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(54) Liquid crystal display device with improved viewing angle

(57) A liquid crystal display device including a reflec-
tor (7) is provided. When an angle between a direction
of a normal line with respect to a display surface of the
liquid crystal display device and a main viewing direction

is from 0 degrees to 20 degrees, a reflection ratio peak
value of light incident upon the liquid crystal display de-
vice and reflected by the reflector is set so as to occur
within a range of 20 degrees from the normal line direc-
tion.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a liquid crystal.
display device including a reflector, and a portable elec-
tronic apparatus. More particularly, the present inven-
tion relates to a liquid crystal display device which has
a viewing angle property that allows a display to appear
brighter when a viewer looks at the display from a direc-
tion close to a direction of a normal line with respect to
a display surface of the liquid crystal display device than
when the viewer looks at the display from other viewing
angles; and a portable electronic apparatus including at
its display section the liquid crystal display device with
such a viewing angle property.

2. Description of the Related Art

[0002] In general, liquid crystal display devices are
called semi-transmissive liquid crystal display devices
or transmissive liquid crystal display devices, which in-
clude backlights, or reflective liquid crystal display de-
vices, depending upon the form of display of the liquid
crystal display devices. Reflective liquid crystal display
devices perform a displaying operation using only out-
side light, such as sunlight or illumination light, and,
thus, do not use a backlight. Reflective liquid crystal dis-
play devices are frequently used in, for example, porta-
ble information terminals that need to be made thinner
and lighter, and to have low power consumption. When
semi-transmissive liquid crystal display devices are in
an environment that does not provided sufficient outside
light, a backlight is turned on for operation in a transmis-
sion mode. On the other hand, when semi-transmissive
liquid crystal display devices are in an environment that
provides sufficient outside light, a backlight is not turned
on, so that they operate in a reflection mode. Semi-
transmissive liquid crystal display devices are frequently
used in portable electronic apparatuses, such as cellular
phones or notebook-size personal computers (PC).
[0003] Fig. 12 is a sectional view of an example of a
related transflective liquid crystal display device.
[0004] In the general structure of the transflective liq-
uid crystal display device, a reflection mode STN (super-
twisted nematic) liquid crystal cell 72, a forward scatter-
ing plate 90, an upper retardation plate 73b, and an up-
per polarizing plate 74 are placed upon each other on a
lower retardation plate 73a of a reflective plate 71 in that
order from the side of the lower retardation plate 73a;
and a backlight 95, serving as a light source, is provided
below the reflective plate 71. The reflective plate 71 has
a lower polarizing plate 70 and the lower retardation
plate 73a provided thereat.
[0005] In the general structure of the liquid crystal cell
72, a lower glass substrate 75, a color filter 76, a lower

transparent electrode layer 78, a lower alignment film
79, an upper alignment film 80 disposed so as to be sep-
arated from and to oppose the lower alignment film 79,
an upper transparent electrode layer 81, and an upper
glass substrate 82 are placed upon each other in that
order from the side of the lower polarizing plate 70; and
a super-twisted nematic liquid crystal layer 83 is dis-
posed between the lower and upper alignment films 79
and 80. An overcoat layer (not shown), formed of silica
or acrylic resin, is provided between the color filter 76
and the lower transparent electrode layer 78.
[0006] The reflective plate 71 has an A1 film whose
surface is in a specular state, and has holes 71a for
passing light from the backlight 95 when the backlight
95 is used.
[0007] The retardation plates 73a and 73b are provid-
ed to prevent coloring of the display into blue or yellow
by compensating for phase differences of light that pass
through the STN liquid crystals.
[0008] The forward scattering plate 90 is. provided to,
by scattering towards the liquid crystal cell 72 light (out-
side light) passing through the upper polarizing plate 74
and the upper retardation plate 73b and incident upon
the forward scattering plate 90, cause the incident light
to be reflected not only in a specular reflection direction
by the surface of the reflective plate 71, but also in a
direction close to the specular reflection direction by the
surface of the reflector 71.
[0009] Fig. 13 illustrates another example of a related
transflective liquid crystal display device.
[0010] In the general structure of the transflective liq-
uid crystal display device, a first retardation plate 173a,
a second retardation plate 173b, and a polarizing plate
174 are placed upon each other on a reflection mode
STN (super-twisted nematic) liquid crystal cell 172 in
that order from the side of an upper glass substrate 182;
and a backlight 195, serving as a light source, is provid-
ed below the liquid crystal cell 172.
[0011] In the general structure of the liquid crystal cell
172, a lower glass substrate 175, a reflector 171, an
overcoat layer 171c, a color filter 176, an overcoat layer
177a, a lower transparent electrode layer 178, a lower
alignment film 179, an upper alignment film 180 dis-
posed so as to be separated from and to oppose the
lower alignment film 179, a topcoat layer 177b, an upper
transparent electrode layer 181, and an upper glass
substrate 182 are placed upon each other in that order.
[0012] Many minute bumpy portions (recesses 171e
in Fig. 13) are formed adjacent each other in an irregular
manner at a reflective surface of the reflector 171. The
bumpy portions can be formed by, for example, the fol-
lowing known method. In this method, a surface of a res-
in base material 171a, such as a photosensitive resin
layer, is irradiated with light through a mask pattern,
many minute spherical recesses are formed adjacent
each other by a development operation, and the surface
of the resin base material 171a having many such
spherical recesses is subjected to evaporation or plating
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using, for example, aluminum or silver in order to form
a metallic film 171b having the bumpy portions (the. re-
cesses 171e).
[0013] The metallic film 171b can be made thin to a
thickness of the order of 30 nm, so that light from the
backlight 195 can pass therethrough when the transflec-
tive liquid crystal display device is in a transmission
mode.
[0014] The inside surfaces of the recesses 171e are
spherical, and have an inclination angle distribution in a
range of from -20 degrees to +20 degrees and a depth
within a range of from 0.1 µm to 3 µm. Distances be-
tween the recesses 171e are set so that pitches be-
tween adjacent recesses (centerto-center distance) dif-
fer Within a range of from 5 µm to 50 µm.
[0015] As regards the display performance of a liquid
crystal display device, it is ordinarily necessary for fac-
tors such as (1) resolution, (2) contrast, (3) brightness.
of a screen, (4) brightness of color, and (5) visibility
(viewing angle wideness) be satisfactory.
[0016] As shown in Fig. 14, a liquid crystal display de-
vice which is incorporated in an apparatus which is used
with its display surface inclined, such as a portable in-
formation terminal including a cellular phone or a note-
book-size personal computer, is frequently viewed, in
general, from a direction close to a normal line direction
P with respect to the display surface, particularly, from
a direction within a range of 10 degrees from the normal
line direction P. In general, an angle θ between a main
viewing direction α when a viewer (user) views the dis-
play surface (screen) and the normal line direction P is
frequently within a range of from 0 degrees to 20 de-
grees.
[0017] Fig. 14 illustrates a state in which a cellular
phone including a display section 100 which comprises
a liquid crystal display device and which is provided in
a body 105 is being used. In Fig. 14, reference character
P denotes the normal line with respect to the display sur-
face of the display section 100, reference character Q
denotes incident light, and reference character ωo de-
notes an incidence angle (such as 30 degrees). Refer-
ence character R1 denotes reflected light (specularly re-
flected light) when the incidence angle ωo and a reflec-
tion angle ω are equal, reference character R2 denotes
reflected light when the reflection angle ω is smaller than
the incidence angle ωo, and reference character R3 de-
notes reflected light when the reflection angle ω is great-
er than the incidence angle ωo.
[0018] As can be seen from Fig. 14, a viewing point
Ob of the viewer is concentrated ordinarily in the reflect-
ed-light-R2 direction close to the normal line direction P,
specifically, in a direction within a range of up to 10 de-
grees from the normal line direction P. In contrast, the
reflected light beams R1 and R3 are such as to cause
the viewer to look at the display surface from the lower
side to the upper side, thereby making it difficult for the
viewer to see what is displayed on the display surface.
Therefore, from the viewpoint of making it convenient

for the viewer to use the liquid crystal display device,
the liquid crystal display device is desired to provide a
wide viewing angle and, at the same time, to have in-
creased reflection ratio in a direction where the reflec-
tion angle is smaller than a specular reflection angle.
[0019] However, when the related liquid crystal dis-
play device shown in Fig. 12 is in a reflection mode, com-
pared to a liquid crystal display device of the type that
does not include a forward scattering plate, the range in
which incident light is reflected becomes wide, but most
of the incident light is reflected in the specular reflection
direction and in directions near the specular reflection
direction (reflection ratio peak value occurs at a specular
reflection angle or at angles close to the specular reflec-
tion angle). Therefore, when the viewer views the dis-
play section from the specular reflection direction and.
in directions close to the specular reflection direction,
what is displayed on the display section appears bright.
However, when the viewer views it from other directions,
what is displayed on the display section appears dark.
[0020] In the related liquid crystal display device
shown in Fig. 13, a large portion of the incident light is
reflected in the specular reflection direction and in direc-
tions close to the specular reflection direction (peak val-
ue of the reflection ratio occurs at the specular reflection
angle or at angles that are slightly greater than or less
than the specular reflection angle). Therefore, when the
viewer views the display section from the specular re-
flection direction and from directions close to the spec-
ular reflection direction, what is displayed on the display
section appears bright. However, when the viewer views
it from other directions, what is displayed on the display
section appears dark.
[0021] Accordingly, since, as mentioned above, the
viewing point of the viewer is ordinarily concentrated in
directions close to the normal line direction P when the
display surface of, for example, a cellular phone includ-
ing any one of the related transflective display devices
at the display section is viewed, the display appears
dark. When the viewer tries to view the display so that
it appears bright, the viewer must view the display from
the specular reflection direction or directions close to the
specular reflection direction, in which case, as men-
tioned above, the. viewer views the display surface up-
ward from the lower side to the upper side, thereby mak-
ing it difficult to see what is displayed on the display sec-
tion.

SUMMARY OF THE INVENTION

[0022] The present invention has been achieved to
overcome the above-described problems. It is a first ob-
ject of the present invention to provide a liquid crystal
display device which has a viewing angle property that
allows a display to appear brighter when a viewer looks
at a display surface of the liquid crystal display device
from a direction close to a direction of a normal line with
respect to the display surface than when the viewer
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looks at the display surface from other viewing angles.
[0023] It is a second object of the present invention to
provide a portable electronic apparatus, such as porta-
ble electronic terminals including a cellular phone or a
notebook-size personal computer, including at its dis-
play section the liquid crystal display device having a
property such as that mentioned above.
[0024] To achieve the first object, according to a first
aspect of the present invention, there is provided a liquid
crystal display device including a reflector disposed at
an outside surface side of a first substrate of a liquid
crystal cell or between the first substrate and an elec-
trode disposed at an inside surface side of the first sub-
strate. The liquid crystal cell is formed by providing the
electrode and an alignment film at the inside surface
side of the first substrate in that order from a side of the
first substrate and by providing an electrode and an
alignment layer at an inside surface side of a second
substrate in that order from a side of the second sub-
strate, with the first substrate and the second substrate
opposing each other so as to sandwich a liquid crystal
layer. In the liquid crystal display device, a retardation
plate and a polarizing plate are provided at an outside
surface side of the second substrate in that order from
the side of the second substrate. When an angle be-
tween a direction of a normal line with respect to a dis-
play surface of the liquid crystal display device and a
main viewing direction is from 0 degrees to 20 degrees,
a reflection ratio peak value of light incident upon the
liquid crystal display device and reflected by the reflector
is set so as to occur within a range of 30 degrees from
the normal line direction.
[0025] According to the liquid crystal display device of
the present invention having such a structure, the
amount of light reflected within the range of 30 degrees
from the direction of the normal line with respect to the
display surface of the liquid crystal display device be-
comes large, so that distribution of the amount of reflect-
ed light in directions close to a viewing point of a viewer
becomes large. At a practical viewing point, particularly
at angles of 0 to 20 degrees. between the normal line
direction and the main viewing direction, the liquid crys-
tal display device can provide a bright display (screen).
[0026] When the structure of the first aspect is used,
the reflection ratio peak value of the light incident upon
the liquid crystal display device and reflected by the re-
flector may be set so as to occur within a range of 20
degrees from the normal line direction.
[0027] According to the liquid crystal display device of
the present invention having such a structure, the
amount of light reflected within the range of 20 degrees
from the direction of the normal line with respect to the
display surface of the liquid crystal display device be-
comes large, so that the distribution of the amount of
reflected light in directions close to the viewing point of
the viewer becomes large, as a result of which an area
where the amount of reflected light is large is widened.
At a practical viewing point, particularly at angles of 0 to

20 degrees between the normal line direction and the
main viewing direction, the liquid crystal display device
can provide a bright display (screen).
[0028] When the structure of the first aspect is used,
the reflector may include a plurality of recesses with light
reflectivity formed in a surface of a base material or a
metallic film formed on the base material. Here, the re-
cesses have inside surfaces which form parts of spher-
ical surfaces, and have an inclination angle distribution
in a range of from -30 degrees to +30 degrees. The re-
cesses are formed irregularly so as to have depths with-
in a range of from 0.1 µm to 3 µm. The recesses are
disposed irregularly so that pitches between adjacent
recesses are in a range of from 5 µm to 50 µm.
[0029] To achieve the first object, according to a sec-
ond aspect of the present invention, there is provided a
liquid crystal display device including a reflector dis-
posed at an outside surface side of a first substrate of
a liquid crystal cell or between the first substrate and an
electrode disposed at an inside surface side of the first
substrate. The liquid crystal cell is formed by providing
the electrode and an alignment film at the inside surface
side of the first substrate in that order from a side of the
first substrate and by providing an electrode and an
alignment layer at an inside surface side of a second
substrate in that order from a side of the second sub-
strate, with the first substrate and the second substrate
opposing each other so as to sandwich a liquid crystal
layer. In the liquid crystal display device, a retardation
plate and a polarizing plate are provided at an outside
surface side of the second substrate in that order from
the side of the second substrate. When an angle be-
tween a direction of a normal line with respect to a dis-
play surface of the liquid crystal display device and a
main viewing direction is from 0 degrees to 20 degrees,
a reflection ratio peak value of light incident upon the
liquid crystal display device and reflected by the reflector
is set so as to occur within a range of angles less than
30 degrees from the normal line direction.
[0030] According to the liquid crystal display device
having such a structure, the amount of light reflected
within the range of angles less than 30 degrees from the
direction of the normal line with respect to the display
surface of the liquid crystal display device becomes
large, so that distribution of the amount of reflected light
in directions close to a viewing point of a viewer be-
comes large. At a practical viewing point, particularly at
angles of 0 to 20 degrees between the normal line di-
rection and the main viewing direction, the liquid crystal
display device can provide a bright display (screen).
[0031] When the structure of the second aspect is
used, the reflection ratio peak value of the light incident
upon the liquid crystal display device and reflected by
the reflector may be set so as to occur within a range of
20 degrees from the normal line direction.
[0032] According to the liquid crystal display device of
the present invention having such a structure, the
amount of light reflected within the range of 20 degrees
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from the direction of the normal line with respect to the
display surface of the liquid crystal display device be-
comes large, so that the distribution of the amount of
reflected light in directions close to the viewing point of
the viewer becomes large, as a result of which an area
where the amount of reflected light is large is widened.
At a practical viewing point, particularly at angles of 0 to
20 degrees between the normal line direction and the
main viewing direction, the liquid crystal display device
can provide a bright display (screen).
[0033] When the structure of the second aspect is
used, the reflector may include a plurality of recesses
with light reflectivity formed in a surface of a base ma-
terial or a metallic film formed on the base material.
Here, each of the recesses is formed so that an inclina-
tion angle (absolute value of an angle between the base
material surface and a tangential plane at any point on
a curvature) at each one of a corresponding side portion
becomes a maximum. The recesses are formed irregu-
larly so as to have depths within a range of from 0.1 µm
to 3 µm. The recesses are irregularly disposed so that
pitches between adjacent recesses are in a range of
from 5 µm to 50 µm.
[0034] When the structure of the first aspect is used,
a thickness of a metallic film when the reflector includes
a base material-and the metallic film having a plurality
of recesses and formed on the base material may be in
a range of from 8 nm to 20 nm. Therefore, the metallic
film becomes thin, so that transmittancy with respect to
light from a backlight disposed below the reflector can
be increased, thereby making it possible to use the liquid
crystal display device as a transflective liquid crystal dis-
play device exhibiting excellent properties when light is
reflected and when light is transmitted. When the reflec-
tor is formed of a base material having a plurality of re-
cesses, the thickness of the base material is made to lie
within the range of from 8 nm to 20 nm, so that the base
material becomes thin, and, thus, the transmittancy with
respect to the light from the backlight disposed below
the reflector can be increased. Therefore, it is possible
to use the liquid crystal display device as a transflective
liquid crystal display device exhibiting excellent proper-
ties when light is reflected and when light is transmitted.
[0035] To achieve the second object, according to a
third aspect of the present invention, there is provided
a portable electronic apparatus including at a display
section thereof the liquid crystal display device having
the structure of the first aspect.
[0036] When such a portable electronic apparatus of
the present invention having such a structure is used, a
portable electronic apparatus, such as a cellular phone
or a notebook-size personal computer, having a display
surface (screen) with excellent visibility in a reflection
mode of operation or in either the reflection mode or a
transmission mode of operation can be provided.
An embodiment of the present invention will now be de-
scribed, by way of example, with reference to the ac-
companying drawings, in which:

Fig. 1 is a partial sectional view of the structure of
a transflective liquid crystal display device of a first
embodiment of the present invention.
Fig. 2 is a perspective view showing in enlarged
form a reflector, formed of an organic film and a me-
tallic reflective film, of the liquid crystal display de-
vice of Fig. 1.
Fig. 3 is a graph showing the relationship between
light-receiving angle and reflection ratio of the liquid
crystal display device of the embodiment and that
of a comparative-example liquid crystal display de-
vice.
Fig. 4 is a partial sectional view of the structure of
a transflective liquid crystal display device of a sec-
ond embodiment of the present invention.
Fig. 5 is a partial sectional view of the structure of
a reflective liquid crystal display device of a third
embodiment of the present invention.
Fig. 6 is a perspective view showing in enlarged
form a reflector of the liquid crystal display device
shown in Fig. 5.
Fig. 7 is a perspective view of one recess formed in
the surface of the reflector shown in Fig. 6.
Fig. 8 is a sectional view showing the recess shown
in Fig. 7.
Fig. 9 is a sectional view of the reflector shown in
Fig. 6.
Fig. 10 is a sectional view showing one recess
formed in the reflector shown in Fig. 6.
Fig. 11 is a graph showing the relationship between
light-receiving angle and reflection ratio of the liquid
crystal display device of the embodiment and that
of a comparative-example liquid crystal display de-
vice.
Fig. 12 is a sectional view schematically showing
the structure of an example of a related transflective
liquid crystal display device.
Fig. 13 is a sectional view of another example of a
related transflective liquid crystal display device.
Fig. 14 illustrates a state in which a transflective liq-
uid crystal display device provided in a cellular
phone is being used.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0037] Hereunder, a description of embodiments of
the present invention will be given with reference to the
relevant drawings. However, the present invention is not
limited to the embodiments described below.

[First Embodiment]

[0038] Fig. 1 is a partial sectional view schematically
illustrating the structure of a transflective liquid crystal
display device of a first embodiment of the present in-
vention including an end portion thereof.
[0039] In Fig. 1, a transflective liquid crystal display

7 8



EP 1 251 390 A2

6

5

10

15

20

25

30

35

40

45

50

55

device 1 of the present invention is constructed by inte-
grally forming a first substrate 10 and a second sub-
strate 20 by bonding them with sealing materials 40 that
are applied in annular shapes to peripheral end portions
of the two substrates 10 and 20. The first substrate 10
and the second substrate 20 are formed of, for example,
pieces of transparent glass that oppose each other so
as to sandwich a liquid crystal layer 30.
[0040] A reflector 7, a color filter 13 for performing a
color display, an overcoat film 14 for covering and pro-
tecting the reflector 7 and for leveling bumpy portions of
the color filter 13, a transparent electrode layer 15 for
driving the liquid crystal layer 30, and an alignment film
16 for controlling the orientation of liquid crystal mole-
cules making up the liquid crystal layer 30 are placed
upon each other in that order at the liquid-crystal-layer-
30 side of the first substrate 10. A transparent electrode
layer 25, an overcoat film 24, and an alignment film 26
are placed upon each other in that order at the liquid-
crystal-layer-30 side of the second substrate 20.
[0041] The first substrate 10 and the second substrate
20 and the component parts disposed between these
substrates 10 and 20 form a liquid crystal cell 35.
[0042] A polarizing plate 18 is provided at a side of
the first substrate 10 opposite to the liquid-crystal-layer-
30 side (that is, at the outside surface side of the first
substrate 10). A retardation plate 27 and a polarizing
plate 28 are placed upon each other in that order at
aside of the second substrate 20 opposite to the liquid-
crystal-layer-30 side (that is, at the outside surface side
of the second substrate 20). The outside surface of the
polarizing plate 28 is a display surface 1a.
[0043] A backlight 5 serving as a light source for per-
forming a transmission display operation in the trans-
flective liquid crystal display device 1 is disposed at the
outer side of the polarizing plate 18 formed on the first
substrate 10.
[0044] In the transflective liquid crystal display device
1, when an angle θ1 between a main viewing direction
α1 and a normal line direction P1 with respect to the dis-
play surface 1a of the liquid crystal display device 1 is
from 0 degrees to 20 degrees, a peak value of a reflec-
tion ratio of light incident upon the liquid crystal cell 35
and reflected by the reflector 7 is set so as to occur within
a range of 30 degrees from the normal line direction P1,
and, preferably, within a range of 20 degrees from the
normal line direction P1.
[0045] The reflector 7 comprises an organic film (base
material) 11 and a metallic reflective film (metallic film)
12 formed on the organic film 11. The organic film 11
provides a bumpy form to the metallic reflective film 12
formed on the organic film 11 in order to efficiently scat-
ter reflected light. By providing a bumpy form to the me-
tallic reflective film 12 in this way, the light incident upon
the liquid crystal display device can be efficiently reflect-
ed, so that a bright display can be realized in a reflection
mode.
[0046] Fig. 2 is a perspective view of the reflector 7

comprising the organic film 11 and the metallic reflective
film 12 formed thereon. As shown in Fig. 2, a plurality of
recesses 12A whose inside surfaces form parts of
spherical surfaces are continuously formed in the sur-
face of the organic film 11 so as to overlap each other
in the horizontal direction. The metallic reflective film 12
is placed upon this recessed surface of the organic film
11.
[0047] The recesses 12A are randomly formed with
depths in a range of from 0.1 µm to 3 µm. The recesses
12A are randomly disposed so that pitches between ad-
jacent recesses 12A lie in a range of from 5 µm to 50
µm. The inclination angles of the inside surfaces of the
recesses 12A are set within a range of from -30 degrees
to +30 degrees.
[0048] That the inclination angle distribution of the in-
side surfaces of the recesses 12A is set within the range
of from -30 degrees to +30 degrees, and that the pitches
between adjacent recesses 12A are set randomly with
respect to all directions in a plane are particularly impor-
tant points. This is because, if the pitches between ad-
jacent recesses 12A are regularly set, the problem of
reflected light becoming colored due to interference
colors of light arises. When the inclination angle distri-
bution of the inside surfaces of the recesses 12A falls
outside the range of from -30 degrees to +30 degrees,
the scattering angle of reflected light becomes too wide,
so that the intensity of the reflected light is reduced, as
a result of which a bright display cannot be obtained (in
air, the scattering angle of reflected light becomes equal
to or greater than 36 degrees, so that a reflection inten-
sity peak inside the liquid crystal display device is de-
creased, thereby increasing total reflection loss). In or-
der to change the reflection property set in the liquid
crystal display device 1 (for example, in order to change
from a reflection property which allows the peak value
of the reflection ratio of reflected light to occur within the
range of 30 degrees from the normal line direction P1 to
a reflection property which allows the peak value of the
reflection ratio of reflected light to occur within the range
of 20 degrees from the normal line direction P1), for ex-
ample, the inclination angle distribution of the inside sur-
faces of the recesses 12A of the reflector 7 of the liquid
crystal display device 1 may be changed. (However, the
inclination angle distribution of the inside surfaces of the
recesses 12A lies within the aforementioned range.)
[0049] When the depths of the recesses 12A become
greater than 3 µm, the top portions of protruding portions
cannot be covered by the planarizing film (overcoat film
14) when the recesses 12A are made level in a post-
processing operation, so that a desired surface level-
ness cannot be obtained, thereby causing an uneven
display.
[0050] When the pitch between adjacent recesses
12A is less than 5 µm, there are restrictions in the trans-
fer-type production method used to form the organic film
11, so that the processing time becomes very long, giv-
ing rise to problems such as not being able to provide a
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shape required to provide a desired reflection property
and production of interference light. When, from a prac-
tical standpoint, a diamond indentor with a diameter of
from 30 µm to 100 µm capable of being used in the
aforementioned transfer-type production method is
used, it is desirable to set the pitch between adjacent
recesses 12A in the range of from 5 µm to 50 µm.
[0051] The organic film (base material) 11 is obtained
in the following way. A photosensitive resin liquid, such
as acrylic resist, is applied to the first substrate 10 by,
for example, spin coating, after which prebaking is car-
ried out to form a photosensitive resin layer. Then, a
transfer-type device having a bumpy surface and flat
surfaces along the peripheral edges of the bumpy por-
tion is pushed against the surface of the photosensitive
resin layer in order to transfer the shape of the bumpy
surface of the transfer-type device onto the surface of
the photosensitive resin layer.
[0052] For the metallic reflective film 12, it is prefera-
ble to use a metallic material having a high reflection
ratio, such as aluminum (Al) or silver (Ag). Any of these
materials can be deposited by a deposition method,
such as sputtering or vacuum deposition.
[0053] It is desirable that the metallic reflective film 12
have a thickness within a range of from 8 nm to 50 nm
(80 Å to 500 Å) due to the following reasons. When the
film thickness is less than 8 nm, the display in the reflec-
tion mode becomes dark because the light reflection ra-
tio of the metallic reflective film 12 is too small. On the
other hand, when the film thickness is greater than 50
nm, the display in a transmission mode becomes dark
because of a reduction in the transmittancy of the me-
tallic reflective film 12.
[0054] It is more desirable that the metallic reflective
film 12 have a thickness within a range of from 8 nm to
30 nm (80 Å to 300 Å). When the thickness of the me-
tallic reflective film 12 falls within this range, the display
during the transmission mode can be made bright, so
that the difference in brightness of the display between
that in the transmission mode and that in the reflection
mode can be reduced. Therefore, it is possible to make
the display easier to view when the transflective liquid
crystal display device 1 by switching between the two
operation modes. It is most desirable for the metallic re-
flective film 12 to have a thickness within a range of from
8 nm to 20 nm (80 Å to 200 Å). When the film thickness
is set within this range, it is possible to maintain the
brightness of the display in the reflection mode and to
realize a display of high brightness in the transmission
mode.
[0055] The electrode layer 15 is formed by disposing
and forming a plurality of transparent electrically con-
ductive films, such as ITO (indium tin oxide) films, that
are planar and have the shapes of strips. In order to
drive the liquid crystal molecules making up the liquid
crystal layer 30 by individually connecting the plurality
of the transparent electrically conductive films to an ex-
ternal drive circuit (not shown), the electrode layer 15 is

formed on the overcoat film 14. Similarly, the electrode
layer 25 is formed by disposing and forming a plurality
of transparent electrically conductive films, such as ITO
(indium tin oxide) films, that are planar and have the
shapes of strips. The transparent electrically conductive
films 25 are individually connected to the external drive
circuit. The electrode layers 15 and 25 are disposed at
right angles in plan view, so that the liquid crystal display
device 1 is a passive matrix type.
[0056] In the transflective liquid crystal display device
1 of the embodiment, by providing the reflector 7 with a
plurality of recesses 12A having the above-described
structure, the peak value of the reflection ratio of light
incident upon the liquid crystal cell 35 and reflected by
the reflector 7 is set so as to occur in the range of 30
degrees from the normal line direction P1. In the reflec-
tion mode, the amount of reflected light within the range
of 30 degrees from the normal line direction P1 with re-
spect to the display surface 1a of the liquid crystal dis-
play device 1 becomes large, so that the distribution of
the amount of reflected light in a direction close to a
viewing point Ob1 of the viewer becomes large. Accord-
ingly, at a practical viewing point, particularly when the
angle θ1 between the main viewing direction α1 and the
normal line direction P1 lies in the range of from 0 to 20
degrees, the liquid crystal display device can provide a
bright display (screen).
[0057] In particular, in the liquid crystal display device
in which the peak value of the reflection ratio of light in-
cident upon the liquid crystal cell 35 and reflected by the
reflector 7 is set so as to occur in the range of 20 degrees
from the normal line direction P1, the amount of light re-
flected within the range of 20 degrees from the normal
line direction P1 with respect to the display surface: 1a
of the liquid crystal display device 1 in the reflection
mode becomes large, so that the distribution of the
amount of reflected light in a direction close to the view-
ing point Ob1 of the viewer becomes large, and an area
where the amount of reflected light is large is widened.
Accordingly, at a practical viewing point, particularly
when the angle θ1 between the main viewing direction
α1 and the normal line direction P1 lies in the range of
from 0 to 20 degrees, the liquid crystal display device
can provide a bright display (screen).
[0058] Even though the metallic reflective film 12 that
is thin is used, the transflective liquid crystal display de-
vice 1 of the embodiment can provide a sufficiently
bright display in the reflection mode. Since the metallic
reflective film 12 is thin, the transflective liquid crystal
display device 1 can provide a display of high brightness
in the transmission mode. This is because the surface
of the organic film 11 has the aforementioned form. More
specifically, when the transmittancy is increased by
making the metallic reflective film 12 thin, the reflection
ratio of the metallic reflective film 12 is reduced. How-
ever, by continuously forming the plurality of recesses
12A whose inside surfaces form parts of spherical sur-
faces in the surface of the organic film 11, the efficiency
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with which light is reflected by the metallic reflective film
12 can be maximally increased, so that a bright display
can be achieved in the transmission mode without great-
ly reducing the brightness of the display in reflection
mode.
[0059] When the metallic reflective film 12 has a thick-
ness of from 8 nm to 20 nm, the liquid crystal display
device 1 of the embodiment can achieve a very bright
display in the transmission mode. This is achieved not
only by increasing the transmittancy by making the me-
tallic reflective film 12 very thin, but also by the added
effect arising from the shape of the surface of the organ-
ic film 11. More specifically, when the inside surfaces of
the recesses 12A formed in the surface of the organic
film 11 are formed into spherical shapes as shown in
Fig. 2, the recesses 12A has the effect of acting as lens-
es with respect to light incident upon the organic film 11
from the substrate 10 side. Since light from the backlight
5 passing through the organic film 11 is intensified, it is
possible to obtain a very bright display.
[0060] Although, in the embodiment, the liquid crystal
display device of the present invention is described as
being used as a passive matrix transflective liquid crys-
tal display device, the present invention is not limited
thereto. The present invention can be applied to an ac-
tive matrix type liquid crystal display device. In this case,
for example, the aforementioned reflector having a plu-
rality of recesses with light reflectivity formed in the sur-
face thereof is provided above or below a pixel electrode
forming pixels.
[0061] Fig. 3 illustrates the relationship between light-
receiving angle (…) and brightness (reflection ratio)
when the display surface 1a of the liquid crystal display
device 1 of the first embodiment without a backlight is
irradiated with outside light at an incidence angle of 30
degrees (that is, an angle made by the optical axis of
the outside light that illuminates the display surface 1a
from a side opposite to the viewing point Ob1 of the view-
er looking at the display from one side of a line perpen-
dicular to the display surface 1a (the normal line)), and
when the viewing direction α (light receiving angle) is
swung up to 60 degrees from the perpendicular line po-
sition (normal line position) of 0 degrees. In Fig. 3, solid
lines a and b show the relationships between the light
receiving angle and the reflection ratio of the liquid crys-
tal display device of the first embodiment. The solid lines
a and b are obtained when the depths and the like of the
recesses 12A of the reflector 7 are varied.
[0062] In Fig. 3, as a comparative example, the rela-
tionship between light-receiving angle and reflection ra-
tio of the related liquid crystal display device shown in
Figs. 12 or 13 that does not use a backlight is indicated
by a broken line c.
[0063] As is clear from Fig. 3, in the liquid crystal dis-
play device of the comparative example, the peak re-
flection ratio value occurs at the specular reflection an-
gle (light-receiving angle of 30 degrees). When the light-
receiving angle becomes less than 20 degrees, the re-

flection ratio is greatly reduced. Therefore, although the
display appears bright when viewed from the specular
reflection direction, the display appears dark when
viewed from other directions.
[0064] In contrast, in the liquid crystal display device
of the first embodiment having the property represented
by the solid line a, a particularly high reflection ratio peak
value area centered on the light-receiving angle of 30
degrees exists. In addition, the reflection ratio peak val-
ue exits within the range of 20 degrees from the normal
line direction (light-receiving angle of 0 degrees). There-
fore, compared to the comparative example, the reflec-
tion ratio is higher in the light-receiving angles of from 0
to 20 degrees. Consequently, when the viewer looks at
the display from a direction close to the normal line di-
rection, the display appears brighter than in the compar-
ative example. In the liquid crystal display device of the
first embodiment having the property represented by the
solid line b, a particularly high reflection ratio peak value
area centered on the light-receiving angle of 30 degrees
exists. In addition, the reflection ratio peak value exits
within the range of 10 degrees from the normal line di-
rection (light-receiving angle of 0 degrees). Therefore,
compared to the comparative example, the reflection ra-
tio is higher in the light-receiving angles of from 0 to 10
degrees. Consequently, when the viewer looks at the
display from a direction close to the normal line direc-
tion, the display appears brighter than in the compara-
tive example.
[0065] For this reason, when the liquid crystal display
device of the embodiment having any of the above-de-
scribed structures is incorporated in a display section of
a portable electronic apparatus, such as a cellular
phone or a notebook-size personal computer, the visi-
bility is, in particular, good.

[Second Embodiment]

[0066] The liquid crystal display device of the first em-
bodiment is described as being an internal attachment
type in which the reflector 7 for reflecting outside light
incident thereupon is incorporated between the sub-
strates 10 and 20. A liquid crystal display device of a
second embodiment is an external attachment type in
which a reflector is provided outwardly of two substrates
that sandwich a liquid crystal layer. The liquid crystal dis-
play device of the second embodiment will be described
below with reference to Fig. 4. Component parts similar
to those used in the first embodiment are given the same
reference numerals and descriptions thereof will be sim-
plified.
[0067] Fig. 4 is a partial sectional view showing the
structure of a transflective liquid crystal display device
2 of the second embodiment of the present invention.
[0068] The transflective liquid crystal display device 2
of the second embodiment differs from the transflective
liquid crystal display device 1 of the first embodiment in
that an overcoat film 14, a color filter 13, and a reflector

13 14



EP 1 251 390 A2

9

5

10

15

20

25

30

35

40

45

50

55

7 are not provided between a first substrate 10 and an
electrode 15 and in that a reflector 7 similar to that de-
scribed in the first embodiment is provided between the
first substrate 10 and a backlight 5.
[0069] The first substrate 10 and a second substrate
20 and component parts that are provided between the
first and second substrates 10 and 20 form a liquid crys-
tal cell 35a.
[0070] In the transflective liquid crystal display device
2 of the second embodiment, when, as in the first em-
bodiment, an angle θ1 between a main viewing direction
α1 and a normal line direction P1 with respect to a dis-
play surface 1a of the liquid crystal display device 2 is
from 0 degrees to 20 degrees, a peak value of a reflec-
tion ratio of light incident upon the reflector 7 by entering
the liquid crystal cell 35a and reflected by the reflector
7 is set so as to occur within a range of 30 degrees from
the normal line direction P1, and, preferably, within a
range of 20 degrees from the normal line direction P1.
[0071] A color filter film (not shown) may be formed
between the first substrate 10 and the electrode 15 by,
for example, printing in order to make it possible for the
liquid crystal display device 2 to provide a color display.
[0072] In the transflective liquid crystal display device
2 of the embodiment, by providing the reflector 7 with a
plurality of recesses 12A having the above-described
structure, the peak value of the reflection ratio of light
incident upon the reflector 7 by entering the liquid crystal
cell 35a and reflected by the reflector 7 is set so as to
occur in the range of 30 degrees from the normal line
direction P1. In a reflection mode, the amount of reflect-
ed light within the range of 30 degrees from the normal
line direction P1 with respect to the display surface 1a
of the liquid crystal display device 2 becomes large, so
that the distribution of the amount of reflected light in a
direction close to a viewing point Ob1 of a viewer be-
comes large. Accordingly, from a practical viewing point,
particularly when the angle θ1 between the main viewing
direction α1 and the normal line direction P1 lies in a
range of from 0 to 20 degrees, the liquid crystal display
device can provide a bright display (screen).
[0073] In particular, in the liquid crystal display device
in which the peak value of the reflection ratio of light in-
cident upon the reflector 7 by passing through the liquid
crystal cell 35a and reflected by the reflector 7 is set so
as to occur in the range of 20 degrees from the normal
line direction P1, the amount of light reflected within the
range of 20 degrees from the normal line direction P1
with respect to the display surface 1a of the liquid crystal
display device 2 in the reflection mode becomes large,
so that the distribution of the amount of reflected light in
a direction close to the viewing point Ob1 of the viewer
becomes large. In addition, an area where the amount
of reflected light is large is widened. Accordingly, at a
practical viewing point, particularly when the angle θ1
between the main viewing direction α1 and the normal
line direction P1 lies in the range of from 0 to 20 degrees,
the liquid crystal display device can provide a bright dis-

play (screen).
[0074] The reflector 7 used in the second embodiment
can be disposed outwardly of the substrates 10 and 20
that form the liquid crystal cell 35a, so that, if the liquid
crystal display device is a transmissive liquid crystal dis-
play device, the reflector 7 can be mounted without cre-
ating any problems. Therefore, it is possible to form a
transflective liquid crystal display device which can pro-
vide a bright display in either the reflection mode or the
transmission mode.
[0075] The transflective liquid crystal display device
of the second embodiment is described as being a pas-
sive matrix type transflective liquid crystal display de-
vice. However, the present invention may be applied to
a three-terminal (TFT: thin-film transistor) active matrix
or two terminal active matrix type liquid crystal display
devices without creating any problems.
[0076] The transflective liquid crystal display devices
of the first and second embodiments are described as
including the polarizing plates 18 provided at the outer
sides of their corresponding first substrates 10. Howev-
er, they do not need to include the polarizing plates 18
provided at the outer sides of their corresponding first
substrates 10. In that case, the optical condition of each
component part making up the liquid crystal display de-
vices of the first and second embodiment is adjusted so
that good display characteristics are obtained.
[0077] The liquid crystal display devices of the first
and second embodiments of the present invention are
described as being used as transflective liquid crystal
display devices. However, they may be used as reflec-
tive liquid crystal display devices, in which case the cor-
responding backlights 5 do not need to be provided, and
the metallic reflective films 12 may be thinner than 50
nm.

(Third Embodiment)

[0078] Fig. 5 is a partial sectional view schematically
showing the structure of a reflective liquid crystal display
device of a third embodiment of the present invention.
[0079] In Fig. 5, a reflective liquid crystal display de-
vice 3 is constructed by integrally forming a first sub-
strate 10 and a second substrate 20 by bonding them
with sealing materials that are applied in annular shapes
to peripheral end portions of the two substrates 10 and
20. The first substrate 10 and the second substrate 20
are formed of, for example, pieces of transparent glass
that oppose each other so as to sandwich a liquid crystal
layer 30.
[0080] A reflector 47, a transparent interstitial layer
53, a color filter 13 for performing a color display, an
overcoat film (transparent planarizing layer) 14 for lev-
eling bumpy portions of the color filter 13, a transparent
electrode layer 15 for driving the liquid crystal layer 30,
and an alignment film 16 for controlling the orientation
of liquid crystal molecules making up the liquid crystal
layer 30 are placed upon each other in that order at the
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liquid-crystal-layer-30 side of the first substrate 10. A
transparent electrode layer 25, an overcoat layer 24,
and an alignment film 26 are placed upon each other in
that order at the liquid-crystal-layer-30 side of the sec-
ond substrate 20.
[0081] The first substrate 10 and the second substrate
20 and the component parts disposed between these
substrates 10 and 20 form a liquid crystal cell 35b.
[0082] A polarizing plate 18 is provided at a side of
the first substrate 10 opposite to the liquid-crystal-layer-
30 side (that is, at the outside surface side of the first
substrate 10). A retardation plate 27 and a polarizing
plate 28 are placed upon each other in that order at a
side of the second substrate 20 opposite to the liquid-
crystal-layer-30 side (that is, at the outside surface side
of the second substrate 20). The outside surface of the
polarizing plate 28 is a display surface 1a.
[0083] In the transflective liquid crystal display device
3, when an angle θ1 between a main viewing direction
α1 and a normal line direction P1 with respect to the dis-
play surface 1a of the liquid crystal display device 3 is
from 0 degrees to 20 degrees, a peak value of a reflec-
tion ratio of light incident upon the liquid crystal cell 35b
and reflected by the reflector 47 is set so as to occur
within a range of angles less than 30 degrees from the
normal line direction P1, and, more desirably, within a
range of 20 degrees from the normal line direction P1.
[0084] The reflector 47 of the reflective liquid crystal
display device 3 has a plurality of recesses 63a, 63b,
63c, etc. (generally referred to as recesses 63) with light
reflectivity formed adjacent each other in an irregular
manner in a surface (reference surface H) of a planar
base material 61, such as aluminum, as shown in Fig. 6.
[0085] As shown in Fig. 7 (perspective view) and Fig.
8 (sectional view), these recesses 63 have recessed
surfaces that are circular in plan view. Each recessed
surface is a spoon-shaped aspherical surface whose
vertex represented by D in Fig. 8 is displaced in one di-
rection (Y direction) from a center O of a corresponding
circular shape in plan view, and is formed so that an in-
clination angle δ (absolute value of an angle between
the base material surface H and a tangential plane P at
any point on the curvature) at one side portion A is a
maximum, that is, becomes a maximum inclination an-
gle δmax. An inclination angle δb at a side portion B op-
posite to the side portion A with the center O disposed
between the side portions A and B is smaller than the
inclination angle (maximum inclination angle δmax) at the
side portion A. In the reflector 47 used in the embodi-
ment, the maximum inclination angles δmax of the re-
cesses 63a, 63b, 63c, etc., differ irregularly so as to
have values within a range of from 2 degrees to 90 de-
grees. However, the maximum inclination angles δmax
of many of the recesses 63 differ irregularly so as to
have values within a range of from 4 degrees to 35 de-
grees.
[0086] The recessed surface of each recess 63 has a
single minimum point D (that is, a point on the curved

surface where its inclination angle is zero). The distance
between the minimum point D and the reference surface
H of the base material of each recess 63 forms a depth
d of each recess 63. The depths d of the recesses 63a,
63b, 63c, etc., differ irregularly so as to have values with-
in a range of from 0.1 µm to 3 µm.
[0087] In the embodiment, as shown in Fig. 9, the re-
cesses 63a, 63b, 63c, etc., are formed so that their side
portions A including the maximum inclination angles
δmax of the corresponding recessed surfaces are
aligned in direction Y far away from a viewing point Ob1
of the viewer.
[0088] In general, outside light is incident upon the re-
cesses 63 from various directions and is reflected in var-
ious directions in accordance with the inclination angles
at the incidence points on the curved surfaces of the cor-
responding recesses 63. Therefore, reflected light is as
a whole scattered within a wide viewing angle range.
However, as shown in Fig. 10, when outside light inci-
dent from, for example, an Oa direction is viewed and
the direction of reflection is followed, a large portion of
the reflected light tends to be slanted and gathered in a
direction opposite to a side portion A including the cor-
responding maximum angle δmax, that is, within range
W (a clear viewing range), shown in Fig. 10, at the view-
er side.
[0089] Therefore, when the viewing point Ob1 of the
viewer is placed within the clear viewing range W, the
display appears brighter than when the display is viewed
from other directions. In other words, the viewing point
Ob1 of the viewer is usually concentrated in a direction
close to the normal line direction P1 of the display sur-
face 1a, more specifically, in a direction within the range
of 20 degrees from the normal line direction P1, so that,
when the display device is designed so that a large por-
tion of light is gathered within this range, and, when the
viewer looks at the display surface 1a of the liquid crystal
display device from a direction close to the normal line
direction P1 with respect to the display surface 1a of the
liquid crystal display device, the display appears bright-
er than when the display is viewed from other directions.
[0090] The widening and direction of the clear viewing
range W can be controlled by adjusting the shapes and
direction of arrangement of the recesses 63.
[0091] Since the recesses 63 of the reflector 47 used
in the embodiment are formed with aspherical surfaces
having a single minimum point, changes in the reflection
angle of light is smooth, so that the reflected light does
not appear too bright at a particular viewing angle.
[0092] The range of the maximum inclination angles
δmax of the recesses 63a, 63b, 63c, etc., is from 2 de-
grees to 90 degrees. However, the range is often from
4 degrees to 35 degrees. Therefore, light incident upon
the entire surface of each recess 63 is scattered within
a wide range not causing excessive scattering, so that
the field of view as a whole appears bright. When a large
amount of light is slanted and reflected within a particu-
lar viewing angle (that is, in a direction within the range
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of angles less than 30 degrees from the normal line di-
rection P1, in particular, in a direction within the range
of 20 degrees from the normal line direction P1), and
when the display is viewed within the viewing angle (that
is, when the display is viewed from a practical viewing
point, in particular, when it is viewed when the angle be-
tween the normal line direction and the main viewing di-
rection is from 0 degrees to 20 degrees), the display ap-
pears particularly bright.
[0093] Since the depth of each recess 63 is set irreg-
ularly so as to fall within the range of from 0.1 µm to 3
µm, and the recesses 63 are disposed irregularly adja-
cent each other, moiré patterns are not produced when
they are formed in the reflective liquid crystal display de-
vice, and the peak value of the amount of reflected light
is occurs within a larger range of viewing angles, so that
changes in the amount of reflected light within the field
of view becomes smooth.
[0094] The reflector 47 is mounted so that the direc-
tion of the side portions A including the maximum incli-
nation angles of the corresponding recesses 63a, 63b,
63c, etc., are at the far side (Y direction) from the viewing
point Ob1.
[0095] The transparent electrode layers 15 and 25,
which sandwich the liquid crystal layer 30, are formed
of stripe-shaped portions that are perpendicular to each
other in order to form a simple matrix liquid crystal de-
vice in which areas where intersection points of the
stripe-shaped portions are disposed form pixels.
[0096] In the reflective liquid crystal display device 3
of the embodiment, when outside light is incident upon
the display surface 1a, the incident light enters the inside
of the liquid crystal panel 35b and passes through each
layer thereof to reach the surface of the reflector 47. By
the curved surfaces of the recesses 63a, 63b, 63c, etc.,
of the reflector 47, the incident light is reflected at a wide
angle, passes through each of the layers again, and ex-
its from the display surface 1a. Since the exiting light is
scattered within a wide viewing angle range, the display
surface la can be viewed from a wide viewing angle with-
out the light source appearing on the display surface 1a.
However, when the viewer looks at the display surface
1a from the direction of the viewing point Ob1 that is op-
posite to the orientation direction Y, in particular, when
the viewer looks at the display surface 1a when the an-
gle between the normal line direction P1 and the main
viewing direction α1 is from 0 degrees to 20 degrees,
the brightness of the screen becomes a maximum.
[0097] In the reflective liquid crystal display device 3
of the embodiment, by providing the reflector 47 with a
plurality of recesses 63 having the above-described
structure, the peak value of the reflection ratio of light
incident upon the liquid crystal cell 35b and reflected by
the reflector 47 is set so as to occur within the range of
angles less than 30 degrees from the normal line direc-
tion P1. In the reflection mode, the amount of reflected
light within the range of angles less than 30 degrees
from the normal line direction P1 with respect to the dis-

play surface 1a of the liquid crystal display device 3 be-
comes large, so that the distribution of the amount of
reflected light in a direction close to the viewing point
Ob1 of the viewer becomes large. Accordingly, at a prac-
tical viewing point, particularly when the angle θ1 be-
tween the main viewing direction α1 and the normal line
direction P1 lies in the range of from 0 to 20 degrees,
the liquid crystal display device can provide a bright dis-
play (screen).
[0098] In particular, in the liquid crystal display device
in which the peak value of the reflection ratio of light in-
cident upon the liquid crystal cell 35b and reflected by
the reflector 47 is set so as to occur in the range of 20
degrees from the normal line direction P1, the amount
of light reflected within the range of 20 degrees from the
normal line direction P1 with respect to the display sur-
face 1a of the liquid crystal display device 3 in the re-
flection mode becomes large, so that the distribution of
the amount of reflected light in a direction close to the
viewing point Ob1 of the viewer becomes large. In addi-
tion, an area where the amount of reflected light is large
is widened. Accordingly, at a practical viewing point, par-
ticularly when the angle θ1 between the main viewing
direction α1 and the normal line direction P1 lies in the
range of from 0 to 20 degrees, the liquid crystal display
device can provide a bright display (screen).
[0099] In the reflective liquid crystal display device 3
shown in Fig. 5, the reflector 47 is formed as a layer that
is separate from the electrode layer 15. When the elec-
trode layer 15 is formed by the reflector 47 and at the
location where the reflector 47 is disposed in Fig. 5, the
transparent electrode layer 15 can function as a reflec-
tor, thereby simplifying the layered structure of the re-
flective liquid crystal display device 3.
[0100] Although the liquid crystal display device of the
third embodiment is described as being an internal at-
tachment type in which the reflector 47 for reflecting out-
side light incident thereupon is incorporated between
the substrates 10 and 20, it may be an external. attach-
ment type in which a reflector is provided outwardly of
two substrates that sandwich a liquid crystal layer.
[0101] Although the liquid crystal display device of the
third embodiment of the present invention is described
as being a reflective liquid crystal display device, it may
be a transflective liquid crystal display device. In that
case, the thickness of the reflector 47 is in the range of
from 8 nm to 50 nm (80 Å to 500 Å), desirably in the
range of from 8 nm to 30 nm (80 Å to 300 Å), and more
desirably in the range of from 8 nm to 20 nm (80 Å to
200 Å). In addition, a backlight is provided at the outside
surface side of the first substrate 10.
[0102] Although the display device of the third embod-
iment is described as being a simple matrix reflective
liquid crystal display device, it may be, for example, an
active matrix liquid crystal display device using a thin-
film transistor or a thin-film diode, or a segment liquid
crystal display device. These types of liquid crystal dis-
play devices are included in the present invention.
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[0103] Although, in the first to third embodiments, one
retardation plate is provided between the second sub-
strate 20 and the polarizing plate 28, a plurality of retar-
dation plates may be provided.
[0104] Fig. 11 illustrates the relationship between
lightreceiving angle (…) and brightness (reflection ratio)
when the display surface 1a of the reflective liquid crys-
tal display device 3 of the third embodiment is irradiated
with outside light at an incidence angle of 30 degrees
(that is, an angle made by the optical axis of the outside
light that illuminates the display surface 1a from a side
opposite to the viewing point Ob1 of the viewer viewing
the display from one side of a line perpendicular to the
display surface 1a (normal line)), and when the viewing
direction α (light receiving angle) is swung up to 60 de-
grees from the perpendicular line position (normal line
position) of 0 degrees. In Fig. 11, solid lines d and e show
the relationships between the light receiving angle and
the reflection ratio of the reflective liquid crystal display
device of the third embodiment. The solid lines d and e
are obtained when shapes, arrangement direction, and
the like of the recesses 63 of the reflector 47 are varied.
[0105] In Fig. 11, as a comparative example, the re-
lationship between the light-receiving angle and the re-
flection ratio of the related liquid crystal display device
shown in Figs. 12 or 13 that does not use a backlight is
indicated by a broken line c.
[0106] As is clear from Fig. 11, in the liquid crystal dis-
play device of the comparative example, the peak re-
flection ratio value occurs at the specular reflection an-
gle (light-receiving angle of 30 degrees). When the light-
receiving angle becomes less than 20 degrees, the re-
flection ratio is greatly reduced. Therefore, although the
display appears bright when viewed from the specular
reflection direction, the display appears dark when
viewed from other directions.
[0107] In contrast, in the liquid crystal display device
of the third embodiment having the property represent-
ed by the solid line d, the reflection ratio peak value exits
within the range of angles less than 30 degrees from the
normal line direction (light-receiving angle of 0 degrees),
and a particularly high reflection ratio peak value area
centered on the light-receiving angle of approximately
25 degrees exists. Therefore, compared to the compar-
ative example, the reflection ratio is higher in the light-
receiving angles of from 0 to 30 degrees. Consequently,
when the viewer looks at the display from a direction
close to the normal line direction, the display appears
brighter than in the comparative example. In the liquid
crystal display device of the third embodiment having
the property represented by the solid line e, the reflec-
tion ratio peak value exists within the range of 20 de-
grees from the normal line direction (light-receiving an-
gle of 0 degrees), and a particularly high reflection ratio
peak value area centered on the light-receiving angle of
approximately 15 degrees exists. Therefore, compared
to the comparative example, the reflection ratio is higher
in the light-receiving angles of from 0 to 22 degrees.

Consequently, when the viewer looks at the display from
a direction close to the normal line direction, the display
appears brighter than in the comparative example.
[0108] For this reason, when the liquid crystal display
device of the embodiment having any of the above-de-
scribed structures is incorporated in a display section of
a portable electronic apparatus, such as a cellular
phone or a notebook-size personal computer, the visi-
bility is, in particular, good.
[0109] As described in detail above, according to any
one of the above-described liquid crystal display devic-
es of the present invention, in the case where the angle
between the main viewing direction and the direction of
the normal line with respect to the display surface of the
liquid crystal display device is from 0 degrees to 20 de-
grees, when the reflection ratio peak value of light inci-
dent upon the liquid crystal display device and reflected
by the reflector is set so as to occur within the range of
30 degrees from the normal line direction, desirably,
within the range of 20 degrees from the normal line di-
rection, the liquid crystal display device has a viewing
angle property that causes the display to appear brighter
when the viewer views the display from a direction close
to the direction of the normal line with respect to the dis-
play surface of the liquid crystal display device than
when the viewer views it from other viewing angle direc-
tions.
[0110] According to any one of the above-described
liquid crystal display devices of the present invention, in
the case where the angle between the main viewing di-
rection and the direction of the normal line with respect
to the display surface of the liquid crystal display device
is from 0 degrees to 20 degrees, when the reflection ra-
tio peak value of light incident upon the liquid crystal dis-
play device and reflected by the reflector is set so as to
occur within the range of angles less than 30 degrees
from the normal line direction, desirably, within the range
of 20 degrees from the normal line direction, the liquid
crystal display device has a viewing angle property that
causes the display to appear brighter when the viewer
looks at the display from a direction close to the direction
of the normal line with respect to the display surface of
the liquid crystal display device than when the viewer
looks at it from other viewing angle directions.
[0111] According to a portable electronic device of the
present invention, a liquid crystal display device of the
present invention having any one of the above-de-
scribed structures is provided at its display section.
Therefore, a portable electronic apparatus, such as a
cellular phone or a notebook-size personal computer,
including a display surface (screen) having excellent
visibility in the reflection mode or in either the reflection
mode or the transmission mode of operation can be pro-
vided.
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Claims

1. A liquid crystal display device including a reflector
disposed at an outside surface side of a first trans-
parent substrate of a liquid crystal cell or between
the first transparent substrate and an electrode dis-
posed at an inside surface side of the first substrate,
in which the liquid crystal cell is formed by providing
the electrode and an alignment film at the inside sur-
face side of the first transparent substrate in that
order from a side of the first transparent substrate
and by providing an electrode and an alignment lay-
er at an inside surface side of a second substrate
in that order from a side of the second substrate,
with the first substrate and the second substrate op-
posing each other so as to sandwich a liquid crystal
layer;

wherein a retardation plate and a polarizing
plate are provided at an outside surface side of the
second substrate in that order from the side of the
second substrate; and

wherein, when an angle between a direction
of a normal line with respect to a display surface of
the liquid crystal display device and a main viewing
direction is from 0 degrees to 20 degrees, a reflec-
tion ratio peak value of light incident upon the liquid
crystal display device and reflected by the reflector
is set so as to occur within a range of 30 degrees
from the normal line direction.

2. A liquid crystal display device according to Claim 1,
wherein the reflection ratio peak value of the light
incident upon the liquid crystal display device and
reflected by the reflector is set so as to occur within
a range of 20 degrees from the normal line direction.

3. A liquid crystal display device according to Claim 1,
wherein the reflector includes a plurality of recesses
with light reflectivity formed in a surface of a base
material or a metallic film formed on the base ma-
terial, the recesses having inside surfaces which
form parts of spherical surfaces and an inclination
angle distribution in a range of from -30 degrees to
+30 degrees, the recesses being formed irregularly
so as to have depths within a range of from 0.1 µm
to 3 µm, and the recesses being disposed irregular-
ly so that pitches between adjacent recesses are in
a range of from 5 µm to 50 µm.

4. A liquid crystal display device including a reflector
disposed at an outside surface side of a first sub-
strate of a liquid crystal cell or between the first sub-
strate and an electrode disposed at an inside sur-
face side of the first substrate, in which the liquid
crystal cell is formed by providing the electrode and
an alignment film at the inside surface side of the
first substrate in that order from a side of the first
substrate and by providing an electrode and an

alignment layer at an inside surface side of a sec-
ond substrate in that order from a side of the second
substrate, with the first substrate and the second
substrate opposing each other so as to sandwich a
liquid crystal layer;

wherein a retardation plate and a polarizing
plate are. provided at an outside surface side of the
second substrate in that order from the side of the
second substrate; and

wherein, when an angle between a direction
of a normal line with respect to a display surface of
the liquid crystal display device and a main viewing
direction is from 0 degrees to 20 degrees, a reflec-
tion ratio peak value of light incident upon the liquid
crystal display device and reflected by the reflector
is set so as to occur within a range of angles less
than 30 degrees from the normal line direction.

5. A liquid crystal display device according to Claim 4,
wherein the reflection ratio peak value of the light
incident upon the liquid crystal display device and
reflected by the reflector is set so as to occur within
a range of 20 degrees from the normal line direction.

6. A liquid crystal display device according to Claim 4,
wherein the reflector includes a plurality of recesses
with light reflectivity formed in a surface of a base
material or a metallic film formed on the base ma-
terial, each of the recesses being formed so that an
inclination angle (absolute value of an angle be-
tween the base material surface and a tangential
plane at any point on a curvature) at each one of a
corresponding side portion becomes a maximum,
the recesses being formed irregularly so as to have
depths within a range of from 0.1 µm to 3 µm, and
the recesses being disposed irregularly so that
pitches between adjacent recesses are in a range
of from 5 µm to 50 µm.

7. A liquid crystal display device according to Claim 1,
wherein a thickness of the base material or the me-
tallic film of the reflector is in a range of from 8 nm
to 20 nm.

8. A portable electronic apparatus including the liquid
crystal display device of Claim 1 at a display section
thereof.
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