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DESCRIPTION
LIQUID .CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD |
This invention relates to the construction of liquid érystal display

devices. In particular, the invention is concerned with a reflection-type

liquid crystal display device and a transflective liquid crystal display device

. employing a single polarizing film method, for effecting bright display in
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black and white or in color by means of a reflector or a transflective reflector,

and a sheet of polarizing film provided in a liquid crystal element of the

" device.

BACKGROUND TECHNOLOGY

For. a reflection-type liquid crystal display device, there has been
mainly adopted a construetion wherein a TN (twisted nematic) liquid crystal
element or an STN (supertwisted nematic) liquid crystal element is disposed
between a pair of polarizing films, and a reflector is installed on the outer side
of one of the polarizing films.

With such a reflection-type liquid crystal display deviée, however,
external light passes through each of two sheets of the polarizing films twice

from the time when the external light enters from the visible side of the device

until it goes out towards the visible side after reflected by a reflector, so that

reduction in light quantity is increased, thereby lowering brightness of images
in display. Moreover, since the reflector is installed on the outer side of a
glass substrate of the,]iq’uid crystal element, there has arisen a problem that

shadows appear on display.
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To cope with the problem, a single polarizing film type liquid crystal
display device, capable of effecting display with just one sheet of polarizing
ﬁlm, has since been proposed. With such a liquid crystal display device
having only one sheet of polarizing film, reduction in light quantity can be
decreased in comparison with the case of a conventional reflection-type liquid
crystal display device employing two sheets of polarizing films, thereby
improving brightness of images in display.

Further, with the a single polarizing film type liquid crystal display
device, it is possible to solve the problem of the shadows appearing on
display by forming a reflector inéide a liquid crystal element. |

Such a single polarizing film type liquid crystal display device is
comprised of one sheet of polarizing film, one sheet of retardation film, and a
quuid crystal element incorporating a reflector, as diéclosed in, for example,
Japanese Patent Laid-open No. H4 - 97121 (JP, 04 - 97121, A).

With such a conventional single polarizing film type liquid crystal
display device as described above, however, a problem has been encountered
that excellent black display can not be effected, and contrast becomes low.

In order to effect excellent black display, a low reflectance (a ratio of
an outgoing light quantity fo an incident light quantity as seen from the
visible side) needs to be achieved in black display parts at all wavelengths in
the visible light region. |

However, with the liquid crystal display device described above,

~ explanation is given on its operation in the normally white mode wherein

white display is effected in the “off” state when no voltage is applied to the
liquid crystal element, and black display is effected in the “on” state when a
voltage is applied to the liquid. crystal element, However, in the normally



10

15

20

25

3

white mode, it is difficult to obtain excellent black display, so that nothing but

- display in low contrast is effected.

Accordingly, in order to obtain excellent black display, a reflection-
type liquid crystal display device of the normally black mode was developed,
wherein black display is effected in the “off” state when no voltage is applied
to the liquid crystal element, and white display is effécted in the “on” state
when a voltage is applied to the liquid crystal element, as disclosed in, for
example, Japanése Patent Laid-open No. H 7 - 84252 (JP, 07 - 84252, A).

Even with such a liquid crystal display device as described above, a
1ow reflectance for light rays oVer all wavelengths can not realized, because
an optimization of And value indicating a birefringent tendency of the liquid |
crystal element, placement angles as well as retardation values of retardation
films, and placement angles of polarizing films are not sufficient, so that
contrast is insufficient.

Furthermore, with the single polarizing film type conventional liquid
crystal display device described in the foregoing, it is not possiblés to install a
backlight because the reflector does not allow light rays to pass therethrough,
so that display can not be seen at places where external light is weak or at
night.

Accordingly, there has been developed a transflective liquid. crystal
display device, employing a half-mirror made of a thin film of aluminum
formed by the vapor deposition method or the sputtering method, or having a
reflector provided with an opening for every pixel, so that display is effected
by light rays emitted from a backlight at 'placés where external light is weak
or at night. |

In the case of thé single polarizing film type liquid crystal display
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device, at the time of reflective display using external light when incident
light passes through 2 liquid crystal element back and forth, the liquid crystal
element and optiéal eleménts such as a retardation film, and so forth, need to
be designed such that display in excellent black and white can be obtained by
controlling outgoing of reflected light with a sheet of the polarizing film. |

On the other hand, at 'the time of transmissive display using a
backlight, since light emitted from the backlight passes through the liquid
crystal element only once, the liquid crystal element and the optical elements
need to be designed such that display in excellent black and white can be
obtained in such a condition as described above by controlling outgoing of
reflected light with one sheet of the polarizing film. For these reasons, it has
been difficult to obtain high contrast in both reflective display and
transmissive display. |

A liquid crystal display device having a reflector provided with an
opening for every pixel has been disclosed in, for example, Japanese Patent
Laid-open No. H 10 - 282488 (JP, 10 - 282488, A), however, no description
on the conditions concerning a liquid crystal element and optical elements has
been given therein at all, and no description on how to achieve good contrast
at the time in both reflective display and transmissive display has been given
therein at all.

The invention has been developed in view of the technical background
described above, and an object of the invention is to provide a singlé
polarizing film type liquid crystal display device of to realize bright display in
high contrast by obtaining excellent black dispiay at low reflectance for light
rays over all wavelengths.

Further, it is another object of the invention to provide a single
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polarizing film type liquid crystal display device, capable of effecting
reflective display by use of external light and transmissive display by lighting
up a backlight, and achieviﬁg high contrast at the time in both reflective

. display and transmissive display.

DISCLOSURE OF THE INVENTION

In order to achieve the objects described above, the liquid crystal
display device according to the invention is a reflection-type liquid crystal
display de\}ice of single polarizing film type which comprises: an STN liquid
crystal cell comprised of a 200° to 260° twist-aligned nematic liquid crystal

sandwitched between a first substrate having a reflector and first electrodes

and a second substrate having second electrodes; a retardation film disposed

on the outer side (a side opposite from the side facing the nematic liquid-
crystal) of the second substrate of the STN liquid crystal element; and further
a polarizing film disposed on the outer side of the retardation film, wherein a
And value indicating a birefringent tendency of the STN 'liquid crystal
element is in a range of 0.7 to 0.8 um, a retardation value R indicating a -
birefringent tendency of the retardation film is in a range of 0.35 to 0.40 pm,
and an intersection ahgle formed by a phase delay axis of the retardation film
and an absorption axis or a transmission axis of the polarizing film is in a
range of 30° to 45°. |

With the liquid crystal display device described above, reflective
electrodes formed of a reflective material can be substituted for the first
electrodes, doubling as the reflector, so that the reflector need not b_e installe_d
separately. o

Further, the liquid crystal display device according to the invention
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comprises an STN liquid crystal element comprised' of a 200° to 240° twist
aligned nematic liquid crystal sandwiched between a first substrate having a
transflective reflector and first electrodes and a second substrate having
s_econd electrodes; a first retardation ﬁ]m. disposed on the outer side (a side
opposite from the side facing the nematic liquid crystal) of the second
substrate of the STN liquid crystal element; a first polarizing film disposed on
the outer side of the first retardation film; and a second retardation film, a
second polarizing film, and a backlight that are disposed in sequence on the
outer side of the first substrate of the STN liquid crystal element, thereby
constituting a transflective liquid crjstal display device. '

With the liquid crystal display device described above, a And value
indicating birefringent tendency of the STN liquid crystal element is in a
range of 0.7 to 0.8 ym, a r_etardation' value of the first retardation film is in a
range of 0.35 to 0.40 um, an intersection angle formed by a phase delay axis
of the first retardation film and an absorption axis or a transmission axis of
the first polarizing film is in a range of 30° to 45°, and a retardation value of
the second retardation film is substanﬁally equivalent to a quarter-
wavelength.

With such a liquid crystal display device described above, it is
preferable that a third retardation film is installed between the second
retardation film and the second polarizing film such that a phase delay axis of
the second retardation film crosses a phase delay axis of the third retardation
film at about 60°, and a retardation value of the second retardation film is
substantially equivalent to a quarter-wavelength while a retardatidn value of
the third retardation film is substantially equivalent to a half-wavelength.

Otherwise, the phase délay axis of the second retardation film may



10

15

20

25

7

cross the phase delé.y axis of the third retardation film substantially at right
angles, wavelength-dependency of the retardation value of the second
retardation film may differ from wavelength-dependency of the retardation
value of the third retardation film, and the difference between the retardation
value of the second retardation film and the retardation value of the third
retardation film may be substantially equivalent to a quarter-wavelength.

Further, the transflective reﬂector may be a thin metal film with
thickness i in a range of 0.01 to 0.03 um or may be a thin metal film prov1ded
w1th an opening corresponding to respective pixels.

With each of the liquid crystal display devices as described above, a
diffusion film is preferably installed on the outer side of the second substrate
of the STN liquid crystal element.

Further, by installing color filters on a nematic liquid crystal side of
the first substrate than the reflector of the STN liquid crystal element, or on
the nematic liquid crystal side of the second substrate, the liquid crystal
display device is turned into a liquid crystal color display device. If color

filters are composed of filters in a plurality of colors, particularly three

primary colors, full color display can be effected.

Furthermore, it is desirable that assuming that nx is refractive index in
the direction of the phase delay axis of the retardation film, ny is refractive
index in the direction orthogonal to the phase delay axis, and nz is refractive
index in the direction of thickness thereof, refractive indices of the retardation
film has a relationship of nx > nz > ny. |

With the liquid ci'ystal display device of the invention described above,
the basic constitution of which is the same as that for the conventional

reflection-type liquid crystal display device, or the conventional transflective
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liquid crystal display device of a single polarizing film type, however, the And
value of the liquid crystal element, the retardation value .of the retardation
films, placement angles of the retardation films, and placement angles of the
polarizing films, were optimized in the nofmally black mode wherein high
contrast can be obtained, by use of optical simulation and measured data.

As a result, it has been found t'hat‘ when no voltage is applied to the
STN liquid crystal element in the case of reflective display, components of
linearly polarized light at all wavelengths incoming through the polarizing
film are turned into circularly polarized light upon passing through the
retardation film and the STN liquid crystal element. The circularly polarized
light is reflected at the reflector, and is transmitted again through fhe STN
liquid crystal element and the retardation film, whereupon it reverts to linearly
polarized light with the direction of polarization rotated by 90°, and is all
absorbed by the polarizing film, so that perfect black display can be effected.

That is, by the agency of the polarizing film, the retardation film, and
the STN liquid crystal element incorporating the reflector, black display when
no voltage is applied is excellent, and bright white display can be effected
because only one the polarizing film is adopted, thereby enabling display in
high contrast to be effected. Further, no shadow occurs to display because
the reflector i.s contained in the STN liquid crystal element. _

Meanwhile, with the transflective liquid crystal display device

according to the invention, in the case of transmissive display when the

backlight is lit up, light emitted from the backlight is transmitted through the -
second polarizing film and the second retardation film having the retardation
value equivalent to a quarter-wavelength that are installed on the underside of

the STN liquid crystal élement, and falls on the nematic liquid crystal after
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passing through the transflective reflector inside the STN liquid crystal
element.
As described hereinbefore, since the retardation value and the

placement angle of the first retardation film are optimized, a composite

retardation value of the liquid crystal element and the first retardation film is

rendered equivalent to a quarter-wavelength for nearly all wavelengths.

- Accordingly, by disposing the second retardation film on the underside of the
~ STN liquid crystal element such that a retardation value thereof is subtracted

by the retardation value of the STN liquid crystal element, birefringence can

be eliminated, and the light emitted from the backlight is transmitted through

the second polarizing film installed on the underside of the STN liquid crystal
element, whereupon the light is turned into linearly polarized light with the

direction of polarization rotated to the transmission axis of the second |
polarizing ﬁim, outgoing as it is from the first retardation film.

Accordingly, as the absorption axis of the first polarizing film on the
visible side crosses the absorption axis of the second polarizing film on the
side of the backlight at right angles, excellent black display can be effected.

In a state where a voltage is applied to the STN liquid crystal élement,
the birefringency of the STN liquid crystal element undergo changes, so that
excellent white display can be effected at the time of reflective display as well
as transmissive display, thereby enabling display in high contrast to be
effected at both the time of reflective display and the time of transmissive

display.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic sectional view showing the constitution of a first



10

15

20

25

10

embodiment of a liquid crystal display device according to the invention;

Fig. 2 is a plan view showing a planar configuration among a reflector,
first electrodes, and second electrodes of the liquid crystal display device;

Fig. 3 is a schematic illustration showing a relationship arriong the
direction of an absorption axis of a polarizing film, the direction of a phase
delay axis of a retardation film and a twist angle of nematic liquid crystal of
an STN liquid crystal element of the liquid crystal display device;

Fig. 4 is a schematic sectional view -Showing an embodiment
implemented by partially altering the constitution, of the liquid crystal display
device shown in Fig. 1;

Fig. 5 is a schematic sectional view showing the constitution of a
second embodiment of a liquid crystal display device according to the
invention;

Fig. 6 is a plan view showing a planar configuration between
reflective electrodes and second electrodes of the liquid crystal display
devicé; |

Fig. 7 is a schematic illustration showing a relationship among the
direction of a absorption axis of a polarizing film, the direction of a phqse
delay axis of a retardation film and a twist angle of nematic liquid crystal of
an STN liquid crystal element of the liquid crystal display device;

Fig. 8 is a schematic sectional view showing the constitution of a third
embbdiment of a liquid crystal display device according to the invention;

Fig. 9 is a plan view showing a planar configuration among color
filters, first electrodes, and second electrodes of the liquid crystal display
device shown in Fig. ,8';

Fig. 10 is a diagram illustrating a relationship between an intersection
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angle formed by the phase | delay axis of the retardation film and the
absorption axis of the polarizing film, and contrast of the liquid crystal

“display device according to the invention;

Fig. 11 is a diagram illustrating a relationship among And value of the
STN liquid crystal element, contrast, and reflectance of black display the
liquid crystal display device;

Fig. 12 is a diagram illustrating a relationship between a retardation

- value R of the retardation film and contrast of the liquid crystal display device

according to the invention;

Fig. 13 is a diaigram showing comparison of a spectral reflectance
curve of the reflection-type liquid crystal display device according to the
invention with that of the convéntional reflection-type liquid crystal display
device; | | |

Fig. 14 is a schematic sectional view showing the constitution of a
fourth embodiment of a liquid crystal display device according to the
invention;

Fig. 15 is a plan view showing a planar configuration among a
transflective reflector, first electrodes, and second electrodes of the liqﬁid
crystal display device shown in Fig. 14;

Fig. 16 is a schematic illustration showing a relationship among the
direction of an absorption axis of a second polarizing film, the direction of a
phase delay axis of a third retardation film, and a twist angle of nematic liquid
crystal of an STN liquid crystal element of the liquid crystal display device
described abbve;

Fig. 17 is a schematic illustration showing a relationship between the

direction of an absorption axis of a first polarizing film and the direction of a



10

15

20

25

12

phase delay axis of a first retardation film,

Fig. 18 is a schematic illustration showing a relationship among the
direction of an ébsorption axis of a second polarizing film, the direction of a
phase delay axis of a second r‘eta.rdation_ film, and a twist angle of nematic
liquid crystal of an STN liquid crystal element of a liquid crystal display
device according to a fifth embodiment of the inventit_)n;

Fig. 19 is a schematic sectional view showing an embodiment
implemented by partially altering the constitution of the liquid crystal display
device according to the fourth and fifth embodiments of the invention;.

Fig. 20 is a schematic sectional view showing the constitution of a

sixth embodiment of a liquid crystal display device according to the

invention;

Fig. 21 is a plan view showing a planar conﬁgﬁration among' a
transflective reflector, first electrodes, and second electrodes, with reference
to the liquid crystal display device;

Fig. 22 is a schematic illustration showing a relationship among the

.direction of an absorption axis of a second polarizing film, the directions of

respective phase delay axes of second and third retardation films, and a twist
angle of nematic liquid crystal of an STN IiQuid crystal element the liquid
crystal display device;

Fig. 23 is a schematic illustration showing a relationship between tﬁe
direction of an absorption axis of a first pdlariziné film, and the direction of a
phase delay axis of a first retardation film of the liquid crystal display device;

Fig. 24 is a schematic illustration showing a relationship among the
direction of a transmission axis of a second polarizing film, the directions of

respecti\}e phase delay axes of second and third retardation films, and a twist
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angle of nematic liquid crystal of an STN liquid crystal element of a. liquid
crystal display device according to a seventh embddiment of the invention;

Fig. 25 is a schematic sectional view showing the constitution of an
eighth embodiment of a liquid crystal display device according to the
invention;

Fig. 26 is a schematic illustration showing a relationship among the
direction of an absorption axis of a second polarizing film, the direction of a
phase delay axis of a second retardation film, and a twist angle of nematic
liquid crystal of an STN liquid crystal element of the Hqﬁid crystal display
device; and

' Fig. 27 is a diagram showing wavelength dependency of retardation
values of the second retardation film and the third retardation film of the

- liquid crystal display device.

BEST MODE FOR CARRYING OUT THE INVENTION

Preferred embodiments of a liquid crystal display device according to
the invention will be described in detail hereinafter with reference to the
accompanying drawings.

First Embodiment: Figs. 1 to 3, Figs. 10 and 13

A first embodiment of a liquid crystal display device according to the
invention is described with reference to Figs. 1 and 2.

Fig. 1 is a schematic sectional view showing the constitution of the
liquid crystal display device, and Fig. 2 is a plan view showing a planar
configuration among a reflector, first electrodes, and second 'electrodes,
installed in the device.

As shown in Fig. 1, the liquid crystal display device is comprised of
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an STN liquid crystal element 20, and a retardation film 12 disposed on the
outer side (a side opposite from the side facing nematic liquid crystal: the
visible side) of a second substrate 2 of the STN liquid crystal element 20, and
a polarizing film 11 disposed on the outer side of the retardation film 12,
thereby constituting a reflection-type liquid crystal display device of single

polarizing film type.

The polarizing film 11 and the retardation film 12 are integrally
bonded with each other by use of an acrylic resin based adhesive, and are
pasted to the outer face of the second substrate 2 of the STN liquid crystal
element 20 by use of an acrylic resin based adhesive. '

The STN liquid crystal element 20 is comprised of: a first substrate 1
and the second substrate 2, made up of a glass sheet 0.5 mm thick,
respectively, and bonded with each other at the periphery therecof with a
sealant 5: and 240° counterclockwise twist-aligned nematic liquid crystal 6
sealed in a gap formed therebetween to be held therein-between.

On the inner face of the first substrate 1, a reflector 7 made of
aluminum 0.2 pm thick, and a protective film 8 made of an acrylic material 2
pm thick, covering the reflector 7, are formed, and first electrodes 3 are
formed further on top of the protective film 8.

On the inner face of the second substrate 2, second electrodes 4 are
formed. Both the first electrodes 3 and the second electrodes 4 are made up
of an indium tin oxide (ITO) film which is a transparent and electrically
conductive film, and are patterned in a multitude of stripes in such a way as to
cross each other at right angles. Spots where the first electrodes 3 and the
second electrodes 4 crosé and superpose each other, respectively, constitute

respective pixels. An alignment film (although not shown) is formed on the
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protective . film 8 of the first substrate 1 with the first electrodes 3 formed
thereon, and on the inner face of the second substrate 2 with the second
electrodes 4 formed thereon, respectively. _

Transmittance of the first electrodes 3 and the second electrodes 4,
made up of the ITO film, is important in respect of brightness. The lower a
sheet resistance value of the ITO film, the thicker the thickness of the film
becomes, thereby lowering reflectance.

With this embodiment, data signals are applied to the second
electrodes 4, and accordingly, an ITO film having a sheet resistance vaiue at
about 100 ohms, and a thickness in the order of 0.05 pm is used for the
second electrodes 4 so that the effect of cross talk can be reduced. An
average transmittance of the ITO film is about 92%.

Furtber, scanning signals are applied to the first electrodes 3, and’
accordingly, an ITO film having a sheet resistance value at about 10 ohms,
and a thickness in the order of 0.3 pm is used for the first electrodes 3 in order
to reduce cross talk. An aflerage transmittance of the ITO film is a little
lower at about 89%, however, brightness of images in display can be
improved by use of a transparent electrode having a transmittance at 90% or
more for at least one of the electrodes.

The polarizing film 11 is preferably as bright as possible, and its
polarization degree is preferably as high as possible. With this embodiment,
material having a polarization degree of 99.9% at a transmittance of 45% is
used for the polarizing film.

If an anti-reflection layer having reflectance in the order of 0.5% is
provided by coating the surface of the polarizing film 11 with inorganic thin
films in a plurality of layers, each having different reflectance, by use of the
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vapor deposition method or the sputtering method, surface reflectance of the
polarizing film 11 is lowered so that brightness of images is enhanced. Also,
since a blackness level is lowered, contrast is improved as well.

However, since the inorganic thin films is expensive,'th_ere'has been
developed a coat type anti-reflection layer coated with an organic material in
one to two 1ayers. Such an anti-reflection layer has a somewhat high
reflectance around 1%, however, its price is low. The above-described anti-
reflection layer is good enough for use as the anti-reflection layer of the liquid
crystal display device. o

The refardation ﬁlm 12 is a transparent film about 70 pm thick,
formed by drawing polycarbonate (PC), and has a retardation value R of 0.39

pm at a wavelength of 0.55 pm.

For the retardation film 12, a so-called Z type retardation film is use'd.,
wherein refractive indices thereof have a relationship as expressed by the
formula: |

DX >Nz >ny
where nx is a refractive index in the direction of a phase delay axis thereof, ny
is a refractive index in the direction orthogonal to the phase delay axis, and nz
is a refractive index in the direction of thickness thereof.

Use of the Z type retardation film is preferable because of
improvement in viewing angle characteristics, however, an ordinary
retardation film having a relationship of nx > ny = nz can evidently be used as
well

Hereinafter,. a configuration among respective constituent members of
the liquid crystal display device is described with reference to Fig. 3.

An alignment film (not shown) is formed on the surface of the first
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electrodes 3 as well as the second electrodes 4 of the STN liquid crystal
element 20, and as shown in Fig. 3, a lower molecular alignment direction 6a
of the nematic liquid crysfal 6 points at +30° by applying a rubbing treatment
to the inner face of the first substrate 1 in the direction extending upward to

the right at 30° to the horizontal axis while an upper molecular alignment |

direction 6b of the nematic liquid crystal 6 points at —30° by applying a

rubbing treatment to the inner face of the second substrate 2 in the direction

' extending downward to the right at 30° to the horizontal axis. Generally, an

angle of clockwise rotation is expressed in minus, and an angle of
counterclockwise rotation is e)ipressed in plus.

~ The STN liquid crystal element 20 having a twist angle Ts of 240°
counterclockwise is made up by adding an optical rotatory substance called
chiral to the nematic liquid crystal 6 having a viscosity at 20 cp, and adjusting
a twist pitch P to 11 ym.

A birefringence difference An of the nematic liquid crystal 6 to be
used is set at 0.131, and clearance between the first substrate 1 and the second
substrate 2, that is, a cell gap d is set at 5.8 um. Accordingly, a And value
Rs indicaﬁng a birefﬁngeﬁt tendency of the STN liquid crystal element 20 as
expressed by the product of the birefringence difference An of the nematic
liquid crystal 6 and the cell gap d becomes 0.76 pm.

The polarizing film 11 is disposed such that an absorption axis 1la
thereof is at +30° on the basis of the horizontal axis, and the retardatioh film
12 is disposed such that a phase delay axis 12a thereof is at ;I-65 ° on the basis
of the horizontal axis

Consequentlj, an intersection angle ¢ formed by the absorption axis

is Sheet Has Been Replaced

T
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11a of the polarizing film 11 and fhe phase delay axis 12a of the retardation
film 12 becomes 35°. | |

Herein, the effect of the liquid crystal display device according to the
first embodiment of the invention is described hereinafter by referring to Figs.
10 to 13 as well.

First, the effects of the intersection angle o formed by the absorption
axis 1la of the polarizing film 11 and thé phase delay axis 12a of the
retardation film 12 is described. Fig. 10 is a diagram showing a relationship
between the intersection angle o formed by the absorption axis 1la of the
polarizing film 11 and the phase delay axis 12a of the retardation film 12 and
contrast of display effected by the liquid crystal display device., a curve 31
indicating contrast.

As is evident from the figure, the highest contrast can be obtained
with the intersection angle o in a range of 35° to 40°, but good contrast can
not be obtained at 30° or less or at 45° or more, although good contrast can be
obtained with the intersection angle o even in a range of 30° to 45°.

It has been discovered from the results of examinations wherein the
polarizing film 11 and the retardation film 12 were concurrently rotated
relative to the STN liquid crystal element 20 with the intersection angle o
fixed at 35° that good contrast was obtained at plaéement angles in a range of
+ 10° relative to the placemént angle of _thes'e films according to this
embodiment, indicating that the intersection angle ¢ is more important than
the absolute vﬁlue of the placement angle.

The effect of the And value indicating the birefringent tendency of the
STN liquid crystal element 20 is described hereinafter.
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Fig. 11 is a diagram showing a relationship between the And value of
the STN liquid crystal element 20 and contrast as well as reflectance of black

display when no voltage is applied, a curve 32 indicating contrast, and a curve

33 reflectance at black display.

The greater the And value of the STN liquid crystal element 20, the
higher the contrast becomes, but the contrast reaches the saturation level with
the And value at 0.78 um or'greater.' |

However, in the “off” state when no voltage is applied, the reflectance
of black display becomes the lowest when the And value is around 0.75 pm.
Accordingly, good contrast is obtained when the And value of the STN liquid
crystal element 20 is in a range of 0.70 to 0.80 pum, and particulérly, the And
value in a range of 0.75 to 0.78 pm is preferable.

The effect of a retardation value R éf the retardation film 12 is
described hereinafter. Fig. 12 is a diagram showing a relationship between
the retardation value R of the retardation film 12 and contrast, a curve 34
indicating contrast. As is evident from the ﬁgure,. the highest contrast is
obtained with the retardation value R in a range of 0.38 to 0.39 um, however,
excellent contrast can not be obtained with the retardation value R 0.35 pm or
less, or 0.40 pm or more, althbugh good contrast can be obtained even with
the retardation value Rin a rénge of 0.35 to 0.40 pm.

Thus, by closely optimizing the intersection angle o formed by the
absorption axis 11a of tﬁe polarizing film 11 and the phase delay axis 12a of
the retardation film 12, the retardation value R of the retardatidn film 12, and
the And value of the STN liquid crystal element 20, perfect black display can

be effected in the “off” state. -
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Fig. 13 shows reflection characteristics of the single polarizing film
type liquid crystal display device according to this embodiment. A curve 35
indicates reflectance of black display when no voltage is applied, and a curve
36 reflectance of white display whén a voltage is applied.

For the sake of comparison, a trial model] of the single polarizing film
type liquid crystal display device for normally black mode described in the
first embodiment disclosed in Japanese Patent Laid-open No. H 7 - 84252 (JP,
07 - 84252, A) was prepared and evaluated. As a comparative example,

“reflectance of black display thereof is shown by a curve 37 indicated by a

broken line, and reflectance of white display thereof is shown by a curve 38
by a broken line. With the comparative example, a twist angle of nematic
liquid crystal in an STN liquid crystal element is 240°, a And value is 0.65 um,
and a retardation value R of a retardation film is 0.35 pm.

With the liquid crystal display device according to the "first
embodiment of the invention, linearly polarized light falling thereon through
the polarizing film 11 from the upper visible side in Fig. 1 is turned into
circularly polarized light at all wavelengths in the Viéible light region ubon
passing through the retardation film 12 and the STN liquid crystal 6 of the
STN liquid crystal element 20. Since the first electrodes 3 and the protective
film 8 have no birefringent tendency, the circularly polarized light undergoes
no change in polarization state, and arrives at the reflector 7 as it is.

The circularly polarized light reflected at the reflector 7 reverts to
linearly polarized light with the direction of polarization rotated through 90°
whén passiﬁg through the nematic liquid crystal 6 and the retardation film 12,
and the linearly polarized light is all absorbed by the polariziﬁg film 11, so

that excellent black display at low reflectance substantiaily across the entire
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visible light region as ifidicated by the curve 35 in Fig. 13 can be obtained.
In the case of the comparative example as indicated by the curve 37 in

Fig. 13, when no voltage is applied, light components in the short wavelength

. range as well as the long wavelength range are leaked, and thereby reflectance

goes up, so that excellent black display can not be effected, and black dispiay
is turned into purple display, thus lowering contrast. ' |

When a predetermined voltage is applied between the first electrodes
3 and the second electrodes 4 inside the STN liquid crystal element 20, the
liquid crystal molecules of the nematic liquid crystal 6 are caused to rise, and
a effective And value of the STN liquid crystal element 20 decreases.
Consequently, the linearly polarized light falling through the polarizing film
11 is not turned into perfect circularly polarized light even after passing
through the retardation film 12 and the nematic liquid crystal 6, but turned
into elliptically polarized light or linearly polarized light

When a birefringent tendency occurring in the nematic liquid crystal 6
by applying the voltage is set to as much as a quarter wavelength film, the
linearly polarized light falling from the polarizing film 11 and reflected by the
reflector 7 is not rotated and returns as it is, so that reflectance becomes high
substantially across the entire visible light region, as indicated by the curve 36
in Fig. 13, and bright and excellent white display can be obtained.

In the case of the comparative example shown by thé curve 38 in Fig.
13, as reflectance of white display on the longer wavelength side became
lower when no voltage Was applied, excellent white display could not be
effected, and darkish white display tinged with blue was shown.

Thus, with the use of the polarizing film 11, the retardation film 12,

and the STN liquid crystal element 20 incorporating the reflector 7, and by
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setting the And value of the STN liquid crystal element 20 in a range of 0.7 to
0.8 pm, the retardation value R of the retardation film 12 in a range of 0.35 to
0.40 pm, and the intersection anglé o, formed by the absorption axis 1la of
the polarizing film 11 and the phase delay axis 12a of the retardation film 12
in a range of 30° to 45°, excellent black display can be obtained, thereby
enabling bright display in high contrast to be effected.
Variations of the First Embodiment: Fig. 4

With the first embodiment described in the foregoing, the angle
formed by the absorption axis 1la of the polarizing film 11 and the phasé
delay axis 12a of the retardation film 12 is defined as the intersection angle c.

Even if the polarizing film 11 is rotated by 90°, similar display characteristics

" can be obtained although there will be a little change in a viewing angle

" characteristic.

Accordingly, if an angle formed by a transmission axis of the
polarizing film 11 and the phase delay axis 12a of the retardation film 12 is
defined as an intersection angle B, excellent display characteristics can be also
obtained with the intersection dangle B in a range of 30° to 45°.

With this embodiment, for the STN liquid crystal element 20, the 240°
twisted STN liquid crystal element is used, however, even with the use of
STN liquid crystal element having a twist angle in a range of 200° to 260°, a
similar reflection-type liquid crystal display device can be obtained by
adjusting a placement angle of the polariiing film 11 and the retardation film
12 relative to such an STN liquid crystai element, while keeping the
intersection angle 3 formed by the pblarizing film 11 and the retardation film

12 as above.
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Further, for the retardation film 12, a film fonhed by drawing
polycarbonate is used, however, by use of a temperature-compensation type
retardation film formed by drawing a film containing liquid crystal, and
having a retardation value which varies depending on temperature, brightness
and contrast of display are improved at high or low temperatures, so that a
better reflection-type liquid crystal display device can be implemented.

The reflector 7 of the STN liquid crystal element is installed on the
inner face of the first substrate 1, however, even in the case of the reflector 7

Being installed on the outer side of the first substrate 1, a similar effect can be

~ obtained as for contrast of display although shadows occurs to display.

Further, as shown in Fig. 4, by installing a diffusion film 15 between
the second substrate 2 of the STN liquid crystal element 20 and the -

‘retardation film 12, light rays reflected at the reflector 7 is scattered, thereby

enabling bright display having a wide viewing angle to be effected. Incident
light rays entering from outside preferably undergo forward scattering as
much as possible before transmitted With less backward scattering because
higher contrast can be obtained in this way. -

Second Embodiment: Figs. 5 to 7

A second embodiment of a liquid crystal display device according to
the invention is described hereinafter with reference to Figs. 5 to 7.

First, the constitution of the liquid crystal display device is described
ﬁm reference to Figs. 5 and 6. These figures are similar to Figs 1 and 2 for
the first embodiment described above, and parts corresponding to those in
Figs- 1 and 2 are denoted by the like reference numerals, and description
thereof is simplified or omitted.

The liquid crystal display device according to the second embodiment
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also constitutes a reflection-type liquid crystal display device of single
polarizing film type, and differs from the constitution of the first embodiment
of the invention only in respect of the constitution of an 'STN liquid crystal
element, placement aﬁgles of a retardation film and a polarizing film, and
installation of a diffusion film.

An STN liquid crystal elefnent 21 of the liquid crystal display device
incorporates reflective electrodes 9 made of aluminum 0.2 pm thick, formed
directly on the inner face of a first substrate 1 thereof, the reflector 7 and the
protective film 8 shown in Fig. 1 are not installed, and nematic HQuid crystal
6 is 220° counterclockwise twist aligned and differs from the STN liquid
crystal element 20 according to the first embodiment only in these respects.

The reflective electrodes 9 have the surface_ thereof serving as a
reflection fac;e, and serves as both the first electrodes 3 and the reflector 7,

shown in Figs. 1 and 2. As shown in Fig. 6, the reflective electrodes 9 are

‘patterned in stripes running in the direction orthogonal to respective second

electrodes 4 which are transparent and patterned in stripes, and spots where
the reflective electrodes 9 and the second electrodes 4 cross and superpose
each other, respectivély, constitute respective pixels.
As shown in Fig. 5, on the outer side of a second substrate 2 of the
STN liquid crystal element 21, a diffusion film 15, a retardation film 12, and a
polarizing film 11 are disposed in sequence, and the polarizing film 11 and
the retardation film 12 are integrally bonded with each other with an acrylic
resin based adhesive. |
| The diffusion film 15 is installed to obtain bright display having a
wide viewing angle by scattering light rays reflected by the reflective

electrodes 9.
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Incident light rays entering from outside preferably undergo forward
scattering as much as possible before transmitfed with less backward
scattering because higher contrast can be obtained in this way. In this case,
a light scattering type adhesive 30 um thick, composed of ﬁne particles mixed
in an adhesive, is used for the diffusion film 15, doubling as an adhesive for
bonding of the retardation film 12 with the second substrate 2.

The polarizing film 11 is the same as that used in the first
embodiment. .

The retardation film 12 is a transparent film about 70 um thick,
formed by drawing polycarbonate (PC), and has a retardation value R = 0.39
um at a wavelength of 0.55 pum. A relationship among réﬁacﬁve indices
thereof, in various angular directions, is the same as those for the first
embodiment. | |

Hereinafter, a planar configuration of respective constituent members
of the liquid crystal display device is described with réferen_ce to Fig. 7.

An alignment film (not shown) is formed oﬁ the surface of the

- reflective electrodes 9 as well as the second electrodes 4 of the STN liquid

crystal element 21, and a lower molecular alignment direction 6a of the
nematic liquid crystal 6 points at +20° by applying a rubbing treatment to the
side of the first substrate 1 in the direction extending upward to the right at |
20° to the horizontal axis while an upper molecular alignment direction 6b of

the nematic liquid crystal 6 points at —20° by applying a rubbing treatment to

‘the side of the second substrate 2 in the direction extending downward to the

right at 20° to the horizontal axis. The STN liquid crystal element 21,
twisted by 220° counterclockwise, is made up by adding an optical rotatory
substance called chiral to the nematic liquid crystal having a viscosity at 20 cp,
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and adjusting a twist pitch P to 11 ym.
A birefringence difference An of the nematic liquid crystal 6 .to be

used is set at 0.131, and clearance between the first substrate 1 and the second ,

substrate 2, that is, a cell gap d is set at 5.8 um. Accordingly, a And value
indicating a birefringent tendency of the STN liquid crystal element 21 as
expressed By the product of the birefringence difference An of the nematic
liquid crystal 6 and the cell gap d becomes 0.76 pm. (

The polarizing film 11 is disposed such that an absorption axis 11a
thereof is at an angle of +15° on the basis of the horizontai axis. The
retardation film 12 is disposed such that a phase delay axis 12a thereof is at an
angle of +55° on the basis of the horizontal axis, and an'intersection angle o
formed by the absorption axis 1la of the polarizing film 11 and the phase
delay axis 12a of the retardation film 12 becomes 40°.

Herein, advantageous effects of the liquid crystal display device
according to this embodiment is described. |

First, as for placement angles of the polarizing film 11 and the
retardation film 12, the placement angle of the retardation film 12 is altered
from that for the first embodiment such that the phase delay axis 12a of the

retardation film 12 is at an angle of +55° on the basis of the horizontal axis,

however, the effect of an intersection angle- o formed by the absorption axis
11a of the polarizing film 11 and the phase delay axis 12a of the retardation
film 12 shows substantially the same tendency as that for the first
embodiment. More specifically, the highest contrast can be obtained with

the intersection angle o in a range of 38° to 43°, but excellent contrast can not

be obtained at 30° or less or at 45° or more although good contrast can be
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obtained with the intersection é.ngle o even in a range of 30° to 45°.

The effect of a And value of the STN liquid crystal element 21 as well
has substantially tﬁe same tendency as that for the first embodiment, that .is,
the greater the And value of the STN liquid crystal element 21, the higher the
contrast becomes.

However, in the “off” state when no voltage is applied, the reflectance
of black display becomes the lowest when the And value is around 0.75 pm.
Accoi'dingly, good contrast is obtained when the And value of the STN h'quid
crystal element 21 is in a range of 0.70 to 0.80 pum, and particularly, the And
value in a range of 0.75 to 0.77 um is preferable.

Next, the eff_ect of a retardation value R of the retardation film 12 is
described hereinafter. The STN liquid crystal element 21 has a twist angle.
of 220°, smaller than a twist angle of 240° for the fist embodiment.

Accordingly, the retardation value R of the retardation film 12 is
preferably slightly smaller than that for the fist Iembodiment, and high contrast
can be obtained with the retardation value R in a range of 0.35 to 0.36 um,
however, good contrast can _ndt be obtained with the retardation value R at
0.34 um or less, or at 0.40 pm or more. -

Thus, by optimizing the intersection angle o formed between the

' retardation film 12 and the polarizing film 11, the retardation value R of the

retardation film 12, and the And value of the STN liquid crystal element 21,
perfect black display can be effected in the “off” state.

.The diffusion film 15 need only be disposed on the oﬁter side (the
visible side) of the second substrate 2 of the STN liquid crystal element, and
may be disposed between the retardation film 12 and the polarizing film 11,
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or on the surface of the polarizing film 11 on the visible side. However, the
diffusion film.15 is preferably disposed as close to thg second substrate 2 as
possible in order to reduce display blurring.

| Further, si_nce the second substrate 2 is preferabiy as thin in thickness

as possible so as to reduce display blurring, thickness thereof is set at 0.5 um

.in this embodiment.

With the liquid crystal display device according to this embodiment,
operation for reflective display by external light falling from the upper visible
side in Fig. 5 is the same as for the first embodiment described in the
foregoing, and description thereof is therefore omitted.

With this embodiment, By use of the polarizing film 11, the retardation
film 12, and the STN liquid crystal element 21 incorporating the reflective
electrodes 9, and by setting the And value of the STN liquid crystal element
21 in a range of 0.70 to 0.80 pum, the retardation value R of the retardation
film 12 in a range of 0.35 to 0.40 um, and the intersection angle ¢ formed by
the absorption axis 11a of the polarizing film 11 and the phase delay axis 12a
of the retardation film 12 in a range of 30° to 45°, excellent black display can
be obtained, thereby enabling bright display in high contrast to be effected.
Variations of the Second Embodiment |

With this embodiment as well, an angle formed by the absorption axis
11a of the polarizing film 11 and the phase delay axis 12a of the retardation
film 12 is defined as an intersection angle 0. Even if the polarizing film 11

is rotated through 90°, similar display characteristics can be obtained

although there will be a little change in a viewing angle characteristic.

Accordingly, if an angle formed by a transmission axis of the polarizing film

11 and the phase delay axis 12a of the retardation film 12 is defined as an
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intersection angle B, excellent display characteristics can be obtaine_d with the
intersection angle f even in a range of 30° to 45°. _

For the STN liquid crystal element 21 the 220° twisted nematic hquld
crystal element are used, however, even with the use of STN liquid crystal
element having a twist angle in a range of 200° to 260°, a similar reflection-
type liquid crystal display device can be obtained by adjusting a placement
angle of the polarizing film 11 and the retardation film 12 relative to such
STN liquid crystal element while keeping the intersection angles formed by
the polarizing film 11 and the retardation film 12 as above.

Further, ‘with this embodiment, for the retardation film 12, use is made
of an ordinary type retardation film formed by uniaxial drawing of
polycarbonate (PC) such that a relationship among refractive index nz in the
direction of z axis, refractive index nx in the direction of the phase delay axis,
and reﬁacﬁve index ny in the direction orthogbnal to the phase delay axis is
expressed by the following formula: |

X > ny =nz
However, the same effect can be obtained even with the use of 2 so-called Z
type retardation film formed by multiaxial drawing of polycarbonate (PC)
such that the relationship can be expressed by the formula, nx > nz > ny, or a
retardation film formed by drawing material such as polyvinylalcohol (PVA),
polypropylene (PP), acrylic resin, polystyren, and so forth.

Third Embodiment: Figs. 8 and 9

A third embodiment of a liquid crystal display device according to the
invention is described hereinafter with reference to Figs. 8 and 9.

'Fig. 8 is a schematic sectional view showing the constitution of the

liquid crystal display device, and Fig. 9 is a plaﬁ view showing a planar |
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configuration among color filters and first as well as second electrodes
(shown by phantom lines) of an STN liquid crystal element. In the figures,
parts corresponding to those in Figs. 1, 2, and 4 are denoted by the like
reference numerals.

With tlus embodiment, a configuration among the STN liquid crystal

element, an absorption axis of a polarizing film, and a phase delay axis of a

. retardation film is the same as that for the first embodiment described with

reference to Fig. 3, and accordingly, description thereof by referring to a
figuré is omitted.

The liquid crystal display device according to the third embodiment
differs in constitution from the first embodiment in that the color filters 10 are
installed between the reflector 7 and the first electrodes 3 inside the STN
liquid crystal element 20, thereby enabling color display to be effected. |

With the liquid crystal display device, the STN liquid crystal element
22 is provided with the 1 pm thick color filters 10 on the 0.2 pm thick
reflector 7 made of aluminum provided ‘on the inner face of the first substrate
1 thereof. The color filters 10 are comprised of filters in three colors, red

filters R, green filters G, and blue filters B, and as shown in Fig. 9, are formed

. in -alternate and parallel stripes so as to correspond to respective second

electrodes 4 patterned in stripes, formed on the inner face of the second
substrate 2. The respective col.or filters R, G, B are formed to have a width
wider than that of the respective second electrodes 4 so as not have a gap
therebetween. It is not desirable that there exists a gap between the
respective color filters 10 because this will cause whité light to be mixed with
display colors, and degrade color purity although a quantity of incident light

is increased and display of images becomes brighter.
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The constitution of the liquid crystal element 22, in other respects, is
the same as that of the liquid crystal element 20 shown in Fig. 1, and
description thereof is therefore omitted.

| As with the liquid crystal display device shbwn in Fig. 4, on the outer
side of the second substrate 2 of the STN liquid crystal element 22, a
diffusion film 15, a retardation film 12, and a polarizing film 11 are disposed
in sequence. This embodiment is the same as the first embodiment in respect
of the constitution of the respective films described above, bonding of the
respective films with each other with an acrylic resin based adhesive, and use
of a light scattering adhesive for the diffusion film 15.

For improvement of brightness, the color filters 10 preferably have the
maximum transmittance at an optical spectrum, as high as possible, and the
respective color filters preferably have the maximum transmittance of 80% or
more, most preferably 90% or more. Further, the minimum transmittance
thereof, at an optical spectrum, neéd be as high as 20 to 50%.

For the color filters 10, various types such as a pigment dispersion
type, a dyeing type, a printing type, a transfer type, a electrodeposition type
and so forth can be used, however, a color filter of the pigment dispersion
type, made by dispersing a pigment in an acrylic or PVA based photosensitive
resin, is most preferable because of heat resistance at high temperatures and
high color purity.

For obtaining the color filters 10 having a high 'transmi_ttance, the
reflector 7 made up of a thin aluminum film was formed on the inner face of
the first substrate 1, the surface of the reflector 7 waé inactivated by anodizing,
subsequently a color resist with 10 to 15% of a pigment blended with

photosensitive resin was applied to the inner face of the first substrate 1 by
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use of a spinner, and a exposure and development treatment was applied
thereto, whereupon the 1 pm thick color filters 10 having a high transmittance
was obtained. |

Herein, the effect of the liquid crystal display device according to the
third embodiment is described. | |

As described with reference to the first embodiment, in the “off” state

when no voltage is applied between the first electrodes 3 and the second

- electrodes 4 of the STN liquid crystal element 22 (the STN liquid crystal

element 20 in the case of the first embodiment), excellent black display can be
effected. |

When linearly polarized light falling on the liquid crystal device
through the polarizing film 11 from the upper visible side in Fig. 8 is
transmitted through the retardation ﬁlrh 12 and nematic liquid crystal 6,
components of the linearly polarized light at all wavelengths in the visible
light region are turned into circularly polarized light.

Since the first electrodes 3, a protective film 8, and the color filters 10
have no birefringent tendency at aIl, the circularly polarized light undergoes
no change in polarization state, and arrives at the reflector 7 as it is.

The circularly polarized light reflected at the reflector 7 reverts to
linearly polarized light with the direction of polarization rotated by 90° after
passing through the STN liquid crystal element 22 and the retardation film 12,
and the linearly polarized light is all absorbed by the polarizing film 11, so
that perfect black display can be obtained. ' |

When a predetermined voltage is applied between the first electrodes
3 and the second electrodes 4 of the STN liquid crystal element 22, the

nematic liquid crystal 6 are caused to rise, and a effective And value of the
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STN liquid crystal element 22 decreases. =~ When birefringent tendency
occurring to the STN liquid crystal element 22 by applying the voltage is set
equivalent to a quarter wavelength, the linearly polaﬁzed light falling on the
liquid crystal device through the polarizing film 11 is turned into élliptically
polarized light or linearly polarized light after transmitted through the

retardation film 12, and the nematic liquid crystal 6, but returns to the

polarizing film 11 without being rotated after reflected by the reflector 7, so
that nearly all light components are transmitted through the polaﬁzing film 11,
and sent out to the visible side, thereby enabling bright white display to be
effected.

By combining a display pixel in the on (white) state with a display
pixel in the off (black) state, color display can be effected. For example,. red
display can be effected by turning a pixel provided with a red filter R “on”
(white) and tarning pixels provided with a green filter G and a blue filter B,
respectively, “off” (black).

With the reﬂecti'on-type liquid crystal display device according to this
embodiment, high reflectance and a contrast ratio as high as 10 or more were
obtained, so that bright color display having high chroma was effected.

Thus, even with the reflection-type liquid crystal display device of
single polarizing film type, it is possible to effect bright color display having
high chroma and in high contrast by use of the polarizing film .11, the
retardation film 12, the diffusion film 15, and the STN liquid crystal elemen’;
22 incorporating the reflector 7 and the color filters 10, installed in this order
from the visible side.

Variations of the Third Embodiment
With this embodiment, an angle formed by the absorption axis 11a of
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the polarizing film 11 and the phase delay axis 12a of the retardation film 12
is defined as an intersection angle «. Eveh if the polariziﬁg film 11 is
rotated by 90°, similar display characteristics can be obtained although there
will be a little change in a viewing angle characteristic. Accordingly, if an
angle formed by a transmission axis of the polarizing film 11 and the phase
delay axis 12a of the retardation film 12 is defined as an intersection angle f,
excellent display characteristics can Be obtained with the intersection angle B
evenin a range of 30° to 45°.

With this embodiment, for the STN liquid crystal element 22, the 240°
twisted STN liquid crystal element is used, however, even with the use of
STN liquid crystal element héving a twist angle in a rangel of 200° to 260°, a
similar reflection-type liquid crystal color display device can be obtained by
adjusting a placement angle of the polarizing film 11 and the retardation film
12 relative to the STN liquid crystal element 22 while keeping the intersection
angles formed by the polarizing film 11 and the retardation film 12 as above.

With this embodiment, the reflector 7 is formed on the underside of

 the first electrodes 3 such that the protective film 8 is sandwiched

therebetweén, however, as with the case of the second émbodiment, the first
electrodes 3 may be composed of a metal film made of aluminum, silver, and
so forth to be reflective electrodes doubling as the reflector 7. And the color
filters 10 may be formed directly on the reﬂective‘electrodes.

Further, with this embodimént, the color filters 10 are installed on the
side of the first substrate 1, but the color filters 10 fnay be formed between the
second eléctrodes 4. provided on the inner face of the second substrate 2, and
the second substrate 2 instead.

However, the color filters 10 are preferably installed on the side of the
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first substrate 1 because this will enable the protective film 8 to serve for
planarization of the color filters 10, and to _doﬁble as an insulation film
between the reflector 7 and the first electrodes 3.

Also, for the color filters 10, the filters in three colors of red, green,
and blue, are used, however, with the use of color filters in three colors of
cyan, yellow, and magenta, similar bright color display can be effected as
well.

Fourth Embodiment:'Figs. 14 to 17
| A fourth embodiment of a liquid crystal display device according to
the invention is described hercihafter with reference to Figs. 14 to 17. With

respective embodiments described hereinafter, a transflective liquid crystal

display device of single polarizing film type is implemented according to the

invention. .
| First, the constitution of the liquid crystal display device according to
the fourth embodiment is described hereinafter with referénce to Figs. 14 and
15. In these figures, parts corresponding to those previously described in
Figs 1 and 2 are denoted by the like reference numerals, and description
thereof is simplified or omited.

As shown in Fig. 14, the liquid crystal display device comprises an
STN liquid crystal element 20°, a first retardation film 12 disposed on the
outer side (the visible side) of a second substrate 2 of the STN liquid crystal
element 20°, and a first polarizing film 11 disposed on the outer side of the
first retardation film 12, together with a second retardation film 18, a second .
polarizing film 17, and a backlight 16 that are disposed in sequence on the
outer side (the side opposite from the visible side) of a first substrate 1 of the
STN liquid crystal element 20°.
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The STN liquid crystal element 20’ is substantially the same in
constitution as the STN liquid crystal element 20 according to the first
embodiment shown in Fig. 1 except that, in place of the reflector 7 of the STN
liquid crystal element 20 in Fig. 1, a transflective reflector 27 is installed on
the inner face of the first substrate 1. The transflective reflector 27 is
composed of an aluminum film 0.02 pm thick. | |

As the aluminum film is rendered very thin in thickness, the
transflective reflector 27 allows a portion of incident light to pass
therethrough, but reflects the rest, thus serving as a so-called half-mirror.

With this embodiment, since the thickness of the aluminum film is set
at 0.02 um, about 10 to 20% of the incident light is transmitted therethrough
while remaining 80 to 90% of the incident ]ight is reflected, and the
transflective reflector 27 is formed in a square shape so as to be common to
an entire display region including all of respective pixels where first
electrodes 3 and second electrodes 4, shown by phantom lines in Fig. 15,
cross and overlap each other, respectively.

The first retardation film 12 and the first polarizing film 11 are the
same as the retardation film 12 and the polarizing film 11 used in the first
embodiment shown in Fig. 1, but are referred to as the first retardation film 12
and the first polarizing film 11, respectively, hereinafter from this
embodiment in order to disﬁnguish these ﬁlm from the second retardation
film 18 and the second polarizing film 17, respectively. The first retardation
film 12, and the first polarizing film 11 are integfally joined with each other
with an acrylic resin based adhesive, and are bonded to the STN liquid crystal
element 20’ as well with-an acrylic resin based adhesive.

The second retardation film 18 is a film about 70 pm in thickness,



10

15

20

25

37

- formed by drawing polycarbonate, and has a retardation value F3 of 0.14 um

at a wavelength of 0.55 um, serving as a quarter-wavelength film.

As it is important that the second polarizing film 17 has a high degree
of polarization, a polarizing film having a transmittance of 44% and a degree
of polarization of 99.99% is adopted for the second polarizing film 17.

For the backlight 16, a light guide plate provided with a fluorescent
light or an LED, or an electroluminesecnt (EL) film may be used, however,
with this embodiment, an EL film about 1 mm thick emitting white light is
used for the backlight 16.

A planar configuration among respective constituent members of the
liquid crystal display device is described with reference to Figs. 16 and 17.

On the surface of the first electrodes 3 and the second electrodes 4 of

- the STN liquid érystal element 20’ shown in Fig. 14, an alignment film (not

shown) is formed, and as shown in Fig. 16, a lower molecular alignment

direction 6a the nematic liquid crystal 6 points at +30° by applying a rubbing

treatment to the side of the first substrate 1 in the direction extending upward

to the right at 30° relative to the horizontal axis while an upper molecular
alignment direction 6b of the nematic liquid crystal 6 points at —30° by
applying a rubbing treatment to the side of the second substrate 2 in the
direction extending downward to the right at 30° relative to the horizontal
axis. |

The STN liquid crystal element 20°, having a twist angle of 240°
counterclockwise, is made up by adding an optical rotatory substance called

chiral to the nematic liquid crystal 6 having a viscosity at 20 cp, and adjusting

‘atwist pitch P to 11 pm.

A birefringence difference An of the nematic liquid crystal 6 to be
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used is set at 0.131, and clearance b_étwee_n the first substrate 1 and the second
substrate 2, that is, a cell gap d is set ét 5.8 um. Accordingly, 2 And value
Rs indicating a biréfringent tendency of the liquid crystal element 20’ as
expressed by the product of the birefringence difference An of the nematic
liquid crystal 6 and the cell gap d becomes 0.76 pym. |

As shown in Fig. 17, the first polarizing film 11 is disposed such that

an absorption axis 11a thereof is at +30° on the basis of the horizontal axis.

‘The first retardation film 12 is disposed such that a phase delay axis 12a

thereof is at +65° on the basis of the horizontal axis. Consequently, an
intersection angle o formed by the absorption axis 11a of the first polarizing
film 11 and the phase delay axis 12a bf the retardation film 12 becomes 35°.

AS shown in Fig. 16, the second retardation film 18 is disposed on the
underside of the STN liquid crystal element 20’ such that a phase delay axis
18a thereof is oriented at +75° on the basis of the horizontal axis, and the
second polarizing film 17 is disposed such that an absorption axis 17a thereof
is oriented at —60° on the basis of the'horizbntal axis, thereby crossing the
absorption axis 11a of the first polarizing film 11 at right angles.

The effect of the liquid crystal display device according to this
embodiment is described hereinafter. '

The operation and effect of the liquid crystal display device according
to this embodiment at the time of reflective display by external light falling
from the upper visible side in Fig. 14 are basically the same as those for the
liquid crystal display device according to the first embodiment described with
reference to Figs. 10 to 14, and description thereof is therefore omitted.

Then, transmissive display effected when the backlight 16 shown in

Fig. 14 is lit up is described hereinafter.

is Sheet Has Been Replaced
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Light emitted from the backlight 16 is turned into linearly polarized
light after passing through the second polarizing film 17. The linearly
polarized light falls on the third retardation film 18 at an angle of 45° rélative
to the phase delay axis 182 thereof, and is turned into circularly polarized

light. About 80% of the circularly polarized light is reflected by the

transflective reflector 27, but remaining 20% thereof is transmitted

therethrough. ‘

In a state where no voltage is applied to the STN liquid crystal
element 20°, a composite retardation value of the first retardation film 12 and
the STN liquid crysfal element 20° becomes a quarter-wavelength for nearly
all wavelengths.

Accordingly, when these films are disposed in such a way as in this
embodiment, a retardation occurring at the second retardation film 18 is
subtracted by a composite retardation of the STN liquid crystal .element 20°
and the first retardation film 12, and the retardation becomes zero, whereupon
the circularly polarized light is turned into linearly polarized light with the
direction of polarization identical to that by the second polarizing film 17, and
the linearly polarized light outgoes from the first retardation film 12, falling
on the first polarizing film 11.

Since the absorption axis 11a of the first polarizing film 11 crosses the
absorption axis 17a of the second polarizing film 17 at right angles (hence the
transmission axes thereof also cross each other at right angles), the linearly
polarized light falling on the first polarizing film 11 is not transmitted
therethrough, thus effecting black display.

When a predetermined voltage is applied between the first electrodes

3 and the second electrodes 4 inside the STN liquid crystal element 20’, the
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liquid crystal molecules of the nematic liquid crystal 6 are caused to rise, and
a effective And value of the STN liquid crystal element 20° decreases.
Consequently, the linearly polarized light entering through the second
polarizing film 17 from the backlight 16 is turned into circularly polarized
light after passing through the sécond retardation film 18, but is further turned
into elliptically polarized light or linearly polarized light as a result of passing

~ through the fist retardation film 12 and the STN liquid crystal element 20°.

When a retardation occurring in the STN liquid crystal element 20’ by
applying the voltage thereto is rendered equal to a quarter-wavelength, the
linearly polarized light entering through the second polarizing film 17 has the
direction of polarization rotated by 90° after further passing through the first
retardation film 12, and is thereby transmitted through the first polarizing film
11, so that excellent white display can be effected.

As is evident from the operation and effect of the liquid crystal display
device according to this embodiment at the time of reflective display similar
to those for the first embodiment, and the operation and effect of the liquid
crystal display device at the time of transmissive di_sfplay as éescri,bed above,
with the liquid crystal display device according to the fourth embodiment,
excellent black display and bright white display can be effected by disposing
the first polarizing film 11 and the first retardation film 12 on the visible side
of the STN liquid crystal eleme_nt 20’, and by setting the And value of the
STN liquid crystal element 20’ incorporating the transflective reflector 27 in a
range of 0.7 to 0.8 um, the retardation value of the first retardation film 12 in
a range of 0.35 t0 0.40 um, the intersection angle o formed by the absorption
axis 11a of the first polarizing film 11 and the phase delay axis 12a of the first

retardation film 12 in a range of 30° to 45°.
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" Further, by the agency of the second retardation film 18, the second
polarizing film 17, and the backlight 16 that are disposed on the underside (a
side opposite from the visible side) of the STN liquid crystal element 20°,
display in good contrast can be effected by lighting up the backlight 16 in an

environment where there is little external light.

Variations of the Fourth Embodiment

With the fourth embodiment as described above, an angle formed by
the absorption axis 11a of the first polarizing film 11 and the phase delay axis
12a of the fﬁst retardation film 12 is defined as an intersection angle o,
however, even if the first polarizing film 11 is rotated By 90°, similar display
characteristics can be obtained although there will be a little éhange in a
viewing angle characteristic.

Accordingly, if an angle formed by a transmission axis of the first
polarizing film 11 and the phase delay axis 12a of the first retardation film 12
is defined as an intersection angle B, excellent display characteristics can be -
obtained even with the interséction angle B in a range of 30° to 45°.

| With this embodiment, for the STN liquid crystal element 20’., the
STNlliquid crystal element of the 240° twisted STN mode are used, however,
even with the use of STN liquid crystal element having a twist angle in a
range of 200° to 260°, a similar transflective liquid crystﬂ display device can
be .obtained by adjusting a placement angle of the first polarizing film 11 and
the first retardation film 12 relative to the STN liquid crystal element 20’
while keeping the intersection angles formed by the first polariziﬁg film 11
and the first retardation film 12 as above.

Further, with the this. embodiment, a film formed by drawing

polycarbonate is used for the first retardation film 12, however, use of a
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temperature-compensation type retardation film having a retardation value
thereof varying depending on temperature, formed by drawing a film
containing liquid crystal, will improve brightness and contrast of display at
high or low temperatures, so that a better transflective liquid crystal display
device can be obtained.

With this embodiment, the transflective reflector 27 is composed of a
thin aluminum film' 0.02 pum thick, however, the same composed of a thin
aluminum film with thickness in a range of 0.01 to 0.03 pm may serve as a
half-mirror allowing a portion of light rays to pass therethrough.

Further, the transﬂecti% reflector 27 having pits and projections at a

pitch ranging from several to several tens um formed on the surface thereof is

. more pfeferable because this will cause reflected light to scatter, thereby

improving visibility.

For the transflective reflector 27, not only the thin aluminum film but
also a thin film made of aluminum alloy or silver may be used, or further, a
multilayer film composed of an aluminum film and an inorganic oxide film
may be used to improve surface reflectance and to protect the surface
reflector.

Furthermore, .with this embodiment, the transflective reflector 27 and

first electrodes 3 are formed separately, however, the first electrodes

 composed of a thin metal film made of aluminum, silver, or so forth may

serve as reflective electrodes doub]jng. as the transflective reflector 27
reflective electrodes, thereby simplifying the construction of the device.

Also, even if the transflective reflector 27 is disposed on the outer side
of the first substrate 1, similar effects can be obtained although shadows

occur to display.
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Fifth Embodiment: Fig. 18 |

A fifth embodiment of a liquid crystal display device according to the
invention is described hereinafter.

The liquid crystal display device according to the fifth embodiment is
substantially the same as the transflective liquid crystal display device

‘according to the fourth embodiment shown in Figs. 14 and 15, and differs

from the fourth embodiment only in respect of a placement angle of a second
retardation film 18 and a second polarizing film 17.

Accordingly, only points of difference are described with reference to
Fig. 18. In the figures, parts corresponding to those shown in Figs 14 and 15

- are denoted by the like reference numerals.

The second retardation film 18 is disposed on the underside of an STN
liquid crystal element 20’ such that the phase delay axis 18a thereof is at _15°
on the basis of the horizontal axis, which is different form the fourth
embodiment, while the secohd polarizing film 17 is disposéd such that an
absorption axis 17a thereof is at +30° on the basis of the horizontal axis so as
to be in parallei with an absorption axis 11a of a first polarizing film 11.

Lower and upper molecular alignment directions 6a, 6b of nexhatic
liquid crystal 6 of the STN liquid crjrstal element 20°, respectively, are the
same as those for the fourth embodiment, and a twist angle of the STN liquid
crystal element 20’ is also the same as that for the fourth embodiment, 240°
counterclockwise o | |

Further, as with the case of the fourth embodiment as described with
reference to Fig. 17, an absorption axis 11a of a first polarizing film 11, and a
phase delay axis 12a of a first retardation film 12 point at +30° and +65° on

the basis of the horizontal axis, respectively, and an intersection angle o
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formed by the absorption axis 11a and the phase delay axis 12a is 35°.

With the. fifth embodimént as well, op_eration thereof at the time of
reflective .display is thé same as that for the first embodiment, and display in
good contrast can be effected by optimizing placement of the first retardation
film 12 and the first polarizing film 11.

Transmissive display effected when the backlight 16 is lit up is
described hereinafter. Light .emitted from the backlight 16 is turned into
linearly polarized ﬁght after passing through a second polarizing film 17.
The linearly polarized light falls on a second retardation film 18 at an angle of
45° relative to a phase delay ax1$ 18a thereof, and is turned into circularly

polarized light. About 80% of the circularly polarized light is reflected by a

transflective reflector 27, but remaining 20% thereof is transmitted

therethrough.'

In a state where no voltage is applied to the STN liquid crystal
element 20°, a composite retardation value of the first retardation film 12 and
the STN liquid crystal element 20’ rendered equivalent to a quarter-
wavelength for nearly all wavelengths.

With this embodiment, the second retardation film 18 is disposed so as
to be shifted by 90° from the placement thereof for the first embodiment, and
as a result, a retardation occurring to the second retardation film 18 and a

composite retardation of the STN liquid crystal element 20’ and the first

- retardation film 12 are added up to become a half-wavelength, whereupon the

circularly polarized light is turned into linearly polarized light with the
directioﬁ of polarization rotated by 90° from that of the linearly polarized
light incoming through the second polarizing film 17, and outgoes from the
first retardation film 12, then falling on the first polarizing film 11.
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Since the absorption axis 1la of the first’ polarizing film 11 is in |
parallel with an absorption axis 17a of the second polarizing film 17, the
linearly polarized light falling on the first polarizing film 11 is not transmitted
therethrough, thus effecting black display.

On the other hand, when a predetermined voltage is applied between
the first electrodes 3 and the second electrodes 4 inside the STN liquid crystal
olement 20’, the liquid crystal molecules of the nematic liquid crystal 6 are
caused to rise, and a effective And value of the STN liquid crystal element 20’
decreases. , .

Consequently, the linearly polarized light incoming through the
second polarizing film 17 is turned into circularly polarized light after passing
through the second retardation film 18, but reverts to elliptically polarized
light or linearly polarized light as a result of passing through the fist
retardation film 12 and the STN liquid crystal element 20°.

When a retardation occurring in the STN liquid crystal element 20’ by
applying the voltage thereto is rendered equal to a quarter-wavelength, the
linearly polarized light incoming through the second polarizing film 17 is
transmitted as it is through the STN liquid crystal element 20’ and the first
retardation film 12 without the direction of polarization rotated, and is thereby
transmitted through the first polarizing film 11, so that excellent white display

can be effected.

Thus, by the agency of the first polarizing film 11, the first retardation
film 12, and the STN liquid orystal element 20’ incorporating the transflective
reflector 27, that are disposed, excellent black display and bright white
display can be effected at the time of reflective display using. external light.
Further, by the agency of the second retardation film 18, the second polarizing
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film 17, and the backlight 1_6.'-that are disposed on the underside of the STN
liquid crystal element 20°, display in good contrast can be effected by lighting

up the backlight 16 even in an environment where there is little external light.

Variation of the Fourth and Fifth Embodiments: Fig. 19

Fig. 19 is a schematic sectional view showing the constitution of a
liquid crystal display device according to an embodiment wherein a diffusion
film is added to the fourth and fifth embodiments, respectively, described in
the foregoing. By the agency of a diffusion film 15 instéllled on the outer

~ side of a second substrate 2 of an STN liquid crystal element 20’ as shown in

the figure, light reflected by a transflective reflector 27 is caused to scatter,
thereby enabling bright dispi'ay having a wide viewing angle to be effected.
Sixth Embodiment: Figs. 20 to 23 |

Now, a sixth embodiment of é liquid crystal display device according
to the invention is described hereinafter with reference to Figs. 20 to 23.

The liquid crystal display device according to the sixth embodiment
differs from the liquid cryStal displéy device according to the fourth
embodiment only in respect of a twist angle of an STN liquid crystal element,
a placement angle of a first retardation film and a second retardation film, the
shape of a transflective reﬂector, and addition of a third retardation film and a
diffusion film. |

First, the constitution of the liquid crystal display device according to
the sixth embodiment is described hereinafter with reference to Figs. 20 and
21. These figures correspond to Figs. 13 and 14 for the fourth embodirhent,
and parts corresponding to those described with reference to Figs 13 and 14
are denoted by the same reference numerals, and description thereof are

simplified or omitted.
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As shown in Fig. 20, the liquid crystal display device comprises an
STN liquid crystal element 23, and a diffusion film 15 , a first retardation film
12, and a first polarizing film 11 that are disposed in sequence on the outer
side (the visible side) of a second substrate 2 of the STN liquid crystal
element 23, together with a second retardation film 18, a third retardation film
19, a second polarizing film 17, and a backlight 16 that are disposed in
sequence on the outer side (a side opposite from the visible side) of a first
substrate 1 of the STN liquid crystal element 23, thereby constituting a.
transflective liquid crystal display device.

-The first polarizing film 11 and the first retardation film are integrally
bonded to each other with an acrylic resin based adhesive. .

Further, the second retardation film 18, the third retardation film 19,
and the second polariziﬂg film 17 are also integrally bonded to each other.
with an acrylic resin based adhesive, and are bonded to the STN liquid crystal
element 23 as well with an acrylic resin based adhesive.

The STN liquid crystal element 23 is comprised of: a first substrate 1
composed of a glaés plate 0.5 mm thick, provided with a 0.1 um thick
transflective reﬂeétor 29 composed of an aluminum film, a 2 pm thick
protective film 8 made of an acrylic material, and 0.3 pm thick first electrodes
3 made of ITO that are formed thereon; a second substrate 2 composed of a
glass plate 0.5 mm thick, provided with 0.05 um thick second electrodes 4
made of ITO, formed on the inner face thereof; a sealant 5 bonding the first
substrate 1 with the second substrate 2; and 220° counterclockwise twist
aligned nematic liquid crystal 6 sandwiched between the first substrate 1 and
the second substrate 2.

As shown in Fig. 21, the first electrodes 3 and' the second electrodes 4
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are patterned in stripes running in respective directions orthogonal to each
other, and spots where the first electrodes and the second electrodes.cross
horizontally, and overlap each other, respectively, constitute respective pixels.
The transflective reflector 29 is provided so as to be common to an entire
display region including all the pixels.

The transflective reflector 29 is provided with an opening 29a formed
at every sPdt corresponding to the respective pixels. The openings 29a are
formed by lithography method. As the aluminum film composing the
transflective reflector 29 has a thickness thicker than that of the transflective
reflector 27 according to the fourth embodiment, all the area of the

transflective reflector 29 other than the openings 29a is able to act as a perfect

" reflector, so that transmittance and reflectance can be adjusted by varying an

area of the respective openings 29a. With this embodiment, the area of the
respective openings 29a is set to 30% of an area of the respective pixels,
thereby allowing about 30% of light rays to be transmitted while reflecting
about 70% of the light rays.

The diffusion film 15 shown in Fig. 20 is installed in order to scatter .
light rays reflected by the transflective reflector 29, so that bright display
having a wide viewing angle can be effected. _

It is preferable that incident light rays entering from outside undergoes
forward scattering as much as possible before transmitted with less back
scattering because high contrast can be obtained in this way. In this case, a
light scattering type adhesive 30 um thick, composed of fine particles mixed
in an adhesive, is used for the diffusion film 15, and the light scattering type
adhesive;_doubles as an adhesive for bonding the first retardation film 12 with

the liquid crystal element 21.
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The first polarizing film 11, the second polarizing film 17, and the
backiight 16 are the same as those used in the fourth embodiment.

_ The first retardé.tion film 12 is a transparent film about 70 um thick,
formed by draWing polycarbonate (PC), and has a retardation value F1 = 0.14
pm, equivalent to a quarter-wavelength, at a wavelength of 0.55 um. The
second retardation film 14 is also a _ﬁansparent film about 70 pm thick,
formed b_y drawing polycarbonate (PC), and has a retardation value of 0.35 -
pm at a wavelength of 0.55 pm.

For the first retardation film 12, an ordinary type retardation film is
used, wherein refractive indices thereof have a relationship of nx > ny = nz: .
where nx is refractive index in the direction of a phase delay axis thereof, ny
is refractive index in the direction orthogonal to the phase delay axis, and nz
is refractive index in the direction of thickness. | |

The second retardation film 18 is a transparent film about 70 pm thick,
formed by drawing polycarbonate (PC), and has a retardation value of 0.14 ‘
um, equivalent to a quarter—Wavelength, at a wavelength of 0.55 Lm.

The third retardation film 19 is also a transparent film about 70 pm
thick, formed by drawing polycarbonate (PC), and has a retardation value of
0.28 um, equivalent to a half-wavelength, at a wavelength of 0.55 pm. For
the second retardation film 18, and the third retardation film 19, an ordinary
type retardation film with refractive indices thereof having a relationship of |
nx > ny = nz is used. |

Next, a configuration among respective constituent members of the
liquid crystal display device is described with reference to Figs. 22 and 23,
On the surface of the first electrodes 3 and the second electrodes 4, an

-alignment film (not shown) is formed, and as shown in Fig. 22, a lower

——————
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molecular alignment direction 6a of the nematic liquid crystal 6 points at +20°
by applying a rubbing treatment to the side of the first substrate 1 in the
direction extending upward to the right at 20° relative to the horizontal axis
while an upper molecular alignment direction 6b of the nematic liquid crystal
6 points at —20° by applying a rubbing treatment to the side of the second
substrate 2 in the direction extending downward to the right at 20° relative to
the horizontal axis. |

The STN liquid crystal element 23 having a twist angle of 220°
counterclockwise is made up by adding an optical rotatory substance called
chiral to the nematic liquid crystal having a viscosity at 20 cp and adJustmg a
twist pitch P to 11 pm.

A birefringence difference An of the nematic liquid crystal 6 to be .
used is set at 0.131, and clearance between the first substrate 1 and the second
substrate 2, that is, a cell gap d is set at 5.8 ym. Accordingly, a And value
Rs indicating a birefringent tendency of the STN liquid crystal element 23, as
expressed by the product of the birefn'ngence difference An of the nematic
liquid crystal 6 and the cell gap d, becbmes 0.76 um.

As shown in Fig. 23, the first polarizing film 11 is disposed such that

an absorption axis 11a thereof is at +15° on the basis of the horizontal axis.

‘The first retardation film 12 is disposed such that the phase delay axis 12a

thereof points at +55° on the basis of the horizontal axis, so that an
intersection angle o formed by the absorption axis 11a of the first polarizing
film 11 and the phase delay axis 12a of the first retardation film 12 becomes
40°. |
As shown in.Fig. 22, the second retardation film 18 is disposed on the
-
This Sheet Has Been R
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underside (the side opposite from the visible sidé) of the STN liquid crystal
element 23 such that a phase 'delay axis 18a thereof points at +30° relative to
the hdrizon_tal axis, and the third retardétion film 19 is disposed such that a
phase delay axis '19a thereof is oriented in the vertical direction. And the
second polarizing film 17 is disposed such that an absorption axis 17a thereof
points at —75° relative to the horizontal axis, thereby crossing the absorption
axis 11a of the first polarizing film 11 at right angles.

The operation and effect of the liquid crystal display device according -
to the sixth embodiment is described hereinafter.

First, the effect thereof at the time of reflective display is described.
As for a placement angle- of the first polarizing film 11 and the first
retardaﬁon film 12, the first retardation film 12 has the placement angle such
that the phase delay axis 12a thereof is set at +55° on the basis of the
horizontal axis since the twist angle 220° of the STN liquid crystal element 23
according to this embodiment differs from 240° for the fourth embodiment.

However, the effect of the intérsectibn angle o fqnned- by the
absorption axis 11a of the first polarizing film 11 and the phase delay axis 12a
of the first retardation film 12 shows substantially the same tendency as that
for the first embodiment. More specifically, the highest contrast can be
obtained with the intersection angle o in a range of 38° to 43°, but excellent
contrast can not be obtained with the intersection angle o at 30° 6r less or at
45° or more.

Next, the effect of the And value of the STN liquid crystal element 23
shows substantially the same tendency as that for the fourth embodiment, and
the greater the Aﬁd \./;lue of the STN liquid crystal element 23, the higher
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contrast of display becomes.

However, in the “off”” state when no voltage is épplied, the reflectance
of black displé,y becomes the lowest when the And value is at around 0.75 pm.
Accordingly, good contrast is obtained when the And value of the STN liquid
cryétal element 23 is in a range of 0.70 to 0.80 um, and particularly, the And
value in a range of 0.75 to 0.77 pm is preferable. |

| Next, the effect of the retardation value F1 of the first retardation film
12 is described heréinafter. The twist angle 220° of the STN liquid crystal
element 23 according to this embodiment is smaller fhan the twist angle 240°
for the first embodiment. _

Accordingly, the retardation valué F1 of the first retardation film 12 is
preferably slightly smaller than that for the first embodiment, and high
contrast can be obtained with the retardation value faﬂ]ing in a range of 0.35
to 0.36 um, however, contrast deteriorates with the retardation value at 0.34
pm or less, or at 0.40 um or more, so that excellent display can not be
effected. | | |

With the liquid crystal display device according to this embodiment
provided With the 220° twisted STN liquid crystal element 23, perfect black
display can be effected in the “off” state by closely optimizing the intersection
angle o, formed by the first polarizing film 11 and the first retardation film 12,
the retardation value F1 of the first retardation film 12, and the And value of
the STN liquid crystal element 23.

Components of linearly polarized light incoming through the first
polarizing film 11 from the upper visible side in Fig. 20 are tﬁmed into
circularly polarized light at all wavelengths in the visible light region upon



10

15

20

25

53

passing through the firsf. retardation film 12 and the nematic liquid crystal 6 of
the STN liquid crystal element 23. |

~ Since the diffusion film 15 is made of material having hardly any
retardation value and no inclination to cause any change in polarization sfate,
the effect thereof on polarization state is negligible.'

The Circularly polarized light reflected at the transflective reflector 29
reverts to linearly polarized light with the direction of polarization rotated by
90° upon passing thi'ough the nematic liquid crystal 6 and the first retardation
film 12 again, and the linearly polarized light is all absorbed by the first
polarizing film 11, so that exellent black display can be obtained.

Further, the diffusion film 15 may be disposed anywhere between the
second substrate 2 and the first polarizing film 11 or on the outer surface of
the first polarizing film 11, however, the same is preferably disposed as close
to the second substrate 2 as possible in order to reduce display blurring.

Further, as the thickness of the sgcond substrate 2 is preferably as thin
as possible so as to reduce display blurring, the thickness thereof is set at 0.5
mm for this embodiment. |

When a predetermined voltage is applied between the first electrodes
3 and the second electrodes 4 of the STN liquid crystal element 23, the
nemaitic liquid crystal molecules 6 are caused to rise, and a effective And
value of the STN liquid crystal element 23 decreases. |

As a result, the linearly polarized light incoming through the first
polarizing film 11 is not turned into perfect circularly polarized light upon
passing through the first retardation film 12 and the nematic liquid crystal 6,
but reverts to elliptically polarized ﬁght or linearly polarized light.

If a birefringent tendency occurring in the nematic liquid cf_ystal 6 by
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applying the voltage is set to a value equivalent to a quarter-wavelength, the
linearly polarized light incoming through the first polarizing film 11 returns

~ as it is without direction of polarization being rotated, and is transmitted

through the first polarizing film 11, so that bright white display can be
effected. | ' |

Transmissive display effected when the backlight 16 is lit up is
described hereinafter.

Since the second retardation film 18 and the third retardation fitm 19
are disposed as .shown in Fig. 22, an effective phase delay axis is oriented at
60° on the basis of the horizontal axis, making up a so-called wide-band
quarter-wave ﬁlm, wherein the quotient F / A , a retardation value F divided
by a wavelength. A, is one quarter over all wavelengths.

Light emitted from the backlight 16 is turned into linearly polarized
light upon passing through the second polarizing film 17. The linearly
polarized light falls on the third retardation film 19 at an angle of 45° relative
to an effective phase delay axis composed of phase delay axes of two
retardation films, that is, the second retardation film 18 and the third
retardation film 19, and is turned into circularly polarized lighf. Thereafter,
about 70% of the circularly polarized light is reflected by the transflective
reflector 29, but remaining 30% thereof is transmitted therethrough.

In a state where no voltage is applied to the STN liquid crystal
element 23, a composite retardation of the first retardation film 12 and the
STN liquid crystal element 23 is equivalent to a quarter-wavelength, and
consequently, with such configuration of the constituent members as in this
embodiment, retardation occurring to the second retardation film 18 and the

third retardation film 19 is subtracted by the composite retardation of the first
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retardation film 12 and the STN liquid crystal element 23, the difference
becoming nearly zero. As a result, the circularly polarized light is turned
into linearly polarized light with the direction of polarization identical to that
of the linearly polarized light incoming through the second polarizing film 17,
outgoing from the first retardation film 12 to fall on the first polarizing film
11. | |

As the absorption axis 11a of the first polérizing film 11 crosses the
absorption axis 17a of the second polarizing film 17 at right angles, the
linearly polarized light falling on the first polarizing film 11 is not transmitted
therethrough, thereby effecting black display. |

By use of the second retardation film 18 and the third retardation film
19, retardation is rendered zero for light in a wavelength band wider than that
for the first embodiment using the second retardation film 18 only, so that.
better black display can be effected.

When a predetermined voltage is applied between the first electrodes |
3 and the second electrodes 4 inside the STN liquid crystal element 23, the
liquid crystal molecules of the nematic liquid crystal 6 are caused to rise, and
a effective And value of the STN liquid crystal element 23 decreases.

Consequently, the linearly polarized light incoming through the
second polarizing film 17 is turned into circularly polarized light upon
passing through the second retardation film 18 and the third retardation film
19, but. reverts to elliptically polarized light or linearly polarized light as a
result of passing through the first retardation film 12 and the STN liquid
crystal element 23.

When a retardation occﬁrring in the STN liquid crystal element 23 by
applying the voltage thereto is set to equivalent to a quarter-wévelength, the
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linearly polarized light incoming through the second polarizing film 17 has
the direction of polarization rotated by 90°, and thereby is transmitted through
the first polarizing film 11, énabling excellent white display to be effected.

Thus, with the liquid crystal display device comprised of the first
polarizing film 11, the first retardation film 12, and the STN liquid crystal
element 23 incorporating the transflective reflector 27, excellent black display '
and bright white display can be effected at the time of reflective display using
external light by setting the And value of the STN liquid crystal element 23 in
a range of 0.7 to 0.8 um, the retardation value F1 of the first retardation film
12 in a range of 0.35 to 0.40 um, and the intersection angle o formed by the -
absorption axis 11a of the first polarizing film 11 and the phase delay axis 12a
of the first retardation film 12 in a range of 30° to 45°. Further, by the
agency of the second retardation film 18, the third retardation film 19, the
second polarizing film 17, and the backlight 16 that are disposed on the
underside of the STN liquid crystal element 23, display in good contrast can
be effected by lighting up the backlight 16 even in an environment where
there is little external light.

Furthermore, with adoption of the transflective reflector 29 provided
with the opening 29a corresponding to the respective pixels, reflectance can
be rendered adaptable to a liquid crystal display device with emphasis on
transmissive display by enlarging the respective openings 29a, and adaptable
to a liquid crystal display device with emphasis on reflective display by
reducing the respective openings 29a.

Variations of the Sixth Embodiment
With the sixth embodiment as described above, an angle formed by'

the absorption axis 11a of the first polarizing film 11 and the phase delay axis
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12a of the first retardation film 12 is defined as an intersection angle @,
hOWéver, even if the first polarizing film 11 is rotated by 90°, similar display

characteristics can be obtained although there will be a little change in a

viewing angle characteristic.

Accordingly, if an angle formed by a transmission axis of the first
polarizing film 11 and the phase delay axis 12a of the first retardation film 12
is defined as an intersection angle B, excellent display characteristics can be
obtained even with the intersection angle 3 in a range of 30° to 45°.

With this embodiment, for the STN liquid crystal element 23, the 220°
twisted STN liquid crystal element is used, however, even with the use of
STN liquid crystal element having a twist angle in a range of 200° to 260°, a
similar transflective liquid crystal display device can be obtained by adjusting
a placement angle of the first polarizing film 11 and the first retardation film
12 while keeping the intersection angles formed by the first polérizing film 11
and the first retardation film 12 as above.

Further, for the first .retardation film 12, use is made of a retardation
film formed by uniaxial drawing of polycarbonate (PC) such that a
relationship among refractive index nz in the direction of z axis, refractive
index .nx in the direction of drawing, and refractive index ny in the direction
orthogonal to the direction of drawing is expressed by thé following formula:

| nx >ny = nz
However, the same effect can be obtained even with the use of a so-called Z
type retardation film formed by multiaxial drawing of polycarbonate (PC)
such that the relationship described above can be expressed by the formula,
nx > nz > ny, or a retardation film formed by drawing material such as

polyvinylalcohol (PVA), polypropylene (PP), and so forth.
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Further, w1th this embodiment, a configuration is made such that the
composite retardation of the first retardation film 12 and the STN liquid
crystal element 23 is subtracted by the retardation occurring at the second
retardation film 18 and the third retardation film 19, however, as with the fifth
embodiment, the configuration can be arranged such that the composite
retardation of the first retardation film 12 and the STN liquid crystal element
23 is added to the retardation occurring at the second retardation film 18 and
the third retardation film 19 the sum becoming a half- wavelength.

Filrthermbre, with this embodiment, the second retardation film 18 is
disposed such that the phase delay axis 18a thereof is oriented at +30° on the
basis of the horizontal axis, and the third retardation film 19 is disposed such

that the phase delay axis 19a thereof is oriented at 90° on the basis of the

horizontal axis, however, even if the configuration is made such that the

phase delay axis 18a of the second retardation film 18 is oriented at 90° while .
the phase delay axis 19a of the third retardation film 19 is oriented at +30°,
the same effect can be obtained as far as an intg:rsection angle formed by the
respective phase delay axes is 60°. -

Further, with this embodiment, the two retardation films, that is, the
second retardation film 18 and the third retardation film 19, are disposed on
the underside of the STN liquid crystal element 23, however, as with fhe cases
of the fourth and fifth embodiments, even Only by installation of the second

- retardation film 18 having a retardation value equivalent to a quarter-

wavelength, similar advantageous effects can be obtained although contrast
deteriorates fo some extent at the time of transmissive display.
Seventh Embodiment: Figs. 24 and 27

Next, a seventh embodiment of a liquid crystal display device
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according to the inventioh is described hereinaftér with reference to Figé. 24
and27. _ |

The liquid crystal display device according to the seventh embodiment
differs from the liquid crystal display device according to the sixth
embodiment only in respect of the type and placement angle of a second
retardation film 18 and a third retardation film 19, and the constitution thereof
is the same as that shown in Figs. 20 and 21. Accordingly, detailed
description thereof is omitted. '- '

Fig. 24 is a sche_rhatic illustration showing a configuration of
constituent elements of the seventh embodiment of the invention.

Placement of an STN liquid crystal element 23, a first retardation film

- 12, a first polarizing film 11, and a second polarizing film 17 is the same as

that for the sixth embodiment shown in Fig. 20.
The second retardation film 18 is a transparent film about 70 pm thick,
formed by drawing polycarbonate (PC), and has a retardation value F2 = 0.36

.um at a wavelength of 0.55 pm. The third retardation film 19 is a

transparent film about 100 pum thick, formed by drawing polypropylerie (PP),
and has a retardation value F3 = 0.50 um at a wavelength of 0.55 um.

The second retardation film 18 disposed on the underside of the STN
liquid crystal element 23 is dispose(i such that a phase delay axis 18a thereof
is oriented at —30° on the basis of the horizontal axis unlike the case of the
sixth embodiment while the third retardation film 19 is disposed such that a
phase delay axis 19a thereof is oriented at +60°. Accordingly, the

- retardation value F3 of the third retardation film 19 is subtracted by the

retardation value F2' of the second retardation film 18, and thereby an
effective retardation value becomes: AF = F3 —F2 =0.14 um
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Fig. 27 shows wavelength-dependency of retardation values of fhe
second retardation film and the third retardation film used in this embodiment.
The horizontal axis indiéates light wavelength, and the vertical axis indicates
retardation values of the retardation films. A curve 41 indicates retardation
Values of the second retardation film 18, a curve 42 indicates retardation
values of the third retardation film 19, and a curve 43 indicates retardation
values when the second retardation film 18 is superposed on the third
retardation film 19 such that respective phase delay axes cross each other at
right angles. | |

The constituent material of the second retardation film 18 is
polycarbonate (PC) having large wavelength—dépendency of refractive index,
and consequently; the retardation values thereof at short wavelengths become
greater as indicated by the curve 41.

Meanwhile, the constituent material of the third retardation film 19 is
polypropylene (PP) having small wavelength-dependency of refractive index,
and consequently, the retardation values thereof undergo hardly any change,
so that the retardation values at short wavelengths are substantially the same
as those at long wavelengths. ,

Accordingly, by superposing the second retardation film 18 on the
third retardation film 19 such that respective phase delay axes cross each
other at right angles, the retardation values for light components at short
wavelengths in the neighborhood of 0.4 pm can be rendered smaller than the
retardation values for light components at | long wavelengths in the
neighborhood of 0.7 um as indicated by the curve 43.

Thaf is, with the use of two sheets of the retardation films each having

different wavelength-dependency of refractive index; it becomes possible to
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form a so-called wide-band quarter-wavelength film whefein retardation

“values in a short-wavelength region is smaller than retardation values in a

long-wavelength region.

As a result, the quotient F A, a retardation value F divided by a
wavelength A, can be rendered approximately one quarter across the entire
visible light region, so that circularly polarized light can be dbtained in all
wavelength regions. '

Advantageous effects of the liquid crystal display device according to

' the seventh embodiment is described hereinafter.

The operation of the liquid crystal display device at the time of
reflective display is the same as that for the sixth embodiment described
above, and by optimizing placement conditions of the first retardation film 12
and the first polarizing film 11, display in good contrast can be effected.
Further, by installing a diffusion film 15, bﬂght display having a wide
viewing angle can be effected. |

Transmissive display effected when a backlight 16 is lit up is
described hereinafter. Light emitted from the backlight 16 is turned into
linearly polarized light upon passing through the second polarizing film 17.
The linearly polarized light falls on the third retardation film 19 at an angle of
45° relative to an effective phase delay axis of the wide-band quarter-
wavelength film formed by the second retardation film 18 and the third
retardation film 19, and consequently, the linearly polarized light is turned
into circularly polaﬁzed light. |

Thereafter, about 70% of the circularly polarized light is reflected by a
transflective reflector 29, but remaining 30% thereof is transmitted

therethrough.
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In a state where no voltage is applied to the STN liquid crystal
element 23, a composite retardation of the first retardation film 12 and the
STN liquid crystal element 23 is also a quarter-wavelength, and consequently,

with such a configuration of the constituent members as in this embodiment, a

- retardationn value occurring at the second retardation film 18 and the third

retardation film 19 is subtracted by a composite' retardation of the first
retardation film 12 and the STN liquid crystal element 23, the difference
becoming zero, so that the linearly polarized light incoming through the
second polarizing film 17 outgoes from the first retardation film 12 w1th the
direction of polarization unrotated, and falls on the first polarizing film 11.
Since an absorption axis 1la of the first polarizing film 11 and an

. absorption axis 17a of the second polarizing film 17 cross each other at right

angles, incident light from the backlight 16 is not transmitted through the first
polarizing film 11, thereby effecting black display.

On the other hand, when a predetermined voltage is applied between
first electrodes 3 and second electrodes 4 inside the STN hquld crystal
element 23, the operation of the liquid crystal display device is the sarﬁe as
that for the sixth embodiment, so that white display is effected

Thus, wifh the liquid crystal display device comprised of the first
polarizing film 11, the first retardation film 12, the diffusion film 15, and the
STN liquid crystal element 23 incerporating the transflective reﬂector.29,
excellent black display and bright white display can be effected at the timé of
reflective display ﬁsing external light by setting the And value of the STN
liquid crystal element 23 in a range of 0.7 to 0.8 yum, the retardation value F1
of the first retardation film 12 in a range qf 0.35 to 0.40 um, and the

intersection angle o formed by the absorption axis 11a of the first polarizing
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film 11 and the phase delay axis 12a of the first retardation film 12 in a range
of 30° to 45°.

- Further, by the agency of the second retardation film 18, the third
retardation film 19, the second polarizing ﬁﬁn 17, and the back]ight 16 that
are disposed on the underside (a side opposite from the visiBle side) of the
STN liquid crystal element 23, display in good contrast can be effected by
lighting up the backlight 16 even in an environment where there is little
external light. | |
Eighth Embodiment: Figs. 25 and 26

Next, an eighth embodiment of a liquid crystal display device
according to the invention is described hereinafter with reference to Figs.25
and 26. | |

" The liquid crystal display device according to the eighth embodiment
differs from the previously-described liquid crystal display device according
to the sixth embodiment only in that a twist angle of an STN liquid crystal
element is 240°, color filters are installed, and a transflective feﬂeétor is of a
half-mirror type. |

- Fig. 25 is a schematic sectional view illustrating constituent elements
of the liquid crystal display device according to the eighth embodiment, and
Fig. 26 is é schematic illustration showing a planar configuration of the STN
liquid crystal element, a second retardation film, a third retardation film, and a
second polarizing film. |

As showﬁ in Fig. 25, the liquid crystal display device according to this
embodiment comprises: an STN liquid crystal element 22’; a diffusion film 15,
a first retardation film 12, and a first retardation film 11 that are disposed in

sequence on the outer .side (the visible side) of a second substrate 2 of the
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STN liquid crystal element 22’; and a second retardation film 18, a third
retardation film 19, a second polarizing film 17, and a backlight 16 that are

disposed in sequence on the outer side (a side opposite from the visible side)

of a first substrate 1 of the STN liquid crystal element 22°, thereby -

constituting a transflective liquid crystal display device.

The first polarizing film 11 and the first retardation film 12 are
integrally bonded to each other with an acrylic resin based adhesive, and are
bonded to the STN liquid crystal element 22’ by use of the diffusion film 15.

Further, the second retardation film 18, the third retardation film 19,
and the second polarizing film 17 are also integrally bonded to each other
with an acrylic resin based adhesive, and are bonded to the STN liquid crystal

element 22’ as well with an acrylic resin based adhesive.

The STN liquid crystal element 22’ differs from the liquid cry'stal'

element of the third embodiment shown in Figs 8 and 9 only in that a
transflective reflector 27 is substituted for the reflector 7.

More specifically, the STN liquid crystal element 22’ is comprised of
the i:_ransﬂeqtive reflector 27 made of aluminum 0.02 um thick, the colpr
filters 10 composed of 1 pm thick filters in three colors consisting of red

' filters R, green filters G, and blue filters B, a protective film 8 made of an

acrylic material 2 um thick, and first electrodes 3 made of ITO 0.3 pum thick,
that are formed on the inner face of a first substrate 1 composed of a glass
sheet 0.5 mm thick. |

The first substrate 1 is bonded to a second substrate 2 composed of a
glass sheet 0.5 mm thick provided with second electrodes 4 made of ITO 0.05
um thick formed on the inner face thereof, with a sealant 5, and 240° counter

clockwise twist-aligned nematic liquid crystal 6 is sandwiched between the
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first substrate 1 and the. second substrate 2.

The transflective reflector 27 is made to serve as a so-called half-
mirror alléwing a portion of incident light to pass therethrough while
reflecting the rest by rendering an aluminum film thereof very thin in
thickness | |

With this embodiment, as the thickness of the aluminum film is set at

0.02 pm as with the fourth embodiment, about 10 to 20% of light is

transmitted therethrough while remaining 80 to 90% thereof is reﬂected, and
the transflective reflector 27 is formed over the entire display region.

The first polarizing film 11, the diffusion film 15, the second
retardation film 18, the third retardation film 19, and the second polarizing
film 17 are the same as those used in the sixth embodiment described in the
foregoihg. |

The first retardation film 12 is the same as that used for the fourth

embodiment described in the foregoing, and is a Z type retardation film

| having a retardation value F1 = 0.39 um at a wavelength of 0.55 pm.

For the backlight 16, the same electroluminesecnt (EL) film emitting
white light as used in the fourth to the seventh embodiments may be uséd,
however, in carrying out this embodiment, a backlight of sidelight type, that is,
a three-wavelength type ﬂuorescent tube attached to light guide plate is used
from the standpoint of enhancement of chroma and brightness.

The color filters 10 are comprised of filters in three colors cbnsisting
of red filters R, green filters G, and blue filters B, and are formed in alternate
and parallel stripes so as to correspond to the second electrodes 4 as shown in
Fig. 9.

The respective color filters R, G, B are formed to have a width wider
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than that of the respective second electrodes 4 so as not to have a gap

therebetween. It is not desirable that there exists a gap between the

respective color filters 10 because this will cause white light to be mixed with
display colors, and degrade color puﬂfy_although a quantity of incident light
is increased, and display of images becomes brighter. |

For improvement of brightnesé the color filters 10 preferably have the
maximum transmittance at an optlcal spectrum, as high as possible, and the
respective color filters preferably have the maximum transmittance of 80% or
more, most preferably 90% or more. Further, the minimum transmittance
thereof, at an optical spectrum, need be as high as 20 to 50%.

For the color filters 10, various types such as a pigment dispersion

type, a dyeing type, a printing type, a transfer type, a electrodeposition type

- and so forth can be .used, however, a color filter of the pigment dispersion

type made by dispersing a pigment in an acrylic resin based or PVA based
photosensitive resin, is most preferable because of heat resistance at high
temperatures and high color purity.

For obtaining the color filters 10 having such a high transmittance as
described above, the transflective reflector 27 composed of a thin aluminum
film is formed on the inner face of the first substrate 1, the surface of the
transflective reflector 27 is inactivat_ed by anodizing, subsequently a color
resist with 10 to 15% of a pigment blended with photosensitive resin is
applied to the inner face of the first substrate 1 by use of a spinner, and an
exposure and a devélopment treatment is applied thereto, whereby the 1 pm
thick color filters 10 having a high trélnsmittance is formed.

'Fig. 26 shows a planai' congifuration of respective constituent

members of the liquid crystal display device.
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A configuration of the STN liquid crystal element 22, the first
retardation film 12, and the first polariziné film 11 is the same as that for the
fourth embodiment, and an intersection angle o formed by an absorption axis
11a of the first polarizing film 11 and a phase delay axis 12a of the first
retardation film 12 is set at 35°

The second retardation film 18 is disposed such that a phase delay axis
18a thereof is oriented at +45° on the basis of the horizontal axis, and the
third retardation film 19 is disposed such that a phase delay axis 19a thereof is
oriented at +105°, thereby forming the wide-band quarter—waw)elength film as
described in the sixth embodiment, having an effective phase delay axis
oriented at +75° on the basis of the horizontal axis. |

By disposing the second retardation film 18 and the third retardation
film 19 in such a way as in this embodiment, a retardation occurring at the

second retardation film 18 and the third retardation film 19 is subtracted by a

composite retardation of the first retardation film 12 and the STN liqﬁid

crystal element 22’, and a resultant retardation becomes zero in all
wavelength regions, |

The effect and operation of the liquid crystal display device according
to the eighth embodiment is described hereinafter.

Since the color filters 10 have no birefringent tendency, the operation

- of the device at the time of reflective display is the same as that for the fourth

embodiment, and display in good contrast can be effected by optimizing a
configuration of_ the first retardation film 12 and the first polarizing film 11.
By combining a pixel in the on (white) state with a pixel in the off
(black) state, color display can be effected. For example, red display can be
effected by turning a pixel provided with a red filter R “on” (white) while
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turning a pixel provided with a green filter G and a blue filter B, respectively,
“off” (black). |

With the transflective liquid crystal display. device according to this
embodiment, a hi_gh reflectance and a contrast ratio as high as 10 or more
were obtained, so that bright color display having high chroma was effected
eﬂren at the time of reflective display wheﬁ the backlight 16 was not lit up.

Next, transmissive display effected when the backlight 16 is lit up is
described hereinafter. L

Light emitted from the backlight 16 is turned into linearly polarized
light upon passing through the second polarizing film 17. The linearly

- polarized light falls on the third retardation film 19 at an angle of 45° relative

to the effective phase delay axis of the wide-band quarter-wavelength film
formed by the second retardation film 18 and the third retardation film 19, and
is thereby turned into circularly polarized light.

Thereafter about 80% of the circularly polarized light is reflected by
the transflective reflector 27, but remaining 20% thereof is transmitted
therethrough.

In a state where no voltage is applied to the STN liquid crystal

element 22’°, the composite retardation value of the first retardation film 12

and the STN liquid crystal element 22’ is equivalent to a quarter-wavelength,
and with thie embodiment, the configuration of constituents members is such
that a retardation occiu'ring to the second retardation film 18 and the third
retardation film 19 is subtracted by the composite retardation of the first
retardation film 12 and the STN liquid crystal element 22’, the difference
becoming zero. Consequently, the circularly polarized light is turned into

linearly polarized light with the direction of polarization rotated so as to be
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idenﬁcal to the direction of the absorption axis 17a of the second polé.rizing
film 17, and outgoes from the first retardation film 12 to fall on the first
polarizing film 11.

Since the absorption axis 11a of the first polarizing film 11 crosses the
absorption axis 17a of the second polarizing film 17 at right angles, the
linearly polarized light falling on the first polarizing film 11 is not transmitted
therethrough, thereby effecting black display.

When a predetermined voltage is applied between the first electrodes
3 and the second electrodes 4, white display is effected due to the same
operation of the device as that for the fourth embodiment.

Thus, by the agency of the first polarizing film 11, the first retardation
film 12, the diffusion film 15, and the STN liquid crystal element 22’ |
incorporating the transflective reflector 27, and the color filters 10, color
display in excellent contrast can be effected at the ﬁme of reflective display
using external light. Further, by the agency of the second retardation film 18,
the third retardation film 19, the second polarizing film 17, and the backlight

- 16 that are disposed on the underside of the STN liquid crystal element 22’,

excellent color display can be effected by lighting up the backlight 16 even in
an environment where there is little external light. |
Variations of the Eighth Embodiment

With the eighth embodiment, for thc' STN liquid crystal element 22°,
the 240° twisted STN Hquid crystal element is used, however, even with the
use of STN liqilid crystal element having a twist angle in a range of 200° to
260°, a similar transflective liquid crystal display device can be obtained by
adjusting a placement angle of the first polarizing film 11 and the first
retardation film 12 relative to the STN liquid crystal element -22° while
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keeping the intersection angle formed by the absorption axis or the phase
delay axis of the first polarizing film 11 and the first retardation film 12 in a
range of 30° to 45°,

With this embodiment, the second retardation film 18, the third
retardation film 19, the second polarizing film 17, and the backlight 16 are

| installed on the underside of the liquid crystal element 22°, however, a

transflective liquid crystal display device similar to one according to this
embodiment can be obtained by installation of the second retardation film 18,

the second polarizing film 17, and the backlight 16 only as with the cases of

the fourth and fifth embodiments although contrast deteriorates to some

extent at the time of transmissive display.

Funher, with this embodiment, for thef' second retardation film 18 and
the third retardation film 19, the constituent material having the same
wavelength-dependency of refractive index is used, and the retardation films
18, 19 are arranged such that respective phase delay axes thereof cross each
other so as to form an intersection angle of 60° therebetween, however, as
with the case of the seventh embodiment, two retardation films, each made of
a constituent material having different wavelength-dependency of refractive
indices, may be used and arranged such that respective phase delay axes
thereof cross each other at right angles.

Still further, with this emb'odiment, the color filters 10 are installed on
the side of the first subst;ate 1, however, the color filters 10 may be formed
between the second electrodes 4 and the second substrate 2 on the inner side
of the second substrate 2. However, the color filters 10 are preferably

installed on the side of the first substrate 1 because the protective film 8 can

‘serve for planarization of the color filters 10, doubling as an insulation film
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between the transflective reflector 27 and the first electrodes 3. .

Furthermore, with this embodiment, for the color filtefs 10, the filters
in three colors consisting of red, green, and blue are used, however, even with
the use of color filters in three colors consisting of cyan, yellow, and mageﬁta
similar bright color display can be effected. |

Also, with this embodiment, in forming the transflective reflector 27,
the surface of a thin aluminum film is inactivated by anodizing so as to be
able to withstand a cleaning operation in the fabrication process of the color
ﬁlters, however, a trahsparent thin film such as a silicon oxide (SiO,) film
may be formed on the thin aluminum film instead by the sputtering method or
chemical vapor deposition (CVD) method. _

" Further, with this embodiment, for the transflective reflector 27, a

half-mirror type thin aluminum film 0.02 pm thick is used, however, it is

possible to employ a thin metal film proﬁded with an opening corresponding

to every pixel as used in the sixth and seventh embodiments.

INDUSTRIAL APPLICABILITY

As is evident from the foregoing description, with the reflection-type
liquid crystal display device of single polarizing film type according to the
invention, bright reflective display in high contrast can be effected by taking
advantage of external light while with the transflective liquid crystal display
device according to the invention, similar reflective display and transmissive.
display in high contrast by lighting up the backlight can be effected.

Accordingly, such liquid crystal display devices are available for
widespread application as a display unit for various electronic equipment such

as cellular phones, personal digital assistants (PDA), portable PCs, game
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1. A liquid crystal display device comprising:

an STN liquid crystal.element comprised of 200° to 260° twist aligned
nematic liquid crystal sandwiched between a first substrate thereof, provided
with a reflector and first electrodgs, and a second substrate thereof, provided
with second electrodes;

a retardation film disposed on the outer side of the second substrate of |
the STN liquid crystal element; and |

a polarizing film disposed on the outer side of the retardation film,

wherein a And value indicating a birefringent tendency of the STN
liquid crystal element is in a range of 0.7 um to 0.8 pm,

a retardation value R of the retardation film indicating a birefringént

tendency thereof is in a range of 0.35 to 0.40 um, and

‘an intersection angle formed by a phase delay axis of the retardation
film and an absorption axis or a transmission axis of the polarizing film is a
range of 30° to 45°.

2. A liquid crystal diéplay device according to claim 1, wherein the
first electrodes are reflective electrodes fbrmed of a reflective material, and
double as the reflector. | | | |

3. A liquid crystal display _device aécording to claim 1, wherein
color filters are installed on the nematic liquid crystal side of the first
substrate than the reflector, or on the nematic liquid crystal side of the second
substrate. |

4. A liquid crystal display device according to claim 3, wherein the
color filters are composed of filters in a plurality of colors.

5. A liquid crystal display device according to claim 1, wherein a

* [ L M H *
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diffusion film is instaﬂed on the outer side of the second substrate.

6. A liquid crystal display device according to claim 1, wherein
refractive indices of the retardation film have a relationship as expressed by
the formula:

nx > nz > ny

where nx is refractive index in the direction of the phase delay axis thereof,

| ny 1is refractive index in the direction orthogonal to the phase delay axis, and

nz is refractive index in the direction of thickness thereof.

7. A liquid crystal display device comprising:

an STN liquid crystal element comprised of 200° to 260° twist aligned
nematic liquid crystal sandwiched between a first substrate thereof, provided
with a transflective reflector and first electrodes, and a second substrate_
thereof, provided with second electrodes;

a first retardation film disposed on the outer side of the second
substrate of the STN liéuid crystal element; -

a first polarizing film disposed on the outer side of the first retardation
film;

a second retardation film disposed on the outer side of the first
substrate of the STN liquid crystai element; |

a second polarizing film disposed on the outer side of the second
retardation film; and .

a backlight disposed on the outer side of the second polarizing film,

wherein a And value indicating a birefringent tendency of the STN.
liquid crystal element is in a range of 0.7 pm to 0.8 um,

a retardation value R of the first retérdatibn film indicating a

birefringent tendency thereof is in a range of 0.35 to 0.40 um,
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an intersection angle formed by a phase delay axis of the ﬁrst
retardation film and an absorption axis or a transmigsion axis of the first
polarizing film is a range of 30° to 45°, and |

a retardaﬁon value of the second retardation film is substantially
equivalent to a quarter-wavelength.

8. A liquid crystal display device comprising:

an STN liquid crystal element comprised of 200° to 260° twist aligned
nematic liquid crystal sandwiched between a first substrate thereof, provided
with a transflective reflector and first electrodes, and a second substrate
th__ereof, provided with second electrodes; _ |

a first retardatioh film disposed on the outer side of the second
substrate of the STN liquid crystal element;

a first polarizing film disposed on the outer side of the first retardation
film;

a second retardation film disposed on the outer side of the first
substrate of the STN liquid crystal element;

a third retardation film disposed on the outer side of the second
retardation film;

a second polarizing film disposed on the outer side of the third
retardation film; and

a backlight disposed on the outer side of the second polarizing film,

wherein a And value indicating a birefringent tendency of .the STN
liquid crystal elemenf is in é rﬁnge of 0.7 um to 0.8 um, a retardation value of
the first retardation film indicating a birefringent tendency thereof is in a
range of 0.35 to 0.40 um, an intersection angle formed by a phase delay axis

of the first retardation film and an absorption axis or a transmission axis of
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the first polérizing film is a range of 30° to 45°,
a phase delay axis of the second retardation film crosses a phase delay axis of
the third retardation film at about 60°, and a retardation value of the second
retardation film is substantially equivalent to a quarter-wavelength while a
retardation value of the third retardation film is substantially equivalent to a
half-wavelength. ‘

9. A liquid crystal display device comprising:

an STN liquid crystal element comprised of 200° to 260° twist aligned
nematic liquid crystal sandwiched between a first substrate thereof, provided
with a transflective reflector aﬁd first electrodes, and a second substrate
thereof, provided with second electrodes;

a first retardation film disposed on the outer side of the second
substrate of the STN liquid crystal element;

a first polarizing film disposed on the outer side of the first retardation
film;

a second retardation film disposed on the outer side of the first
substrate of the STN liquid crystal eiement;

a third retardation film disposed on the outer side of the second
retardation film;

a second polarizing film disposed on the outer side of the third
retardation film; and

a backlight disposed on the outer side of the second polan'zing film,

wherein a And value indicating a birefringent tendency of the STN

liquid crystal element is in a range of 0.7 um to 0.8 um,
a retardation value of the first retardation film is in a range of 0.35 to

0.40 pm,
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an intersection angle formed by a phase delay axis of the first
retardation film and an absorption axis or a transmission axis of the first
polarizing film is a range of 30° to 45°,

a phase délay axis of the second retardation film crosses a phase delay
axis of the third retafdation film substantially at right angles, wavelength-
dependency of a retardation value of the second retardation film differs from
wavelength-dependency of a retardation value of the third retardation ﬁlm,.
and the difference between the retardation value of the second retardation film
and the retardation value of the third retardation film is substantially |
equivalent to a quarter-wavelength.

10. A liquid crystal display device according to claim 7, wherein a

~ diffusion film is installed on the outer side of the second substrate.

11. A liquid crystal display device according to claim 8, wherein a
diffusion film is installed on the outer side of the second substrate.

12. A liquid crystal display device according to claim 9, wherein a
diffusion film is installed on the outer side of the second substrate.

13. A liquid crystal display device according to claim 7, wherein.
color filters are installed on the nematic liquid crystal side of the first
substrate than the transflective reflector, or on the nematic licuid crystal side
the second substrate.

14. A liquid crystal display device according to claim 8, wherein
color ﬁlteis are installed on the nematic liquid crystal side of the first
substrate than the transflective reflector, or on the nematic licuid crystal side
the second substrate.

15. A liquid crystal display device according to claim 9, wherein

color filters are installed on the nematic liquid crystal side of the first
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substrate than the transflective reflector, or on the nematic licuid crystal side
the second substrate. . |

16. A liquid crystal display device according to claim 7, wherein
refractive indices of the first retardation film have a relationship as expressed
by the formula: o

nx >0z > ny

where nx is a refractive index in the direction of the phase delay axis thereof,

~ ny is a refractive index in the direction orthogonal to the phase deiay axis, and

nz is a refractive index in the direction of thickness thereof.

17. A liquid crystal display device according to claim 8, wherein
refractive indices of the first retardation film have a relationship as expressed
by the formula: |

nx > nz > ny |
where nx is a refractive index in the direction of the phase delay axis thereof,

ny is a refractive index in the direction orthogonal to the phase delay axis, and

nz is a refractive index in the direction of thickness thereof.

18. A liquid crystal display device according to claim 9, wherein
reﬁacﬁve indices of the first retardation film have a relatibnship as expressed
by the formula: '

DX > nz > ny
where nx is a refractive index in the direction of the phase delay axis thereof,
nyisa refractive index in the direction orthogonal to the phase delay axis, and
nz is a refractive index in the direction of thickness thereof.

19. A liquid crystal display device according to claim 7, wherein the

transflective reflector is composed of a thin metal film with thickness in a

range of 0.01 to 0.03 um.
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20. A liquid crystal display devi_ce; according to claim 8, wherein the
transflective reflector is composed of a thin metal film with thickness in a
range of 0.01 t0 0.03 pm.

21. A liquid crystal display device according to claim 9, wherein the
transflective reflector is. composed of a thin metal film with thickness in a
range of 0.01 to 0.03 pm. |

22. A liquid crystal display device according to claim 7, wherein the
transflective reflector is a thin metal film providéd with an opening
corresponding to respective pixels. -

23. A liquid crystal display device according to claim 8, wherein the
transflective reflector is a thin metal film provided with an opening
corresponding to respective pixels. |

24, A liquid crystal display device according to claim 9, wherein the
transflective reflector is a thin metal film provided with an opening

corresponding to respective pixels.



