
;e3ebhgbbbcdd@<ef6gThgbl E  DESCRIPTION I N 114 LIQUID CRYSTAL DISPLAY
DEVICE TECHNICAL FIELD This invention relates to a structure of a liquid
crystal display device for displaying character information and image
information using a super twisted nematic (STN) liquid crystal cell. 10
BACKGROUND TECHNOLOGY A liquid crystal display device for displaying
character information and image information using a liquid crystal cell is
used in various electronic devices from small-sized devices such as a
timepiece and a portable telephone to large-sized displays for screens of a
television, a personal 15 computer, and the like. When character
information and image information are displayed using a liquid crystal
cell, a liquid crystal display panel, in which absorptiontype polarizing
films are disposed on both sides of the liquid crystal cell with a liquid
crystal filled between two transparent substrates in such a manner 20 that
respective transmission axes thereof make a desired angle, is used. When an
electric field is applied to the liquid crystal of this liquid crystal
display panel, an alignment direction of the liquid crystal having
permittivity anisotropy changes, which causes a change in an optical
characteristic. Through the use of the optical anisotropy of the liquid
crystal, 25 a desired display is performed. As such of a conventional
liquid crystal display device using the   2 optical characteristic of the
liquid crystal, there is a typical one using a twisted nematic (TN) liquid
crystal. Further, when a polarizing direction of a linearly polarized light
which has passed through the absorption-type polarizing film on the
incident side is controlled by an optical rotation of the 5 TN liquid
crystal, and when the absorption-type polarizing film on the emitting-out
side is disposed to obtain a normally-white mode, character information and
image information are indicated in a black display on white that is the
background color. However, in a display of character information and image
information 10 in black against the white background as described above,
neither variation in design nor interest can be offered. Therefore, a
liquid crystal display device capable of providing variation in display of
character information and image information and additionally variation in
design is desired. 15 Moreover, in order to increase the amount of
information capable of displaying character information and image
information, it is necessary to use not a liquid crystal display device
using the TN liquid crystal but a liquid crystal display device using a
super twisted nematic (STN) liquid crystal cell. The liquid crystal display
device using the STN liquid crystal cell has highly 20 sharp responsivity
in transmittance change in response to a change in applied voltage and a
large margin in voltage change can be obtained, thereby enabling a
high-split display, resulting in increased pixel density within a display
screen. Accordingly, a display capacity can be increased and contrast
between a display portion and a background portion is also excellent. 25
Since this STN-type liquid crystal display device has a display mode using
a birefringence anisotropy of a liquid crystal, even if using a normally
3 white mode which is excellent in brightness for a monochrome display, a
display color of the background portion at which voltage is not applied to
the 



liquid crystal layer is colored due to an elliptically polarized light.
Consequently, the display color of the background is not white but a 5
color close to yellowish green, and the display color of the black display
portion at which voltage is applied to the liquid crystal layer is bluish
black. Even such an STN liquid crystal display device provides a plain
information display with little charm in design. This invention is made in
view of such a present state, and its object 10 is to bring a background
for a display to an achromatic color without coloring in an STN-type liquid
crystal display device having a large display capacity for information and
to make a liquid crystal display device which is new in design and
fashionable. 15 DISCLOSURE OF THE INVENTION In order to achieve the above
object, a liquid crystal display device according to this invention
comprises: an STN liquid crystal cell formed by holding nematic liquid
crystal, which is aligned at a twist angle of 180 to 270, between a
transparent first substrate and a transparent second substrate 20 having
electrodes on respective opposing inner faces; a reflection-type polarizing
film provided outside the first substrate of the STN liquid crystal cell; a
first retardation film provided between the reflection-type polarizing film
and the first substrate; a backlight provided on the opposite side of the
reflection-type polarizing film to the first retardation film; an
absorption-type 25 polarizing film provided outside the second substrate of
the STN liquid crystal cell; and a second retardation film provided between
the absorption   4 type polarizing film and the second substrate. In this
case it is preferable that the first and second retardation films are
retardation films each of which satisfies conditions of nx > nz > ny of the
retardation film, where nx is the refractive index in a stretching
direction of the retardation film, ny is the refractive index in a
direction orthogonal to the stretching direction, and nz is the refractive
index in a thickness direction. Further, it is suitable to dispose a
twisted retardation film in place of the aforesaid second retardation film
and omit the aforesaid first retardation film to thereby form a liquid
crystal display device. 10 In this case, it is desirable that a value of a
difference 0T = Ts - Tc in 0 0 



absolute value of both the twist angles ranges from 0 to 30 , where Ts is a
twist angle of the STN liquid crystal cell and Tc is a twist angle of the
twisted retardation film. In these liquid crystal display devices, it is
preferable that the 15 absorption-type polarizing film and the
reflection-type polarizing film are arranged in such a manner that
respective transmission axes are orthogonal to each other. Moreover, it is
suitable that a non-reflection layer is provided on the opposite side of
the absorption-type polarizing film to the second retardation 20 film or
the twisted retardation film. Furthermore, it is preferable that the
thickness of the above-described first substrate of the STN liquid crystal
cell is 0.1 mm to 0.5 mm. In the liquid crystal display device according to
this invention structure as above, a background portion that is a
no-voltage-applied portion 25 is brought to a metallic display. Further, it
is preferable that an amount of light reflected by the   5 reflection-type
polarizing film is increased as much as possible so as to bring the
no-voltage-applied portion to a bright . achromatic metallic display, and
that the STN liquid crystal cell is optimized so as to increase the
transmittance of a voltage-applied portion within a wide range of
wavelength. 5 More specifically, a difference between a retardation value
Rf of the retardation film and Rs = Ond which is a product of a
birefringency On of the liquid crystal and a cell gap d, that is a value of
0R = Rs - Rf, is set to be 0.005 pxn to 0.05 Nxn, and the absorption-type
polarizing film and the reflection-type polarizing film are arranged so
that respective transmission 1 o axes are orthogonal to each other, whereby
the reflection efficiency of the STN liquid crystal cell is increased,
resulting in a further excellent transmission state. Further, a so-called
Z-type retardation film, not an ordinary uniaxialstretching-type,
satisfying conditions of nx > nz > ny, where nx is the 15 refractive index
in a stretching direction, ny is the refractive index in a direction
orthogonal to the stretching direction, and nz is the refractive index in a
thickness direction is used for the retardation film, whereby the viewing
angle characteristic is improved and incident light from the surroundings
is effectively utilized, and thus a brighter display can be obtained. 2o
Furthermore, even if the twisted retardation film is used in place of the
retardation film, a metallic tone characteristic with high reflectance and
an excellent transmission characteristic can be obtained and the visibility
is improved within a wide viewing angle, so that a liquid crystal display
in a bright achromatic metallic display can be realized. 25 BRIEF
DESCRIPTION OF DRAWINGS   6 FIG. 1 and FIG. 2 are schematic sectional views
showing the structure 



of a first embodiment of a liquid crystal display device according to the
invention; FIG. 3 and FIG. 4 are plane views for explaining positional
relations between respective components of the liquid crystal display
device of the same; FIG. 5 and FIG. 6 are schematic sectional views showing
the structure of a second embodiment of a liquid crystal display device
according to the invention; and 10 FIG. 7 and FIG. 8 are plane views for
explaining positional relations between respective components of the liquid
crystal display device of the same. BEST MODE FOR CARRYING OUT THE
INVENTION 15 In order to explain the invention in more detail, embodiments
of this invention will be concretely described hereinafter with reference
to the drawings. First Embodiment: FIG. 1 to FIG. 4 20 At the beginning,
the first embodiment of a liquid crystal display device according to the
invention will be explained with reference to FIG. 1 to FIG. 4. FIG. 1 and
FIG. 2 are schematic sectional views for explaining components of the
liquid crystal display device, which is shown with a ratio 25 of a
dimension in a direction of thickness being substantially enlarged. The
liquid crystal display device of the first embodiment is a    transflective
liquid crystal display device, in which a first substrate 1 and a second
substrate 2, each of which is made of a glass plate with a thickness of 0.5
mm, are bonded together with a sealant 5 with a fixed gap therebetween, and
nematic liquid crystal 6 which is aligned at a twist angle of 225 is sealed
5 and sandwiched in the gap, thereby forming an STN liquid crystal cell 20
as shown in FIG. 1 and FIG. 2. On the inner surface (a face on the liquid
crystal 6 side) of the first substrate 1, first electrodes 3 made of indium
tin oxide (ITO), which is transparent conductive film, are formed, and also
on the inner surface of the 10 second substrate 2, second electrodes 4 made
of ITO are formed. 



Outside (the lower side in the drawing) the first substrate 1 of the STN
liquid crystal cell 20, a reflection-type polarizing film 14 is disposed
with a first retardation film 12 with a retardation value R = 0.43 ~m
therebetween, and a backlight 15 is disposed on the opposite side (the
lower 15 side) of the reflection-type polarizing film 14 to the retardation
film 12. For the backlight 15, an electro-luminescent (EL) device, a light
emitting diode (LED), a cold-cathode tube, a hot-cathode tube, or the like
can be used. Further, it is preferable to apply pigments of a fluorescent
color to a light-emitting face of the backlight 15 by printing to thereby
generate a 20 fluorescent color. Moreover, on the outside (the upper side
in the drawing) of the second substrate 2 of the STN liquid crystal cell
20, an absorption-type polarizing film 11 with a transmittance of 46% is
disposed with a second retardation film 13 with a retardation value R =
0.43 ~,m therebetween, 25 thereby setting Rf, which is the sum of the
retardation values of the first retardation film 12 and the second
retardation film 13, at 0.86 ~.m.   8 In FIG. 1 and FIG. 2, the upper side
is the visible side by an observer and an external light falls from the
upper side. Here, the ordinary absorption-type polarizing film 11 is a
member in a sheet form which has a transmission axis and an absorption axis
which are 5 orthogonal to each other, transmits a linearly polarized light
polarized in the direction parallel to the transmission axis, and absorbs a
linearly polarized light polarized in the direction parallel to the
absorption axis. On the other hand, the reflection-type polarizing film 14
is a member in a sheet form which has a transmission axis and a reflection
axis which are 10 orthogonal to each other, transmits a linearly polarized
light polarized in the direction parallel to the transmission axis, and
reflects a linearly polarized light polarized in the direction parallel to
the reflection axis. 



Therefore, the arrangement of the backlight 15 which generates a
fluorescent color outside the reflection-type polarizing film 14 provides a
15 display in a fluorescent color when a linearly polarized light polarized
in the direction parallel to the transmission axis is incident, and when a
linearly polarized light polarized in the direction parallel to the
reflection axis is made incident, directly reflects the light, thereby
obtaining a bright display in a metallic tone because reflection efficiency
thereof is high by virtue of a 20 surface in a mirror face state. In this
embodiment, an optical film DBEF (trade name) manufactured by Sumitomo 3M
Ltd. is used as the reflection-type polarizing film 14. This
reflection-type polarizing film is formed with multi-layered thin films
with different refractive indices. In addition to this, a polarizing film
composed 25 of a cholesteric liquid crystal polymer sandwiched between
7~,/4 (quarter wavelength) films or one utilizing a hologram is applicable.
9 Each of the first retardation film 12 and the second retardation film 13
is a film with a thickness of about 70 ~txn made of stretched
polycarbonate, a so-called Z-type retardation film satisfying conditions of
nx > nz > ny, where nx is the refractive index in a stretching direction,
ny is the refractive index in 5 a direction orthogonal to the stretching
direction, and nz is the refractive index in a thickness direction.
Further, the first retardation film 12 and the reflection-type polarizing
film 14, and the second retardation film 13 and the absorption-type
polarizing film 11 are respectively bonded together with an acrylic
adhesive to be 10 integrated. The Z-type retardation film has little change
in retardation when seen from a tilted viewing angle, and consequently the
viewing angle characteristic of the liquid crystal display device can be
improved. Here, a relationship between the thickness of the first substrate
1 of 15 the STN liquid crystal cell 20 and display quality will be
explained. A light incident on the STN liquid crystal cell 20 from the
front passes through the absorption-type polarizing film 11, the second
retardation film 13, the second substrate 2, and the liquid crystal 6,
further passes through the first substrate 1 and the first retardation film
12, and then reflected at the reflection-type 20 polarizing film 14,
passing through the same way as that of the incident light 



to reach the observer's side as an emitting-out light. However, if the
first substrate 1 is thick, a liquid crystal layer which an incident in a
slanting direction has passed through when it is incident, differs from a
liquid crystal layer which the light passes through when it is 25 emitted
out, whereby a double image in which a display portion appears blurry
occurs, resulting in a decrease in display quality.   10 Accordingly, the
thinner the first substrate 1 is, the more the double image by the incident
light in the slanting direction decreases, resulting in an increase in
visibility of display. When the first substrate 1 was prototyped using
substrates having 5 various thicknesses, an excellent display quality was
obtained in a case of a thickness of 0.5 mm or less. The thinner the first
substrate 1 is, the better, however, the workability deteriorates if the
first substrate 1 is too thin, therefore it is preferable to have a
thickness of 0.1 mm or more. In this embodiment, a glass plate having a
thickness of 0.5 mm is used as both the 10 first substrate 1 and the second
substrate 2. It is preferable, however, to thin the first substrate in
thickness within 0.1 mm to 0.5 mm. The transmittances of the first
electrodes 3 and the second electrodes 4 made of ITO are important in terms
of brightness and color tone, and thus ITO with high transmittance is
required. Generally, as for the ITO 15 electrodes, the lower the sheet
resistance value is, the thicker the film thickness of ITO becomes and the
lower the transmittance becomes. Thus, since the first electrodes 3 are
applied a data signal, which is low in voltage, and thus have little
influence due to cross-talk, ITO film with a thickness of 40 nm having a
sheet resistance of 100 ohms can be used for 20 them. The average
transmittance of the first electrodes in that case is about 92%. Since the
second electrodes 4 are applied a scanning signal which is high in voltage,
ITO film with a thickness of 230 nm having a sheet resistance of 10 ohms is
used for them in order to reduce cross-talk, and thus 



25 the average transmittance lowers to about 89%, but the brightness can be
improved by employing transparent electrodes having a transmittance of 90%
n or more at least for the electrodes on one substrate as in this
embodiment. In the liquid crystal display device shown in FIG. 2, a
non-reflection layer 17 is provided on the surface of the opposite side
(the visible side) of the absorption-type polarizing film 11 to the second
retardation film 13. 5 The non-reflection layer 17 is made by evaporation
of inorganic thin film in several layers and a reflectance thereof is about
0.5%. The provision of the non-reflection layer 17 causes a reduction of
the surface reflection by the absorption-type polarizing film 11, so that
the transmittance is improved, resulting in a bright display. Moreover, the
10 emitting-out light to the observer's side is scattered by the
non-reflection layer 17, so that a soft color tone in a bright achromatic
metallic tone can be obtained. However, since evaporation film is costly, a
coating-type non reflection film in which one to two layers of an organic
material are applied 15 has been developed recently and has a reflectance
of about 1 %, which is a little high, but it is low cost. Such a
non-reflection film can also be used as the non-reflection layer 17 in this
embodiment. Next, the positional relations between components in the first
embodiment will be described using FIG. 3 and FIG. 4. On the surfaces of 20
the first electrodes 3 and the second electrodes 4, alignment layers (not
shown) are respectively formed. As shown in FIG. 3, the inner face of the
first substrate 1 is subjected to a rubbing treatment at a 22.5 angle in a
counterclockwise direction with respect to a horizontal axis, whereby a
lower molecular alignment direction 6a of the liquid crystal 6 is disposed
at a 25 +22.5 angle ("+" represents a counterclockwise direction). The
inner face of the second substrate 2 is subjected to a rubbing   12 



treatment at a 22.5 angle in a clockwise direction with respect to the
horizontal axis, whereby an upper molecular alignment direction 6b of the
liquid crystal 6 is disposed at a -22.5 angle ("" represents a clockwise
direction). 5 Further, a so-called "chiral" substance which is an optical
rotatory material is added to the nematic liquid crystal 6 having a
viscosity of 20cp, and the twisting pitch P thereof is adjusted to 11 Nxn,
thus forming the STN liquid crystal cell 20 twisted at a 225 angle in a
counterclockwise direction. A difference 0n in birefringence of the nematic
liquid crystal 6 in use l0 is set to be 0.15 and a cell gap d which is a
gap between the first substrate 1 and the second substrate 2 is set to be
5.8 ~txn. Accordingly, a Ond value of the STN liquid crystal cell 20,
represented by the product of the difference 0n in the birefringence of the
nematic liquid crystal 6 and the cell gap d, is Rs, Rs = 0.87 Vim. The sum
of 15 retardation values of the first retardation film 12 and the second
retardation film 13 is Rf, Rf = 0.86Nxn, and thus OR = Rs - Rf = 0.01. A
transmission axis 14a of the reflection-type polarizing film 14 is directed
at a 0 angle with respect to a horizontal axis, a transmission axis 11 a of
the absorption-type polarizing film 11 is directed at a +90 angle with 20
respect to a horizontal axis as shown in FIG. 4, a stretching axis 12a of
the first retardation film 12 is directed at a -70 angle with respect to
the horizontal axis as shown in FIG. 3, and a stretching axis 13a of the
second retardation film 13 is directed at a +70 angle with respect to the
horizontal axis as shown in FIG. 4. 25 In the liquid crystal display device
of the first embodiment structured as above; in a state where no voltage is
applied between the first and second   13 electrodes 3 and 4 of the liquid
crystal cell 20, a linearly polarized light reaches the reflection-type
polarizing film 14 is a11 reflected by the reflectiontype polarizing film
14 and returned to the visible side, resulting in a bright achromatic
display in a metallic tone like a mirror face. Applying voltage 5 between
the first electrodes 3 and the second electrodes 4, molecules of the
nematic liquid crystal 6 rise and the optical rotation is lost, and thus
the linearly polarized light reaches the reflection-type polarizing film 14
passes through it, so that a display color by the color on the surface can
be viewed when the backlight 15 is not turned on. When the backlight is
turned on, the 10 display color by a luminescent color of the backlight 15
can be viewed. Therefore, the color on the surface and the luminescent
color of the backlight 15 are optionally selected, thereby displaying
information in an optional color in a background of a metallic achromatic
color, or in contrast to that, displaying information in a metallic
achromatic color in a background 15 of an optional color can be realized.
Moreover, the Z-type retardation films satisfying conditions of nx > nz >
ny are used as the first retardation film 12 and the second retardation
film 13, thereby improving the viewing angle characteristic. The
improvement of the viewing angle characteristic allows light to fall from
in 20 various directions, and consequently, the metallic display becomes
bright and a liquid crystal display device which is more excellent in
visibility can be obtained. In the aforesaid embodiment, the STN liquid
crystal cell 20 with Rs = 0.87 Nxn at a twist angle of 225 is used as an
STN liquid crystal cell. 25 However, even if an STN liquid crystal cell
with Rs = 0.7 to 1.0 at a twist angle of 180 to 270 is used, the similar
metallic display can be obtained by   14 optimizing arrangement angles of
the absorption-type polarizing film 11, the first retardation film 12, the
second retardation film 13, and the reflectiontype polarizing film 14.
Furthermore, though the absorption-type polarizing film 11 with a 5
transmittance of 46% is used in this embodiment, it is preferable to use a
polarizing film with a transmittance of 45 % or more and a polarization
degree of 95% or more in order to obtain excellent brightness. It is, of
course, possible to use even an absorption-type polarizing film with a
transmittance of less than 45%, though the display becomes somewhat dark.
10 Second Embodiment: FIG. 5 to FIG. 8 Next, the second embodiment of the
liquid crystal display device according to the invention will be described
with reference to FIG. 5 to FIG. 8. 15 FIG. 5 and FIG. 6 are schematic
sectional views for explaining components of the liquid crystal display
device, the same numerals are given to portions corresponding to those in
FIG. 1 and FIG. 2, and the description thereof is omitted or simplified.
The liquid crystal display device of the second embodiment is also a 20
transflective liquid crystal display device and has the same structure as
that of 



the first embodiment except that: a twisted retardation film 16 is disposed
in place of the second retardation film 13 in the liquid crystal display
device of the first embodiment; the first retardation film 12 is omitted;
and the twist angle of the STN liquid crystal cell 20 is different. 25 In
the liquid crystal display device shown in FIG. 5 and FIG. 6, an STN liquid
crystal cell 21 is structured similarly to the STN liquid crystal cell   15
20 of the first embodiment, but nematic liquid crystal 6 which is sealed
and sandwiched in a gap between a first substrate 1 and a second substrate
2 is aligned at a twist angle of 240 in a counterclockwise direction. On
the outside (the lower side) of the first substrate 1 of the STN liquid
crystal cell 21, a reflection-type polarizing film 14 is disposed, and a
backlight 15 is disposed outside the reflection-type polarizing film 14. On
the outside (the upper side) of the second substrate 2, an absorption-type
polarizing film 11 with a transmittance of 46% is disposed with the twisted
retardation film 16 therebetween. 10 In the liquid crystal display device
shown in FIG. 6, the same non reflection layer 17 as that shown in FIG. 2
is provided on the surface of the opposite side of the absorption-type
polarizing film 11 to the twisted retardation film 16. The reflection-type
polarizing film 14 is the same as that used in the 15 first embodiment.
Moreover, the first substrate l, the second substrate 2, first electrodes
3, and second electrodes 4 are the same as those used in the first
embodiment, respectively. The twisted retardation film 16 is a film that a
liquid crystal polymer 20 material having a twist is applied to triacetyl
cellulose (TAC) film or polyethylene terephthalate (PET) film after an
aligning treatment, brought into a liquid crystal state at a high
temperature of about 150C, and rapidly cooled to room temperature after
adjusting the twist angle to fix the twisted state. 25 A clockwise twisted
retardation film 16 having a twist angle Tc = -240 and Rc, which is a end
value, of 0.80 ~xn is used as the twisted   16 



retardation film 16 in this embodiment. As shown in FIG. 6, the
non-reflection layer 17 made by evaporation of inorganic thin film in
several layers and having a reflectance of about 0.5% is provided on the
surface of the absorption-type polarizing film 11, whereby the surface
reflection by the absorption-type polarizing film 11 is reduced so that the
transmittance is improved, resulting in a bright display. Moreover, the
emitting-out light to the visible side is scattered by the nonreflection
layer 17, so that a soft color in a bright achromatic metallic tone can be
obtained. 10 Next, the positional relations between components of this
liquid crystal display device will be described using FIG. 7 and FIG. 8. On
the surfaces of the first electrodes 3 and the second electrodes 4,
alignment layers (not shown) are respectively formed. As shown in FIG. 7,
the inner face of the first substrate 1 is subjected to a rubbing treatment
at a 15 30 angle in a clockwise direction with respect to a horizontal
axis, whereby a lower molecular alignment direction 6a of the liquid
crystal 6 is disposed at a +30 angle. The inner face of the second
substrate 2 is subjected to a rubbing treatment at a 30 angle in a
counterclockwise direction with respect to the horizontal axis, whereby an
upper molecular alignment direction 6b of 20 the liquid crystal 6 is
disposed at a -30 angle. A so-called "chiral" substance, which is an
optical rotatory material, is added to the nematic liquid crystal 6 having
a viscosity of 20cp and the twisting pitch P thereof is adjusted to 11 ~xn,
thus forming the STN liquid crystal cell 21 twisted at a left-handed 240
angle. 25 A difference On in birefringence of the nematic liquid crystal 6
in use is set to be 0.15 and a cell gap d which is a gap between the first
substrate 1   17 and the second substrate 2 is set to be 5.4 pm.
Accordingly, Rs, which is a Ond value of the STN liquid crystal cell 21,
represented by the product of the difference 0n in the birefringence of the
nematic liquid crystal 6 and the cell gap d, is Rs=0.81 ~xn. The
retardation value Rc of the twisted retardation 5 film is Rc=0.80 ~t,m, and
thus 0R = Rs - Rc = 0.01 ~xn. When the DR increases, the metallic display
is colored and gradually turns yellow, and conversely when the 0R becomes
extremely small, transmitted light is reduced, whereby the entire display
becomes dark. Accordingly, a range of 0R = 0.005 ~.tn to 0.05 ~txn is
preferable. 10 A transmission axis 14a of the reflection-type polarizing
film 14 is directed at a +75  angle with respect to a horizontal axis as
shown in FIG. 7, a transmission axis 11 a of the absorption-type polarizing
film 11 is directed at a -15 angle with respect to a horizontal axis as
shown in FIG. 8. Further, a lower molecular alignment direction 16a of the
twisted retardation film 16 15 is directed at a +60 angle with respect to
the horizontal axis, and an upper molecular alignment direction 16b thereof
is directed at a -60 angle, resulting in a twisted state of Tc = 240 in a
clockwise direction. In the liquid crystal display device of the second
embodiment structured as above, in a state where no voltage is applied
between the first 20 and second electrodes 3, 4 of the liquid crystal cell
21, a linearly polarized light which reaches the reflection-type polarizing
film 14 is a11 reflected by the reflection-type polarizing film 14 and
returned to the visible side, resulting in a bright achromatic display in a
metallic tone like a mirror face. Applying voltage between the first
electrodes 3 and the second electrodes 4, 25 molecules of the nematic
liquid crystal 6 rise and the optical rotation is lost, 



and thus the linearly polarized light which reaches the reflection-type
is polarizing film 14 passes through it, so that a display color by the
color on the surface can be viewed when the backlight 15 is not turned on.
When the backlight is turned on, the display color by a luminescent color
of the backlight 15 can be viewed. 5 Therefore, also according to this
liquid crystal display device, the color on the surface and the luminescent
color of the backlight 15 are optionally selected, thereby displaying
information in an optional color in a background of a metallic achromatic
color, or in contrast to that, displaying information in a metallic
achromatic color in a background of an optional 10 color can be realized.
Moreover, by virtue of the use of the twisted retardation film, the viewing
angle characteristic is improved, and consequently the metallic display
becomes bright and a liquid crystal display device which is more excellent
in visibility can be obtained. 15 In this embodiment, the STN liquid
crystal cell 21 with Rs = 0.84 Nxn at a twist angle of Ts = 240 is used as
an STN liquid crystal cell. However, even if an STN liquid crystal cell
with Rs = 0.7 ~txn to 1.0 ~xn at a twist angle of 180 to 270 is used, the
similar display device can be obtained by optimizing arrangement angles of
the absorption-type polarizing film 11, the 20 twisted retardation film 16,
and the reflection-type polarizing film 14. Though the absorption-type
polarizing film 11 with a transmittance of 46% is used in this embodiment,
it is preferable to use a polarizing film with a transmittance of 45% or
more and a polarization degree of 95% or more in order to obtain excellent
brightness. It is, of course, possible to use even an 25 absorption-type
polarizing film with a transmittance of less than 45%, though the display
becomes somewhat dark.   19 A liquid crystal polymer film, of which the
twisted state is fixed at room temperature, is used as the twisted
retardation film 16 in this embodiment, but if a temperature-compensation
type twisted retardation film, in which part of liquid crystal molecules
are only bonded together into 5 polymer molecules in a chain state and Rc
thereof varies with temperature, is used, the brightness and contrast at
high temperatures can be improved, resulting in a more excellent liquid
crystal display device. In this embodiment, a glass substrate with a
thickness of 0.5 mm is used for the first substrate 1, and the thinner the
thickness of the first 10 substrate 1 is, the more excellent display
quality can be obtained. However, since the workability deteriorates if it
is too thin, the thickness is preferable in a range from 0.1 mm to 0.5 mm
in reality. Further, a plastic substrate such as polyethylene terephthalate
(PET) may be used for the first and second substrates in place of the glass
substrate. 15 INDUSTRIAL APPLICABILITY As is clear from the above
description, according to the invention, a liquid crystal display device
with a large capacity for information display using an STN liquid crystal
cell can be made into a transflective liquid crystal 20 display device
capable of displaying information with high brightness and high contrast in
an optional color in a background of an achromatic metallic color or an
inverse display thereof and which is various in design and fashionable.
Moreover, this liquid crystal display device can be applied to display
devices such as various kinds of electronic devices as well as a wrist 25
watch, a cellular phone, and a personal digital assistant (PDA), and can be
improved in design in appearance and fashion.   20 CLAIMS ~1. A liquid
crystal display device, comprising: 



an STN liquid crystal cell formed by holding nematic liquid crystal, which
is aligned at a twist angle of 180 to 270, between a transparent first
substrate and a transparent second substrate having electrodes on
respective opposing inner faces; a reflection-type polarizing film provided
outside said first substrate of said STN liquid crystal cell; a. ,:_ 10 a
first retardation film provided between the reflection-type polarizing ~'
,. ri ~;~~. film and said first substrate; a backlight provided on the
opposite side of the reflection-type polarizing film to the first
retardation film; an absorption-type polarizing film provided outside said
second 15 substrate of said STN liquid crystal cell; and a second
retardation film provided between the absorption-type polarizing film and
said second substrate. 2. The liquid crystal display device according to
claim 1, wherein said first and second retardation films are retardation
films each of which satisfies 2o conditions of nx > nz > ny, where nx is
the refractive index in a stretching direction of said retardation film, ny
is the refractive index in a direction orthogonal to the stretching
direction, and nz is the refractive index in a thickness direction. 3. The
liquid crystal display device according to claim 1, wherein said 25
absorption-type polarizing film and said reflection-type polarizing film
are arranged in such a manner that respective transmission axes thereof are
21 orthogonal to each other. 4. The liquid crystal display device according
to claim 2, wherein said absorption-type polarizing film and said
reflection-type polarizing film are arranged in such a manner that
respective transmission axes thereof are 5 orthogonal to each other. 5. The
liquid crystal display device according to claim 1, wherein a
non-reflection layer is provided on the opposite side of said
absorption-type polarizing film to said second retardation film. 6. The
liquid crystal display device according to claim 2, wherein a 10
non-reflection layer is provided on the opposite side of said
absorption-type polarizing film to said second retardation film. 7. The
liquid crystal display device according to claim 1, wherein the thickness
of said first substrate is 0.1 mm to 0.5 mm. ~A liquid crystal display
device, comprising: 



15 an STN liquid crystal cell formed by holding nematic liquid crystal,
which is aligned at a twist angle of 180 to 270, between a transparent
first substrate and a transparent second substrate having electrodes on
respective opposing inner faces; a reflection-type polarizing film provided
outside said first substrate 20 of said STN liquid crystal cell; - J a
backlight provided on the opposite side of the reflection-type polarizing
film to said first substrate; an absorption-type polarizing film provided
outside said second substrate of said STN liquid crystal cell; and 25 a~wi
retardation film provided between the absorption-type polarizing film and
said second substrate.   22 9. The liquid crystal display device according
to claim 8, wherein a value of a difference DT = Ts - Tc in absolute value
of both the twist angles ranges from 0 to 30, where Ts is a twist angle of
said STN liquid crystal cell and Tc is a twist angle of said twisted
retardation film. 10. The liquid crystal display device according to claim
8, wherein said absorption-type polarizing film and said reflection-type
polarizing film are arranged in such a manner that respective transmission
axes thereof are orthogonal to each other. 11. The liquid crystal display
device according to claim 9, wherein 10 said absorption-type polarizing
film and said reflection-type polarizing film are arranged in such a manner
that respective transmission axes thereof are orthogonal to each other. 12.
The liquid crystal display device according to claim 8, wherein a
non-reflection layer is provided on the opposite side of said
absorption-type 15 polarizing film to said twisted retardation film. 13.
The liquid crystal display device according to claim 9, wherein a
non-reflection layer is provided on the opposite side of said
absorption-type polarizing film to said twisted retardation film. 14. The
liquid crystal display device according to claim 8, wherein the 20
thickness of said first substrate is 0.1 mm to O.S mm.
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