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7) ABSTRACT

A liquid crystal display device having a back side light
source, which can perform displays of both a transmissive
type and a reflective type, employs interference filters
formed with a multilayer film 18, 19 and 20 as color filters
to be used for color display. The back side light source is
switched off in use as a reflective type display. The display
in the liquid crystal display device can be inverted to a
negative. The normal direction of the multilayer film of the
interference filter may differ from the normal direction of a
substrate.

5499126 A * 3/1996 Abileah et al. ............. 349/106 20 Claims, 11 Drawing Sheets
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LIQUID-CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

The present invention relates to color filters and liquid
crystal display devices (or display elements, display units).
More particularly, the invention relates to color filters and
liquid crystal display devices which are used for portable
data terminals or the like and further relates to color filters
and liquid crystal display devices of types usable for both
transmission and reflection.

BACKGROUND OF THE INVENTION

General Background Art

Liquid crystal display devices are roughly divided into
transmissive type and reflective type devices.

First, with regard to transmissive type devices, commonly
used transmissive type color liquid crystal display devices
employ absorption type color filters. The transmissive type
color liquid crystal display device has a structure as shown
in FIG. 1. In the figure, the reference numeral 11 denotes a
light guide plate provided with a reflection plate (not shown
in the figure) on its lower side or the like. The reference
numeral 12 denotes a polarizer. The reference numeral 14
denotes a back (lower) side substrate. The reference numeral
15 denotes a front (upper; viewers operate and watch the
display screen there) side substrate. The reference numeral
17 denotes a polarizer on the front side. The reference
numeral 61 denotes an absorption type color filter for
transmitting red light (absorbing light of wavelengths other
than red). The reference numeral 62 denotes an absorption
type color filter for transmitting green light. The reference
numeral 63 denotes an absorption type color filter for
transmitting blue light. The reference numeral 21 denotes a
light source as a sidelight or a backlight.

Basic function, structure, material and the like of each of
these portions are so-called well-known arts; therefore gen-
eral descriptions thereof are not provided herein.

Actually, in addition to the above, TFT (Thin Film
Transistor) for pixels and for driving pixels is formed on
either of the upper and lower substrates, and transparent
conductive film and alignment film are disposed on the sides
on which those substrates face a liquid crystal layer. The
TFT, the transparent conductive film and the alignment film
also are so-called well-known arts and additionally are not
directly related to the scope of the present invention; there-
fore illustrations and descriptions thereof are not provided
herein.

Only contents, functions and the like which are directly
related to the scope of the present invention are described
below in principle.

The backlight disposed on the back side of a liquid crystal
panel is a so-called white light source (which comprises
light of any wavelength so as not to make light of particular
colors observable).

Each pixel is provided with an absorption type color filter
which transmits only predetermined light corresponding to a
color of the pixel and absorbs light other than the predeter-
mined light. Thus, each color of red, green and blue is
displayed.

The use of the absorption type color filter, however,
causes an extremely great loss of light due to the absorption
of approximately two-thirds (or more in some cases) of the
light. Accordingly, it has been proposed that an interference
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filter should be substituted for the absorption type color filter
(for example, Japanese Unexamined Patent Publications No.
11-38397, No. 10-197859 and Japanese Patent Application
No. 9-273042). An interference filter transmits light of
particular colors and reflects light other than the light of
particular colors, in other words, reflects light of unneces-
sary colors for the pixel on the side of the light source. This
reflected light thereby is reflected again in a display surface
by a reflection plate or the like on the lower side of the light
guide plate 11 to be reused for display, resulting in the
improvement of utilization efficiency of light as well as the
decrease of power consumption and the improvement of
luminance.

An example such that an interference filter is applied to a
reflective type liquid crystal element is disclosed in Japanese
Unexamined Patent Publication No. 11-38397, a model such
that an interference filter is formed under a color filter is
disclosed in Japanese Unexamined Patent Publication No.
10-197859, and an example of a backlight for color sepa-
ration using an interference filter is disclosed in Japanese
Patent Application No. 9-273042.

An interference filter is generally formed with a multi-
layer film, while a type such that an interference filter is
formed by curing cholesteric liquid crystal has been pro-
posed in recent years (for further details, refer to ‘the
development of color filters by using cholesteric liquid
crystal presented by Tokuhisa MORIYA in DAI NIPPON
PRINTING CO., LTD. at the 6th research report meeting of
HLC®).

Next, with regard to reflective type devices, commonly
used reflective type color liquid crystal display devices also
employ absorption type reflection plates. The reflective type
color liquid crystal display device has a structure shown in
FIG. 2 such that a reflection plate 71 which reflects only
predetermined light and absorbs light other than the prede-
termined light is formed on a substrate on the back side of
a liquid crystal panel. Thus, only pixels for brightly display-
ing predetermined light reflect the predetermined light; the
reflection plate reflects the predetermined light on the dis-
play side (the side of viewers);.and only the pixels for
brightly displaying predetermined light absorb the predeter-
mined light, while a circular light plate and a liquid crystal
layer shut off (absorb) the predetermined light in the case of
pixels for not brightly displaying predetermined light. In
FIG. 2, corresponding numbers are given to members and
portions having the same function, structure and the like as
in FIG. 1. Similarly, these numbers apply to liquid crystal
display devices according to embodiments of the present
invention described after. The reference numeral 71 in FIG.
2 is a reflection plate as well as an electrode.

It is noted for confirmation that transmitted light in this
type passes back and forth through a liquid crystal layer,
namely, passes through twice for display (this is related to
embodiments described after).

In addition to the above, partially transmissive type liquid
crystal display devices are mentioned as an intermediate
type between the transmissive type and the reflective type.
This type is such that a half mirror is disposed on the upper
or lower side of the back side substrate 14 of the liquid
crystal display device shown in FIG. 1 to transmit a certain
quantity of light and reflect a certain quantity of light. A
liquid erystal display element of this type is used as the
transmissive type when an AC power supply can be used and
is used as the power-saving reflective type when battery-
operated, being widely used particularly for portable data
terminals or the like.
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Furthermore, a type of device usable as both a transmis-
sive type and a reflective type device was announced in
recent years (in a news release by SHARP CORPORATION
on Apr. 1, ’99). This type of device is an improved conven-
tional partially transmissive type device and is characterized
in that a reflection plate is partially formed at every pixel.

Background Art in View of the Problems to be
Solved by the Present Invention

Brightness, however, is not sufficiently secured in liquid
crystal display elements described above. Since polarized
light has, from the start, been utilized in liquid crystal
display devices, utilization efficiency of light is reduced to
approximately a half in principle even for mere black-and-
white display.

In particular, brightness is further reduced in a type of
device usable as both a transmissive type and a reflective
type device. For example, if, for the sake of simplicity of
explanation, transmittance of a half mirror is assumed to be
50%, only 50% of brightness of a backlight is utilized in the
case of transmissive type display, while only 50% of
reflected light is utilized in the case of reflective type
display. Resultingly, utilization efficiency of light is reduced
to half in both types of display. This reduction is caused also
when a reflection plate is formed at pixels (actually, in use
as a transmissive type device employing a backlight, the
transmittance will frequently be less than 50% as compared
with use as a reflective type device because of having extra
possible luminance).

Moreover, an absorption type color filter is used for a
color filter so that two-thirds (or more in some cases) of light
is not utilized; therefore utilization efficiency of light is
reduced to approximately one-sixth in principle for color
display. The use of the above-mentioned half mirror can
reduce utilization efficiency of light to approximately one-
twelfth in the worst case.

In a model such that an interference filter is used as a
measure against the reduction, the display screen is observed
in such a manner that colors thereon change when viewing
from an oblique direction. That is, an interference filter is
formed with a multilayer film or the like having periodicity
and selectively reflects light of wavelengths corresponding
to the thickness thereof. Consequently, the effective thick-
ness of the interference filter is increased when the display
screen is viewed from an the oblique direction, leading to a
change in wavelengths which are transmitted.

Less power consumption and brighter display, therefore,
have been desired in transmissive type devices and reflective
type devices as well as particularly a type usable as both of
the types and additionally a liquid crystal display device for
color display. It has been desired that colors not change with
the direction from which the display screen is viewed and
that color saturation be improved.

DISCLOSURE OF THE INVENTION

The present invention is intended for solving the above-
mentioned problems and employs a nonabsorption type
color filter as a color filter.

According to the invention, transmissive type display and
reflective type display are performed.

According to the invention, a back side light source such
as a backlight and a sidelight can be switched off indepen-
dently of a pixel unit for use of the device as a reflective type
device.

According to the invention, an interference filter is used
as the nonabsorption type color filter.
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According to the invention, although modulation charac-
teristics of a liquid crystal layer differ between a transmis-
sive type mode and a reflective type mode in accordance
with the thickness of the liquid crystal layer through which
light passes through (the distance of transmission), either
mode offers a bright display and excellent contrast.

According to the invention, a color filter is an interference
filter formed with a multilayer film, and additionally the
normal direction of the multilayer film differs from the
normal direction of a substrate.

More specific descriptions are detailed below.

An aspect of the invention is characterized in that a liquid
crystal display device for color display (including a projec-
tion display) having a back side light source, such as a
backlight or a powerful light source for projecting, employs
as a color filter corresponding to a color of each pixel
making up part of a delta, a mosaic, a stripe or the like on
a display surface (in the case of projection display, strictly
speaking a surface as a film used for displaying) not a
conventional color filter which absorbs light other than light
of predetermined colors by dispersing colorant into trans-
parent resin, but a nonabsorption type color filter which
transmits light of predetermined colors and reflects light
other than the light of predetermined colors (note that the
nonabsorption type color filter is not limited to the display
of the three primary colors).

Another aspect of the invention is characterized in that a
liquid crystal display device is a combination liquid crystal
display device (as described above, including elements and
display units of portable apparatuses) capable of switching
between a transmissive type display mode and a reflective
type display mode by switching a switch.

A further aspect of the invention is characterized in that
the quantity of light of a backlight can be shutoff (to zero)
for the use as a reflective type device.

A still further aspect of the invention is characterized in
that a nonabsorption type color filter is an interference color
filter, such as one formed with a multilayer film, that
transmits only light of predetermined colors such as red and
reflects light of complementary colors thereto.

A still further aspect of the invention is characterized in
that color display of red, green and blue is performed in
transmissive type display and color display of cyan, magenta
and yellow is performed in reflective type display. For this
purpose, the device comprises a predetermined switching
circuit and the like for such color displays.

A still further aspect of the invention is characterized in
that a display can be inverted to a negative by shifting a TFT
between ON and OFF in order to perform an optimum
display for each of transmissive type display and reflective
type display.

A still further aspect of the invention is characterized in
that a liquid crystal display device which can switch
between a transmissive type display mode and a reflective
type display mode comprises reflection means for reflecting
incident light entering from the display side or light of a
predetermined color by each pixel for white display and
color display when the device is used as a reflective type
device, and transmission means for transmitting light of
white color or light of a predetermined color by each pixel
when the device is used as a transmissive type device.

A still further aspect of the invention is characterized in
that a voltage signal for modulation in transmissive type
display is set to be large in accordance with a type of liquid
crystal to be used therefor in order to compensate for the fact
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that the amount of modulation, change in the polarization
angle of light for display by a liquid crystal layer, is less as
compared with reflective type display.

A still further aspect of the invention is characterized in
that a portion of a cell is thickened in order to thicken the
liquid crystal layer of the portion through which light for
display passes when the device is used as a transmissive type
device.

A still further aspect of the invention is characterized in
that a voltage for modulation is raised in order to increase
the amount of modulation in use as a transmissive type
device and in that a liquid crystal is used which greatly
modulates in response to a high voltage.

A still further aspect of the invention is characterized in
that reflected light by a reflection means and transmitted
light by a transmission means are in a complementary color
relationship and that modulation by a liquid crystal layer can
be switched by switching display mode.

A still further aspect of the invention is characterized in
that a reflection means and a transmission means are non-
absorption types and particularly interference filters.

A still further aspect of the invention is characterized in
that an interference filter is formed with a multilayer film
and that the multilayer film is formed with inclinations on a
surface of the multilayer film at each pixel in the horizontal,
vertical, or the like directions as viewed by a viewer in order
not to cause disorder to color display depending on the
viewing angle.

A still further aspect of the invention is characterized in
that a cholesteric liquid crystal is used for the multilayer
film.

A still further aspect of the invention is characterized in
that an interference filter using the cholesteric liquid crystal
is a complex comprising a cholesteric liquid crystal and a
polymer.

A still further aspect of the invention is characterized in
that a liquid crystal display device which is not a type usable
as both a transmissive type device and a reflective type
device employs a nonabsorption type color filter for full
color display, dichroic display, monochromatic display and
the like and that the same techniques as in each of the
above-mentioned groups of inventions are employed for the
nonabsorption type color filter.

BRIEF DESCRIPTIION OF THE DRAWINGS

FIG. 1 is a cross sectional view of a structure of a
conventional transmissive type liquid crystal display ele-
ment.

FIG. 2 is a cross sectional view of a structure of a
conventional reflective type liquid crystal display element.

FIG. 3 is a cross sectional view of a structure of a liquid
crystal display element according to Embodiment 1 in the
present invention.

FIG. 4 is a view conceptually showing functions in use of
a liquid crystal display element as a transmissive type
element according to the above-mentioned Embodiment 1.

FIG. 5 is a view conceptually showing functions in use of
a liquid crystal display element as a reflective type element
according to the above-mentioned Embodiment 1.

FIG. 6 is a diagram showing principles of a circuit that,
for example, switches off a back side light source inter-
locked to a negative inversion.

FIG. 7 is a cross sectional view of a structure of a liquid
crystal display element according to Embodiment 2 in the
present invention.

10

15

20

25

30

35

40

45

50

55

60

65

6

FIG. 8 is a diagram showing a regulating system (circuit)
of driving voltage.

FIG. 9 is a view conceptually showing a structure of an
interference filter according to Embodiment 5 in the present
invention.

FIG. 10 is a view conceptually showing an interference
filter formed with a multilayer film using cholesteric liquid
crystal.

FIG. 11 is a graph showing characteristics of an interfer-
ence filter for dichroic display.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present embodiment relates to color liquid crystal
display devices.

EMBODIMENT 1

The present embodiment relates to transmissive type color
liquid crystal display devices.

FIG. 3 shows a cross sectional view of a liquid crystal
display element according to the embodiment. In the figure,
the reference numeral 13 denotes a retardation plate as a
quarter-wave plate (A/4). The reference numeral 18 denotes
an interference filter for transmitting red light and reflecting
cyan light. The reference numeral 19 denotes an interference
filter for transmitting green light and reflecting magenta
light. The reference numeral 20 denotes an interference filter
for transmitting blue light and reflecting yellow light.

These interference filters are detailed in embodiments
described after.

Aliquid crystal display element according to the embodi-
ment has the same basic structure as in FIG. 1, for example,
a backlight unit is disposed on the back side of a liquid
crystal panel holding liquid crystal between substrates
thereof. The liquid crystal display element, however, differs
from FIG. 1 in that the interference filters are formed at each
pixel on the back side substrate. Although these color filters
are formed on the active matrix substrate on which TFT
(Thin Film Transistor) is formed, illustrations of the TFT are
not provided herein for the previously mentioned reason.

The interference filters having the above-mentioned char-
acteristics serve as the color filters shown in FIG. 1. Cyan,
magenta and yellow are a mixture of green and blue, red and
blue, and red and green respectively. It is noted for confir-
mation that red, green and blue are a complementary color
to cyan, magenta and yellow respectively. These descrip-
tions are so-called well-known matters; therefore further
detailed descriptions thereof are not provided herein.

A liquid crystal layer to be used has a twisted nematic
structure with a twist of 45°. As a result, the liquid crystal
layer functions as a quarter-wave plate (A/4) with no appli-
cation of voltage, and meanwhile does not function as a
quarter-wave plate (A/4) with the application of voltage for
the reason that liquid crystal therein is aligned in the
direction of electric field. The switching of electric field (ON
and OFF, or opening and closing) performs displaying,

A polarizer 17 is adhered to an upper side substrate 15 so
that the direction of absorption axis thereof is parallel to the
rubbing direction of alignment film. A quarter-wave plate
(M4) 13 and a polarizer 12 are adhered to a lower side
substrate 11 so that the direction of absorption axis thereof
is perpendicular to that of absorption axis of the polarizer on
the upper side.

According to this construction, the liquid crystal display
element is ‘normally black’ in transmissive type display and
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meanwhile is ‘normally white’ in reflective type display.
‘Normally black’ is a mode such that ‘black display” (light
does not reach the display side) is performed with no
application of voltage, while ‘normally white’ is a mode
such that ‘white display’ (light reaches the display side, that
is, light corresponding to a color of a pixel to which voltage
is not applied reaches the display side in the case of color
display; therefore the white display is not limited to a white
display in terms of chromatics) is performed with no appli-
cation of voltage.

Functions of this liquid crystal display element are
described below.

FIG. 4 shows functions of transmissive type display, in
which a backlight is switched on. In the figure, three kinds
of pixels R, G and B are shown and interference filters for
not merely transmitting R (red light), G (green light) and B
(blue light) but also reflecting light other than red light,
green light and blue light are formed as color filters at the
pixels R, G and B respectively. Among white light from the
backlight, the color filters not only transmit solely light of
predetermined colors but also reflect light other than the
light of predetermined colors on the side of the backlight.
This reflected light thereby is reflected again inside a back-
light unit and thereafter reaches the display side through
predetermined color filters since it will be rare that there are
no pixels of the same color as the reflected light on the whole
display surface. Even if this is not the case, the reflected light
is utilized directly or indirectly for the rise of temperature of
the backlight and the emission of light therefrom, leading to
notably less loss of light as compared with absorption type
color filters.

The liquid crystal layer in transmissive type display is
normally black; therefore only a pixel to which voltage is
applied, namely, the pixel R transmits R (red light), for
example, when voltage is applied to only the pixel R. G
(green light) and B (blue light), meanwhile, are absorbed in
the polarizer on the front side. Consequently, the transmis-
sion of only R (red light) through the polarizer results in a
display of ‘red’ in color display of R, G and B.

FIG. 5 shows functions of reflective type display, in which
a backlight is switched off, external light such as room light
enters from the side of operators, and additionally voltage is
applied to only the pixel R.

The external light is white light. Color filters formed at the
pixels reflect light of complementary colors to the above-
mentioned colors of transmitted light, as the filters are
interference filters; therefore in this case the color filter R
reflects C (cyan light) which is a mixture of G and B.
However, a voltage is applied to the pixel R. At this time
because the liquid crystal layer is normally white in use as
a reflective type element, pixels to which a voltage is applied
become black display. That is, light is absorbed.

At As a result, C (cyan light) reflected thereby is absorbed
by the polarizer 17. On the other hand, the interference filters
at the pixels G and B reflect M (magenta light: a mixture of
R and B) and Y (yellow light: a mixture of R and G)
respectively so that M (magenta light) and Y (yellow light)
reflected thereby are not absorbed in the normally white
reflective type display since voltage is not applied to the
pixels G and B. Consequently, in reflective type display the
reflection of M (magenta light) and Y (yellow light) results
in a display of ‘red’ in color display of C, M and Y for the
reason that each of the pixels G and B is small.

In reflective type display not employing a backlight,
because more importance is placed on brightness than on
color purity, color display of C, M and Y is desirable. On the
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contrary, in a transmissive type display employing a
backlight, because more importance is place on color purity
than brightness, color display of R, G and B is desirable. The
liquid crystal display element according to the present
embodiment satisfactorily meets the requirements. Actually,
the liquid crystal display element was used for both of the
types, offering very excellent display.

The liquid crystal display device according to the embodi-
ment is suitable for being applied to mobile apparatuses such
as portable data terminals. A backlight thereof can be
switched on when there is ample power supply, and mean-
while can be switched off or dimmed when the battery
residual quantity is low. More specifically, in accordance
with the battery residual quantity, brightness of external light
and the like, the voltage of the backlight can be decreased or
only one of two backlights can be switched on.

The liquid crystal according to the embodiment is a
twisted nematic mode with a twist of 45°. It is to be noted
that the liquid crystal is not limited to this mode, in other
words, the liquid crystal may be homeotropic liquid crystal,
OCB liquid crystal, STN liquid crystal, ferroelectric liquid
crystal, ECB liquid crystal or the like.

The behavior itself of the liquid crystal layer according to
the embodiment is normally white in reflective type display
and meanwhile is normally black in transmissive type dis-
play. The reverse of this is also possible, in which case it is
necessary to adjust the angle at which a polarizer is adhered
and to insert a retardation film according to necessity.

The liquid crystal layer may be normally white in both
reflective type and transmissive type display or normally
black in both types of display. In these cases, a negative
display in reflective type display is opposite to that in
transmissive type display; therefore a function should be
provided such that display data is inverted to a negative in
accordance with conditions of the use.

A function such that a backlight can be switched off
independently of the driving of pixels is provided for the
liquid crystal display device according to the embodiment.
In the above-mentioned cases, the switching off of the
backlight may be interlocked to the driving of pixels. FIG.
6 shows a basic construction of a circuit in these cases. In the
figure, the reference numeral 80 denotes a changeover
switch. The reference numeral 81 denotes a power switch of
a sidelight 21. The reference numerals 82 denote switches
for inverting a display mode. The reference numeral 83
denotes a battery as power supply. The reference numeral 84
denotes a power consumption unit not including the side-
light such as a display unit (or TFT thereof), a keyboard and
the like. A dotted line is a control signal line. The operation
of the changeover switch 80 by an operator performs the
above-mentioned action; that is, the driving voltage of the
TMTs of the display unit is reversed in accordance with
switch-on and switch-off of the sidelight. It is to be noted
that FIG. 6 consistently shows principles and therefore
differs in some degree from the actual situation.

When pixels are driven by the same mode, as in when
reflective type and transmissive type display are constantly
displayed by normally white, it is not necessary to provide
a system of inversion shown in FIG. 6 or various kinds of
regulating apparatuses, not shown in the figure, and the like,
naturally facilitating the facilitation of designing a liquid
crystal cell. However, as it is usual that external light in
reflective type display and light from a backlight in trans-
missive type element display exist together, the external
light and the light from a backlight counteract each other,
resulting in a deterioration in contrast. In other words, it is
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advantageous in terms of contrast to drive each with oppo-
site modes in reflective type display and transmissive type
display, while it is advantageous in terms of design to drive
each with the same mode.

It is noted in the embodiment that an interference filter
exhibits the opposite characteristic (that is, complementary
colors) in reflective type display and transmissive type
display. Accordingly, polarizers are disposed so that a liquid
crystal display element offers the opposite mode to each
other in both, leading to a satisfactory performance thereof
and thus a liquid crystal display element offering a minimum
loss of light and a bright display.

EMBODIMENT 2

The present embodiment relates to liquid crystal display
elements usable as both transmissive type elements and
reflective type elements employing absorption type color
filters. FIG. 7 shows a cross sectional view of a liquid crystal
display element according to the embodiment. This liquid
crystal display element is provided on the back side thereof
with a backlight similarly to the above-mentioned Embodi-
ment 1; however, the liquid crystal display element differs in
the following points from Embodiment 1.

First, a reflection plate is formed with half an area of each
pixel. The reference numeral 41 in the figure denotes the
reflection plate with half an area of each pixel formed on a
lower side substrate 14 thereof

Secondly, absorption type color filters 43 (cyan), 45
(magenta) and 47 (yellow) are formed in respective portions
in which the reflection plates 41 are formed. The absorption
type color filters are filters which absorb light of color except
cyan, magenta and yellow, namely, complementary colors
respectively.

Thirdly, portions in which the reflection plates are not
formed are transmission portions and absorption type color
filters 44 (red), 46 (green) and 48 (blue) are formed therein.

Under the above differences, polarizers 12, 17 and a
retardation plate 13 are disposed in the same manner as in
the above-mentioned Embodiment 1 so that the liquid crys-
tal display element is normally white in reflective type
display and meanwhile normally black in transmissive type
display.

The liquid crystal display element such that phase modu-
lation equivalent to a quarter-wave plate (A/4) is performed
was used in the above-mentioned Embodiment 1. In this
case, light passes twice through a liquid crystal layer in
reflective type display to perform modulation by A/2 in total,
while light passes only once therethrough in transmissive
type display to perform modulation only by A/4.
Consequently, if the polarizers are disposed appropriately
for reflective type display, a sufficient transmittance in
transparent conditions cannot be obtained in transmissive
type display; whereas if the retardation plate on the lower
side is replaced with a retardation plate having a sufficient
transmittance, light is transmitted to some degree in the case
of black display.

In Embodiment 2, reflective type portions and transmis-
sive type portions are separately formed and transmissive
type cells are made thick. Thus, thicker cells can provide
more quantity of phase modulation. Actually, the amount of
phase modulation was optimized by setting the cell thick-
ness of reflective type portions to be 2 um and the cell
thickness of transmissive type portions to be 4 um, leading
to an optimal transmittance and an optimal contrast in both
transmissive type display and reflective type display.

In order to form these portions with different cell
thicknesses, a transparent resin 72 is formed on a substrate
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on which color filters are not formed in Embodiment 2, and
additionally a transparent electrode 42 is formed on the
resin. The resin may be formed on a substrate on which color
filters are formed. Alternatively, the thickness of color filters
may be thickened.

The color liquid crystal display element described in
Embodiment 2 may be a black and white type monochro-
matic type, in which case color filters are not necessary.

The invention according to Embodiment 2 is not limited
to a display by phase modulation method. With a display
method not depending on phase modulation such as guest
host, such change in the cell thickness is not necessary.

EMBODIMENT 3

The present embodiment relates to liquid crystal display
elements employing homeotropic liquid crystal for liquid
crystal layers. The liquid crystal display element is the same
as in the above-mentioned Embodiment 1 except the homeo-
tropic liquid crystal; however, polarizers and a retardation
plate are disposed with adjustment thereto.

As described above, brightness is insufficient in transmis-
sive type display according to the above-mentioned Embodi-
ment 1. The homeotropic liquid crystal is liquid crystal
which is inclined by the application of voltage to increase
the amount of birefringence thereof. More application of
voltage, therefore, can increase the amount of birefringence
in transmissive type display.

The homeotropic liquid crystal according to Embodiment
3 is driven at a comparatively low voltage of 4 V in a mode
in which the element is used as a reflective type element. In
a mode in which the element is used as a transmissive type
element, meanwhile, the homeotropic liquid crystal is driven
at a comparatively high voltage of 8 V when there is ample
power supply and at a voltage of 4 V when there is not. This
changeover is interlocked to a backlight light switch and
alternatively may be operated by an operator. A construction
of a circuit therefor is simple and basically the same as in
FIG. 6 except that the changeover of voltage (between high
and low) of power supply is substituted for the switching
(ON and OFF) of a sidelight. Accordingly, FIG. 8 shows
only portions that differ from FIG. 6. In the figure, the
reference numeral 85 denotes an additional battery and the
reference numeral 86 denotes a switch of a backlight and a
changeover switch of driving voltage of liquid crystal.

Such a circuit enables a bright display and lower power
consumption in a reflective type mode, and meanwhile a
display with an optimum brightness in a transmissive type
mode although power consumption is increased depending
on power supply.

The characteristic according to Embodiment 3 is to apply
different driving voltages in reflective type display and
transmissive type display; therefore it is to be noted that
liquid crystal to be used is not limited to the homeotropic
liquid crystal. In addition, it is to be noted that power supply
is not limited to batteries, for example, that power supply
may be commercial power supply although an adapter
should be used.

EMBODIMENT 4

The present embodiment relates to interference color
filters according to the above-mentioned Embodiment 1. An
interference color filter according to Embodiment 4 is
intended for solving the change in colors generated by
viewing direction by means of forming portions in a pixel
with different inclinations.
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A method of forming the interference color filter accord-
ing to Embodiment 4 is described below.

After coating acrylic resin on a glass substrate 52, uneven-
ness 51 is formed on the acrylic resin with a symmetrical
inclination. The unevenness is formed by etching or may be
formed by pressing. The inclination of this unevenness is
bilaterally symmetrical. Although Figure shows only sym-
metry about a vertical plane, this inclination structure may
be formed so as to be symmetrical not only about a vertical
plane, but also about a plane orthogonal to the surface of the
paper. A shape thereof is also not limited to this structure.

The interference filter of each of R (red), G (green) and B
(blue) formed with a multilayer film is formed on the
unevenness by vapor deposition corresponding to each pixel
of a liquid crystal panel.

It is a characteristic that the interference filter is formed in
each pixel with different directions of inclination with
respect to the substrate. FIG. 9 conceptually shows the
inclination.

Interference filters are such that colors change depending
on the angle from which viewers observe for the previously
mentioned reason. The interference filters according to
Embodiment 4, however, have a plurality of portions with
different angles of inclinations so that colors mix together as
a whole even if the colors change with each of the portions,
resulting in less change in colors of the interference filters.

As described above, the interference filter formed with a
multilayer film is formed by vapor deposition, and addition-
ally the interference filter may be formed by curing a liquid
crystal material having a multilayered structure such as
cholesteric liquid crystal. Also in this case, it is preferred to
form unevenness on the substrate in order to incline layers
thereof in a plurality of directions. FIG. 10 shows this
interference filter. FIG. 10(a) shows a state such that mul-
tilayers in a pixel are inclined in four directions. FIG. 10(b)
conceptually shows a state such that a cholesteric liquid
crystal molecule 53 is cured by polymer 34.

In addition to FIG. 10(b), variations in the directions in
which layers are inclined may be caused by using a polymer
dispersed liquid crystal such that capsules of a cured cho-
lesteric liquid crystal are dispersed into a polymer.

The present invention was described hereinbefore based
on some embodiments thereof. It is to be noted that the
invention is not limited to these embodiments; that is, the
invention may, for example, be as described below.

1) As shown in FIG. 11, dichroic display of red and blue
is performed by using two kinds of nonabsorption type color
filters having characteristics such that reflectance and trans-
mittance abruptly change at a wavelength of approximately
5000 A.

2) Materials to be used as a substrate are not merely glass
and quartz but also resin plate, resin filter, resin film
(laminated aluminum) and the like.

Industrial Applicability

As understood hereinbefore, the present invention can
realize liquid crystal display devices (display elements,
display units) which are usable as both transmissive type
devices and reflective type devices, and thereby can realize
a minimum loss of light and a bright display.

The liquid crystal display devices enable a display in
accordance with battery residual quantity and are excellent
in terms of portability.

What is claimed is:

1. A liquid crystal display device for a color display
comprising a display panel having a display surface, and is
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both a transmissive type and a reflective type panel the
device comprising;

a back side light source;

a nonabsorption type color filter corresponding to a dis-

play color of each pixel on the display surface;

a liquid crystal layer in a cell behind the panel;

reflection means for reflecting light entering from the

display panel side of the liquid crystal display device
and passing through said liquid crystal layer to exhibit
a display when the panel functions as a reflective type
panel;

transmission means for transmitting light entering from a

side opposite to the display panel side of said liquid
crystal layer to exhibit a display when the panel func-
tions as a transmissive type panel; and

voltage signal controlling means for applying a first

voltage signal to said liquid crystal layer when the
panel functions as a transmissive type panel and apply-
ing a second voltage signal smaller than the first
voltage signal to said liquid crystal layer when the
panel functions as a reflective type panel.

2. The liquid crystal display device according to claim 1,
wherein said nonabsorption type color filter is an interfer-
ence color filter for transmitting light with a predetermined
wavelength and reflecting light of a complementary color to
the color thereof.

3. The liquid crystal display device according to claim 2,
wherein said interference color filter is an interference color
filter further functioning as a reflection plate when the
device is used as a reflective type device.

4. The liquid crystal display device according to claim 1,
wherein said nonabsorption type color filter or said inter-
ference color filter is a color filter for exhibiting colors of use
of the panel, such that a color display of cyan, magenta and
yellow is performed when the device functions as a reflec-
tive type device and a color display of red, green and blue
is performed when the device functions as a transmissive
type device.

5. The liquid crystal display device according to claim 1,
comprising display inverting means for switching voltage
application conditions of a pixel from a voltage application
condition under which light passes through said liquid
crystal layer to a voltage application condition under which
light does not pass through said liquid crystal layer, and
switching from a voltage application condition under which
light does not pass through said liquid crystal layer to a
voltage application condition under which light does pass
through said liquid crystal layer.

6. The liquid crystal display device according to claim 5,

wherein said device is for operating in a liquid crystal

display mode, said liquid crystal display mode being
the same in reflective type display and in transmissive
type display;

the liquid crystal display mode is normally white or

normally black; and

said liquid crystal display device comprises display

inverting means for switching voltage application con-
ditions of a pixel from a voltage application condition
under which light passes through said liquid crystal
layer to a voltage application condition under which
light does not pass through said liquid crystal layer and
switching from a voltage application condition under
which light does not pass through, and liquid crystal
layer to a voltage application condition under which
light does pass through said liquid crystal layer.

7. The liquid crystal display device according to claim 5,
wherein the liquid crystal layer comprises a twisted nematic
liquid crystal material.
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8. The liquid crystal display device according to claim 5,
wherein said liquid crystal layer comprises a homeotropic
liquid crystal material.

9. The liquid crystal display device according to claim 1,
wherein said display device is for operating in a liquid
crystal display mode for exhibiting a reflective type display
that is opposite to a liquid crystal display mode for exhib-
iting a transmissive type display.

10. The liquid crystal display device according to claim 9,
wherein said liquid crystal layer is in a normally white
display mode when the device function as a reflective type
device and is in normally black display mode when the
device function as a transmissive type device.

11. The liquid crystal display device according to claim 9,
wherein said liquid crystal layer is in a normally white
display mode when the device function as a transmissive
type device and is in a normally black display mode when
the device functions as a reflective type device.

12. The liquid crystal display device according to claim 9,
wherein the liquid crystal layer comprises a twisted nematic
liquid crystal material.

13. The liquid crystal display device according to claim 1,
comprising a light transmission inverting structure which
when the device functions as a transmissive type device,
light does not pass through said structure under a voltage
application condition wherein light passes through when the
device functions as a reflective type device.

14. The liquid crystal display device according to claim 1,
wherein the liquid crystal layer comprises a twisted nematic
liquid crystal material.

15. The liquid crystal display device according to claim
14, wherein said twisted nematic liquid crystal material is a
45° wwisted nematic liquid crystal with a twist angle of 45°.

16. A The liquid crystal display device according to claim
1, wherein the liquid crystal layer comprises a homeotropic
liquid crystal material.
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17. The liquid crystal display device according to claim 1,
wherein the liquid crystal cell has a thickness of a portion of
the liquid crystal layer through which light passes when the
panel functions as a transmissive type panel that is larger
than a thickness of a portion of the liquid crystal layer
through which light passes when the panel functions as a
reflective type panel.

18. The liquid crystal display device according to claim
17 for exhibiting a color display, wherein:

said cell is a cell of a color filter having a first thickness
when the panel functions as a reflective type panel and
a second thickness different from the first thickness
when the panel functions as a transmissive type panel
so that a thickness of a portion of the liquid crystal layer
through which light passes when the panel functions as
a transmissive type panel is larger than a thickness of
a portion of the liquid crystal layer through which light
passes when the panel functions as a reflective type
panel.

19. The liquid crystal display device according to claim
17, wherein said cell comprises a resin layer for thinning a
thickness of the liquid crystal layer in a portion in the optical
path of light when the panel functions as a reflective type
panel, so that a thickness of a portion of the liquid crystal
layer through which light passes when the panel functions as
a transmissive type panel is larger than a thickness of a
portion of the liquid crystal layer through which light passes
when the panel functions as a reflective type panel.

20. The liquid crystal display device according to claim
19, wherein said resin layer is located on a side of a substrate
not having the color filter located thereon.
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