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DESCRIPTION
REFLECTION—TYPE COLOR LIQUID CRYSTAL DISPLAY DEVICE
TECHNICAL FIELD

The present invention relates to a reflection-type (transflective) color

liquid crystal display device, more specifically, to a structure of a reflection-

type color liquid crystal display device containing a color filter therein,

capable of a multicolor display.

BACKGROUND TECHNOLOGY

_ A reﬂection—type liquid crystal display dev1ce for performing a.
monochrome display using a TN (twisted nematic) liquid crystal cell or an
STN (super. twisted nematic) liquid crystal cell, is mainly used as a
conventional reﬂection—type-.liquid crystal dis_play device. Howeirer, in

recent years, there has been a growing demand to display colors and

~ reflection-type color liquid crystal display devices containing color filters

therein have been vigorously developed.

,. The reﬂecti'on-type,' liquid crystal display devices containing color
filters therein are brdadly classified into the following three examples.
The first conventional example uses a liquid crystal mode without a

polarizing film. There is a guest-host LCD in which a black dye is mixed in
| ‘a liquid crystal material, a polymer-dispersion LCD in which a liquid crystal

material is dispersed in a polymér and so on. Since none of them uses a

polarizing film, they are excellent in brightness but low in contrast, thus they

have not been realized for practicél use yet.



10

15

20

25

The second c_onvention_al example is a reflection-type liquid crystal
display device using one polarizing film and containing a reflector inside a
liquid crystal display device. Moreover, this example is divided into two
types. One type uses a self-contained reﬂeetor of a mirror surface and has a
diffusing layer provided on the eurface thereof, and the other uses a reflector
with scattering properties. Since both types use only one polarizing film,

~ they are also excellent in brightness but low in contrast.

In the type using a self-contained reflector of a mitror surface, though
it is bright in a direction of regular reflection of ihcident light, it becomes

abruptly darker at other angles, that is, the viewing angle characteristic

thereof is quite poor. In the other type using a reflector with scattering

properties, it is difficult to control scattering properties and the fabricating
process becomes complicated. '

The third conventional example is a liquid crystal display device
using two polarizing films and having a eolor filter provided in a typical
monochrome liquid crystal display device.  Since this example uses two
polarizing films, it is excellent in contrast, but it has a disadvantage of a dark
display.  However, a reflection-type polarizing film, which has a
transmission axis and a reflection axis to reflect the light linearly polarized in

a direction of the reflection axis, is used for a lower polarizing film, thereby

| brightness is 1mproved and th1s reﬂectlon-type 11qu1d crystal display device is

considered for practical use. The conventional example using a reflection-
type polarizing film is disclosed in, for example Japan Patent Laid-open No.
Hei 10-3078.

_ However, in this Patent Bulletin, dlsclosed is a TN-mode reflection-
type display device mainly using active matrix (drive) elements A liquid
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crystal display device using active matrix (drive) elements is excellent in.
contrast but the brightness thereof is lowered due to loWering of an aperture
ratio. In contrast to the above, a passive matrix liquid crystal display device
without active matrix (drive) elements is superior in brightness because of its
higher aperture ratio. | _ |

~ Moreover, . it is d1sc10sed that a reflection-type color liquid crystal
display device can be provided by using an STN liquid crystal cell having a

twist angle of 90° or more, a retardation film and a reflection-type polarizing

ﬁlm in the aforesaid Patent Bulletin. | However, the liquid crystal display
device described in the embodiments is a typical monochrome display STN
hquld crystal display device prov1ded with a color filter. | '

A typical monochrome display STN liquid crystal dlsplay dev10e isa

: normally—wh1te—type for obtaining a white display during no applied voltage.

For enhancing whiieness more than brightness, the transmittance on a-long -
wavelength side is sﬁppressed, thus the average transmittance is lowered. -
Moreover, a black display of ON state is slightly bluish black, therefore the
performance as a shutter is not excellent.

In other words, the reflection-type color hquld crystal display device
that is a typical monochrome display STN liquid crystal display device
provided with a color filter, performs a dark display due to lov‘verirlg of
brightness, more than that, since the shutter performance varies from color to

color, excellent colors can not be obtained.

DISCLOSURE OF THE INVENTION |
The present invention is made to solve the aforesaid disadvantages,

and its object is to provide a réﬂection-type color liquid crystal di_splay -
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device with a bright display, high contrast and excellent colors.

In order to achieve the above object, the feﬂection-type color liquid
crystal display device according to the present invention comprises: an STN
liquid crystal cell havihg nematic liquid crystal, which is aligned at a twist
angle of 180° tof' '27Q°, sandwiched between a transparent -ﬁrst substrate
having first electrodes and a .tj.jansparent second substrate having second
electrodes, in which the first electrodes and the second electrodes opposing to
each other across the nematic liquid crystal, and the first substrate or the
second substrate is provided with a color filter of a plurality of colors; an
absorption-type polarizing ﬁlm'placed on the visible side of the 'second
substrate and having a transmission axis and an absorption axis; a retardation

film placed between the absorption-type polarizing film and the second

. substrate; and a diffusing layer, a reflection-type polarizing film having a

transmission axis and a reflection axis, and a light absorbing layer absorbing
almost all incident lighf, which.are. arranged in order on the other side of the
visible side of the first substrate. |

| Moreover, by using the so-called Z-type retardation film which
satisfies conditions of nx > nz > ny, where nx is the refractive index in a
stretching direction of the retardation film, ny is the refractive index in a
direction orthogonal to the stretching direction, and nz is the refractive.index

in a thickness direction, the viewing angle is improved and incident light

from the surroundings is effectively utilized, thus a bright display can be
obtained. _ o
| Alternatively, a typical retardation film which satisfies conditions of
nx > ny = nz, where nx is the refractive index in a stretching direction of the

retardation film, ny is the refrac_tive index in a direction orthogonal to the
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stretching direction, and nz is the refractive index in a thickness direction,

may be used.

Furthermore, in the above eithér case, it is preferable that avalueofa
difference AR = Rs — Rf ranges from 0.27 um to 0.35 pm, where Rs is a And
which is the product of a difference An in the birefringence of nematic liquid
crystal of the STN liquid crystal cell and a cell gap d, and Rf is a retardation .

~value of the retardation film, thereby the averagé transmittance of white

becomes higher and an excellent black characteristic can also be obtained..
Even if a twisted retardation film is used in place of the aforesaid -
retardation film in the reflection-type color liquid crystal display device, a

white characteristic with high transmittance, an excellent black characteristic,

anda wide viewing angle characteristic can be obtained.

In the above case, it is preferable that a value of a differénce AT =ITs|
—~ ITcl in absolute value of each twist angle ranges from 10° to 30° and a
value of AR = Rs — Rc ranges from 0.15 pm to 0.30 pm, where Rs is a And
which is the product of a-difference An in the birefringence of nematic liquid

‘crystal of the STN liquid crystal cell and a cell gap d, Ts is a twist angle of
the STN liquid crystal cell, Re is a And value of the twisted retardation film,
~ and Tc is a twist angle of the twisted retardation film. |

-Additionally, it is preferable that the color filter has a maximum
transmittance of 80% or more and a minimum'transmittance of 20% to 50%
due to its spectral characteristics. |

The thickness of the first substrate of the STN hquld crystal cell is
preferably thinner than that of the second substrate.
Furthermore, in place of the light absorbing layer, a translucent-type

| .hght absorbing layer through which part of incident light passes, and a
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backlight may be arranged outside the reflection-type polarizing film in the
aforesaid reflection-type color liquid crystal display device. Thereby, a

| bright color display can be obtained even in a dark circumstance such as at

night by lighting of the backlight.
~ Also in this case, it is preferable to satisfy conditions of nx > nz > ny,
where nx is the refractive index in a stretching direction of the retardation
film in wuse, ny is the refractive index in a direction orthogonal to the
st_retch_ing direction, and nz is the reﬁacﬁve index in a thickness direction. .
Alternatively, a twisted retardation film may be used in place of the
retardation film |
The translucent-type light absorbing layer is preferably a plastic film

-dyed with a black dye or a black pigment to have a transmittance of 20% to

60%. |

Altefnatively, the transiucent—type light absorbing :layer may be
formed by printing with black ink to have a transmittance of 20% to 60% on
the rear face of the reflection-type polarizing film or on the front face of the
backﬁght. ' | '

BRIEF DESCRIPTION OF DRAWINGS |
FIG. 1 is a schematic sectional view showing the structure of a first |
embodiment of a reflection-type color liquid crystal display device according
to the present invention; h | o o
FIG. 2 is an explanatory view of thé positional relation between an
STN liquid crystal cell and a reflection-type polarizirig film in the reflection-
type color liquid cfy’stal display device shown in FIG. 1;
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FIG. 3 is also an explanatory view of the positional relation between
an absorption-type polarizing film and a retardation film;
FIG. 4 is a schematic sectional view showing the structure of a second

embodiment of the reflection—type color liquid cfystal display device

-according to the present invention;

FIG. 5 is an explanatory view of the positional relation between an
STN liquid crystal cell and a reflection-type polarizing film in the reflection-
type color liquid crystal display device shown in FIG. 4;
. FIG. 6 is.also an explanatory view of the positional relation between -
an absorption-type polarizing film and a twisted retardation ﬁlﬁl;
| FIG. 7 is a schematic sectional view showing the structure of a third
embodiment of the reflection-type color liquid crystal display device

‘according to the present invention;

FIG. 8 is a curved-line graph showing spectral characteristics of a
color filter used in the reflection-type color hqmd crystal dlsplay device of
each embodiment of the present invention; |

FIG. 9 is a curved-line graph showing transmittance characteristics of
ITO used in the reflection-type color 11qu1d crystal d1splay device of each
embodiment of the present invention;

FIG. 10 is a curved-line graph showing transmittance characteristics
where the color filter is removed from the reflection-type color liquid crystal
display device of each embodiment of the preseﬁt invention;

FIG. 11 is a schematic sectional view showing the structure of a
fourth embodiment of the reflection-type (transflective) color liquid crystal

display device according to the present invention;
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FIG. 12 iS a plane view showing shapes of a color filter and second
electrodes in FIG. 11;
FIG. 13 is a curved-line graph showing a transmittance characteristic

of a translucent-type light absorbing layer used in the fourth to the sixth

embodiment of the present invention; |
FIG. 14 is a curved-line graph shoWiﬁg emission spectrums of
backlights used in the fourth to the ‘sixth embodiment of the present
invention; . _
- FIG. 15 is a schematic sectional view showing the structure of a fifth
embodiment of the reﬂecﬁon—type (transflective) color liquid crystal display
dev1ce accordmg to the present invention; and

FIG. 16 is a schematic sectional view showmg the structure of a sixth

- embodiment of the reflection-type (transflective) color hquld crystal dlsplay |

- device according to the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

* Hereinafter, in order to explain the present invention in detail, the

~best mode of the present invention will be described w1th reference to the

drawings.

First embodiment: _

First, the first embodiment of a reflection-type color ﬁquid crystal
display device according to the present invention will be described with FIG.
1 through FIG. 3 and FIG. 8 through FIG. 10. |

| FIG. 1 is a schematic séctional view showing the structure of the
reﬂectionFtype color liquid crystal display device. FIG. 2 is a view for
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explaining the positional relation between an STN liquid crystal cell and a
reﬂection-typé polarizing film. FIG. 3 is also a view for explaining the
positional relation between an absorpﬁoh—type polarizing 'ﬁlm. and a
retardation film. ' )

In the réﬂection-type color liquid crystal display device of the first
embodiment, as shown in FIG. 1, an STN liquid crystal cell 20 is formed by
having nematic liquid crystal 6, which is aligned at a twist angle of 225°, .
sandwiched between a transparent first substrate 1 and a transparent second |

~ substrate 2 each of which is made of d glass plate with a thickness of 0.5 mm.

 On the inner surface of the first substrate 1, transparent first
electrodes 3 made of indium tin oxide (heréinafter referred to as “ITO”-) are
formed in stripes at spaced intervals in a direction orthogonal to the paper
surface. On the inner surface of the second substrate 2, a color filter 7 in

| which three color filters of red filters R, green filters G, and blue filters B

having a thickness of 0.4 pum formed by the pigment dispersion method are
provided in a given order, and a protection film 8 with a thickness of 2 um
made of an acrylic material for covering the color filter 7, are provided. On
the protection film 8, transparent secohd electrodes 4 made of ITO are formed
in stripes at spaced intervals in a lateral direction in the drawing. The first
substrate 1 and the second substrate 2 are bonded to each other with a fixed

~ space therebetween using a sealant 5.

On the visible side (the upper side in the drawing) of the second
substrate 2 of the STN liquid crystal cell 20, an absorption-type polarizing
film (hereinafter refer:ed to as only “a polarizing film”) 11 having a

transmission axis and an absorption axis, which is a typical polarizing film, is
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- placed, and a retardation film 12 is pléced between the polarizing film 11 and

the second substrate 2.

On the other side (the lower side in the drawmg) of the visible side of
the first substrate 1, a diffusing layer 13, a reﬂectlon-type polarizing ﬁlm_ 14,
and a light 'absorbing layer 15 which absorbs almost all incident light,.are
arranged in order. _ | _'

A retardation value R of fhe retardation film 12 is, for example, R =
0.55 um, and the polarizing film 11 disposed outside the retardation film 12
preferably has a transmittance of about 46% ‘

Now, the reflection-type polarizing film 14 will be described. A
typical polarizing film is an absorption-type polarizing film having a
transmission axis for transmitting light and an absorption axis for absorbing
light. However; the reflection-type polarizing film 14 has -a transmission
axis and a reflection axis orthogonal to the transmission axis so as to transmit

the light linearly polarized in a direction of the transmission axis but to

‘regularly reflect the light linearly polarized in a direét_ion of the reflection

axis. By placing a black printed layer or a black film outside the re_ﬂeétion-
type polarizing film 14 as thQ light absorbing layer 15, the linearly polarized
light in a direction of the transmission ax1s performs a black display, and the
linearly polarized light in a direction of the reflection axis perform's a white
display. - Moreover, a bright white d1sp1ay can be obtamed by virtue of the
high reflection efficiency.

Moreover, since the surface of the reflection-type polarizing film 14

is a mirror surface, it is bi'ight in a direction of regular reflection of incident

light, but it beconies dark at other angles, th}ls the viewing arigle

characteristic thereof is poor. To improve the viewing angle characteristic,
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- the diffusing layer 13 is provided on the surface side of the reflection-type

polarizing film 14. - |
This embodiment employs a reflection-type polarizing film which is

~ integrally provided with a diffusing layer and a light absorbing layer. The

diffusing layer 13 is provided with a diffhsing adhesive layer in which minute
particles ;are dispersed in an adhesive, and the light absorbing layer 15 is
given by black printing on the rear face thereof. As such a reflection-type
polarizing film, for example, R-DF-B (trade name) manufactured by
Sumitomo 3M Ltd. is used. The reflection-type polarizing film consists of
multi-layered thin films with different reflective indexes. In addition to this,
a polarizing film consisting of a cholesteric liquid crystal polymer
sandwiched between A/4 (quarter wavelength) films or one utilizing a
hologram may be. used. |

The retardation film 12 is a film made of stretched polycarbonate with
a thickness of about 70 pm having"relations of nx > nz > ny, where nx is the
refractive index in a stretching direction, ny is the refractive index in a
direction orthogonal to the stretching direction, and nz is the refractive index
in a thickness direction. The above film is the so-called Z-type retardation
film and integrated with the polarizing film 11 with acrylic adhesives. The

Z-type retardation film has little change in retardation when seen from a tilted

viewing angle, consequently, the viewing angle characteristic of the lliquid
crystal display device can be improved. |

Next, the relatioﬂ between the thickness of the first substrate 1 and
colors will be described. The color filter 7 is placed inside the second
substrate 2, and incident light passes through the polarizing film 11, the
retardation film 12, the second substrate 2, the color filter 7, and the nematic -
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liquid crystal 6. Then, after passing through the first substrate 1, the
incident light ié reflected by the reflection-type polarizing film 14 and returns
to transmit the first substrate 1, the nematic ]iqﬁid crystal 6, the color filter 7,
and finally the polarizing film 11 and reaches the observer’s eye. |
However, if the first sub-strate 1 is thick, a color of thé color filter 7,

. through which the incident light from a slanting direction has passed when it

is incident, differs from a color of the color filter 7 through which the
incident light passes when it is reflected, resulting in that the chroma lowers
due to color mixture. Accordingly, the thinner the first substrate 1 is, fhe
less color mixture due to incident light in a slanﬁng direction is, thereby
obtaining excellent colbrs. Prototypes using first substrates having various
thicknesses show that the first substrate having a thickness of 0.5 mm or less
provides excellent colors. The thinner the first substrate 1 is, the more
excelient the colors become.' However, the workability deteriorates and the
strength also lowers if the first substrate is too thin, therefore it is preferable
to have a thickness of 0.1 mm or more. In this embodiment, a glass plate
having a thickness of 0.5 mm is used as both the first substrate-l and the
second substrate 2. |

The color filter 7 is preferably as high in maximum transmittance as
possible to improve brightness, thus the color filter is made thin in thickness
or the concentration of pigments is made low. However, if the thickness is
made too thin or the concentration of pigments is made too low, the minimum
transmittance becomes 50% or more, resulting m that the ch_roma is extremely
lowered. Prototypes with color filters having various thicknesses have been
tested, and it is consequently found that the maximum transmittance due to

spectral characteristic of each color is preferably 80% or more and most
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preferably 90% or more.

On the other hand, the minimum transm1ttance due to the spectral
characteristic of each color is preferably between 20% and 50% and most
preferably 40%, giving priority to chroma and brightness. The spectral
characteristics of the color filter 7 used in this embodiment are shown in FIG.

8. A curved line 31 shows the spectral characteristic of the blue filter B, a

-curved line 32 shows that of the green filter G, and a curved line 33 shows

that of the red filter R respectively. Any color filter has a maximum
transmittance of about 90% and a minimum transmittance of about 40%.
The transmittances of the first electrodes 3 and the second electrodes 4 made

- of ITO are also important in terms of brightness. The lower the sheet

resistance value of ITO is, the th1cker the film thickness becomes and the
lower the transmittance becomes.

~ The transmittance characteristics of the ITO used in this embodiment
are shown in FIG. 9. Since the first electrodes 3 are applied with a data
Signa.l, ITO having little influence due te cross-talk and a sheet resistance of
100 ohms is used for them. The transmittance of the ITO is shown by a
solid curved line 43. The average transm1ttance is about 92%.

Since the second electrodes 4 are apphed with a scanning signal, ITO
having a sheet resistance of 10 ohms is used for them in order to reduce
cross-talk. The transmittance of the ITO is shown by a dotted curved line
44. The average transmittance becomes about 89%, that is slightly low, but
the brightness can be improved sufficiently. by employing transparent

: electro_des having a transmittance of 90% or more on at least one substrate as
25

this embodiment.
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Next, the positional relations between components in this reflection-

-type color liquid crystal d1splay device will be described using FIG. 2 and

FIG. 3. _
- On the inner surfaces of the first electrodes 3 and the second
electrodes 4, alignment layers (not shown). are respectively formed. As
shown in FIG. 2, the inside of the first substrate 1 is subjected to a rubbing
treatment in a direction of upward to the right at a 22.5° angle with respect to

a horizontal axis H-H, whereby a lower molecular alignment direction 6a of

liquid crystal is disposed at a 22. 5° angle in a counterclockwise direction.
The inside of the second substrate 2 is subjected to a rubbing treatment in a
direction of downward to the right at a 22.5° angle, whereby an upper

- molecular alignment direction 6b of liquid crystal is disposed at a 22.5° angle
in a clockwise direction. A so-called “chiral” substance, which is an optical

rotatory material, is added to the nematic liquid crystal 6 having a viscosity of
20cp and the twisting pii:ch P thereof is adjusted to 11 pm, thus forming the
STN liquid crystal cell 20 twisted clockwise to a 225° angle. | |

A difference An in birefringence of the nematic liquid crystal 6 in use
is set to be 0.15 and a cell gap d which is a gap between the first substrate 1
and the ‘seeond substrate 2 is set to be 5.6 pum. Accerdi'ngly, Rs, which is a
And value of the STN liquid crystal cell 20, represented by the product of the
difference An in the birefringence of the nematic liquid crystal 6 and the cell
gap d, is 0.84 ym. Since a retardation value Rf of the retardation film 12 is
0.55 um, the d1ffe1'ence AR therebetween is expressed by AR =Rs —~ Rf =
0.29. | _

A transmission axis 14a of the reflection-type polarizing film 14 is

directed at a 70° angle in a cbun_terclockwise direction with respect to a
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horizontal axis H-H. A transmission axis 11a of the polarizing film 11, as
shown in FIG. 3, is directed at a 70° angle _in a clockwise direction with
respect to the horizontal axis H-H and a stretching axis 12a of the retardation

“film 12 is directed at a 60° angle in a counterclockwise direction with respect

to the horizontal axis H-H.

The reflection-type color liquid crystal display device of this
embodiment structured as above goes into a normally-white mode displaying
white where no voltage is applied (OFF), in which light is incident also
through between pixels (portions at which first electrodes 3 and second
electrodes 4 intersect), so that bright display can be obtained. Applying
voltage (ON) between the first eleétrodes 3 and the second electrodes 4,

molecules of the nematic liquid crystal 6 rise, resulting in a black display.

The combination ON and OFF for each color enables a full-color display.

| The spectral characteristics of ON and OFF where the color filter 7 i is
taken out of the reflection-type color liquid crystal display device are shown
in FIG. 10.. A solid curved line 35 shows the spectral characteristic of OFF
displaying white. A solid curved line 36 shows the spectral characteristic of
ON displaying black when the reflection-type color liquid crystal display

~ device is driven at a frame frequency of 120 Hz. Incidentally, as

comparison examples, a dotted curved line 37 shows the spectral

characteristic of OFF in the conventional reflection-type liquid crystal
display device ‘where AR = 0.26 is set and a dotted curved line 38 shows the

spectral characteristic of ON thereof.
The conventional example is- a monochrome reflection-type liquid

crystal display device and displays bluish white by slightly suppressing the

 transmittance of a long wavelength in order to enhance whiteness during OFF |
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~ as shown by the curved line 37. On the other hand, the liquid crystal display

device of this-embodiment is designed in such a manner that it displays
somewhat yellowish during .OFF as shown by. the curved line 35 but the
average transmittance thereof becomes highest. | ,

~ The conventional example displays somewhat bluish black during ON |
as shown by the curved line 38. On the other hand, it is found that the
liquid crystal dlsplay device of this embodiment can obtain an excellent black
characteristic that can uniformly shut the whole wavelength region during
ON as shown by the curved line 36. An e,Xcellent characteristic can be -
obtained in a fang_e of AR = 0.27 to 0.35, while it is not preferable for AR to
be 0.35 or more because white inclines to yellow too much and black
becomes reddish. | .

Moreover, the Z-type retardation film having' relations of nx > nz > ny
is used as the retardation film 12, thereby the viewing angle characteristic of
the liquid crystal display device can be iniproved. The improvement of the
viewing angle characteristic allows light to be incident from various
directions, consequently, the display becomes bright and a more excellent
reflection-type color 1iquid crystal display device can be obtained.

When the response speed of the STN liquid crystal display device 20
is fast, the contrast can be improved by boosting the frame frequency that is a
driving fréquency; However, if the frame frequency is boosted too high,

cross-talk occurs, therefore it is 'preferably in a range from 100 Hz to 200 Hz.

This embodirnent is driven by writing a video signal of 60 Hz once in
memory and reading twice the speed thereof at a frame frequency of 120 Hz.
In this embodiment, the reflection-type color liquid crystal display

| - device comprises the bright polarizing film 11, the Z-type retardation film 12,
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the STN liquid crystal cell 20, and the reﬂectionétype polarizing film 14, and
the brightness and shutter performance thereof are optimized. It is driven at
a frame frequency ranging from 100 Hz to 200 Hz, thereby providing a

- reflection-type color liquid crystal display device with high contrast, high
* brightness and high chroma.

Modlﬁcatlon of the first embod1ment

In the aforesaid first embodlment the STN liquid crystal cell 20 with
Rs =0.84 um at a twist angle of 225° is used as an STN liquid crystal cell.
However, even if an STN liquid crystal cell with Rs = 0.7 to 1.:0 at a twist
angle of 180° to 270° is used, the similar reflection-type color liquid crystal
display device can be obtained by optimizing arrangement-angles of the
polarizing film 11, the retardation film 12, and the reﬂectlon-type polanzmg
film 14. '

The color filter consisting of three colors of red, green, and blue is
used as the color filter 7 in this embodiment. Moreover, even if a color
filter consisting of three colors of cyan, yellow, and magenta is used, a bright
color display can be realized. Furthermore, a color filter of a plurality of
colors such as two colors or four or more colors can also be employed
depending on the use. |

In this embodiment, the polarizing film 11 having a transmittance of

 46% is used. Itis preferable to use a polarizing film having a transmittance

of 45% or more and a polarization degree of 95% or more in order to obtain
excellent brightness. It is, of course, possible to use even a polarizing film

having a transmittance of less than 45%, though the display becomes

somewhat dark.
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Second embodiment: | |
' Next, the second embodiment of the 'reﬂection-type color liquid
crystal display device according to the present invention will be described
with reference to FIG. 4 to FIG. 6.
" FIG. 4 is a sectional view, similar to FIG. 1, showing the structure of

the reﬂection-type color liquid crystal display device. FIG. 5 is a view for

explaining the positional relation between an STN liquid.crystal cell and a
reflection-type polarizing film. FIG. 6 is a view for explaining the
positional relation between a polarizing film and a twisted retardation film.
Th¢ same feference numerals are given to components in these .drawings
corresponding to those in FIG. 1 through FIG. 3. '

The reﬂection—type color liquid crystal display device of the second
embodiment is the same as that of the first embodiment except for the points
of: the ﬁse of a twisted retardation film 16 in place of the retardation film 12
in the first embodiment; the ﬁ;vist angle of an STN liquid crystal cell 21
different from that of the STN liquid crystal cell 20; and the provision of a -
non-reflection layer 17 on the surface of the polarizing film 11. The
remaining structure in the second embodiment is the same as that in the first

embodiment, therefore the desérip_tion thereof will be omitted.
The STN liquid crystal cell 21 of this reflection-type color liquid

crystal display device has nematic liquid crystal 6, which is aligned at a left-
handed-twist anglle. of 240°, sandwiched between a first substrate 1 and a
second substrate 2 as shown in FIG. 4. |

On the visible side of the second substrate 2 of the STN liquid crystal

~cell 21, a polarizing film (an absorption-type polarizing film) 11,which has a
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transmittance of 46% and is provided with the non-reflection layer 17 on the

surface thereof, is placed over the twisted retardation film 16. It is the same
as in the first embodiment shown in FIG. 1 that a diffusing layer 13, a
reflection-type polarizing film 14, and a light absorbing layer 15 are arranged
in order on the other side (the outside) of the visible side of the first substrate
1. | | .

The twisted retardation film 16 is a film that a liquid crystal high
polymer having. a twist is applied to triacetyl cellulose (TAC) film or

- polyethylene terephthalate (PET) film after an aligning treatment, made into

liquid crystal state at a high temperature of about 150°C, and cooled rapidly
to room temperature after adjusting the twist angle to fix the twisted state.
The twisted retardation film 16 twisted right-handed and having a twist angle
Tc of —220° and Rc, which is And, of 0.61 pm is used in this embodiment.

- The non_-reﬂeéﬁon ‘layer 17 having several inorganic thin films
evaporated thereon and a reflectance of about 0.5% is provided on the surface
of the polarizing film 11, thereby the surface reflection by the polarizing film
11 is reduced so that the transmittance is improved, resulting_' in a bright
display. Moreover, the light reflected By the surface of the polarizing film
11 is reduced, thereby the black level 'during ON lowers and the contrast
improves, so that a reflection-type color.liquid crystal display device with
high brightness and high chroma can be obtamed

‘However, since evaporated film is expenswe non-reflection ﬁlm of a
coating-type, in which one to two layers of an organic material are coated,
has been developed recently. Although the above non-reflection films have a-
reflectance of about 1% , which is a little high, they are low cost and can also
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Next, the positional relations between components of this reflection-

type color liquid crystal dasplay device will be described using FIG. 5 and

 FIG. 6. On the surfaces of the first electrodes 3 and the second electrodes 4, _

alignment layers (not shown) are respectively formed. As shown in FIG. 5,
the ﬁrst substrate 1 is subjected to a rubbing treatment in a direction of
upward to the right at a 30° angle with respect to a horizontal axis H-H,
whereby a lewer molecular alignment direction 6a of liquid crystal is
disposed at a 30° angle in a counterclockwise direction. The Second
substrate 2 is subjected to a rubbing treatment in a direction downward to the
right at a 30° angle, whereby an upper molecular alignment direction 6b of
liquid crystal is disposed at a 30° angle in a clockwi_se direction.
| A so-called “chiral” substance, which is an optical rotatory material,
is added to the nematic liquid crystal 6 having a viscosity of 20ep and the
twisting pitch P thereof is adjusted to 11 pm, thus forming ‘the STN liquid
crystal cell 21 twisted at a 240° angle in a counterclockwise direction (left-
handed). | | | |
A difference An in birefringence of the nematic liquid crystal 6 is set
tobe0.15and a ceﬂ gap d which is a gap between the first substrate 1 and the
second substrate 2 is set to be 5.6 pm. Aceordingly, Rs, which is a And
value of the STN liquid crystal cell 21, represented by the product of the
difference An in the birefﬁngence of the nematic liquid crystal 6 and the cell
gap d, is 0.84 pm. Since a retardation value Rc of the twisted retardation
film 16 is 0.61 um, a difference AR therebetween is expressed by AR = Rs —.

Re= 023|Jm

When AR increzises, white display inclines to yellow, and conversely,

when AR is small, the screen becomes dark. | Accordingly, a range of AR =
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0.15 pm to 0.30 pm is preferable.

| A transmission axis 14a of the reflection-type polarizing film 14 is
directed at a 5° angle in a clockwise direction with respect to a horizontal
axis HHH. A transmission axis 11a of the polarizing film 11 is directed at a
45° angle in a counterclockwise direction with respect to a horizontal axis H-
H as shown in FIG. 6. A lower molecular alignment direction 16a of the
twisted retardation film 16 is directed at a 55° angle in a counterclockwise
direction with respecf to the horizontal axis H-H. An upper molecular
alignment direction 16b is diigcted at an 85°'angle in a clockwise direction.
A twist angle Tc of the right—hahded_ twisted liquid crystal cell 21 is 220° in a
clockwise direction. A difference AT in absolute value of the twist angle is

expressed by AT = Ts — Tc = 20°.

- The STN liquid crystal cell 21 can be corrected best when ‘the
absolute values of the twist angles thereof and the twisted retardation film 16
are equal, that is, AT = 0, thereby excellent white can be obtained during OFF.
However, it is not suitable for a reflection-type cblor liquid. crystal display
device because excelient black is not displayed during ON resulting in a low
contrast. In order to display black excellent in shutter perfonhance, it .is
preferable that AT = 10° to 3O°.I Especially, when AT used in the reflection-
type color hqmd crystal display device of this embodiment is 20° (AT = 20°),
the transmittance of white during OFF is high and the shutter performance of
black dunng ON is good, more than that, the viewing angle characteristic
becomes excellent. |

"The reflection-type color liquid crystal display device of -this
embodiment structured as above goes into a normally white mode displaying
white where no voltage is applied (OFF), in which light is incident also



- 10

15

20

25

22

_ through between pixels, so that a bright display can be obtained. Applying

voltage (ON) between first electrodes 3 and second electrodes 4, molecules
of the nématic liquid crystal 6 rise, resulting in a black display. The
combination ON and OFF for each color enables a full-color display. |

In this embodiment, the reflection-type color liquid crystal display
device comprises the bright polarizing film 11 provided with the non-

_ reflection layer 17, the twisted retardation film 16, the STN liquid crystal cell

21, and the reflection-type polarizing film 14, and the brightness and shutter
performance thereof are optimized. Itis drivenata frame frequency ranging
from 100 Hz to 200 Hz, thereby providing a reflection-type color liquid
crystal display device with high contrast, high brightness and high chroma.

Modification of the second embodiment:

In this embodiment, the STN liquid crystal éell 21 with Rs = 0.84 um
ata twist angle of Ts = 240° is used as an STN liquid crystal cell. However,
even if it is a liquid crystal display device with Rs = 0.7 to 1.0 at a twist angle
of 180° to 270°, the similar reflection-type color liquid crystal display device
can be realized by bpﬁmizing arréngement—angles of the polarizing film 11,
the twiSted retardation film 16,and the reflection-type pola‘rizing film 14.

In this embodiment, the polarizing film 11 hé,ving a transmittance of .
46% is used. It is preferable to use a polarizing film having a transmittance
of 45% or moife' and a polarization degree of 95% or more in order to obtain
excellent brightness. It is, of coursé, possible to use even a polarizing film
haVing a transmittance of less than 45%, though the display becomes

somewhat dark.
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-~ A liquid crystal polymer ﬁlfn,,of which the twisted stafe is fixed at
room temperature, is used as the twisted retardation film 16 in this
embodiment. Moreover, a temperature-éompensation-type twisted
retardation film, in which part of liquid crystal molecules are only bound |
together into polymer molecules in a chain state and Rc thereof varies with
temperature, is used, thereby obtaining a more excellent_reﬂectibn—type color
liquid crystal di"Splay device of which the brightneés and contrast at .high

temperatures are improved.

Third embodiment: - | _

Next, the third embodiment of the reflection-type color liquid crystal
display device according to the present invention will be described with
reference to FIG. 7. | "

FIG. 7 is a sectional view, similar to FIG. 1, showing the structure of
the reﬂectioh—type color liquid crystal display device. The same reference

numerals are given to components in the drawing corresponding to those in

FIG. 1, therefore the description thereof will be omitted.

The reﬂectioﬁ-type color liquid crystal display device of the third
embodiment is the same as that of the first embodiment except for the points
of: making the first substrate 1a thinner in thickness than the second substrate
2a; the provision of color filter 7 on first electrodes 3 of the first substrate 1a;
and the use of _é typical uniaxial-stretching-type film as a retardation film 18.

An STN Hqﬁid crystal cell 22 of this reflection-type color liquid
crystal display device has nematic liquid crystal 6, 'which is aligned at é. left-
handed twist angle of 225°, sandwiched between a first substrate 1a and a

second substrate 2a as shown in FIG. 7.
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On the visible side (the upper side) of the second substrate 2a of the
STN liquid crystal cell 22, a polarizing film 11 having a transmittance of 46%
is placed over the retardation film 18 which is the uniaiia.l-stretéhing-type

~ and has a retardation value R of 0.55 pm.

In the third embodiment, the first substrate 1a is made to be 0.4 mm in
thickness, which is thinnel; than the first substrate 1 in the first embodiment.
Accordingly, color mixture due to incident light in a slanting direction is
further reduced, thereby obtaining the chroma more excellent than the first
embodiment. Incidentally, since the thickness of the second substrate 2a
exerts no influence upon display performance, due to producﬁﬁw and cost
considerations, it is made to be 0.7 mm in thickness. The_ thickness of the first
substrate 1a is made thinner than that of thé second substrate 2a as described
above, thereby providing an excellent reflection-type color hqmd crystal
display device without decreaSing productivity.

Moreover, the color filter 7 is formed directly on the first electrodes 3,
whereby the protection film 8 used in the first and second embodiments
becbmes unnecessary. It should be noted that when the color filter 7 is
provided on the first electrodes 3, part of a driving signal applied to the first
electrodes 3 is lost and the contrast lowers. - | |

- For this ieéson, in a transmission-type color liquid crystal display

device, it is necessary to increase the permittivity of the color filter 7 or to

~ make thinner the thickness thereof less than 1 um. However, this

embodiment uses the color filter 7 having a thickness of 0.4 pm which is very
thin with little loss of an applied signal, thus obtaining a display with high
contrast by using a driving signal having a frame frequency of 120 Hz.
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The retardation film 18 is the typical uniaxial-stretching-type at low

- cost and the aforesaid refractive index satisfies the condition of nx > ny = nz.

Therefore, the viewing angle characteristié thereof becomes lower than that
of the Z-type retardation film 12 used in the first embodiment, but excellent
colors can be obtained by making the thickness of the first substrate 1a to be
0.4 mm which is thinner than that of the first embodiment.

In this embodiment, the reflection-type color liquid crystal display
device comprises the bright polarizing film 11, the umamal-stretchmg—type
retardatlon film 18, the first substrate 1a thinner than the second substrate 2a,
the STN liquid crystal cell 22 with the color filter 7 provided on the first
electrodes 3 of the first substrate 1a, and the reflection-type polarizing film
14, and the brightness and shutter performance thereof are optimized. It is
driven at a frame frequency ranging from 100 Hz to 200 Hz, thereby

| “providing a reflection-type color liquid crystél display device with high

15
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25

contrast, high brightness and high chroma at further lower cost.

Modification of the third embodiment:
Though the color filter 7 is formed on the first electrodes 3 of the first

~ substrate la in this e’mbod_.iment; the similar reflection-type color display

device can be obtained even if the color filter 7 is formed on second
electrodes 4 of the second substrate 2a.

| ~ In this embodiment, a glaSs_ substrate having a thickness of 0.4 mm is
used for the first substrate 1a, -and the thinner the thickness of the first
substrate 1a, the more excellent colors can be obtained. However, since the

workability deteriorates if it is too thin, it is preferable in a range from 0.1
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mm to 0.5 mm. A plastic substrate such as po]yethylene terephthalate (PET)

may be used as a material.

Fourth embodiment:
Next, the fourth embodiment of the reﬂectlon-type color liquid crystal

d1splay device accordmg to the ‘present invention will be described with

reference to FIG. 11 to FIG. 14.

FIG. 11 is a schematic sectional view, similar to FIG. 1, showing the
structure of the reflection-type (transflective) color liquid crystal display
device. FIG. 12 is a plane view showing the shapes of its color filter and
_second electrodes. The same refereﬁce numerals are given to components in
these drawings corresponding to those in FIG. 1. |

FIG. 13 is a curved-line graph showing a transmittance characteristic

of a translucent-type light absorbing layer used in this embodiment. FIG. 14

15

20

is a curved-line graph showing emission spectrum of a backlight.

- An STN liquid crystal cell 20 in this reﬂectlon-type (transflective)
color liquid crystal display device has the same structure as that in the first
embodiment shown in FIG. 1, but the thickness of the color filter 7 is made to
be 0.3 pm. B | | |

On the other s1de (the 0uts1de) of the visible side of a first substrate 1
of the STN liquid crystal cell 20, a dlffusmg layer 13, a reflection-type

. polarizing film 14, a translucent-type - light absorbing layer 25, and a

backlight 26 are arranged in order. It is the same as the first embodiment

 that a polarizing film 11 having a transmittance of about 46% and a thickness

of about 200 um is disposed on the visible side of a second substrate 2 over a

' tetardation film 12 having a retardation value Rf of 55 pm.
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In this embodiment, polyethylene terephthalate (bereinafter referred

to as “PET”) film having a thickness of 20 um to which a black dye is applied

is disposéd by attaching on the rear face of the reflection-type polarizing film
14 with an adhesive as the translucent-type light absorbing layer 25. The
spectral characteristic of the translucent-type light absorblng layer 25 is
shown by a curved line 47 in FIG. 13. It shows a flat transmittance in a
range from a wavelength of 400 nm to a wavelength of 650 nm, and the
average transmittance of all wavelengths is about 30%. '

A side-light-type backlight m which a light guide plate having a

thickness of 3mm is combined with a three-wavelength-type fluorescent tube

of the straight-tube-type is used as the backlight 26. By using the three-

wavelength-type fluorescent tube, high intensity can be obtained, so that the
chroma is further improved during transmission illumination.

The color filter 7 consists of three colors of red filters R, green filters
G and blue filters B which are formed into vertical stripes as shown in FIG.
12. The width of each color filter i is formed wider than that of a second
electrode 4 so as not to produce a gap. If a gap is produced in the color

filter 7, the display becomes bright due to the increase of incident light, but it

is not preferable that the degree of purity of colors decreases because white

light mixes into the display colors. |

The color filter 7 is preferably as high in max1mum transmittance as
possible to improve brightness and the maximum transmittance of each color
is preferably 80% or more and most preferably 90% or more. Moreover, it
is necessary that the minimum transmittance in spectrum is increased to be
20% to 50%.
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There are various methods of forming the color filter 7: pigment
dispersion, dyeing, pﬁnting, transcription, electro-deposition and the like. ~ It
is the most preferable to take the pigment dispersion method by which a
pigment is dispersed in an acrylic or PVA photoresist because of its high heat
resistance temperature and high purity of colors. |

In order to obtain the color filter havmg a high transmittance as .
described above, in this embodiment, a thin color filter having a thickness |

) less than 0.3 um is formed by applying a color resist made of 20% to 30% of

pigment in a photoresist on the second substrate 2 with a spinner and
patterning it through an exposing process and a developing process.

The spectrums of the color filter 7 are shown in FIG.8. It should be
noted that the maximum transmittances of the coldr filter 7 are made in such
a manner to be an order of a blué filter B > a green filter G > a red filter R,
thereby improving the balance of colors and whiteness during OFF.

The positional relations between components in this reflection-type
color liquid crystal display device in this embodiment are also the same as -
those in the first embodiment described with FIG. 2 and FIG. 3, therefore the
description thereof is omitted. ,

The operation and effects in the reflection-type display by ambient
light are the same as those in the first embodimént, therefore the descriptions -
thereof are also omitted. |

Next, a case where the backlight 26 is turned on will be descriBed.
When the backlight 26 is lit in a dark place such as at night, the light of the
backlight 26 after passing through the translucent-type light absorbing layer
25 passes through the reflection-type polarizing film 14, the diffusing layer
13, the STN liquid crystél cell 20, the retardation film 12, and the polarizing
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film 11 to display white. On the other hand, the linearly polarized ﬁght in a
reflection axis of the reﬂection—tjlpe polarizing film 14 displaying white does
not pass through during reflection illumination, resulting in a black display.
Consequently, the display becomes reverse display between fhe time of
reflection illumination and the time of transmission illumination by a
bé.ck]ight, in which the relation between white and black is reversed.

So, a data signal applied to the liquid crystal display device is
reversed during lighting of the backlight 26, whereby the reverse display is
solved and a transmission-type color display of normal colors can be obtained.
Accordingly, the liquid crystal display device becomes the transmission—typé
even at night by lighting of the backlight_ 26, which enables recognition of the
display. ' |

. The higher the transmittance of the translucent-type light absorbing
layer 25, the better the brigﬁtness during lighting of the backlight 26 becomes.
Conversely, the contrast of the reflective display by ambient light lowers
while the backlight 26 is not lit. The average transmittance of the

translucentQtype light absorbing laYer 25 is appropriate from 20% to 60%, .

preferably from 30% to 50% by experiment. In this embodiment, by using a
translucent-type light abSorbing layer 25 having an average transmittance of:
30% shown by a curved line 47 in FIG. 13, an excellent contrast can be
obtained when it is used as the reflection-type, and brightness when used as
the transmission-type is also good. _

In this embodiment, the reflection-type (transflective) color liquid
crystal display device comprises fhe polarizing film 11, the Z-type retardation

film 12, the STN liquid crystal cell 20, the reflection-type polarizing film 14,

the translucent-type light absorbing layer 25, and the backlight 26.
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Accordingly, a reflection-type (transflective) .color liquid crystal display
device which can perform a display with high contrast and high chroma by
using ambient light in a bright place and a bright transmission-type color
display even in a dark place by lighting of thé backlight 26, can be provided.

Modification of the fourth embodiment:

In this embodiment, the STN liquid crystal cell 20 with Rs = 0.84 pm
at a twist angle of 225° is used as an STN liquid._crystal cell. However, even
if it is a liquid crystal display device with Rs = 0.7 to 1.0 at a twist angle of
180° to 270°, thé similar reflection-type (transflective) color liquid crystal
display device cén be realized by optimizing afrangement—angles of the
polarizing film 11_; the retardation film 12, and the reflection-type polarizing
film 14. . |
Though, the STN liquid érystal cell is used in this embodiment, the
similar reflection-type (trahsﬂectiVe). color liquid crystal display device can
be naturally obtained with even a twisted nematic (TN) liquid crystal cell
having a twist angle of about 90°. The retardation film 12 is unnecessary in
a case of the TN liquid crystal cell. However, an active-matrix reflection-
type color liquid crystal display device including. active elements such as
TFTs .or MIMs is pfeferable in a case where a large screen is displéyed.

Three color filters of red, green, and b1i1e are used as the color filter 7

in this embodiment. Moreover, even with three color filters of cyan, yellow,

- and magenta, the similar bright color display can be realized.

Fifth embodiment: .
| Next, the fifth embodiment of the reflection-type color liquid crystal
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display device according to the prese_ni: invention will be described with
reference to FIG. 14 and FIG. 15.

~ The reflection-type (transflective) color liquid crystal display device
differs from that of the fourth embodiment in the points of: the use of a
twisted retardation film 16 in place of the retardation film 12 in the
reflection-type color liquid crystal display device according to the fourl:h
embodimeﬁt; the differenqe in twist angle of an STN liquid crystal cell 21;
the provision of a non-reflection layer 17 on the surface of a polarizing film
11; the difference in thickness of a color filter 7a; and the difference in kind
ofa translucent-type light absorbing layer 27 and a backlight 28.

The STN liquid crystal cell 21 of this reflection-type (transflective)
color liquid crystal display device has nematic liquid crystal 6, which is
aligned at a left-handed twist angle of 240°, sandwiched between a first
substrate 1 and a second substrate 2.

‘The color filter 7a consists of three colors of red filters R, green filters

G, and blue filters B with a thickness of 1 um provided by the pigment

dispersion method, which are provided on the inner surface of the second
substrate 2 and covered by a protection film 8 with a thickness of 2 pm made
of an acrylic material. The remaining structure in the STN liquid crystal cell
21 is the same as that in the second embodiment shown in FIG. 4.

 On the other side (the outside) of the visible side of the first substrate

1 of the STN liquid crystal cell 21, a diffusing layer 13, a reflection-type

polarizing film 14, the translucent-type light absorbmg layer 27, and the

- backlight 28 made of a white light emitting electro-luminescent (EL) film are

arranged in order. -
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It is the same as the second embodiment .shown in FIG. 4 that the
polarizing film 11 having a transmittance of 46% and coated with the non-
reflection layer 17 is disposed over a twisted retardation film 16 on the
outside of the second substrate 2.

The translucent-type light absorbing_layer' 27 is formed by printing
with gray ink, which is a mixture of fluorescent White ink made by mixing a
fluorescent white dye in a base with black ink made by mixing a black dye in

a base, on the rear face of the reflection-type polarizing film 14 in such a

" manner to have a transmittance of about 40%. It is difficult to print with

black ink thin and evenly so as to have a transmittance of about 40%. Thick
printing with the gray ink as in this embddiment enables the- formation of the
translucent-type light absorbing layer 27 with even ttansmittance.

The thickness of the _ﬁ'ansluce'nt-type light absorbing layer 27 formed
with this ink is several pm in thickness, which can be made thinner than the

'plastic, film used in the fourth embodiment. Fluorescent ink and black ink

‘made by mixing dyes in bases are used here, and it is, of course, possible to

use fluorescent ink and black ink made by m1xmg fine-grained pigments in

bases.

The color filter 7a consists of three colors of red filters R, green filters |
G, and blue filters B formed into vertical stripes the same as those used in the
fourth embodiment shown in FIG. 12. |
| However, the concentration of pigments is ' made thinner and a color

resist of a photoresist containing about 10% of pigment is used, whereby

| .forming the color filter 7a having a maximum transmittance of 90% or more

and a minimum transmittance of about 40% in spectrum in spite of a

thickness of about 1.0 um. The use of the color filter 7a is preferable for
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obtaining its stable shape, because the adherencé of the color filter to the
second substrate 2 is better than that of the color filter having a thickness of
about 0.3 um used in the fourth embodiment, thus avoiding a partial peel-off
defect of the color filter or narrowing of the width of the color filter due to
over-etching. '

As the backlight 28, an EL film having a thickness of about 300 ym
in which blue light emitting elements, green light emitting elements, and
orange light emitting elements are mixed to emit white light is used. The
emission spectrum when the EL film is applied with a driving voltage of 50 V
at 500 Hz is shown by a curved line 48 in FIG. 14. As is 'cléar_ from the
drawing,' light in a wide range of a wavelength from 400 nm to 700 nm is
emitted, consequently, a white light emitting color can be obtained.

" The liquid crystal display device can be made thinner than the case of

- using a backlight of the fluorescent-tube-type having a thickness of several

mm used in the fourth embodiment since the EL film is thin in thickness,
about 300 pm, therefore it is more 'pfeferable as a display device for a
portable information processing device. _ o
Since this embodiment is provided with the translucent-type light
absqrbing layer 27 and the backlight 28, lighting of the backlight 28 enables
reéognition of the diéplay even at night. However, in regard to light of the

- backlight 28, since the Hnearly polarized light in a transmission axis of the

reflection-type polarizing film 14 passes through and the linearly polarized

light in a reflection axis thereof does not pass through, resulting in reverse

~ display in which the relation between white and black is reversed. So, a
data signal applied to the hqu1d crystal display device is reversed during
| lighting of the backlight 28, whereby a normal color display can be obtained.
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In this embodiment, .the reflection-type (transflective) color liquid
crystal display device comprises the polarizing film 11, the twisted
retardation film 16, the_ STN liquid crystal cell 21, the reﬂectioﬁ-type
polarizing film 14, the translucent-type light absorbing layer 27 formed by
pnntlng with the gray ink made by mixing black ink in fluorescent white ink,
and the backlight 28 of an EL film emitting white color. Thereby, a_
reflection-type color hquld crystal display device which can perform a
display with high contrast and high chroma by using ambient light in a bright

place and a bright transmission-type color display in a dark place by lighting
of the backlight 28, can be provided. - |

Modification of the fifth embodimeﬁt
In this embodlment the STN hquld crystal cell 21 with Rs = 0.84 pm

at a twist angle Ts = 240° is used as an STN liquid crystal cell. However,
even if it is a liquid crystal display device with Rs = 0.7 to 1.0 at a twist angle
of 180° to 270°, the similar reflection-type color liquid crystal display device
can be reahzed by optlm:lzmg arrangement—angles of the polanzmg film 11,
the twisted retardatlon film 16, and the reflection-type polanzmg film 14.

| ‘Though, the STN liquid crystal cell is used in this embodiment, the
same reflection-type (transflective) color liquid crystal display device can be

- naturally obtained with even a twisted nematic (TN) liquid crystal cell having

a twist angle of about 90°. The twisted retardation film 16 is unnecessary in
a case of the TN liquid crystal cell. However, an active-matrix reflection-
type color liquid crystal display device including active elements such as

TFTs or MIM:s is preferable in a case where a large screen is displayed.
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In this embodiment, a liquid cryStal polymer film, of which the
twisted state is fixed at room temperature, is used as the twisted retardation
film 16. However, a temperature-compensation-type twisted retardation
film, in which part of liquid crystal molecﬁles are only bound together into
polymer molecules in a chain state and Re thereof varies with temperature, is
used, thereby obtaining a more excellent réﬂectio_n—fype (transflective) color
liquid crystal display device of which the brightness and contrast at high
temperatures' are impfoved. |

. - Moreover, as the backlight 28, an EL film for emitting white light,
which is made by mixing blue light emitting elements,- green light emitting
elements, and orange light emitting elements, is used in this embodiment. Tt
is also possible to use an EL film for emitting white light made by printing

with fluorescent orange ink, in which a fluorescent dye or a fluorescent

~ pigment is dispersed in a base, on the surface of an EL film for emitting green

light, or by mixing fluorescent orange ink into green light emitting elements.

A curved line 49 in FIG. 14 shows the emission spectrum when a
driving voltage of 50 V at 500 Hz is applied to an EL film made by printing
fluorescent orange mk on the surface of an EL film for emitting green light.
By controlling the print concentration of the fluorescent orange ink, the
balance between a green emission spectrum having a wavelength of ab'oﬁt

510 nm and an’orange emission spectrum having a wavelength of about 600

" nm excited by green light of light emitting elements can be struck, so that an

~ excellent white light emission can be obtained. ' Moreover, it is also possible

to use fluorescent red ink, fluorescent yellow ink, or fluorescent pink ink in

- place of fluorescent orange ink.
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Though the tifansluéent-type light absorbing layer 27 is formed by
printing on the rear face of the reflection-type polarizing film 14 in this
embodiment, almost the same effects can be obtained even if it is printed on
the surface of the backﬁght 28. | |

‘Sixth embodiment:

Next, the sixth embodiment of the reflection-type éolor liquid crystal
display device according to the present invention will be described with
reference to FIG. 16.

The structuré of the reflection-type (transflective) color liquid crystal
display device of the sixth embodiment is the same as that of the fourth
embodiment except for the following points. The thickness of a first
substrate 1a is made thinner than that of a second substrate 2a. A color filter
7b is formed on the first substrate 1a. A translucent-type light absorbing
layer 29 is formed by printing with ink made by mixing fluorescent blue ink,
fluorescent green ink, fluorescent red ink, and black ink, on an EL film, that
is a backlight 28. A typical uniaxial-stretching-type retardation film is used

- as a retardation film 18.

The STN liquid crystal cell 22 in this reflection-type (transflective)

' color liquid crystal display device has, as shown in FIG. 16, nematic liquid

crystal 6, which is aligned at a left-handed twist angle 6f 225°, sandwiched
between the first substrate la and the second substrate 2a. The first
substrate 1a made of a glass plate having a thickness of 0.4 mm and provided

‘with first electrodes 3 made of ITO on which the color filter 7b having a

thickness of 0.3 um is formed by the pigment dispersion method and the

second substrate 2a made of a glass plate with a thickness of 0.7 mm and
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provided with second electrodes 4 made of ITO, are bonded together with a
sealant 5. . |

A diffusing layer 13 is disposed outside the first substrate 1a of the
STN liquid ciystal cell 22, a reflection-type polarizing film 14 is disposed
outside the diffusing layer 13, and the backlight 28 made of white light
emitting EL film printed with the transluccnt—type light absorbing 1ayer 29 is
disposed outside the reflection-type polarizing film 14. On- the visible side
of the second substrate 2a, the retardation film 18 of the uniaxial-stretching-
type having a retardation value Rf of 0.55 pm is disposed and a polarizing
film 11 having a transmittanbé of 46% is dispdsed outside the retardation film
8.

The backlight 28, which is the same as that used in the fifth
embodiment, is an EL film having a thickness of 0.3 mm in which blue light
emitting elements, green light emitting elements, and orange light emitting
elements are mixed for emitting white light.

The transhucent-type light absorbing layer 29 is formed by printing
with gray ink, in which black ink is mixed in fluorescent blue ink, fluorescent
green ink, and fluorescent red ink made by dispersing fluorescent dyes in a
base, on the surface of the backlight 28 so as to have a transmittance of about
40%. 1t is difficult to print with black ink thin and evenly so as to have a
transmittance of about 40%. Accordingly, thick printing with the gray ink
as in this embodiment enables the formation of the translucent-type light

absorbing layer 29 with even transmittance.

The thickness of the translucent-type light absorbing layer.29 formed -

_ with this ink is several um in thickness, which can be made thinner than the
plastic film used in the fourth embodiment. Fluorescent ink and black ink
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made by mixing dyes in bases are used here, and it is, of course, possible to

- use fluorescent ink and black ink made by mixing fine-grained pigments in

bases.
By makmg the thlc]mess of the first substrate 1a to be 0.4 mm which

is thmner than that of the first embodiment, color mixture due to incident

light in a slanting direction is further decreased, theteby obtaining the chroma
more excellent than in the first embodiment. Incidentally, since the
thickness of the second substrate 2a exerts no influence upon display
pérformance due to productivity and cost considerations, it is made to be 0.7
mm in fhickness. Only the thickness of the first substrate la is made thin,
thereby providing an excellent reflection-type (transflective) color liquid

crystal display device without decreasing productivity.

The color filter 7b consists of three colors of red filters R, green
filters G, and blue filters B formed into vertical stripes which are the same
shapes as the color filters used in the fourth embodiment.. |

The color filter 7b is formed directly on the first electrodes 3, thereby
the protectlon film 8 used in the fourth embodiment becomes unnecessary.
Accordingly, when the color filter 7b is provided on the first electrodes 3,
part of a driving sig‘hal applied to the first electrodes 3 is lost and the contrast
lowers, but the cost can be reduced. _ |

The retardation film 18 is the typical uniaxial-stretching-type and the
refractive index thereof satisfies the condition of nx > ny = nz. Therefore,

the viewing angle characteristic thereof becomes lower than that of the Z-

type retardation film 12 used in the first embodiment, but the cost can be

reduced.
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Since this embodiment is also provided with the translucent-type light

absorbing layer 29 formed by'printing and the backlight 28, lighting of the

backlight 28 enables recognition' of the display even at night. However, in
regard to light of the backlight 28, since the linearly polarized light in a
transmission axis of the reflection-type polarizing film 14 passes through and
the linearly polarized light m a reflection axis thereof does not pass through,
resulting in reverse display in which the relation between white and black is
reversed. So, a data signal applied to the liquid crystal display device is

reversed during lighting of the backlight 28, whereby a normal color display

can be obtained.

In this embodiment, the reflection-type color liquid crystal display
device compriSes the polarizing film 11, the wuniaxial-stretching-type
retardation film 18, the STN liquid crystal cell 22, the reflection-type
polarizing film 14, the transhicent—type light absorbing layer 29 formed by

printing with ink made by mixing fluorescent blue ink, fluorescent green ink,

ﬂuorescent red ink, and black ink, and the backlight 28 of an EL film
emitting white color. Thereby, a reflection-type color liquid crystal display

“device which can perform a reflection-type color display with high contrast

and high chroma by using ambient light in a bright place and a bnght
transmmsxon—type color display in a dark place by lighting of the backlight 28,
can be provided.

Modification of the sixth embodiment: _
Though the color filter 7b is formed on the first electrodes 3 of the
first substrate la in this embodiment, the similar reflection-type
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(transflective) color display device can be obtained even if the color filter 7b
is formed on the second electrodes 4 of the second substrate 2a.

In this embodiment, a glass substrate having a thickness of 0.4 mm is

_used for the first substrate la, and the thinner the thickness of the first

substrate 1a is, the more excellent colors can be obtained. However, since
the Wofkabﬂity deteriorates if it is too thin, it is preferable in a range from 0.1
mm to 0.5 mm. The similar reflection-type (transflective) color display
device can be obtained even if a plastic substrate such as polyethylene
terephthalate (PET) is used as a material. | '

Moreover, as the backlight 28, an EL ﬁhn for emitting white light,
which is made by mixing blue light emitting elements, green light 'émitting
eléments_ and orange light emitting elements, is used in this embodiment. It
is also possible to use an EL film for emitting white light made by printing
with fluorescent orange ink, in which a fluorescent dye or a fluorescent
pigment is dispersed in a base, on the Surfa_ce of an EL film for emifting green
light, or by mixing fluorescent orange ink into green lighf emitting elements.
Moreover, it is also possible to use fluorescent red ink, fluorescent yellow ink,

or fluorescent pink ink in place of the fluorescent orange ink.
Furthermore, in this embodiment, the translucent-type light absorbing

layer 29 is formed by printing with the gray ink made by mixing fluorescent

blue ink, fluorescent green ink, fluorescent red ink, and black ink. It can

also be formed by printing with gray ink made by irlixing white ink in

fluorescent cyan ink, fluorescent yellow ink, and fluorescent magenta ink.

Though the translucent-tyPe light absorbing layer 29 is formed by
printing on the surface of the backlight 28 in this embodiment, almost the
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same effects can be obtained even if it 1s printed on the rear face of the

" reflection-type polarizing film 14.

INDUSTRIAL APPLICABILITY

According to the present invention, a reflection-type (transflective)
color liquid crystal display device with a bright display, high contrast and -
excellent colors, can be provided. Moreover, a translucent-type light
absorbing layer is disposed in place of the light absorbing layer and a
backlight is provided, thereby a bright color display with excellent contrast
can be realized even in a dark place by lighting of the backlight.

This reflection-type color liquid crystal display device can be
employed to displdy devices such as various kinds of electronic devices and -
the like, and it is the most suitable for performing color displays of various
portable devices such as a personal digital assistant (PDA), a portable:
telephone, a wrist watch and the like. | '
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LT

CLAIMS

1. A reflection-type color liquid crystal disp_lay device, comprising:

an STN liquid crystal cell having nematic liquid crystal, which is
aligned at a twist angle of 180° to 270°, sandwiched between a transparent
first substrate having first electrodes and a transparent second substrate

having second electrodes, said first electrodes and said second electrodes

opposiﬁg to each other across said nematic liquid crystal, and said first

substrate or said second substrate being provided with a color filter of a

. plurality of colors;

an absorption—type' polariiing film which has a transmission axis and
an absorption aﬁs, placed on the visible side of said second substrate;

a retardation film placed between said absorption-type polarizing film
and said second substrate;and | |

a diffusing layer, a reflection-type polarizing film which has a
transmission axis and a reflection axis, and a light absorbing layer ébsorbing

almost all incident light, which are arranged in order on the other side of the

visible side of said first substrate,

wherein conditions of nx > nz > ny of the retardation film are satisfied,
where nx is the refractive index in a stretching direction of said retardation
film, ny is the refractive index in a direction orthogonal to the stretching
direction, and nz is the refractive index in a thickness direction.

2. The reflection-type color liquid crystal display device according to
claim 1, wherein a value of a difference AR = Rs — Rf ranges from 0.27 pm to
0.35 pum, where Rs is a. And which is the product of a difference An in the
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birefringence of nematic liquid crystal of said STN liquid crystal cell and a
cell gapd, and Rfis a retardation value of said retardation film.
3. A reflection-type color liquid crystal display device, comprising: |
an STN liquid crystal cell having nematic liquid crystal, which is
aligned _at a twist angle of 180° to 2705, sandwiched between a transparent
first substrate having first electrodes and a transparent second substrate
having second electrodes, said first electrodes and said second electrodes

opposing to each other across said nematic liquid crystal and said first

~ substrate or said second substrate be1ng provided with a color filter of a.

plurahty of colors;
. an absorption-type polarizing ﬁ]m which has a transmission axis and
an absorption axis, placed on the visible side of said second substrate;
a twisted retardation film placed between said absorption-type
polarizing film and said second substrate; and

a diffusing layer, a reflection-type polarizing film which has a

| transmission axis and a reflection axis, and a light absorbing layer absorbing

almost all incident light, which are arranged in order on the other side of the

- visible side of said first substrate.

4. The reflection-type color hquld crystal chsplay device according to

claim 3, whereln a value of a d1fferenc_e AT = ITs| — ITcl in absolute value of

~ each twist angle ranges from 10° to 30° and a value of AR = Rs — Rc ranges

from 0.15 pm to 0.30 pm, where Rs is a And which is the product of a
difference An in the birefringence of nematic liqnid crystal of said STN liquid
crystal cell and a cell gap d, Ts is a twist angle of said STN liquid crysfal cell,
Rcis a retar(iation value of said twisted retardation film, and Tc is a twist
angle of said twisted retardation film.
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5. A reflection-type color liquid crystal display device, comprising:

an STN liquid crystal cell having nematic liquid crystal, which is
aligﬁed at a twist angle of 180° to 270°, sandwiched between a transparent
first substrate having first electrodes and a transparent second substrate

having second electrodes, said first electrodes and said second electrodes

- opposing to each other across said nematic liquid crystal, and said first

substrate or said second substrate be1ng provided with a color filter of a

plurality of colors,

an absorption-type polanzmg film which has a transmission axis and -

an absorption axis, placed on the visible side of said second substrate;
a retardation film placed between said absorption-type polarizing film
and said second substrate; and |
a d1ffusmg layer, a reﬂectlon-type polarizing film which has a
transmission axis and a reflection axis, and a light absorbing layer absorbmg
almost all incident light, which are arranged in order on the other side of the
visible side of said first substrate, -

wherein conditions of nx > ny = nz of the retardation film are satisfied,

- where nx is the refractive index in a stretching direction of said retardation

film, ny is the refractive index in a direction orthogonal to the stretching |

direction, and nz is the refractive index in a thickness direction, and
| wherein a value of a difference AR = Rs — Rf ranges from 0.27 pm to
0.35 um, where Rs is a And which is the product of a difference An in the

~ birefringence of nematic liquid crystal of said STN liquid crystal cell and a

cell gap d, and Rf is a retardation value of said retardation film.
6. The reflection-type color hquld crystal display device according to

- clalm 1, wherein said color ﬁlter has a mammum transmittance of 80% or
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more and a minimum transmittance of 20% to 50% due to its spectrall

characteristics.
7. The reflection-type color liquid crystal display device according to

~ -claim 3, wherein said color filter has a maximum transmittance of 80% or

more and a minimum transmittance of 20% to 50% due to its spectral
characteristics.
8. The reflection-type color liquid crystal display device according to

claim 5, wherein said color filter has a maximum transmittance of 80% or

- more and a minimum transmittance of 20% to 50% due to its spectral

charactenstlcs - :
9. The reflection-type color liquid crystal display device according to
claim 1, wherein the thickness of said first substrate is thinner than that of

: sa1d second substrate.

10. The reflection-type color liquid crystal display device according
to claim 3, wherein the thickness of said fir_st substrate is thinner than that of

“said second substrate.

11. The reflection-type color liquid crystal display device according
to claim 5, wherein the thickness of said first substrate is thinner than that of
said second substrate. | |

12. A reﬂectlon-type color liquid crystal d1splay device, comprising:
an STN liquid crystal cell having nematic liquid crystal, which is

- aligned at a twist angle of 180° to 270°, sandwiched between a transparent

first substrate having first electrodes and a transparent second substrate
having second electrodes, said first electrodes and said second electrodes

opposing to each other across said nematic liquid crystal, and said first
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substrate or said second substrate being provided wnh a color filter of a
plurality of colors; | |

an absorption-type polarizing film which has a transmission axis and
an absorption axis, placed on the visible side of said second suBstrate;

~ aretardation film placed between said absorption-type polarizing film

and said second substrate; and |

a diffusing layer, a reflection-type polarizing film which has a |
transmission axis and a reﬂecﬁon axis, a translucent-type light absorbing
layer, and a backlight, which are arrangedl in order on the other side of the
visible side of said first substrate.

13. The reﬂectlon-type color liquid crystal dlsplay device according
to clalm 12, wherein conditions of nx > nz > ny of the retardation film are

satisfied, where nx is the refractive index in a stretching direction of said

retardation film, ny is the refractive index in a direction orthogonal to the

stretching direction, and nz is the refractive index in-a thickness direction.
14. A reflection-type color liquid crystal display device, comprising:
an STN liquid crystal cell having nematic liquid crystal, which is

| aligned at a twist angle of 180° to 270°, sandwiched between a transparent
first substrate. having first electrodes and a transparent second substrate

having second electrodes, said first electrodes and said second - electrodes

‘opposing to each other across said nematic liquid crystal, and said first

‘substrate or said second substrate being provided with a color filter of a

plurality of colors;
an absorption-type polarizing film which has a transmission axis and

an absorption axis, placed on the visible side of said second su'bstraté;
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a twisted retardation film placed between said absorption-type

polarizing film and said second substrate; and |
- a diffusing layer, a reflection-type polarizing film whlch has a

transmission axis and a reflection axis, a translucent-type light absorbing
layer, and a backlight, which are arranged in order on the other side of the
visible side of said first substrate. | |

15. The reﬂection—type color liquid crystal display device according
to claim 12, wherein said trénslucent-type light absorbing layer is a plastic -
film dyed with a black dye or a black pigment to have a transmittance of 20%
to 60%. |

16. The reflection-type color liquid crystal display device according

* to claim 14, wherein said translucent-type light absorbing layer is a plastic
film dyed with a black dye or a black pigment to have a transmittance of 20%

to 60%.
17. The reflection-type color hquld crystal display dev1ce accordmg

_ to claim 12, wherein said translucent-type light absorbing layer is formed by

printing with black ink to have a transmittance of 20% to 60% on the rear

~ face of said reflection-type polarizing film or on the front face of said

backlight.

18. The reﬂection—typ.e. color liquid crystal display device according
to claim 14, wherein said trahslucent—type light absorbing layer is formed by
printing with black ink to have a transmittance of 20% to 60% on the rear

face of said réﬂection-type- polarizing film or on the front face of said

. backlight.
25



