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Description

[0001] The present invention relates to a half-trans-
missive liquid crystal display element.

[0002] Conventionally, for example, a reflective liquid
crystal display element is designed to utilize external light
for display. In some use environments, therefore, illumi-
nation is insufficient so short that its display screen is
dark. It thus cannot be used at all in a dark place.
[0003] Meanwhile, developments have been made for
a half-transmissive liquid crystal display element which
uses a half-transmissive reflection plate (half-mirror) as
a reflection plate for reflecting external light and a back
light is provided on the back surface of this half-trans-
missive reflection plate, so that the element can be used
as a reflective liquid crystal display element in a bright
environment and as a transmissive liquid crystal display
element in a dark environment. However, the half-trans-
missive reflection plate utilizes incident light at an effi-
ciency of 50% at most, and therefore, the brightness of
the display screen is far lower than a transmissive liquid
crystal display element or a reflective liquid crystal dis-
play element.

[0004] In recent years, in response to the problems
described above, a half-transmissive liquid crystal dis-
play element is studied such that a pinhole is formed in
the reflective layer for each pixel and a micro-lens is pro-
vided for each pixel. In this liquid crystal display element,
the efficiency of use of light is raised by using external
light reflected at the area of a reflection plate excluding
the pinholes, as a light source when using external light,
and by using light which passes through the pinholes and
is collected by the micro-lens.

[0005] In this kind of liquid crystal display element,
however, the brightness of its display screen is lowered
only by amargin corresponding to the pinhole when using
external light. As a result, the frequency of use as a trans-
missive liquid crystal display element using the back light
is increased so that the power consumption increases.
In addition, the reflection plate comprising pinholes has
a complicated structure and must therefore be construct-
ed as a reflection plate externally attached to a liquid
crystal panel. As aresult, a parallax is caused which con-
siderably deteriorates the display performance.

[0006] Meanwhile, discussion has also been made on
a display element of a so-called front-light type in which
a light guide plate is provided on the observation surface
side of a reflective liquid crystal display element and a
linear light source is provided on the side surface of this
light guide plate. However, in this display element, a sur-
face reflection at the front surface of the display element
is large so that the image quality such as contrast is great-
ly lowered.

[0007] In United States Patent Application Publication
no. US 2002/0171794, which corresponds to
JP2000122059, which forms the basis of the preamble
of claim 1, a transflective liquid crystal display is x dis-
close in which a phase difference plate and a liquid-crys-

10

15

20

25

30

35

40

45

50

55

tal layer are provided between a polarizing plate and a
selective reflection layer formed of cholesteric liquid crys-
tal. A first color filter layer is provided on the polarizing
plate side of the selective reflection layer. On the back
side of the selective reflection layer, a second color filter
layer is arranged. On the back side of the second color
filter layer, a backlight is provided. When a liquid-crystal
display device functions as a reflective liquid-crystal dis-
play device, light entering through the polarizing plate is
reflected totally by the selective reflection layer and pass-
es through the first color filter layer twice. When the liquid-
crystal display device, light from the backlight passes
through the selective reflection layer. Then, the light
passes through the second and first color filter layers
once and is outputted.

[0008] The present invention has been made in view
of the circumstances described above and its object is
to provide a half-transmissive liquid crystal display ele-
ment in which the light use efficiency is greatly improved
so that excellent display can be realized over a wide view
angle range.

[0009] To achieve the above object, a half-transmis-
sive liquid crystal display element according to the
present invention comprises: a polarization plate having
a polarization axis, for transmitting linearly polarized light
along the polarization axis;

a light modulation layer arranged behind the polarization
plate, for modulating incident light having firstand second
circular polarization components, in correspondence
with an applied voltage;

a selectively reflective layer arranged behind the light
modulation layer, for reflecting the first circular polariza-
tion component of incident light; and

a back light source arranged behind the selectively re-
flective layer, for emitting light having intensity peaks at
a plurality of predetermined wavelengths, respectively,
toward the selectively reflective layer, characterised in
that

the selectively reflective layer has first reflection factors
to the first polarization components of incident light falling
within first small regions of visible light, including the plu-
rality of predetermined wavelengths, and has second re-
flection factors to the first polarization components of in-
cident light falling within second small regions of visible
light, not including the plurality of predetermined wave-
lengths, the first reflection factors being set to be smaller
than the second reflection factors.

[0010] In the liquid crystal display element according
to the present invention, the first reflection factors are set
to be 30 to 70% of the second reflection factors.

[0011] Further, in the liquid crystal display element ac-
cording to the present invention, in at least one group of
the first and second reflection factors, the reflection fac-
tors are not constant.

[0012] According to the liquid crystal display element
constructed as described above, the selectively reflective
layer transmits light from the back light source to use it
mainly for display, within a wavelength range in which
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the intensity of light from the back light source is high.
Within a wavelength range in which the intensity of the
light of the back light source is low, the selectively reflec-
tive layer reflects light, which is taken in from outside into
the element, to use the light mainly for display. Therefore,
the light of the back light source and the external light
can be efficiently used.

[0013] Also, in the liquid crystal display element ac-
cording of the present invention, at least one of the first
small regions has a center wavelength longer than a cor-
responding one of the predetermined wavelengths.
[0014] Also, in the liquid crystal display element ac-
cording to the present invention, the center wavelength
of the at least one of the first small regions is longer by
0 to 40 nm than the corresponding one of the predeter-
mined wavelengths. Further, in the liquid crystal display
element according to the present invention, each of the
first small regions has a band width of 30 nm to 80 nm.
[0015] In at least one of the first small regions, a min-
imum value of the reflection factor to the first circular po-
larization component is equal to or longer than the cor-
responding one of the predetermined wavelengths.
[0016] According to the liquid crystal display element
constructed as described above, sufficient use efficiency
of light can be maintained if a selected reflection wave-
length shifts to the side of a shorter wavelength when the
liquid crystal display element is observed obliquely. It is
thus possible to attain display characteristics in which
visual changes in colors and brightness are reduced.
[0017] Another liquid crystal display element accord-
ing to the present invention further comprises:

a color filter layer provided in front of the selectively
reflective layer, wherein

the colorfilter layer has spectral transmission factors
to incident light, the spectral transmission factor to
incident light falling within at least one of the first
small regions being set to be smaller than the spec-
tral transmission factor to incident light falling within
the second small regions.

[0018] According to the liquid crystal display element
constructed as described above, color densities of the
color filter layer can be individually set for a wavelength
range which is used mainly for reflection and for a wave-
length range which is used mainly for transmission, re-
spectively. Display with a wider color reproduction range
can thus be achieved.

[0019] This summary of the invention does not neces-
sarily describe all necessary features so that the inven-
tion may also be a sub-combination of these described
features.

[0020] The invention can be more fully understood
from the following detailed description when takenin con-
junction with the accompanying drawings, in which:

FIG. 1is aview schematically showing a liquid crystal
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display element according to the first embodiment
of the present invention, in a state wherein a first
voltage from a power source is applied to the liquid
crystal of the element;

FIG. 2 is a cross-sectional view of the liquid crystal
display element;

FIG. 3 is an enlarged view of an array substrate of
the liquid crystal display element;

FIG. 4is a plan view schematically showing the array
substrate;

FIG. 5is a view schematically showing the operation
principle of a selectively reflective layer in the liquid
crystal display element;

FIG. 6 is a view showing the liquid crystal display
element in a state wherein a second voltage from
the power source is applied to the liquid crystal of
the element;

FIG. 7 is agraph showing the reflection characteristic
of the selectively reflective layer in the liquid crystal
display element;

FIG. 8is a graph showing the reflection characteristic
of a selectively reflective layer in a liquid crystal dis-
play element according to the second embodiment
of the present invention;

FIG. 9is a graph showing the reflection characteristic
in case where the liquid crystal display element
adopts a selectively reflective layer having a different
reflection characteristic; and

FIG. 10 is a view showing a reflection characteristic
of a selectively reflective layer of a liquid crystal dis-
play element according the third embodiment of the
present invention and a spectral transmission factor
of a color filter thereof.

[0021] With reference to the drawings, a detailed ex-
planation will now be made of a half-transmissive liquid
crystal display element according to an embodiment of
the present invention. At first, the basic structure of the
liquid crystal display element will be explained.

[0022] As shownin FIGS. 1 to 4, the liquid crystal dis-
play element comprises a liquid crystal element in which
aliquid crystal layer 15 of a vertical orientation type which
functions as a light-phase modulation layer is clamped
between two glass substrates 13 and 14 opposing to
each other. A \/4 phase-difference layer 12 and a polar-
ization plate 11 are provided in this order on the obser-
vation side of the display element, i.e., on the outer sur-
face of the glass substrate 13. Opposed to the outer sur-
face of the other glass substrate 14, A/4 phase-difference
layer 25, a polarization plate 26, and a back light source
21 are provided in this order.

[0023] A color filter layer 50 is arranged on the inner
surface side of the glass substrate 13 which functions as
an array substrate, and alarge number of pixel electrodes
16 formed of transparent ITO are provided in the form of
amatrix on the color filter layer from. On the inner surface
side of the glass substrate 14 are provided a cholesteric
liquid crystal layer 18, which is made of polymerized chol-
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esteric liquid crystal and functions as a selectively reflec-
tive layer, and an opposite electrode 17.

[0024] The phase difference plate 12 and the liquid
crystallayer 15 respectively function as fixed and variable
retarder layers, which construct a variable retarder.
[0025] Ascan be seenfrom FIGS. 2 and 3, signal lines
32 and scan lines 34 including gate electrodes 33 are
arranged in the form of a matrix on the glass substrate
13. Further, an auxiliary capacity electrode, not shown,
is provided upon necessity. Thin film transistors 31 (here-
inafter called TFTs) as switching elements are provided
respectively at near cross parts where the signal line 32
and the scan line 34 cross each other, and are also re-
spectively connected with pixel electrodes 16. An oxide
film 35 is formed, overlapped on the signal lines 32 and
the scan lines 34.

[0026] Each TFT 31 comprises a semiconductor film
36 made of amorphous silicon (a-Si) and provided on the
gate electrode 33 with an oxide film 35 interposed ther-
ebetween, and a source electrode 41 and a drain elec-
trode 39 provided on the semiconductor film 36 with a
low-resistance semiconductor film 37 inserted therebe-
tween. Each TFT 31 is covered with a passivation film 38.
[0027] In the TFT having a bottom gate structure in
which the gate electrode 33 is arranged below the sem-
iconductor film 36, external light which enters from the
array substrate 13 toward the TFT 31 is shielded by the
gate electrode 33 and does not enter into the semicon-
ductor film 36. As a result, it is possible to prevent dete-
rioration of the contrastratio due to a light leakage current
caused by light when a display apparatus is used out-
doors.

[0028] Each pixel electrode 16 is connected to the
source electrode 41 through a contact hole of about 19
pm square formed in a color filter layer 50. The color filter
layer 50 is provided over the entire surface of the pixel
part. This colorfilter layer 50 is constructed by colorlayers
of three primary colors or complementary three primary
colors of yellow, cyan, and magenta. Electric-field control
is performed on the liquid crystal layer 15 in units of pixels
by the pixel electrodes 30 arranged in the form of a matrix
and the opposite electrode 17, thereby to achieve color
display according to an additive mixture of color stimuli.
[0029] At the boundary between the pixel electrodes
16, either the signal line 32, scan line 34, or auxiliary
capacity line is provided, so that light from the back light
source 21 is prevented from leaking and lowering the
contrast ratio when transmitted light from the back light
source 21 is used.

[0030] Meanwhile, the glass substrate 14 on the back
side of the liquid crystal element constructs an opposite
substrate. The opposite electrode 17 made of a trans-
parent conductive film such as ITO or the like is formed
substantially over the entire that surface of the glass sub-
strate 14 which is opposed to the pixel electrodes 16.
The selectively reflective layer 18 provided between the
glass substrate 14 and the opposite electrode 17 is like
a polymerized film of cholesteric liquid crystal and func-
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tions as a half-transmissive reflective layer.

[0031] With respect to the opposite electrode 17, film
formation and patterning should preferably be carried out
simultaneously by an ordinary mask sputtering method.
In this case, the process load to the cholesteric liquid
crystal layer 60 can be extremely reduced when forming
the opposite electrode 17.

[0032] Orientation films, not shown, are respectively
formed on the surfaces of the array substrate 13 and the
opposite substrate 14 that contact the liquid crystal layer
15. These orientation films have respective orientation
directions in which liquid crystal molecules in the liquid
crystal layer 15 are oriented to be perpendicular to the
substrates. Inthis manner, alarge number of liquid crystal
pixels arranged in a matrix are formed between the array
and opposite substrates 13 and 14.

[0033] The array substrate 13 and the opposite sub-
strate 14 are adhered to each other by a sealing material
applied along the peripheral edge parts 42 (seal parts)
of both substrates. At this time, if the sealing material 43
is applied to the selectively reflective layer 18 of the op-
posite substrate 14, adhesion of the sealing material is
soweak that reliability may be lowered and the substrates
may be separated from each other in a long time use
longer than ten thousand hours. Alternatively, the prob-
lem of unreliability can be avoided if an overcoat agent
having excellent adhesion to the sealing material is ap-
plied onto the selectively reflective layer 18 and if the
sealing material is applied to the selectively reflective lay-
er 18 through the overcoat agent. Acrylic resins which
are used for an ordinary color film may be used as the
overcoat agent.

[0034] The back light source 21 arranged on the back
side of the glass substrate 14 comprises a light-guide
member 22 formed of a plate with a light transmittance
such as acrylic orthe like, a linear light source 24 provided
on the side surface of the light guide member, and a
diffusive reflective layer 23 provided on the back surface
of the light-guide member.

[0035] Inthepresentembodiment, TFTs using a-Siare
provided as switching elements for driving liquid crystals.
The switching elements, however, are not limited thereto.
Two-terminal elements, such as MIMs or elements using
P-Si, may be used as the switching elements. In addition,
the electrodes are not limited to an active matrix but may
be formed as a simple matrix.

[0036] Next, a more detailed structure of the liquid
crystal display element mentioned above will now be ex-
plained together with its operation principle.

[0037] As shown in FIG. 5, the selectively reflective
layer 18 functions to reflect only one of the left-handed
and right-handed circular polarization components of the
incident light that reach one main surface 18f of the layer
18, and transmits the other of the components, which
revolves in the opposite direction. The layer 18 also func-
tions to reflect only one of the left-handed and right-hand-
ed circular polarization components of the incident light
thatreach another main surface 18b on the opposite side,
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and transmits the other of the right-handed and left-hand-
ed circular polarization components. Viewed from the
main surface 18f, the rotating direction of the reflected
light emitted in the main surface side and that of the trans-
mitted light in the back surface side are equal to each
other, and the rotating direction of the transmitted light
emitted in the back surface side and that of the reflected
light are also equal to each other. FIG. 5 shows a state
in which the rotating directions of the circular-polarized
lights L1, L2, L1’, and L2’ are all observed from the side
of the main surface 18f of the selectively reflective layer
18.

[0038] With respect to the cholesteric liquid crystal
forming the selectively reflective layer 18, it is supposed
that the np value, which is obtained by multiplying the
spiral pitch p of liquid crystal molecules 19 by an average
refraction factor n, is equal to the wavelength A of the
incident light. If the liquid crystal molecules have a left-
handed spiral structure viewed from the observer side,
light of the left-handed circular polarization component
of external light which enters from the main surface side
is selectively reflected by the main surface 18f, and the
other remaining polarization component is transmitted to
the side of the main surface 18b.

[0039] The cholesteric liquid crystal ideally has a func-
tion of reflecting 100% of the circular polarization com-
ponent in the direction (left-handed or right-handed)
equal to the spiral direction (left-handed or right-handed),
if the np value is equal to the wavelength A of the incident
light. However, the cholesteric liquid crystal actually
transmits only 10% thereof. In addition, the selectively
reflective layer 18 selectively reflects the left-handed cir-
cular polarization component of light Lb which enters
from the other main surface 18b.

[0040] In the liquid crystal display element comprising
this kind of selectively reflective layer 18, as shown in
FIG. 1, nematic liquid crystal molecules are set in homo-
geneous orientation in which the molecules are oriented
in a direction parallel to the substrates from the array
substrate 13 toward the orientation substrate 14, in an
ON-state in which the liquid crystal layer 15 of the vertical
orientation type is applied with a voltage from the power
source 20, or more correctly, in a state in which the layer
is applied with a voltage which is equal to or higher than
the threshold value of the liquid crystal (Von state).
[0041] In this state, the light Lf which enters from the
observer side at the upper part of the figure passes
through the polarization plate 11 and the A/4 phase dif-
ference plate 12 as a fixed retarder layer, and enters as
right-handed circular-polarized light into the liquid crystal
layer 15 as a variable retarder layer. Further, the phase
of the light is delayed by A/2 and is thereby converted
into left-handed circular-polarized light. The light thus
reaches the selectively reflective layer 18. Therefore, as
described above, the selectively reflective layer 18 re-
flects the left-handed circular-polarized light, which has
thus reached the layer 18. Its phase is delayed again by
A2 by the liquid crystal layer 15, and the light is converted
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into right-handed circular-polarized light. The light is then
outputted to the observer side. This light passes again
through the A/4 phase difference plate 12 to become lin-
early polarized light along the polarization axis of the po-
larization plate 11, and is then outputted to the outside,
passing through the polarization plate 11. In this manner,
display in an open state is attained.

[0042] Also, as shown in FIG. 6, liquid crystal mole-
cules of the liquid crystal layer 15 are arranged to be
vertical to the glass substrates 13 and 14, so that the
incident light is not subjected to phase modulation, in an
OFF-state in which the liquid crystal layer 15 is applied
with a voltage equal to or lower than the threshold value
(including zero voltage) (Voff state).

[0043] In this state, the light which enters from the up-
perside in the figure passes through the polarization plate
11 and the A/4 phase difference plate 12 and enters as
right-handed circular-polarized light into the liquid crystal
layer 15. Its phase, however, is not modulated by the
liquid crystal layer 15 but reaches the selectively reflec-
tive layer 18, as unchanged right-handed circular-polar-
ized light. Therefore, the right-handed circular-polarized
light penetrates through the selectively reflective layer
18 toward the back side, and is converted into linearly
polarized light having a vibration component along the
absorption axis of the polarization plate 26. As a result
of this, the incident light Lf does not return to the obser-
vation surface and display of a dark state can be ob-
tained.

[0044] Next explanation will be made of the operation
where the back light source 21 provided on the back side
of the selectively reflective layer 18 is operated.

[0045] During the Von period shown in FIG. 1, the light
Lb outputted from the surface light source 21 becomes
left-handed circular-polarized light by means of the po-
larization plate 26 and the phase difference plate 25. Light
at a predetermined rate of the left-handed circular-polar-
ized light is transmitted through the selectively reflective
layer 18, and the other remaining portion of light is re-
flected by the selectively reflective layer. The light trans-
mitted through the selectively reflective layer 18 is sub-
jected to phase modulation by the liquid crystal layer 15,
and is converted into left-handed circular-polarized light.
Further, this light passes through the A/4 phase differ-
ence plate 12 and is thereby changed into linearly polar-
ized light along the polarization axis of the polarization
plate 11. The light then passes through the polarization
plate and is outputted to the side of the observation sur-
face. In this manner, display of a bright state is obtained.
[0046] Meanwhile,duringthe Voff period showninFIG.
6, the left-handed circular-polarized light, which has
passed through the selectively reflective layer 18, is di-
rectly outputted to the observation side without phase
modulation by the liquid crystal layer 15. Further, this
light passes through the A/4 phase difference plate 12
thereby to become linearly polarized light having a vibra-
tion direction perpendicular to the polarization axis of the
polarization plate 11, and is then absorbed by the polar-
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ization plate 11. In this manner, display of a dark state is
obtained.

[0047] In the liquid crystal display element which op-
erates as described above, the value np, which is ob-
tained by multiplying the spiral pitch p of the cholesteric
liquid crystal layer forming the selectively reflective layer
18 by an average diffraction factor n of the cholesteric
liquid crystal polymer, is set such that the spiral pitch p
changes along the film thickness direction of the choles-
teric liquid crystal layer and selectively reflects the left-
handed circular-polarized light, according to the present
embodiment.

[0048] However, the selectively reflective layer 18 has
a spiral structure which transmits a part of left-handed
circular-polarized light, with respect to the light within a
wavelength range near the three main wavelengths of
the output light spectrum from the back light source 21.
The three main wavelengths of the light emitted from the
back light source 21 have respective intensity peaks near
430 nm, 550 nm, and 610 nm. Further, the selectively
reflective layer 18 transmits light of three small wave-
length ranges which cover respective widths (hereinafter
called slit widths) of 20 to 30 nm from the centers of the
three main wavelengths.

[0049] FIG. 7 shows a schematic view of wavelength
dispersion of the reflection factor to the left-handed cir-
cular polarization component. In order to obtain a chol-
esteric liquid crystal layer whose spiral pitch changes
along the layer thickness direction, it is preferable to
adopt a method of layering plural kinds of cholesteric
liquid crystal polymer layers respectively having different
pitches, or a method of coating an additive agent which
elongates the spiral pitch of the cholesteric liquid crystal,
such as nematic liquid crystal or the like having an infinite
spiral pitch, on the film surface after applying cholesteric
liquid crystal material, when cholesteric liquid crystal ma-
terial is applied to a substrate and hardened.

[0050] Therate, atwhichthe selectively reflective layer
18 transmits the left-handed circular polarization compo-
nent of the light within the wavelength ranges near the
three main wavelengths of the output light spectrum from
the back light source 21, can be changed by the environ-
mental illumination state in which the liquid crystal display
element is used.

[0051] The present inventors investigated luminance
and wavelength dispersion in various environments. Dis-
play performances of a liquid crystal display element in
respective environments were simulated, in considera-
tion of the light intensity of the back light source and the
wavelength dispersion of the reflection factor of the se-
lectively reflective layer. As a result, it has been found
that the reflection factor of the selectively reflective layer
18 to light falling within wavelength ranges near the three
main wavelengths should be most optimally set to 30 to
70% of the reflection factor with respect to light within the
other wavelength ranges in a liquid crystal display ele-
ment which is used indoors and outdoors.

[0052] In this manner, external light and light from the
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back light source can be utilized in an excellent balance,
over the entire wavelength range of visible light, so that
a liquid crystal display device can be attained with very
high use efficiency in response to a variety of environ-
ments. Based on this, wavelength dispersion of the left-
handed circular polarization component reflection factor
of the selectively reflective layer 18 should preferably be
as shown in FIG. 7.

[0053] Next an explanation will be made of a liquid
crystal display element according to the second embod-
iment of the present invention.

[0054] Inthe second embodiment, wavelength disper-
sion of the left-handed circular polarization reflective lay-
er 18 will be as shown in FIG. 8. That is, the slit widths
near the main three wavelengths of the back light source
21 have centers that are deviated to the side of longer
wavelengths from the centers of the three main wave-
lengths. The other points of the structure are the same
as those of the first embodiment, and a detailed expla-
nation thereof will be omitted herefrom.

[0055] In general, in the selectively reflective layer 18
using cholesteric liquid crystal, it is known that the wave-
length of selected reflection shifts to the side of a shorter
wavelength, when it is viewed obliquely than when it is
viewed fromthe front side. Ifitis observed from an oblique
direction at an angle 6, the shift amount A A is given by
the following expression.

A A=np(l-cos @) (1)
Therefore, in the case where this kind of selectively re-
flective layer 18 is used for a liquid crystal display ele-
ment, the display characteristics vary between when itis
observed from the front side and when it is observed
obliquely. If the reflection characteristic of the selectively
reflective layer 18 has previously been shifted to the side
of a longer wavelength, advantages can be attained in
the case where the display element is frequently ob-
served obliquely.

[0056] For example, the shift of a selected reflection
wavelength can be calculated by using Snell’s law, when
a liquid crystal display element is observed at an angle
of 30° to its main surface in the case where the three
main wavelengths are 430, 550, and 610 nm. Snell’s low
is given as follows.

n'sinf=n'+*sinf ' -+ (2)

[0057] Inthis expression, nand n’ are refraction factors
of the liquid crystal layer 15 and air, and 6’ denotes the
direction in which the liquid crystal display element is
observed. 6 denotes an estimated angle to the selectively
reflective layer 18 when the liquid crystal display element
is observed from the direction 0’. From the expressions
(1) and (2), the corresponding wavelengths of the select-
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ed reflection layer 18 are respectively shifted by 24.6 nm,
31.5 nm, and 34.9 nm to the side of shorter wavelengths.
[0058] Hence, in the case where the reflection charac-
teristic of the selectively reflective layer 18 is set as shown
in FIG. 8 as defined in the present embodiment, the three
main wavelengths can sufficiently be covered and used
for display even when the slits corresponding to the three
main wavelengths of the surface light source 21 are shift-
ed while the liquid crystal display element is observed at
a direction of 30° to the front surface. In case where the
direction of observation is larger than 30°, the shift
amounts may be increased. Alternatively, in the case
where the direction of observation is smaller than 30°,
the shift amounts may be decreased.

[0059] Thus, according to the second embodiment, it
is possible to provide a liquid crystal display element
which causes less display change whether it is observed
from the front side or obliquely. In order to attain the ad-
vantage of the present embodiment, the slit widths pro-
vided near the three main wavelengths may be increased
to 30 to 80 nm. In this manner, it is possible to provide a
half-transmissive liquid crystal display element capable
of greatly improving the light use efficiency and realizing
excellent display over a wide range of view angles.
[0060] Inaddition,as showninFIG.9, the wavelengths
that provide minimum reflection factors within the slit
widths can be set to be equal to or higher than the three
main wavelengths. In this case, it is possible to reduce
the reduction of the use efficiency of the back light source,
which is caused by shifts of the slits to the side of shorter
wavelengths when the liquid crystal display element is
viewed obliquely.

[0061] Next an explanation will be made of a liquid
crystal display element according to the third embodi-
ment of the present invention. The third embodiment has
substantially the same structure as those of the first and
second embodiments described previously. However,
the color filter layer 50 of the present embodiment has a
different polarization characteristic. FIG. 10 shows the
reflection characteristic of the selectively reflective layer
18 used in the third embodiment and polarization trans-
mission rates of the color filter layer corresponding to red
(R), green (G), and blue (B).

[0062] AsshowninFIG. 10, within a wavelength range
in which the reflection factor of the selectively reflective
layer 18 is low, the transmission rate of the color filter
layer 50 is set to be lower than the wavelength ranges in
both sides in which the reflection factor of the color filter
is high. Setting of the polarization transmission rates
need not be performed on all of "the wavelength range
in which the reflection factor is low".

[0063] According to the third embodiment of the
present invention comprising the color filter layer 50 con-
structed as described above, display is achieved mainly
by using reflection of external light, within a wavelength
range in which the reflection factor of the selectively re-
flective layer 18 is high. In this case, the external light
passes through the color filter layer 50 two times, i.e.,
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when the external light enters into the liquid crystal dis-
play element and when it is emitted as reflection light.
Meanwhile, display is achieved mainly by using transmit-
ted light from the back light source, within a wavelength
range in which the reflection factor of the selectively re-
flective layer 18 is low. In this case, light passes through
the color filter layer only once. Therefore, to balance the
color density better between a wavelength using mainly
reflection and a wavelength range mainly using trans-
mission, it is preferable to change the transmission rates
of the color filter layer 50 corresponding to R, G, and B.
[0064] It is hence possible to provide a liquid crystal
display element capable of realizing a wider color repro-
duction range and a much better color display, by using
the color filter layer 50 having the polarization character-
istic shown in FIG. 10.

[0065] Although the third embodiment uses a color fil-
ter layer 50 based on an additive mixture of color stimuli
of R, G, and B, a design having a similar polarization
characteristic can be adopted even when a color filter
layer based on a subtractive color mixture of Y, C, and
M is used.

[0066] In addition, the transmission factor of the color
filter within a wavelength range in which the reflection
factor is low should preferably be about T2 (<T), where
T is a transmission factor of the color filter within a wave-
length range in which the reflection factor of the selec-
tively reflective layer is high. However, the transmission
factor may be higher than T2. That is, it is possible to
attain a sufficient effect equivalent to the difference pro-
vided between the transmission factors of the color filter
layer.

[0067] Furthermore, the presentinventionis notlimited
to the embodiments described above but may be vari-
ously modified within the scope of the invention. For ex-
ample, the three main wavelengths of the output light
spectrum of the back light source are set to 430 nm, 550
nm, and 610 nm, and correspondingly, the reflection fac-
tors of the selectively reflective layer 18 are set as de-
scribed above, in the first, second, and third embodi-
ments. In the case of using a back light source having
different output light spectrums, however, the reflection
factors of the selectively reflective layer should rather be
set in correspondence with the spectrums. Although the
three main wavelengths are used in the embodiments,
slits may be provided by selecting one main wavelength,
two main wavelengths, four main wavelengths, or more
if necessary. Also in this case, similar functions and ef-
fects to those described above can be obtained.

Claims

1. A half-transmissive liquid crystal display element
comprising:

a polarization plate (11) having a polarization
axis, for transmitting linearly polarized light
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along the polarization axis;

a light modulation layer (15) arranged behind
the polarization plate, for modulating incident
light having first and second circular polarization
components, in correspondence with an applied
voltage;

a selectively reflective layer (18) arranged be-
hind the light modulation layer, for reflecting the
first circular polarization component of incident
light; and

a back light source (21) arranged behind the se-
lectively reflective layer, for emitting light having
intensity peaks at a plurality of predetermined
wavelengths, respectively, toward the selective-
ly reflective layer;

wherein the selectively reflective layer (18) has
first reflection factors to the first polarization
components of incident light falling within first
small wavelength regions of visible light, includ-
ing the plurality of predetermined wavelengths,
and has second reflection factors to the first po-
larization components of incident light falling
within second small wavelength regions of visi-
ble light, not including the plurality of predeter-
mined wavelengths, the first reflection factors
being set to be smaller than the second reflec-
tion factors, characterized in that the first re-
flection factors are set to be 30 to 70 % of the
second reflection factors.

A half-transmissive liquid crystal display element ac-
cording to claim 1, characterized in that in at least
one group of the first and second reflection factors,
the reflection factors are not constant.

A half-transmissive liquid crystal display element ac-
cording to claim 1, characterized in that at least
one of the first small regions has a center wavelength
longer than a corresponding one of the predeter-
mined wavelengths.

A half-transmissive liquid crystal display element ac-
cording to claim 3, characterized in that the center
wavelength of the at least one of the first small re-
gions is longer by 0 to 40 nm than the corresponding
one of the predetermined wavelengths.

A half-transmissive liquid crystal display element ac-
cording to claim 3, characterized in that each of
the first small regions has a band width of 30 nm to
80 nm.

A half-transmissive liquid crystal display element ac-
cording to claim 3, characterized in that in at least
one of the first small regions, a minimum value of
the reflection factor to the first circular polarization
componentis equal to or longer than the correspond-
ing one of the predetermined wavelengths.
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7. Ahalf-transmissive liquid crystal display element ac-

cording to claim 1, further comprising:

a color filter layer (50) provided in front of the
selectively reflective layer; the color filter layer
(50) having spectral transmission factors to in-
cident light, the spectral transmission factor to
incident light falling within at least one of the first
small regions being set to be smaller than the
spectral transmission factor to incident light fall-
ing within the second small regions.

Patentanspriiche

Ein  halbdurchlassiges
element, umfassend:

Flussigkristall-Anzeige-

ein Polarisationsblattchen (11) mit einer Polari-
sationsachse zum Durchlassen von linear pola-
risiertem Licht entlang der Polarisationsachse;
eine Lichtmodulationsschicht (15), angeordnet
hinter dem Polarisationsblattchen zum Modulie-
ren einfallenden Lichtes mit einer ersten und
zweiten kreisférmigen Polarisationskomponen-
te in Ubereinstimmung mit einer angelegten
Spannung;

eine selektiv reflektierende Schicht (18), ange-
ordnet hinter der Lichtmodulationsschicht zum
Reflektieren der ersten kreisférmigen Polarisa-
tionskomponente des einfallenden Lichts; und

eine Hinterlichtquelle (21) angeordnet hinter der
selektiv reflektierenden Schicht zum Ausstrah-
len von Licht mit Intensitadtshéhen bzw. Spitzen
bei einer Vielzahl von entsprechend vorbe-
stimmten Wellenlangen, in Richtung der selektiv
reflektierenden Schicht;

wobei die selektiv reflektierende Schicht (18) er-
ste Reflektionsfaktoren aufweist fiir die ersten
Polarisationskomponenten des einfallenden
Lichtes, die innerhalb erste kleine Wellenlan-
genbereiche von sichtbarem Licht fallen, enthal-
tend die Vielzahl von vorbestimmten Wellenlan-
gen, und zweite Reflektionsfaktoren aufweisen
fir die ersten Polarisationskomponenten des
einfallenden Lichts, die innerhalb zweite kleine
Wellenlangenbereiche von sichtbarem Licht fal-
len, nicht enthaltend die Vielzahl von vorbe-
stimmten Wellenlangen, wobei die ersten Re-
flektionsfaktoren so eingestellt werden, dass sie
kleiner sind als die zweiten Reflektionsfaktoren,
dadurch gekennzeichnet, dass die ersten Re-
flektionsfaktoren so gesetzt werden, dass sie 30
bis 70% der zweiten Reflektionsfaktoren sind.

Ein halbdurchlassiges Flussigkristall-Anzeigele-
ment gemal Anspruch 1, dadurch gekennzeich-
net, dass in mindestens einer Gruppe der ersten
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und zweiten Reflektionsfaktoren die Reflektionsfak-
toren nicht konstant sind.

Ein halbdurchlassiges Flussigkristall-Anzeigele-
ment gemal Anspruch 1, dadurch gekennzeich-
net, dass mindestens einer ersten kleinen Bereicht
eine Mittelwellenlange aufweist, die langer ist als ei-
ne entsprechende der vorbestimmten Wellenlan-
gen.

Ein  halbdurchlassiges Flussigkristall-Anzeige-
element gemall Anspruch 3, dadurch gekenn-
zeichnet, dass die Mittelwellenldnge des minde-
stens einen der ersten kleinen Bereiche langer ist
um 0 bis 40nm als die entsprechende der vorbe-
stimmten Wellenlangen.

Ein  halbdurchlassiges Flussigkristall-Anzeige-
element gemall Anspruch 3, dadurch gekenn-
zeichnet, dass jeder der ersten kleinen Bereiche
eine Bandbreite von 30nm bis 80nm aufweist.

Ein  halbdurchlassiges Flussigkristall-Anzeige-
element gemal® Anspruch 3, dadurch gekenn-
zeichnet, dass in mindestens einem der ersten klei-
nen Bereiche ein Minimumswert des Reflektionsfak-
tors flr die erste kreisformige Polarisationskompo-
nente gleich istoder langer ist als der entsprechende
der vorbestimmten Wellenlangen.

Ein  halbdurchlassiges Flussigkristall-Anzeige-
element gemal Anspruch 1, ferner umfassend:

eine Farbfilterschicht (50), bereitgestellt vor der
selektiv reflektierenden Schicht; wobei die Farb-
filterschicht (50) spektrale Durchgangsfaktoren
fur einfallendes Licht aufweist, wobei der spek-
trale Durchgangsfaktor fiir einfallendes Licht in-
nerhalb mindestens einen der ersten kleinen
Bereiche fallt, die so gesetzt werden, dass sie
kleiner sind als der spektrale Durchgangsfaktor
fir das einfallende Licht, der in die zweiten klei-
nen Bereiche fallt.

Revendications

Elément d’affichage a cristaux liquides semi-trans-
missif, comprenant :

une plaque de polarisation (11) ayant un axe de
polarisation, pour transmettre de la lumiére po-
larisée rectilignement le long de l'axe de
polarisation ;

une couche de modulation lumineuse (15) dis-
posée derriére la plaque de polarisation, pour
moduler la lumiére incidente ayant des premie-
res et secondes composantes de polarisation
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circulaire, en correspondance avec une tension
appliquée ;

une couche a réflexion sélective (18) disposée
derriére la couche de modulation lumineuse,
pour réfléchir la premiére composante de pola-
risation circulaire de la lumiére incidente ; et
une source de rétroéclairage (21) disposée der-
riere la couche a réflexion sélective, pour émet-
tre de la lumiére ayant des pics d’intensité a une
pluralité de longueurs d’ondes prédéterminées,
respectivement, vers la couche a réflexion
sélective ;

dans lequel la couche a réflexion sélective (18)
a des premiers facteurs de réflexion par rapport
aux premiéres composantes de polarisation de
la lumiere incidente tombant dans des premie-
res zones de petites longueurs d’ondes du
rayonnement visible, y compris la pluralité de
longueurs d’ondes prédéterminées, et a des se-
conds facteurs de réflexion par rapport aux pre-
miéres composantes de polarisation de lalumie-
re incidente tombant dans des secondes zones
de petites longueurs d’ondes du rayonnement
visible, la pluralité de longueurs d’ondes prédé-
terminées non comprise, les premiers facteurs
de réflexion étant moins élevés que les seconds
facteurs de réflexion, caractérisé en ce que les
premiers facteurs de réflexion représentent 30
a 70 % des seconds facteurs de réflexion.

Elément d’affichage a cristaux liquides semi-trans-
missif selon la revendication 1, caractérisé en ce
que, dans au moins un groupe des premiers et se-
conds facteurs de réflexion, les facteurs de réflexion
ne sont pas constants.

Elément d’affichage a cristaux liquides semi-trans-
missif selon la revendication 1, caractérisé en ce
que au moins une des premiéres petites zones a
une longueur d’onde centrale plus grande qu’une
longueur d’onde correspondante des longueurs
d’ondes prédéterminées.

Elément d’affichage a cristaux liquides semi-trans-
missif selon la revendication 3, caractérisé en ce
que la longueur d’'onde centrale de la au moins une
des premiéres petites zones est de 0 a 40 nm plus
grande que la longueur d’onde correspondante des
longueurs d’ondes prédéterminées.

Elément d’affichage a cristaux liquides semi-trans-
missif selon la revendication 3, caractérisé en ce
que chacune des premiéres petites zones a une lar-
geur de bande de 30 a 80 nm.

Elément d’affichage a cristaux liquides semi-trans-
missif selon la revendication 3, caractérisé en ce
que, dans au moins une des premiéres petites zo-
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nes, une valeur minimum du facteur de réflexion par
rapport a la premiére composante de polarisation
circulaire est égale ou supérieure a la longueur d’on-
de correspondante des longueurs d’'ondes prédéter-
minées.

Elément d’affichage a cristaux liquides semi-trans-
missif selon la revendication 1, comprenant en
outre :

une couche de filtre coloré (50) prévue devant
la couche a réflexion sélective ; la couche de
filtre coloré (50) ayant des facteurs de transmis-
sion spectrale par rapport a la lumiére incidente,
le facteur de transmission spectrale par rapport
a la lumiéere incidente tombant dans au moins
une des premiéres petites zones étant moins
élevé que le facteur de transmission spectrale
par rapport a la lumiére incidente tombant dans
les secondes petites zones.
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