni¢éme premiéres lames a
retard (27, 28) a un retard compris dans la plage
allant de 125 nm a 155 nm, une lame a retard (42)
agenceée le plus loin du second substrat transparent
(41) parmi la premiére a la N¥me secondes lames a
retard (42, 43) a un retard compris dans la plage
allant de 250 nm a 300 nm, et une lame a retard (42)
agenceée le plus prét du second substrat transparent
(41) parmi la premiére a la Ni¢me secondes lames a
retard (42, 43) a un retard compris dans la plage
allant de 140 nm a 170 nm.

Dispositif électronique comprenant un dispositif d’af-
fichage a cristaux liquides selon 'une quelconque
des revendications 1 a 5.
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