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7) ABSTRACT

Between a substrate (10) comprising reflective display elec-
trodes (50) each including a flat portion (FL), a slope portion
(SL), and a base portion (BA), and TFTs, and an opposing
substrate (30) on which a color filter (31) and an opposing
electrode (34) is accumulated, and on the side of a viewer
(101), a light diffuser layer (43) having the haze value of
33%, a retardation film (44), and a polarization film (45) are
provided, liquid crystal (21) is disposed. The angle of
inclination (angle of elevation) of the slope portion (SL)
with regard to the base portion (BA) is greater than 0° and
8° or less. With this structure, it is possible to provide a

reflective LCD capable of achieving increased luminance in
each display pixel and of providing bright display over a

(52) U.S. CL e eens 349/113 wide range of viewing angles.
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REFLECTIVE LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a reflective liquid
crystal display (LCD) having a light diffuser.

[0003] 2. Description of Related Art

[0004] Reflective LCDs, in which incident light from the
viewer’s direction is reflected for display, have been pro-
posed. FIG. 1 is a cross sectional view of such a reflective
LCD.

[0005] The reflective LCD shown in FIG. 1 comprises
thin film transistors (hereinafter referred to as “TFTs”),
which function as switching elements, on an insulating

substrate 10 composed of a quartz glass, non-alkali glass or
the like.

[0006] More specifically, on the insulating substrate (TFT
substrate) 10, gate electrodes 11 comprising a refractory
metal such as chromium (Cr) or molybdenum (Mo), a gate
insulating film 12, and an active layer 13 comprising a
polycrystalline silicon film are sequentially formed in that
order.

[0007] In the active layer 13, channels 13c are formed at
positions directly above the respective gate electrodes 11,
and a source 13s and a drain 134 are formed at outer sides
of the channels 13¢ by ion doping using stopper insulating
films 14 above the respective channels 13c¢ as a mask.

[0008] An interlayer insulating film 15, formed by accu-
mulating an Si0,, film, an SiN film and an SiO, in that order,
is disposed over the entire surface covering the gate insu-
lating film 12, the active layer 13 and the stopper insulating
films 14. Then, a metal such as aluminum is used to fill a
contact hole located corresponding to the drain 134, thereby
forming a drain electrode 16. A planarization insulating film
17 composed of an organic resin or the like is further
disposed so as to cover the entire films located below for
surface planarization. Another contact hole is formed in the
planarization insulating film 17 at a position corresponding
to the source 13s, and a reflective display electrode 19
composed of Al is formed on the planarization insulating
film 17. The reflective display electrode 19 contacts with the
source 13s via this contact hole and also serves as a source
electrode 18. Then, an alignment film 20 composed of an
organic resin such as polyimide for performing alignment of
liquid crystal 21 is disposed on the reflective display elec-
trode 19.

[0009] On an opposing electrode substrate 30 composed of
an insulating substrate which faces the TFT substrate 10, at
the side of the TFT substrate 10, a color filter 31 comprising
red (R), green (G), and blue (B) filters and black matrixes 32
having light shielding function, a protecting film 33 com-
posed of a resin, an opposing electrode 34, and an alignment
film 35 are sequentially formed in that order. Further, on the
other side of the opposing electrode substrate 30, a retarda-
tion film 44 and a polarization film 45 are disposed. The
opposing electrode substrate 30 and the TFT substrate 10 are
adhered to each other at the periphery using a sealing
adhesive (not shown) to sandwich twisted nematic (TN)
liquid crystal 21 in the gap formed therebetween.
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[0010] The path light travels when the above-described
reflective LCD is viewed will next be described.

[0011] Referring to FIG. 1, as indicated by the dotted line
with an arrow, natural light 100 enters the device from the
polarization film 45 provided at the side of an viewer 101,
transmits sequentially through the retardation film 44, the
opposing electrode substrate 30, the color filter 31, the
protecting film 33, the opposing electrode 34, the alignment
film 35, the TN liquid crystal 21, and the alignment film 20
on the TFT substrate 10, and is then reflected by the
reflective display electrode 19. The reflected light then
passes through these layers in the reverse order and direc-
tion, and is emitted out of the device from the polarization
film 45 disposed on the opposing electrode substrate 30 to
reach the eyes of the viewer 101.

[0012] Referring now to FIGS. 2A and 2B, the luminance
measurements of reflective light in a reflective LCD will be
described.

[0013] FIG. 2A depicts a method for measuring lumi-
nance of a surface of a reflective LCD and FIG. 2B shows
the measurement results.

[0014] As shown in FIG. 2A, a reflective LCD panel
comprising a TFT substrate 10 and an opposing electrode
substrate 30 is disposed with the display surface located
above. Light entering the display panel is made to do so at
a predetermined angle of inclination 8in with respect to the
normal direction of the display surface. This incident light
105 is reflected by a reflective display electrode. A light
intensity detector 106 measures the reflected light emitted
from the display panel at predetermined emission angles.
More specifically, the light intensity detector 106 is moved
to a position having an angle of Bout with respect to the
normal line (indicated by dotted line) of the LCD panel of
FIG. 2A to detect the reflected light at the angle Bout for
intensity measurements.

[0015] The measurement results are shown in FIG. 2B by
dotted lines. In FIG. 2B, the horizontal axis indicates a
detection angle of reflected light and the wvertical axis
indicates the intensity of reflected light at respective detec-
tion angles.

[0016] However, as indicated by the dotted lines in FIG.
2B, a reflective LCD of the type described above is disad-
vantageous in that high intensity light is only reflected at
certain detection angles, such that over a wide range of the
display panel, bright display cannot be achieved.

[0017] In order to overcome this disadvantage, providing
a light diffuser between the protecting film 33 and the
opposing electrode 34 on the opposing electrode substrate
30 has been considered.

[0018] The relationship between the emission angle and
the intensity of reflected light when the light diffuser is
provided is also shown in FIG. 2B by a solid line. As shown,
compared with the results shown by the dotted line, light
with intensity can be obtained over a wider variety of angles,
in other words, over a wider range, and bright display can be
achieved when the light diffuser is provided.

[0019] However, at an angular range of 01 in FIG. 2B, the
intensity of reflected light becomes low, and brightness of
the display changes abruptly. This causes non-uniformity of
brightness when the viewer changes the viewing angle from
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the normal direction to the horizontal direction. Thus, these
proposed reflective LCDs still can not overcome the disad-
vantage that brightness of display is not uniform and
depends on the viewing angle.

SUMMARY OF THE INVENTION

[0020] The present invention was made in view of the
foregoing disadvantages of the related art, and aims to
provide a reflective liquid crystal display (LCD) capable of
achieving uniformly bright display with increased lumi-
nance for each display pixel.

[0021] In accordance with one aspect of the present inven-
tion, there is provided a reflective liquid crystal display
device, comprising liquid crystal provided in a gap between
first and second substrates disposed facing each other, and
electrodes for driving the liquid crystal each provided on the
first and second substrates at the side opposing the liquid
crystal, wherein, of said electrodes, an electrode formed on
one of said first and second substrates is a reflective display
electrode composed of a conductive reflective material, said
reflective display electrode includes, at least on a surface
opposing the liquid crystal, a concave portion depressed
toward said first substrate in each pixel region, and said
concave portion includes a base portion and a slope portion
inclined toward said base portion.

[0022] In accordance with another aspect of the present
invention, in the above reflective liquid crystal display
device, said reflective display electrode is formed on an
insulating film having a portion concave toward said first
substrate.

[0023] In accordance with still another aspect of the
present invention, in the above reflective liquid crystal
display device, said reflective display electrode is formed on
an insulating film having a portion concave toward said first
substrate, over a switching element formed for each pixel.

[0024] In accordance with further aspect of the present
invention, in the above reflective liquid crystal display
device, said first or second substrate is provided with a light
diffuser.

[0025] In accordance with yet another aspect of the
present invention, in the above reflective liquid crystal
display device, the extent of diffusion of said light diffuser
has the haze value of between 19% and 70%.

[0026] In accordance with further aspect of the present
invention, in the above reflective liquid crystal display
device, the angle of elevation of said slope portion with
respect to said base portion is greater than 0° and 8° or less.

[0027] As described above, in each pixel region, the
reflective display electrode includes the slope portion in
addition to the flat base portion, to thereby provide surfaces
oriented at different angles with respect to the incident light.
It is therefore possible to reflect the incident light in an
effective range without loss to thereby achieve bright display
with high contrast. For example, by setting the angle of
elevation of the slope portion as described above, the
incident light can be reflected within a very effective range
of emission angle.

[0028] Further, by providing the light diffuser, the light
which is effectively reflected by the above-mentioned reflec-
tive display electrode can be uniformly emitted toward the
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viewer. In addition, when a light diffuser with optimal
characteristics according to the size of the display, for
example, is employed, a bright image free from display
non-uniformity (luminance non-uniformity) can be obtained
in various display devices of different screen sizes.

[0029] As described above, according to the present
invention, it is possible to provide a reflective LCD capable
of achieving increased luminance in each display pixel and
of providing bright display over a wide range of viewing
angles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] These and other objects of the invention will be
explained in the description below, in connection with the
accompanying drawings, in which:

[0031] FIG. 1 is a cross sectional view of a related art
reflective LCD;
[0032] FIGS. 2A and 2B show a measurement method of

reflected light in a reflective LCD and characteristics of
reflected light in a display device such as that shown in FIG.
1;

[0033] FIG. 3 is a cross sectional view of a reflective LCD
according to an embodiment of the present invention;

[0034] FIG. 4 is an enlarged view of a reflective display
electrode of the reflective LCD according to the present
invention;

[0035] FIG. 5 is a plan view of the reflective LCD on the
TET substrate side according to the present invention;

[0036] FIGS. 6A, 6B, 6C, 6D, and 6E are views showing
manufacturing processes of the reflective LCD according to
the present invention;

[0037] FIG. 7 is a diagram showing a relation between
reflectance and emission light peak angle of the reflective
LCD according to the present invention; and

[0038] FIG. 8 is a diagram showing a relationship
between emission light peak angle and inclination angle of
the slope portion of the reflective display electrode in the
reflective LCD of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0039] A reflective LCD according to a preferred embodi-
ment of the present invention will be described with refer-
ence to the accompanying drawings.

[0040] FIG. 3 is a cross sectional view of a reflective LCD
according to the present invention.

[0041] As shown in FIG. 3, according to the device of this
embodiment, TFTs serving as switching elements are
formed on an insulating substrate 10 composed of quartz
glass and non-alkali glass.

[0042] On the insulating substrate 10, various films from
gate electrodes 11 composed of a refractory metal such as Cr
and Mo through a planarization insulating film 17 are
formed in the same manner as has been described above with
regard to the related art structure. A method of manufactur-
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ing the device after formation of the planarization insulating
film 17, which differs from the method described above, will
be described.

[0043] Over the planarization insulating film 17, reflective
display electrodes 50 each composed of a conductive reflec-
tive material such as Al and Ag (silver) and connected to the
source 13s of the active layer 13 composed of polycrystal-
line silicon film are formed. The reflective display electrode
50 has a concave portion which is depressed toward the TFT
substrate 10 at substantially the center thereof. An alignment
film 20 composed of polyimide or the like is further disposed
on the reflective display electrodes 50 for alignment of
liquid crystal.

[0044] The other substrate, being the opposing electrode
substrate 30, is provided, on the side where the liquid crystal
21 is provided, with a color filter 31 having each of RGB
colors and black matrixes 32 with light shielding function,
and a protecting film 33 composed of an acrylic resin or the
like for protecting the color filter 31. Over the entire surface
of the protecting film 33, an opposing electrode 34 facing
respective reflective display electrodes 50 is formed. Fur-
ther, an alignment film 35 composed of polyimide is dis-
posed on the whole surface of the opposing electrode 34.

[0045] On the side of the opposing electrode substrate 30
where the liquid crystal is not provided, namely on the side
of a viewer 101, a light diffuser 43 for diffusing light, a (3./4)
retardation film 44 and a polarization film 45 are sequen-
tially formed in that order from the side of the substrate 30.
TN liquid crystal may be used for the liquid crystal 21.

[0046] The path of light when viewing the thus configured
reflective LCD will be described.

[0047] As indicated in FIG. 3 by solid lines with arrow,
natural light 100 enters the device through the polarization
film 45 disposed at the side of the viewer 101, transmits
through the retardation film 44 and reaches the light diffuser
43. The light diffused by the light diffuser 43 passes through
the opposing electrode substrate 30, the color filter 31, the
protecting film 33, the opposing electrode 34, the alignment
film 35, the liquid crystal 21, and the alignment film 20
formed on the TFT substrate 10, to reach the reflective
display electrode 50 which is composed of a reflective
material and includes a concave portion, where the light is
reflected.

[0048] The configuration of the reflective display elec-
trode 50 will next be described.

[0049] FIG. 4 is an enlarged view of the reflective display
electrode of FIG. 3, in which path of the incident light and
the emission light is shown. FIG. 5 is a plan view of the
reflective LCD of the present invention on the side of the
TFT substrate. FIG. 4 is an enlarged cross sectional view
taken along line C—C of FIG. 5.

[0050] The reflective display electrode 50 is composed of
a metal with high reflectance such as Al and Ag, as
described, and has at least one concave portion depressed
toward the substrate 10. As shown in FIG. 4, each concave
portion of the reflective display electrode 50, in its cross
section, is formed by a peripheral flat portion FL, a slope
portion which is continuous from the flat portion and
inclined toward the center of the reflective display electrode,
and a base portion BA at substantially the center thereof, or
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at substantially the center of the reflection display electrode
when only one concave portion is formed in each display
electrode. The base portion BA is continuous from the slope
portion SL (D or E). The inclination angle of the slope
portion SL is an angle of elevation Op with respect to the
surface of the base portion BA of the reflective display
electrode 50.

[0051] Referring to FIG. 5, inside the quadrangular flat
portion FL hatched by diagonal lines extending from upper
right to lower left, the hatched slope portion SL which is
continuous of the flat portion FL is formed. Further, the
rectangular base portion BA hatched by diagonal lines
extending from upper left to lower right is formed inside the
slope portion SL.

[0052] The reflective display electrode 50 is thus formed
by the flat portion FL, the slope portion SL. and the base
portion BA.

[0053] In FIG. 4, a region B is a region in the display
panel up to the polarization film 45, namely a region of the
display panel where, on the reflective display electrode 50,
the alignment film 20, the liquid crystal 21 disposed directly
thereon, and various layers through the polarization film 45
shown in FIG. 3 are formed. A region A, on the other hand,
is on the outside of the display panel (atmosphere), namely
an exposed region on the side of the viewer 101.

[0054] The path of the light entering the slope portion SL
and the base portion BA will next be described.

[0055] The angle Bout (emission angle), at which the light
which enters the display panel through air and is then
reflected by the reflective display electrode 50 goes out in
air, is expressed by the following expressions (1) and (2).

By = sin”! [Z—jsin{sin‘l (Z—: 'Singin) + 20;7}] W

By = sin”* [Z—jsin{sin’l (Z—: 'Singin) - 20;7}] @

[0056] where n, is a refractive index in air, that is n,=1,
and n, is a refractive index within the display panel, that is
ny=~1.5.

[0057] First, the light which enters the slope portion D at
the left side of FIG. 4 will be described. The light comes
through air into the display panel at an angle of 0inl,
advances according to the above expression (1), is reflected
by the slope portion D, and is emitted from the display panel
in air at an angle of Boutl. At this time, the relation of
Ooutl>0inl is satisfied.

[0058] Next, the light which enters the base portion BA
will be described. Light from outside enters the display
panel at an angle of 0in2, advances according to the above
expression (1) or (2), is reflected by the base portion BA, and
is emitted from the display panel in air at an angle of Bout2.
At this time, the relation of Oout2=0in2 is satisfied.

[0059] Then, the light which enters the slope portion E at
right side of FIG. 4 will be described. External light enters
the display panel at an angle of 0in3, advances according to
the above expression (2), is reflected by the slope portion E,
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and is emitted from the display panel in air at an angle of
Bout3. At this time, the relation of Oout3<0in3 is satisfied.

[0060] The incident light is thus reflected at various por-
tions of the reflective display electrode, and is then emitted
from the display panel.

[0061] The method for forming the reflective display
electrode comprising a flat portion, a slope portion, and a
base portion will be described.

[0062] FIGS. 6A through 6E arc cross sectional views
taken along line F—F of FIG. 5§ and show the manufacturing
processes of the reflective LCD of the present invention.

[0063] As shown in FIG. 6D, at an intersection formed by
a gate signal line 51 partially comprising the gate electrodes
11 and a drain signal line 52 partially comprising the drain
electrode 16, a TFT contacting with the reflective display
electrode 50 composed of a reflective material is provided.
The reflective display electrode 50 is formed so as to extend
over the TFT. The flat portion FL, the slope portion SL, and
the base portion BA are formed on the surface of the
reflective display electrode 50.

[0064] Process 1 (FIG. 6A):

[0065] On an insulating substrate 10 composed of a quartz
glass, a non-alkali glass, or the like, the gate electrodes 11
composed of a refractory metal such as Cr and Mo and
forming a part of the gate signal line 51, a gate insulating
film 12 comprising an SiN film and an SiO, film, and an
active layer 13 composed of a poly-crystalline silicon film,
are sequentially formed in that order.

[0066] In the active layer 13, channels 13c are each
formed above the gate electrode 11, and a source 13s and a
drain 13d are formed by doping ions at both outer sides of
the channels 13c.

[0067] Above each channel 13c, a stopper insulating film
14 composed of an SiO,, film is provided as a mask covering
the channel 13¢ so as to prevent ions from entering the
channel when ions are doped for forming the source 13s and
the drain 134d.

[0068] Over the entire surface covering the gate insulating
film 12, the active layer 13, and the stopper insulating films
14, an interlayer insulating film 15, formed by sequential
accumulation of an Si0, film, an SiN film and an SiO, film,
is provided. The interlayer insulating film 15 may comprise
a single film composed of SiO, SiN or an organic material
such as acryl or the like, or a multi-layered film composed
of any combination of these materials.

[0069] In the interlayer insulating film 15, contact holes
C1 and C2 are provided at positions corresponding to the
drain 134 and the source 13s, respectively. A single metal of
Al or a lamination of Mo and Al fills the contact hole C1 to
form a drain electrode 16.

[0070] The drain signal line 52 is formed on the interlayer
insulating film 15 simultaneously with the formation of the
drain electrode 16 which forms part of the drain signal line
52

[0071] Process 2 (FIG. 6B)

[0072] On the entire surface covering the interlayer insu-
lating film 15 including the contact hole C2, the drain signal
line 52, and the drain electrode 16, a photosensitive resin
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film 70 with photosensitivity and surface planarity, which is
composed of an insulating resin, is applied. Then, a first
mask 71 having an opening at a region corresponding to the
slope portion SL and the base portion BA of the reflective
display electrode 50 to be formed later, is provided on the
photosensitive resin film 70, and first exposure 75 is per-
formed. At this time, the amount of exposure is sufficient as
long as the exposure light reaches the region near the surface
of the photosensitive resin 70, and may be 20~60 ml,
preferably 25~50 mJ, more preferably 30~40 mJ.

[0073]

[0074] The first mask 71 is then replaced with a second
mask 72 which has an opening at a position corresponding
to a contact hole C3, which will be formed for making the
source 13s of the active layer 13 and the reflective display
electrode 50 contact with each other.

Process 3 (FIG. 6C):

[0075] With the second mask 72 provided, second expo-
sure 76 is performed. The amount of exposure in the second
exposure 76 is set to be greater than that in the first exposure
because the depth of the contact hole C3 is deeper than that
of the base portion BA, and the amount of exposure in the
second exposure 76 must be great such that the exposure
light reaches a sufficient depth for allowing the contact hole
C3 to reach the source 13s. More specifically, the exposure
amount in the second exposure 76 is 200~600 mJ, preferably
250~500 mJ, and more preferably 300~400 mlJ.

[0076] Either the concave portion formed with the flat
portion FL, the slope portion SL, and the base portion BA,
or the contact hole C3 may be formed first, as long as the
exposure amount for forming the contact hole C3 is greater
than that for forming the concavity.

[0077] Process 4 (FIG. 6D):

[0078] After the second mask 72 is removed, the photo-
sensitive resin film 70 is developed so that it is etched to
form the base portion BA, the slope portion SL and the
contact hole C3.

[0079] Process 5: (FIG. 6E):

[0080] The reflective display electrode 50 composed of a
reflective material such as Al is then formed in a predeter-
mined pattern on the formed region. In this manner, the
reflective display electrode 50 having the flat portion FL, the
base portion BA, and the slope portion SL on the surface is
provided.

[0081] An alignment film for achieving alignment of the
liquid crystal is further disposed on the reflective display
electrode 50 to thereby complete the TFT substrate. An
opposing electrode substrate is then disposed so as to face
the TFT substrate. On the opposing electrode substrate, an
opposing electrode and an alignment film are disposed on
the side where the liquid crystal is provided, and a retarda-
tion film and a polarization film are disposed on the side
where the liquid crystal is not provided. The TFT substrate
and the opposing electrode substrate are adhered to each
other at the periphery, and the liquid crystal is provided in
the gap between the substrates to thereby complete the
reflective LCD.
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[0082] Next, the light diffuser for diffusing light will be
described.

[0083] FIG. 7 shows a relationship between the detection
angle of reflected light and the reflectance when the reflec-
tive display electrode 50 having a concave portion as
described above is employed in a structure having a light
diffuser 43 formed on the opposing electrode substrate 30 on
the side of the viewer 101, as shown in FIG. 3. Here, the
reflectance refers to a rate of the measured brightness of
reflected light of the reflective LCD divided by the bright-
ness of reflected light in a standard light diffuser, and
therefore may exceed 100%. In FIG. 7, the horizontal axis
indicates the detection angle of the reflected light when the
normal direction of the display surface is set to be 0°, while
the horizontal axis indicates the reflectance at respective
detection angles.

[0084] As shown in FIG. 7, each curve indicating the
relation between detection angle and reflectance has differ-
ent haze value for a light diffuser. More specifically, the
curves b, ¢, d, e, f, g, h, i, and j represent the light diffusers
with the haze values of 7%, 14%, 19%, 25%, 33%, 45%,
55%, 70%, and 75%, respectively. The curve a represents the
case where a light diffuser is not provided. In the examples
shown in FIG. 7, the light enters the display panel through
the region A at an incident angle 0in of 30°.

[0085] In FIG. 7, all the curves indicate the maximum
peak of the amount of reflected light in the vicinity of the
detection angle of 30°, and include bump-shaped protrusions
at the detection angles around 12°~15° and around 45°~47°,
respectively. At these convex portions, a large amount of
reflected light is emitted due to reflection by the slope
portion SL of the reflective display electrode 50, as will be
described later, so that bright display is obtained.

[0086] Now, the vicinity of the detection angle 45° along
the curve a which represents a case where a light diffuser is
not provided is examined. The reflectance is decreased
around the detection angle 30° through 42° (TP1), and is
then increased gradually at around 42° to reach another peak
at around the detection angle of 47°. Namely, by forming the
reflective surface of the reflective display electrode 50 as
shown in FIG. 4, bright display can be achieved also at
detection angles other than near 30° where the amount of
reflected light is maximum in FIG. 7. After that, the reflec-
tance is gradually decreased. The reflectance is thus
increased or decreased depending on the detection angle.
However, when the amount of reflected light varies signifi-
cantly depending on the angle at which a viewer sees the
reflective LCD, display with non-uniform brightness is
observed.

[0087] To cope with the this problem, it is preferable to
provide a light diffuser as in the reflective LCD according to
the present invention. When a light diffuser is provided,
compared to the case where no light diffuser is provided, the
extent of the protrusion of the bump portions in the vicinity
of the detection angles 15° and 45° is lowered as shown in
the curves b~j, so that non-uniformity of the amount of
reflected light is reduced (a possibility of reversal of the
amount of reflected light is lowered), thereby making pos-
sible a uniformly bright display.

[0088] It is preferable, from the viewpoint of reducing
non-uniformity of brightness, that reflectance at around the
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detection angle of 47° not be reversed from the reflectance
at around the detection angle of 40°. Specifically, contrary to
the case of the curve a where the reflectance starts increasing
again at the point TP1, in the cases of curves d, ¢, f, g, h, and
i, the reflectance decreases from the peak in the vicinity of
the detection angle of 30° and does not exceed the reflec-
tance at the point TP1 with the detection angles increasing
above that in the point TP1. It is therefore preferable to use
a light diffuser capable of achieving such reflectance char-
acteristics. More specifically, when a light diffuser with haze
value of 19% or greater and 70% or less is employed, it is
possible to suppress the partial reversal phenomenon of the
amount of reflected light, which occurs when the reflectance
exceeds the point TP1 in the vicinity of the maximum peak
in the amount of reflected light with no light diffuser
provided, thereby achieving uniformly bright display in the
reflective LCD.

[0089] Similarly, it is also preferable that the light diffuser
to achieve the characteristics that the reflectance not be
reversed significantly at a point TP2 in the vicinity of the
detection angle of 12°~15°. In other words, the haze value
of the light diffuser may preferably be 19% or greater and
70% or less, as represented by the curves d, e, f, g, h, and I
in FIG. 7, and more preferably be 30% or greater and 55%
or less.

[0090] As used in the present specification, “haze value”
is determined based on a transparency evaluation criterion
ASTMD1008, and is measured according to the following
principle.

[0091] A measuring system is used in which a light source,
a sample, and an integrating sphere are aligned on a straight
optical path, and a detector for measuring diffused light is
provided at a portion of the integrating sphere.

[0092] A light ray emitted from the light source passes
through a sample to be measured (which is a light diffuser
in the case of the present invention) to enter the integrating
sphere. The incident light is uniformly diffused inside the
integrating sphere provided with a white and non-glossy
coating, and is measured by the detector.

[0093] The haze value represents the extent of diffusion of
light entering the light diffuser, and is expressed as a
percentage of incident light having an average angle of 2.5°
or greater.

[0094] Next, the angle of inclination of the slope portion
SL of the reflective display electrode will be described.

[0095] FIG. 8 depicts a relationship between the inclina-
tion angle of the slope portion SL of the reflective display
electrode and the peak angle of the reflected light. The
horizontal axis indicates the inclination angle of the slope
portion of the reflective display electrode and the vertical
axis indicates the peak angle of the reflected light emitted
through the panel. The inclination angle of the slope portion
of the reflective display electrode refers to an angle of
elevation with respect to the surface of the base portion of
the reflective display electrode. The peak angle of the
emission light refers to an angle at which the light entering
the reflective LCD is reflected and emitted through the LCD
with the highest reflectance.

[0096] In FIG. 8, the curve G indicates a case where the
incident angle of the light entering the reflective LCD with
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respect to the reference (0°) in the normal direction of the
display surface of the display device is 30° and the curve H
indicates the case where such an incident angle is 25°.

[0097] With regard to the curve G, for example, the
emission light peak angles greater than 30° are obtained
from the slope surface D at the left of the reflective display
electrode of FIG. 4 and the emission light peak angles
smaller than 30° are obtained from the slope surface E at the
right of the reflective display electrode of FIG. 4.

[0098] 1t is very likely that a viewer will view the reflec-
tive LCD at an angle range of approximately 0°~60° with
respect to the normal line of the display surface.

[0099] Accordingly, it is appropriate that the emission
light peak angle is set to this range of approximately 0°~60°
in FIG. 8. For this angle setting, the inclination angle of the
slope portion SL of the reflective display electrode should
preferably be approximately greater than 0° and 8° or less.
It is thus possible to set the peak of the emission light to
between 0° and 60°. Further, as will be described in the
following, it is more preferable that the inclination angle of
the slope portion SL is set to between 4° and 6°.

[0100] Referring back to FIG. 7 which shows an example
when the incident angle 8in=30°, the “bump-shaped” pro-
trusions appear at the detection angles near 12°~15° and
near 45°~47°. When such bumps appear in the vicinity of
15°, which is a middle angle between 0° and 30°, and in the
vicinity of 45°, which is a center angle between 30° and 60°,
non-uniformity of brightness is not noticeable and bright
display can be obtained on the display panel at an angle
range of 0°~60°. In particular, by adding the light diffuser 43
as described above, bright display can be obtained in the
vicinity of detection angles 12°~15 and 45°~47° as well as
at near 30° in the example of FIG. 7, and reverse of the
amount of reflected light at the above-mentioned protrusions
can be suppressed, so that non-uniformity of luminance can
be eliminated.

[0101] Therefore, in order to achieve the peak in the
emission light at around 15° and 45°, it is preferable that the
inclination angle is set to 4°~6° in FIG. 8.

[0102] As described above, a light diffuser is provided in
the reflective LCD, in which the haze value representing the
extent of light diffusion is determined, so that non-unifor-
mity of brightness is not caused when the LCD is viewed at
various angles. Therefore, a display device achieving uni-
form brightness can be obtained.

[0103] In the foregoing embodiment, the light diffuser 43
is provided on the opposing electrode substrate 30 on the
side of the viewer 101 which is opposite to the side where
the color filter 31 is provided. However, the present inven-
tion is not limited to the above structure, and the similar
effects can also be obtained when the light diffuser 43 is
provided between the surface of the opposing electrode
substrate 30 and the color filter 31, between the protecting
film 33 and the opposing electrode 34, or between the
reflective display electrode 50 and the alignment film 20, or
when the light diffuser is substituted for the protecting film
33 and is provided between the color filter 1 and the
opposing electrode 34.

[0104] Also, while in the embodiment as described above
the reflective display electrode includes the flat portion in
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the periphery, the present invention is not limited to that
structure. Similar effects can also be obtained when the
reflective display electrode includes only the slope portion
and the flat base portion which is continuous from the slope
portion, and does not include the peripheral flat portion.

[0105] Further, while in the above description a concave
portion is formed in the photosensitive resin film 70 which
is located under the reflective display electrode 50 so as to
form the slope, flat, and base portions of the reflective
display electrode 50, the present invention is not limited to
that structure, and it is also possible to selectively etch the
surface of the reflective display electrode 50 which is
formed on a flat film 70.

[0106] The behavior of the liquid crystal 21 in an example
device according to the preferred embodiment will next be
described. When no voltage is applied to the liquid crystal,
the incident light from outside of the device is linearly
polarized by the polarization film 45 and is further polarized
circularly by the retardation film 44 before entering the
liquid crystal 21. The light, which is then reflected by the
reflective display electrode 50 and changes the phase by 1./2,
passes through the liquid crystal 21 again, further changes
the phase by /4 by the retardation film 44, and is the
shielded by the polarization film 45 so that it is seen as black
color.

[0107] When a voltage is applied to the liquid crystal, the
light incident from outside of the device is linearly polarized
by the polarization film 45 and is further polarized circularly
by the retardation film 44 before entering the liquid crystal
21. The light is then reflected by the reflective display
electrode 50 and changes the phase by A/2, and passes
through the liquid crystal 21 again. At this point, the light is
elliptically polarized, which further changes the phase by
7/4 by the retardation film 44, and is linearly polarized by
the polarization film 45 so that it is seen as white color.

[0108] In the foregoing embodiment, polycrystalline sili-
con is used in the active layer of the TFT. However, the
present invention is not limited to the example, and the
advantages of the present invention can also be obtained
when an amorphous silicon semiconductor material is used.
Also, the reflective display electrode having the above-
described structure can be applied not only to the active
matrix type LCD in which a switching element is provided
in each pixel, but also to the passive matrix type reflective
LCD with or without the light diffuser, and the above-
described advantages of the present invention can still be
achieved.

[0109] In addition, although a bottom gate type TFT in
which the gate electrodes are located under the active layer
is described in the description of the preferred embodiment,
the present invention is not limited to such an example, and
the advantage of the present invention can also be achieved
with a top gate type TFT in which the gate electrodes are
provided over the active layer.

[0110] Further, a conductive reflective material such as
silver may be used in place of Al as a material for the
reflective display electrode.

[0111] With the present invention, it is possible to provide
a reflective LCD capable of achieving increased luminance
in each display pixel and of providing bright display over a
wide range of viewing angle.
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[0112] While the preferred embodiment of the present
invention has been described using specific terms, such
description is for illustrative purposes only, and it is to be
understood that changes and variations may be made with-
out departing from the spirit or scope of the appended
claims.

What is claimed is:
1. A reflective liquid crystal display device, comprising:

liquid crystal provided in a gap between first and second
substrates disposed facing each other; and

electrodes for driving the liquid crystal for each pixel,
which is provided on each of the first and second
substrates at the side opposing the liquid crystal,

wherein, of said electrodes, an electrode formed on said
first substrate is a reflective display electrode composed
of a conductive reflective material,

said reflective display electrode includes, for each pixel,
a concave portion depressed toward said first substrate
on a surface opposing the liquid crystal, and

said concave portion includes a base portion and a slope
portion inclined toward said base portion.
2. A reflective liquid crystal display device according to
claim 1,

wherein said reflective display electrode is formed on an
insulating film having a portion concave toward said
first substrate.

3. A reflective liquid crystal display device according to
claim 1, wherein said first or second substrate is provided
with a light diffuser.

4. Areflective liquid crystal display device according to 3,
wherein the extent of diffusion of said light diffuser has a
haze value of between 19 and 70%.

5. A reflective liquid crystal display device according to
claim 1, wherein the angle of elevation of said slope portion
with respect to said base portion is greater than 0° and 8° or
less.

6. A reflective liquid crystal display device according to
claim 1,

wherein said first or second substrate is provided with a
light diffuser whose extent of diffusion has a haze value
of between 19 and 70%, and
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the angle of elevation of said slope portion with respect to
said base portion is greater than 0° and 8° or less.

7. A reflective liquid crystal display device, comprising:

liquid crystal provided in a gap between first and second
substrates disposed facing each other; and

electrodes for driving the liquid crystal for each pixel,
which is provided on each of the first and second
substrates at the side opposing the liquid crystal,

wherein, of said electrodes, an electrode formed on said
first substrate is a reflective display electrode composed
of a conductive reflective material,

said reflective display electrode is formed on an insulating
film having a portion concave toward said first sub-
strate, over a switching element formed for each pixel,

said reflective display electrode includes, for each pixel,
a concave portion depressed from the surface opposing
the liquid crystal toward said first substrate, and

said concave portion includes a base portion and a slope
portion inclined toward said base portion.

8. A reflective liquid crystal display device according to
claim 7, wherein said first or second substrate is provided
with a light diffuser.

9. A reflective liquid crystal display device according to 8,
wherein the extent of diffusion of said light diffuser has a
haze value of between 19 and 70%.

10. A reflective liquid crystal display device according to
claim 7, wherein the angle of elevation of said slope portion
with respect to said base portion is between 0° and 8°.

11. A reflective liquid crystal display device according to
claim 7,

wherein said first or second substrate is provided with a
light diffuser whose extent of diffusion has a haze value
of between 19 and 70%, and

the angle of elevation of said slope portion with respect to
said base portion is greater than 0° and 8° or less.
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