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(54) LIQUID CRYSTAL DISPLAY DEVICE

(57) A liquid crystal display device comprising a first
polarizing sheet(16a), a color filter layer(6) formed on
glass sheet(18), a second polarizing sheet(16b), three-
layered HPDLC(17) formed below the liquid crystal layer
(1) and acting as a reflective structural layer having a
reflectivity changed electrically, and a backlight unit as
the lowermost layer. Each layer of the three-layered HP-

DLC(17) is composed of a liquid crystal droplet layer pol-
ymer layer and reflects blue, green, red by Bragg reflec-
tion. When voltage is applied to the three-layered HP-
DLC(17), the reflectivity of liquid crystal droplet layer of
each layer change, so that the HPDLC can be made
transparent by equalizing the reflectivities of the liquid
crystal liquid droplet layer to those of polymer layers.
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Description

Technical Field

[0001] The present invention relates to a liquid crystal
display device for displaying information.

Background Art

[0002] Reflective liquid crystal displays have come in-
to widespread use in portable applications due to their
low power consumption. In particular, reflective liquid
crystal display devices capable of full-color display are
now under development.
[0003] A reflective liquid crystal display device uses
ambient light as a light source and can provide display
with high picture quality when used outside in sunlight,
in contrast, the display of a transmissive liquid crystal
display device generally suffers from low contrast and
poor visibility when used outside in sunlight. However,
the visibility of a reflective liquid crystal display device
is poor when used outside at night or in a room with poor
lighting and cannot obtain the image quality that is pos-
sible in a transmissive liquid crystal display device.
[0004] A liquid crystal display device is therefore de-
sired that is capable of reflective display in a bright set-
ting and that can display using a supplementary light
source in a dark setting. A semi-transmissive liquid crys-
tal display device can be offered as one example. Such
a semi-transmissive liquid crystal display device em-
ploys a reflecting surface that reflects incident light as a
semi-transmissive surface. However, a semi-transmis-
sive surface having, for example, transmittance of 50%
and reflectance of 50% has the disadvantage that dis-
play is dark during both reflective display and transmis-
sive display.
[0005] A liquid crystal display device that can be
switched between reflective and transmissive display is
disclosed in Japanese Patent Laid-open No. 119026/99
as a device for overcoming the above-described disad-
vantage. FIG. 13 shows a schematic side sectional view
of a liquid crystal display device that includes a holo-
graphic reflecting layer. As shown in FIG. 13, holograph-
ic reflecting layer 528, which is a volume hologram, is
arranged between backlight unit 503 and liquid crystal
layer 501.
[0006] This volume hologram is a structure having
fixed refractive index modulation, and when the period
of this modulation is at the level of visible wavelengths,
produces diffraction known as Bragg reflection, where-
by light of a particular angle of incidence and a particular
wavelength is strongly reflected in a specific direction.
This hologram function and the characteristics of a liquid
crystal display device having a prior-art holographic re-
flecting layer can be explained using the circular charts
shown in FIG. 14. The radius of the circle shown in FIG.
14(a) is given as n/λ. Here, λ is the wavelength of inci-
dent light, and n is the average refractive index of the

hologram medium. The incident light is represented as
a vector from the center to the circumference of the cir-
cle. Incident wave number vector 529 and reciprocal
vector 531 are arranged as in FIG. 14(a). The direction
of reciprocal vector 531 is defined as the modulation di-
rection of the refractive modulation, and the magnitude
of the vector is defined as the inverse of the modulation
period. In FIG. 14(a), emitted wave number vector 530
is shown as the difference between incident wave
number vector 529 and reciprocal vector 531. Light is
strongly emitted in the direction of this emitted wave
number vector 530.
[0007] Explanation next regards the reflective action
using FIG. 14(b). During reflective display, display is re-
alized by only incident light, and backlight unit 503 is not
used. Incident light from the surroundings is incident to
liquid crystal layer 501 and then incident to holographic
reflecting layer 528. If the reciprocal vector of holograph-
ic reflecting layer 528 is arranged as shown in FIG. 14
(b), only a specific wavelength is selectively reflected in
a specific emission direction. The light that is selectively
reflected again passes through liquid crystal layer 501
to enable reflective display. Light of wavelengths other
than this selectively reflected wavelength is transmitted
by holographic reflecting layer 528 and therefore does
not contribute to display.
[0008] When the surroundings are dark, on the other
hand, the backlight is lit up. In this case, the light from
the backlight is transmitted by holographic reflecting lay-
er 528 and is incident to liquid crystal layer 501, whereby
transmissive display can be realized as shown in FIG.
14(c).
[0009] Using the liquid crystal display device that is
disclosed in Japanese Patent Laid-open No.
119026/1999 as described above enables display that
switches between reflective and transmissive display.
[0010] Nevertheless, the liquid crystal display device
that is disclosed in the above-described Japanese Pat-
ent Laid-open No. 119026/1999 has the disadvantage
that the displayed colors during reflective display differ
from the displayed colors during transmissive display.
More specifically, as shown in FIG. 14(b), only light of a
specific wavelength that is determined by the hologram
is reflected during reflective display. And as a result, only
monochromatic display is possible during reflective dis-
play. Further, as shown in FIG. 14(c), during transmis-
sive display, specific wavelengths of the light from the
backlight undergo Bragg reflection by the hologram and
cannot contribute to transmissive display. The wave-
lengths that are subject to this Bragg reflection are iden-
tical to the wavelength of monochromatic light during re-
flective display. Thus, even though a color such as green
can be displayed during reflective display, the comple-
mentary color of green must be displayed during trans-
missive display. For similar reasons, full-color display is
not possible.
[0011] Thus, although the liquid crystal display device
that is disclosed in Japanese Patent Laid-open No.
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119026/1999 realizes display that can be switched be-
tween reflective and transmissive display, such a dis-
play has the disadvantages that color display is limited
and full-color display is not possible.
[0012] It is therefore an object of the present invention
to provide a liquid crystal display device that employs
Bragg reflection and that can realize full-color reflective
display in bright surroundings and full-color transmis-
sive display in dark surroundings.

Disclosure of Invention

[0013] To achieve the above-described object, the liq-
uid crystal display device of the present invention in-
cludes:

a liquid crystal layer;
a reflective structural layer that is arranged below
the liquid crystal layer and that includes a plurality
of reflectors for reflecting only light of specific fre-
quency bands by means of Bragg reflection, where-
in the reflectance of each of the reflectors can be
electrically switched; and
a backlight unit that is arranged at the lowest layer
for irradiating light from the backside of the liquid
crystal layer.

[0014] The liquid crystal device of the present inven-
tion that is constructed as described above includes a
reflective structural layer below the liquid crystal layer,
and this reflective structural layer includes a plurality of
reflectors that, by means of Bragg reflection, reflect only
light of a specific frequency band wherein the reflect-
ance of each reflector can be electrically switched. In
other words, the use of Bragg reflection realizes a liquid
crystal display device that allows switching between re-
flective and transmissive display that is brighter than a
liquid crystal display device that employs a semi-trans-
missive surface. Further, full-color display is possible if
each of the reflectors of the reflective structural layer is
constructed such that each of the reflectors, which use
Bragg reflection to reflect only light of a specific frequen-
cy band, reflects only blue, or reflects only green, or re-
flects only red.
[0015] Further, the thickness of at least one of the sub-
strates that sandwich the liquid crystal layer of the liquid
crystal display device of the present invention may be a
thickness that does not produce parallax, and this sub-
strate may be a film substrate or a thin-film glass.
[0016] In addition, the liquid crystal display device of
the present invention may include a first color filter layer
that is arranged above the liquid crystal layer, and fur-
ther, may include a second color filter layer that is ar-
ranged below the reflective structural layer. In the case
of a construction having a second color filter layer in ad-
dition to the first color filter layer in particular, the use of
a layer having high transmittance and low color purity
as the first color filter layer and a layer having high trans-

mittance and low color purity as the second color filter
layer enables a device having characteristics in which
high reflectance is obtained during reflective display and
a high color purity is obtained during transmissive dis-
play.
[0017] Each of the reflectors may be a unit that is
formed by stacking in the direction of stacking of the liq-
uid crystal layer and backlight unit with respect to the
reflective structural layer.
[0018] In addition, the reflectors may each be ar-
ranged parallel to a direction that is substantially orthog-
onal to the direction of stacking of the liquid crystal layer
and backlight unit with respect to the reflective structural
layer. In this case, when reflectors that reflect blue,
green and red are each arranged parallel, full-color dis-
play can be realized without providing a color filter,
whereby a liquid crystal display device can be obtained
that is both bright and that has a simple construction.
[0019] Further, each of the reflectors may contain liq-
uid crystal; and in particular, may include cholesteric liq-
uid crystal; may be a structure in which one or more liq-
uid crystal drop layers that contain drops of liquid crystal
are alternately stacked with one or more polymer layers;
or may be a polymer layer that contains drops of chol-
esteric liquid crystal.
[0020] The liquid crystal device of the present inven-
tion may include a first polarizer that is arranged above
the liquid crystal layer; and may include a second polar-
izer that is arranged below the liquid crystal layer. In ad-
dition, the use of a compensator allows the use of dis-
play elements such as STN liquid crystals or birefrin-
gence liquid crystals as the liquid crystal display ele-
ments instead of TN liquid crystals.
[0021] The liquid crystal display device of the present
invention may include a compensator for compensating
for phase difference that is arranged below the first po-
larizer and above the second polarizer; and the com-
pensator may be arranged above the reflective structur-
al layer.
[0022] Finally, the liquid crystal layer may be driven
by an active matrix.

Brief Description of Drawings

[0023]

Fig. 1 is a side sectional view showing details of the
construction of an example of a liquid crystal display
device in the first embodiment of the present inven-
tion.
FIG. 2 is a schematic side sectional view showing
the basic construction of the liquid crystal display
device that is shown in FIG. 1.
FIG. 3 is a schematic side sectional view showing
the construction for a case in which an alternately
stacked structure is used as the reflective structural
layer.
FIG. 4 is a schematic side sectional view showing
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the construction for a case in which a cholesteric
liquid crystal layer is used as the reflective structural
layer.
FIG. 5 is a schematic side sectional view showing
the construction for a case in which a polymer layer
that contains cholesteric liquid crystal drops is used
as the reflective structural layer.
FIG. 6 is a view for giving a summary of the method
of producing an HPDLC layer.
FIG. 7 is a schematic side sectional view showing
the construction of three-layer stacked HPDLC lay-
er.
FIG. 8 is a side sectional view showing details of
the construction of an example of a liquid crystal dis-
play device of the second embodiment of the
present invention.
FIG. 9 is a side sectional view showing details of
the construction of an example of a liquid crystal dis-
play device of the third embodiment of the present
invention.
FIG. 10 is a schematic side sectional view showing
the basic construction of the liquid crystal display
device shown in FIG. 9.
FIG. 11 is a side sectional view showing details of
the construction of an example of a liquid crystal dis-
play device of the fourth embodiment of the present
invention.
FIG. 12 is a schematic side sectional view showing
the basic construction of the liquid crystal display
device shown in FIG. 11.
FIG. 13 is a schematic side sectional view of an ex-
ample of a liquid crystal display device of the prior
art having a holographic reflecting layer.
FIG. 14 is a view for explaining functions of a holo-
gram and the characteristics of a liquid crystal dis-
play device of the prior art having a holographic re-
flecting layer.

Detailed Description of the Invention

[0024] Explanation next regards embodiments of the
present invention with reference to the accompanying
drawings. In the explanations of each of the embodi-
ments, holographic polymer dispersed liquid crystal is
abbreviated as "HPDLC."

(First Embodiment)

[0025] We first refer to FIG. 1, in which is shown a side
sectional view of the details of the construction of an
example of the liquid crystal display device of the
present embodiment.
[0026] The liquid crystal display device is of a con-
struction that includes: first polarizer 16a that formed on
the top layer; below first polarizer 16a, color filter layer
6 that is composed of filters that each transmit only R
(red), G (green), or B (blue) and in which color filter sub-
strate 15 is formed as the upper layer side; below color

filter layer 6, liquid crystal layer 1 that is formed on glass
18 for projecting image information; second polarizer
16b that is below liquid crystal layer 1, i.e., below glass
18; three-layer HPDLC 17 having reflectors in which re-
flectance can be electrically switched that is arranged
below second polarizer 16b, i.e., that is below liquid
crystal layer 1; and then, on the lowest layer, backlight
unit 3, which is the lighting for irradiating light from the
backside of the liquid crystal layer 1.
[0027] Liquid crystal layer 1 may be a nematic liquid
crystal such as TN liquid crystal and STN liquid crystal,
or may be a birefringence liquid crystal such as home-
otropic liquid crystal and OCB liquid crystal.
[0028] An outline of the method of forming liquid crys-
tal layer 1 is next described.
[0029] Alignment layers are first formed on both of
glass substrate 18 having transparent electrodes and
color filter substrate 15 having color filter layer 6 and
transparent electrodes. The transparent electrodes on
the two substrates are not shown in FIG. 1. An alignment
process is next carried out on the alignment layers, and
the two substrates are aligned together with spacers in-
terposed. The substrates are bonded together at this
time such that the directions of the alignment processes
of the two substrates are mutually orthogonal. The
space between the two substrates is then filled with a
nematic liquid crystal to complete the formation of liquid
crystal layer 1.
[0030] The basic principles of the liquid crystal display
device of the present embodiment are next explained
using FIG. 2, which shows a schematic side sectional
view of the basic construction of the liquid crystal display
device of the present embodiment.
[0031] As shown in FIG. 2(a) and FIG. 2(b), the liquid
crystal display device of the present embodiment takes
as its basic structure: liquid crystal layer 1; reflective
structural layer 2, which corresponds to three-layer
stacked HPDLC 17; and backlight unit 3; but, as shown
in FIG. 2(c) and FIG. 2(d), may also take as its basic
structure a construction in which color filter layer 6 is
formed on the upper layer of liquid crystal layer 1.
[0032] Reflective structural layer 2 may be any con-
struction as long as reflectors can be reversibly switched
between a state in which the light reflectance is high but
transmittance is low and a state in which light transmit-
tance is high but light reflectance is low; but, as shown
below, reflective structural layer 2 is ideally a construc-
tion that contains liquid crystal or polymer liquid crystal
that allows electrical control of reflectance and that
takes advantage of Bragg reflection.
[0033] For example, reflective structural layer 2 may
be alternately stacked structural layer 9 shown in FIG.
3(a) and FIG. 3(b) in which liquid crystal drop layers 10,
which are the reflectors, and polymer layers 11 are al-
ternately stacked. If the refractive index of liquid crystal
drop layers 10 and polymer layers 11 is different, ambi-
ent light 4 is selectively reflected at a wavelength that is
determined by the period of alternation, as shown in
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FIG. 3(a). When voltage is applied to this alternately
stacked structural layer 9, the refractive index of liquid
crystal drop layer 10 changes to coincide with the re-
fractive index of polymer layer 11, whereby the selective
reflection is canceled to produce a transparent state,
and back light 5 from backlight unit 3 can be transmitted
as shown in FIG. 3(b). Alternately stacked structural lay-
er 9 may also be stacked first alternately stacked struc-
tural layer 9a and second alternately stacked structural
layer 9b having different stacking periods, whereby
polychromatic light can be reflected, as shown in FIG.
3(c) and FIG. 3(d). In other words, the liquid crystal dis-
play device of the present embodiment can realize full-
color display if each of a plurality of reflectors such as
first alternately stacked structural layer 9a and second
alternately stacked structural layer 9b has a structure
that takes advantage of Bragg reflection to reflect only
light of a specific frequency band.
[0034] In addition, a cholesteric liquid crystal may also
be used as the reflectors of reflective structural layer 2.
As is known in the art, the use of cholesteric liquid crystal
allows reflectance to be electrically controlled. Since
cholesteric liquid crystal layer 7 has a spiral structure as
shown in FIG. 4(a), ambient light 4 that corresponds to
one half the pitch of this spiral structure is selectively
reflected. Moreover, the spiral structure is canceled if
voltage is applied to this cholesteric liquid crystal, as
shown in FIG. 4(b), whereby the above-described re-
flectance is lost and all wavelengths of back light 5 are
transmitted. An example in which this effect is realized
is described in "Switchable mirrors of chiral liquid crystal
gels" (LIQUID CRYSTALS, 1999, Volume 26, No. 11, pp.
1645-1653). Further, the use of stacked cholesteric liq-
uid crystal layer 8, in which first cholesteric liquid crystal
7a and second cholesteric liquid crystal 7b having dif-
ferent spiral pitches are stacked, as reflective structural
layer 2 as shown in FIG. 4(c) and FIG. 4(d) enables the
reflection of polychromatic light, similar to alternately
stacked structural layer 9.
[0035] In this way, each reflector of reflective structur-
al layer 2 may be formed by stacking in the direction in
which liquid crystal layer 1 and backlight unit 3 are
stacked with respect to reflective structural layer 2.
[0036] Alternatively, reflective structural layer 2 may
also be a structure in which reflectors are constituted by
polymer layers that contain cholesteric liquid crystal
drops, as shown in FIG. 5(a) and FIG. 5(b). The appli-
cation of voltage to polymer layer 14, which contains
cholesteric liquid crystal drops 13 composed of choles-
teric liquid crystal of a spiral pitch that selectively reflects
ambient light 4, cancels the spiral structure in cholester-
ic liquid crystal drops 13 to produce a transparent state,
thereby allowing transmission of back light 5. Moreover,
a polymer layer that contains cholesteric liquid crystal
drops that contain a plurality of cholesteric liquid crystals
of differing spiral pitches can selectively reflect poly-
chromatic light.
[0037] We next refer to FIG. 6 and FIG. 7 to explain

details of the structure and a method of producing the
stacked structure of HPDLC, which is alternately
stacked structural layer 9.
[0038] First, as shown in FIG. 6(a), liquid crystal/pho-
to-curing substance composite layer 20, i.e., a layer
composed of a composite of liquid crystal and a photo-
sensitive substance, is formed on substrate 19 having
transparent electrodes (not shown in the figure).
[0039] Next, as shown in FIG. 6(b), laser light 21 emit-
ted from the same laser is branched and the two light
beams are caused to intersect inside liquid crystal/pho-
to-curing substance composite layer 20, whereby the la-
ser light interference causes strong and selective photo-
curing in areas where laser intensity is high. In areas
where laser intensity is low, the liquid crystal is separat-
ed as liquid drops. The foregoing process results in HP-
DLC layer 22 that is composed of a liquid crystal drop
layer and photo-cured polymer layer as shown in FIG.
6(c). A difference between the refractive indices of the
liquid crystal drop layer and polymer layer results in se-
lective reflection of light of a wavelength that corre-
sponds to the stacking period of the alternately stacked
structure. Photo-curing is next carried out in a nitrogen
atmosphere or under reduced pressure if the photo-cur-
ing substance is impeded by oxygen. The stacking pe-
riod of this alternately stacked structure can be deter-
mined by the wavelength of the laser light and the angle
of intersection. If a liquid crystal/photo-curing substance
composite layer is again formed on completed HPDLC
layer 22 of FIG. 6(c) and exposed at an altered laser
wavelength and intersection angle, an HPDLC layer
having two layers of different alternately stacking peri-
ods can be obtained. If the above-described layer for-
mation and exposure are carried out, for example, three
times, the HPDLC layer can be made a three-layer
stacked HPDLC layer 17 that is composed of Blue HP-
DLC 23 for reflecting blue, Green HPDLC 24 for reflect-
ing green, and Red HPDLC 25 for reflecting red, as
shown in FIG. 7. In this case, transparent electrodes 26
are electrically connected to Blue HPDLC 23 and Red
HPDLC 25.
[0040] When stacking, the order of stacking is prefer-
ably blue, green and red if light is incident from the upper
surface of the stacked layers. This order is preferred be-
cause light is more easily scattered with shorter wave-
lengths. This three-layer stacked HPDLC layer 17 re-
flects white light. Applying voltage to this three-layer
stacked HPDLC layer 17 causes the refractive index of
the liquid crystal drop layer to change. If the refractive
index of the liquid crystal drop layer matches that of the
polymer layer, the selective light reflection is canceled
to produce a transparent state.
[0041] In the present embodiment, the reflectance of
three-layer stacked HPDLC layer 17 is high when volt-
age is not applied. Accordingly, display operation is en-
abled by supplying voltage to only liquid crystal layer 1
without supplying voltage to three-layer stacked HPDLC
layer 17, and extra power is therefore not needed during
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reflective display. In addition, transmissive display can
be obtained by supplying voltage to stacked HPDLC lay-
er 22 to produce a transparent state and lighting up
backlight unit 3.
[0042] According to the liquid crystal display device of
the present embodiment as described in the foregoing
explanation, a layer that contains polymer liquid crystal
or liquid crystal that uses Bragg reflection is formed as
reflective structural layer 2 between liquid crystal layer
1 and backlight unit 3 to enable full color reflective dis-
play in bright surroundings and full-color transmissive
display in dark surroundings.

(Second Embodiment)

[0043] We next refer to FIG. 8, in which is shown a
side sectional view showing the details of the construc-
tion of an example of a liquid crystal display device of
the present embodiment.
[0044] As shown in FIG. 8(a), liquid crystal display de-
vice of this embodiment is a construction including, in
order from the uppermost layer: first polarizer 116a,
color filter substrate 115, color filter layer 106, liquid
crystal layer 101, thin-film glass 127, three-layer
stacked HPDLC 117, second polarizer 116b, and, at the
lowermost layer, backlight unit 103.
[0045] The liquid crystal display device of the present
embodiment therefore differs from the liquid crystal dis-
play device of the first embodiment in that thin-film glass
127 and three-layer stacked HPDLC 117 are stacked
together between liquid crystal layer 101 and second
polarizer 116.
[0046] Further, in the liquid crystal display device of
the present embodiment, only first polarizer 116a con-
tributes to display during reflective display. This display
mode is known as single-polarizer mode. A brighter re-
flective display can be obtained than by a mode in which
two polarizers are used during reflective display. At this
time, a twisted-nematic liquid crystal mode is used as
liquid crystal layer 101. The design of this twisted-
nematic liquid crystal is described in "Analysis of oper-
ation mode of reflective liquid crystal display devices"
(LIQUID CRYSTALS, 1999. Vol. 26, No. 11, pp.
1573-1578).
[0047] Apart from the above-described points, the
present embodiment is basically the same as the liquid
crystal display device of the first embodiment, and fur-
ther detailed explanation is therefore omitted.
[0048] A summary of the procedures for producing a
liquid crystal display device of the present embodiment
is next described.
[0049] As with the first embodiment, color filter sub-
strate 115 having transparent electrodes is aligned with
a glass substrate. One of the substrates is converted to
a thin film to produce thin-film glass 127. This conver-
sion to a thin film can be realized by either grinding or
chemically etching the glass substrate. Clearly, a thin
film such as a polymer film may also be used in place

of a glass substrate. Liquid crystal is next injected to
form liquid crystal layer 101. The direction of orientation
of the two substrates is then adjusted to form a pre-
scribed twisted-nematic structure, whereby the liquid
crystal panel having thin-film glass 127 is completed.
First polarizer 116a is bonded to the upper surface of
the completed liquid crystal panel. In addition, three-lay-
er stacked HPDLC 117 is bonded to the lower surface
of the liquid crystal panel, and further, second polarizer
116 is bonded to the lower surface of three-layer stacked
HPDLC 117. Backlight unit 103 is then arranged to com-
plete the production of the device.
[0050] Next, regarding the reason for using thin-film
glass 127, we refer to FIG. 8(b). FIG. 8(b) shows a con-
struction in which glass118 that has not been converted
to a thin film is used instead of thin-film glass 127. During
reflective display, ambient light 104 is incident from an
oblique direction. Thus, when glass substrate 118 is
thick and distant from three-layer stacked HPDLC 117,
which is the reflection plane, ambient light 104 that has
been transmitted in by R of color filter layer 106 is then
transmitted out by neighboring picture element G as re-
flected display light 104a. In other words, the problem
of parallax occurs. To prevent this problem of parallax,
thin-film glass 127 must be formed as shown in FIG. 8
(a).
[0051] To prevent reflective display light leakage from
a neighboring picture element, three-layer stacked HP-
DLC layer 117 may be incorporated between color filter
substrate 115 and glass substrate 118, i.e., built into the
interior of the liquid crystal panel, as shown in FIG. 8(c).
[0052] The liquid crystal display device of the present
embodiment according to the foregoing explanation not
only eliminates parallax through the use of thin-film
glass 127, but can also realize full-color reflective dis-
play in bright surroundings and full-color transmissive
display in dark surroundings as in the first embodiment
by forming, as reflective structural layer 102, a layer that
contains liquid crystal or polymer liquid crystal and that
takes advantage of Bragg reflection between liquid crys-
tal layer 101 and backlight unit 103.

(Third Embodiment)

[0053] FIG. 9 shows a side sectional view of the de-
tails of the construction of an example of the liquid crys-
tal display device of the present embodiment, and FIG.
10 shows the basic construction of the liquid crystal dis-
play device of the present embodiment.
[0054] As shown in FIG. 9(a), the liquid crystal display
device of the present embodiment is a construction that
includes, in order from the uppermost layer: first polar-
izer 216a, color filter substrate 215, first color filter layer
206a, liquid crystal layer 201, glass 218, three-layer
stacked HPDLC 217, second polarizer 216b , second
color filter layer 206b, and, at the lowermost layer, back-
light unit 203. As with first color filter layer 206a, which
is formed on color filter substrate 215, second color filter

9 10



EP 1 312 972 A1

7

5

10

15

20

25

30

35

40

45

50

55

layer 206b is formed on a color filter substrate, but for
the sake of simplification, the color filter substrate of
second color filter layer 206b is not shown in FIG. 9.
[0055] As shown in FIG. 10, the liquid crystal display
device of the present embodiment differs from the liquid
crystal display device of the first and second embodi-
ments in that second color filter layer 206b is provided
between backlight unit 203 and reflective structural layer
202, which corresponds to three-layer stacked HPDLC
217; i.e., below reflective structural layer 202. Apart from
the above-described difference, the construction is ba-
sically the same as that of the first embodiment, and de-
tailed explanation is therefore omitted.
[0056] In the case of the present embodiment, first
color filter layer 206a and second color filter layer 206b
are arranged such that each picture element is matched
mutually. In other words, each of picture elements A, B,
and C of first color filter layer 206a matches the position
of each of picture elements A, B, and C, respectively, of
second color filter layer 206b. As shown in FIG. 10(b),
this arrangement allows, for example, during transmis-
sive display, back light beam 205 from backlight unit 203
that is transmitted out by picture element B of second
color filter layer 206b to be transmitted by picture ele-
ment B of first color filter layer 206a. For full-color dis-
play, each color of A, B, and C is generally selected as
red (R), green (G), and blue (B).
[0057] Meanwhile, the transmittance and color purity
of a color filter are in a reciprocal relationship, and a
color filter having high transmittance therefore has low
color purity, and a color filter having high color purity has
low transmittance. When a liquid crystal display device
has only one color filter layer having this characteristic,
light is transmitted by the color filter layer two times dur-
ing reflective display: at the time of incidence and reflec-
tion; and transmitted by the color filter layer only once
during transmissive display: as transmissive display
light. As a result, although the use of a color filter having
high transmittance enables high reflectance to be ob-
tained during reflective display, color purity during trans-
missive display is low. Conversely, the use of a color
filter having low transmittance enables high color purity
to be obtained during transmissive display, but reflect-
ance is low during reflective display. It is therefore prob-
lematic for a construction having only one color filter lay-
er to obtain both high reflectance during reflective dis-
play and high color purity during transmissive display.
[0058] In the construction of the present embodiment,
reflected display light 204a is transmitted by only first
color filter layer 206a during reflective display as shown
in FIG. 10(a), while back light 205 is transmitted by both
of second color filter layer 206b and first color filter layer
206a during transmissive display, as shown in FIG. 10
(b). Thus, for example, if a layer having high transmit-
tance and low color purity characteristics is used as first
color filter layer 206a and a layer having high transmit-
tance and low color purity is used as second color filter
layer 206b, a display having the characteristics of high

reflectance during reflective display and high color purity
during transmissive display can be obtained. In addition,
a variety of combinations of the reflectance and color
purity characteristics of first color filter layer 206a and
second color filter layer 206b enables desired transmit-
tance and color purity to be obtained, whereby higher
reflectance during reflective display and higher color pu-
rity during transmissive display can be obtained at high
level than in a liquid crystal display device of a construc-
tion that employs one color filter layer.
[0059] In the construction of a liquid crystal display
device of the present embodiment, second color filter
layer 206b is basically preferably below reflective struc-
tural layer 202, i.e., below three-layer stacked HPDLC
217 in FIG. 9; and as constructions other than that of
FIG. 9(a), glass 218 and second polarizer 216b may be
arranged as shown in FIG. 9(b) to FIG. 9(d). Alternative-
ly, it should be clear that the thin-film glass that was de-
scribed in the second embodiment can be similarly used
to eliminate parallax.
[0060] The liquid crystal display device of the present
embodiment as described in the foregoing explanation
not only enables higher reflectance during reflective dis-
play and higher color purity during transmissive display
than a liquid crystal display device of a construction that
employs one color filter layer, but also, as with the first
and second embodiments, enables full-color reflective
display in bright surroundings and full-color transmis-
sive display in dark surroundings by forming a layer that
contains liquid crystal or a polymer liquid crystal that us-
es Bragg reflection as reflective structural layer 202 be-
tween liquid crystal layer 201 and backlight unit 203.

(Fourth Embodiment)

[0061] FIG. 11 is a side sectional view showing the
details of the construction of an example of a liquid crys-
tal display device of the present embodiment, and FIG.
12 shows the basic construction of the liquid crystal dis-
play device of the present embodiment.
[0062] As shown in FIG. 11(a), the liquid crystal dis-
play device of the present embodiment is of a construc-
tion that includes, in order from the uppermost layer: first
polarizer 316a, color filter substrate 315, color filter layer
306, liquid crystal layer 301, glass 318, spatially divided
reflective structural layer 332 having a plurality of areas
that reflect only light of a wavelength that corresponds
to each picture element of color filter layer 306, second
polarizer 316b, and, as the lowermost layer, backlight
unit 303.
[0063] As shown in FIG. 12, in the liquid crystal dis-
play device of the present embodiment, spatially divided
reflective structural layer 332 is provided between back-
light unit 303 and liquid crystal layer 301, i.e., below liq-
uid crystal layer 301. Apart from this point, the construc-
tion of the present embodiment is basically the same as
the first embodiment, and detailed explanation is there-
fore here omitted.
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[0064] As shown in FIG. 12(a), the area of spatially
divided reflective structural layer 332 is spatially divided
so as to correspond to each of picture elements A, B,
and C of color filter layer 306, and each of areas A, B,
and C of spatially divided reflective structural layer 332
reflects only light of the wavelength band that corre-
sponds to each of picture elements A, B, and C, respec-
tively, of color filter layer 306. During full-color display,
each of picture elements A, B, and C of color filter layer
306 selects and transmits the wavelength band of red
(R), green (G) and blue (B), respectively; and in concert
with this action, each of areas A, B, and C of spatially
divided reflective structural layer 332 reflects light of on-
ly the wavelength bands of red (R), green (G), and blue
(B), respectively. In other words, spatially divided reflec-
tive structural layer 332 has characteristics that are
combined from the characteristics of the color filter and
the characteristics of the reflective structural layer. Fur-
ther, this spatially divided reflective structural layer 332
can be placed in a transparent state by means of elec-
trical control. Moreover, each of the areas of spatially
divided reflective structural layer 332 may be construct-
ed using the above-described HPDLC element or chol-
esteric liquid crystal layer.
[0065] The spatial division described above means
that each reflector (each of areas A, B, and C of spatially
divided reflective structural layer 332 in FIG. 12) is ar-
ranged in parallel in a direction that is substantially or-
thogonal to the direction in which liquid crystal layer 301
and backlight unit 303 are stacked with respect to spa-
tially divided reflective structural layer 332, which is the
reflective structural layer.
[0066] In the above-described construction, during re-
flective display, ambient light 304 is transmitted by color
filter layer 306 and liquid crystal layer 301 before reach-
ing spatially divided reflective structural layer 332, as
shown in FIG. 12(a). This spatially divided reflective
structural layer 332 reflects only light of wavelength
bands that correspond to the color filter colors. In FIG.
12(a), A of spatially divided reflective structural layer
332 reflects only light of the wavelength band that cor-
responds to A of color filter layer 306. After reflection,
reflected display light 304a is transmitted by liquid crys-
tal layer 301 and color filter layer 306. As a result, light
during reflective display is transmitted by color filter lay-
er 306 two times. However, light of other wavelength
bands is not reflected from spatially divided reflective
structural layer 332. Mixing with colors of other wave-
length bands therefore does not occur and the color pu-
rity does not drop even if a layer of low transmittance is
used in color filter layer 306. In addition, if electrical con-
trol of spatially divided reflective structural layer 332 is
applied to produce a transparent state, back light 305
from backlight unit 303 can be transmitted by spatially
divided reflective structural layer 332 and full-color
transmissive display can be realized, as shown in FIG.
12(b).
[0067] In the construction of the liquid crystal display

device of the present embodiment, spatially divided re-
flective structural layer 332 is basically preferably ar-
ranged below liquid crystal layer 301, and as construc-
tions other than the one shown in FIG. 11(a), glass 318
and second polarizer 316b may be arranged as shown
in FIG. 11(b) to FIG. 11(c). In addition, it goes without
saying that parallax is eliminated if the thin-film glass
described in the second embodiment is similarly used.
[0068] In the case of the present embodiment, full-
color display is theoretically possible even if the con-
struction lacks color filter layer 306, and the construction
may therefore be provided with color filter layer 306
when a further improvement in color purity is desired or
when the color purity of spatially divided reflective struc-
tural layer 332 changes due to the viewing angle.
[0069] As described in the foregoing explanation, the
liquid crystal display device of the present embodiment
can not only obtain, at high level, high reflectance during
reflective display and high color purity during transmis-
sive display by means of a simple construction having
only one color filter layer 306 through the use of spatially
divided reflective structural layer 332, but can realize
full-color reflective display in bright surroundings and
full-color transmissive display in dark surroundings as
in the first and third embodiments by forming, as spa-
tially divided reflective structural layer 332, a layer that
uses Bragg reflection and that contains liquid crystal or
polymer liquid crystal between liquid crystal layer 301
and backlight unit 303.
[0070] In the liquid crystal display devices of each of
the above-described embodiments, a compensator that
is below a first polarizer, which is the uppermost layer,
and above a second polarizer may be a stacked com-
ponent, and further, may be a component that is ar-
ranged above the reflective structural layer. The use of
this compensator enables the use of display elements
other than TN liquid crystals such as STN liquid crystal
or birefringence liquid crystal as liquid crystal display el-
ements.
[0071] In addition, the liquid crystal layer of each of
the embodiments may be driven by an active matrix,
whereby a high contrast ratio can be maintained during
reflective and transmissive display with a large display
capacity.

Claims

1. A liquid crystal display device comprising

a liquid crystal layer;
a reflective structural layer that is arranged be-
low said liquid crystal layer and that includes a
plurality of reflectors for reflecting only light of
specific frequency bands by means of Bragg re-
flection, wherein reflectance of each of said re-
flectors can be electrically switched; and
a backlight unit that is arranged at the lower-
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most layer for irradiating light from the backside
of the liquid crystal layer.

2. A liquid crystal display device according to claim 1,
wherein the thickness of at least one of the sub-
strates that sandwich said liquid crystal layer is a
thickness that does not produce parallax.

3. A liquid crystal display device according to claim 2,
wherein said substrate is a thin-film glass.

4. A liquid crystal display device according to claim 2,
wherein said substrate is a film substrate.

5. A liquid crystal display device according to claim 1,
further comprising a first color filter layer that is ar-
ranged above said liquid crystal layer.

6. A liquid crystal display device according to claim 5,
further comprising a second color filter layer that is
arranged below said reflective structural layer.

7. A liquid crystal display device according to claim 1,
wherein each of said reflectors is formed by stack-
ing in the direction of stacking of said liquid crystal
layer and said backlight unit with respect to said re-
flective structural layer.

8. A liquid crystal display device according to claim 1,
wherein each of said reflectors is arranged parallel
to a direction that is substantially orthogonal to the
direction of stacking of said liquid crystal layer and
said backlight unit with respect to said reflective
structural layer.

9. A liquid crystal display device according to claim 1,
wherein each of said reflectors contains liquid crys-
tal.

10. A liquid crystal display device according to claim 9,
wherein each of said reflectors contains cholesteric
liquid crystal.

11. A liquid crystal display device according to claim 9,
wherein each of said reflectors is a construction in
which one or more liquid crystal drop layers that
contain drops of liquid crystal are alternately
stacked with one or more polymer layers.

12. A liquid crystal display device according to claim 9,
wherein each of said reflectors is composed of a
polymer layer containing drops of cholesteric liquid
crystal.

13. A liquid crystal display device according to claim 1,
further comprising a first polarizer that is arranged
above said liquid crystal layer.

14. A liquid crystal display device according to claim 13,
further comprising a second polarizer that is ar-
ranged below said liquid crystal layer.

15. A liquid crystal display device according to claim 14,
further comprising a compensator for compensat-
ing phase difference that is arranged below said first
polarizer and above said second polarizer.

16. A liquid crystal display device according to claim 15,
wherein said compensator is arranged above said
reflective structural layer.

17. A liquid crystal display device according to claim 1,
wherein said liquid crystal layer is driven by an ac-
tive matrix.
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