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7) ABSTRACT

The invention relates to a reflective or reflective/transmis-
sive liquid crystal display having a light-reflecting layer and
provides a low-cost light crystal display having high con-
trollability of the thickness of a liquid crystal layer. The
liquid crystal display has a wrinkly irregular layer having a
wrinkly irregular surface formed such that it follows irregu-
larity controlling structures on a glass substrate. The liquid
crystal display also has a plurality of holding protrusions
which are formed to protrude from an opposite glass sub-
strate and which hold the two substrates so as to leave a
predetermined gap between them. The holding protrusions
which have substantially the same length are formed at
predetermined intervals such that they contact the tops of
convexes of the wrinkly irregular layer, which makes it
possible to control the thickness of the liquid crystal layer
into agreement with a design value easily.
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LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display used in a display section of an electronic apparatus
and, more particularly, to a reflective or reflective/transmis-
sive liquid crystal display having a light-reflecting layer.

[0003]

[0004] Reflective/transmissive liquid crystal displays
(transflective liquid crystal displays) have been developed in
order to achieve preferable display both indoors and out-
doors. A transflective liquid crystal display performs display
utilizing light emitted by a backlight unit or external light
from its surroundings such as sun light or light from a room
lamp.

[0005] FIG. 6 shows a section of one pixel of a transflec-
tive liquid crystal display disclosed in Non-Patent Document
1. As shown in FIG. 6, the transflective liquid crystal display
has two substrates 102 and 104 disposed to be opposite to
each other and a liquid crystal layer 112 sealed between the
two substrates 102 and 104. A plurality of source bus lines
106 (two of which are shown in FIG. 6) are formed on the
substrate 102. Further, an insulation film 105 is formed
throughout the substrate 102 so as to cover the source bus
lines 106. A transparent electrode 108 is formed on the
insulation film 105 substantially in the middle of the two
source bus lines 106. The transparent electrode 108 trans-
mits light emitted by a backlight unit (not shown) provided
on the side of the substrate 102.

2. Description of the Related Art

[0006] An acrylic resin layer 110 having irregularities on
the surface thereof facing the substrate 104 is formed on the
insulation film 105 excluding the region where the trans-
parent electrode 108 is formed. The acrylic resin layer 110
is formed with a thickness that is substantially one half of the
width of the gap between the substrates 102 and 104.
Reflective electrodes 114 which follow the shape of the
irregularities of the acrylic resin layer 110 are formed on the
acrylic resin layer 110. The reflective electrodes 114 are
electrically connected to the transparent electrode 108. The
irregularities on the surface of the reflective electrodes 114
cause scatter reflection of light that impinges thereupon from
the side of the substrate 104.

[0007] On the surface of the substrate 104 facing the
substrate 102, a black matrix 116 formed in positions
substantially opposed to the source bus lines 106, and a color
filter (CF) layer 118 and a transparent electrode 120 formed
throughout the substrate 104 are formed.

[0008] As shown in FIG. 6, each pixel of the transflective
liquid crystal display has a reflective area in which a
reflective electrode 114 having irregularities is formed and a
transmissive area in which a transparent electrode 108
transmitting light from the backlight unit is formed. The
ransflective liquid crystal display is therefore capable of
displaying an image utilizing light emitted by the backlight
unit or external light such as sun light or light from a room
lamp.

[0009] Transflective liquid crystal displays according to
the related art have a problem in that they are very much
expensive because a photolithographic process is used to
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form a reflective area. In order to reduce cost, the inventors
developed a technique for forming a diffusing reflective
electrode having wrinkly irregularities without using a pho-
tolithographic process, and combined the technique with a
vertically aligned liquid crystal, and realized a reflective
liquid crystal display having a high reflectivity and a high
contrast ratio (see Patent Document 1). Further, the inven-
tors developed a technique in which the orientation of
wrinkly irregularities is controlled by providing a structure
underlayer of the wrinkly irregularities layer (see Patent
Document 2).

[0010] Patent Document 1: JP-A-2002-221716
[0011] Patent Document 2: JP-A-2003-215574
[0012] Non-Patent Document 1: IDW *99 Digest p. 183
[0013] Referring to FIG. 6, the transflective liquid crystal

display must have a multi-gap structure in which the thick-
ness of the liquid crystal layer 112 is varied to cause light to
travel equal optical distances when it is transmitted by the
liquid crystal layer 112 in the transmissive area and the
reflective area. In order to achieve this, the acrylic resin layer
110 is formed with a thickness that is substantially one half
of the width of the gap between the substrates 102 and 104,
so that the beams of light transmitted by the liquid crystal
layer 112 in the transmissive area and the reflective area
travel optical paths having substantially the same length.
However, there is no mention on how to control the thick-
ness of the liquid crystal layer 112 between the substrates
102 and 104 of the transflective liquid crystal display where
the thickness of the liquid crystal layer 112 varies between
the same substrates.

SUMMARY OF THE INVENTION

[0014] Ttis an object of the invention to provide a low-cost
liquid crystal having high controllability of the thickness of
the liquid crystal layer thereof.

[0015] The above-described object is achieved by a liquid
crystal display, characterized in that it has a wrinkly irregu-
lar layer having a wrinkly irregular surface formed on a
substrate, an opposite substrate disposed to be opposite to
face the side of the substrate on which the wrinkly irregular
layer is formed, a liquid crystal layer sealed between the
substrate and the opposite substrate, an irregularity control-
ling structure formed under the wrinkly irregular layer on
the substrate for controlling the orientation of the irregu-
larities of the wrinkly irregular layer, and a holding protru-
sion formed on either concaves or convexes of the wrinkly
irregular layer for holding the substrate and the opposite
substrate with a predetermined gap left between them.

[0016] The invention makes it possible to provide a low-
cost liquid crystal display having high controllability of the
thickness of the liquid crystal layer thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 shows a schematic configuration of a trans-
flective liquid crystal display as an example of a liquid
crystal display in a mode for carrying out the invention;

[0018] FIG. 2 is a sectional view of the liquid crystal
display in the mode for carrying out the invention taken in
a direction that is perpendicular to the display screen;
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[0019] FIGS. 3A and 3B show a configuration of one
pixel and the neighborhood thereof in a reflective liquid
crystal display which is Embodiment 1 of a liquid crystal
display in the mode for carrying out the invention;

[0020] FIG. 4 is a sectional view of a transflective liquid
crystal display which is Embodiment 2 of a liquid crystal
display in the mode for carrying out the invention, taken in
a direction perpendicular to the display screen;

[0021] FIG. 5 is a sectional view of a transflective liquid
crystal display utilizing an n-type VA liquid crystal which is
Embodiment 3 of a liquid crystal display in the mode for
carrying out the invention, taken in a direction perpendicular
to the display screen; and

[0022] FIG. 6 is a sectional view of a conventional
transflective liquid crystal display taken in a direction per-
pendicular to the display screen.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0023] A liquid crystal display in a mode for carrying out
the invention will now be described with reference to FIGS.
1 to 5. First, a schematic configuration of a transflective
liquid crystal display which is an example of a liquid crystal
display in the present mode for carrying out the invention
will be described with reference to FIG. 1. As shown in
FIG. 1, the transflective liquid crystal display has a liquid
crystal display panel which is provided by combining a TFT
substrate 2 having a reflective electrode made of a light-
reflecting material and a thin film transistor (TFT) formed at
cach pixel region and an opposite substrate 4 formed with a
resin CF layer and a common electrode, the substrates being
combined in a face-to-face relationship with each other, and
sealing a liquid crystal between the substrates.

[0024] A gate bus line driving circuit 80 having a driver IC
for driving a plurality of gate bus lines and a drain bus line
driving circuit 82 having a driver IC for driving a plurality
of drain bus lines are provided on the TFT substrate 2. The
driving circuits 80 and 82 output scan signals and data
signals to predetermined gate bus lines or drain bus lines,
respectively, based on predetermined signals output by a
control circuit 84.

[0025] The opposite substrate 4 has a resin CF later
formed in any of red (R), green (G) and blue (B) at each
pixel region. Alignment films for aligning liquid crystal
molecules in a predetermined direction are formed on sur-
faces of the substrates 2 and 4 which face each other.

[0026] A polarizer 87 is applied to a surface of the TFT
substrate 2 opposite to the surface on which the elements are
formed. A backlight unit 88 which is constituted by, for
example, a linear primary light source and a planar light
guide plate is provided on the side of the polarizer 87
opposite to the side thereof facing the TFT substrate 2. A
polarizer 86 is applied to a surface of the opposite substrate
4 opposite to the surface on which the color filters are
formed.

[0027] FIG. 2 shows a part of a section of the liquid
crystal display in the present mode for carrying out the
invention taken in a direction perpendicular to the display
screen thereof. As shown in FIG. 2, the liquid crystal display
has a glass substrate 3 constituting the TFT substrate 2 on
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which TFT and other things (not shown) are formed, an
opposite glass substrate 5 constituting the opposite substrate
4 provided opposite to the TFT substrate 2, and a liquid
crystal layer 12 sealed between the substrates 3 and 5. A
wrinkly irregular layer 6 having a wrinkly irregular surface
is formed on the glass substrate 3. For example, the wrinkly
irregular layer 6 is formed of a photosensitive resin such as
a novolac type positive resist and the like.

[0028] A plurality of irregularity controlling structures 8
for controlling the orientation of the irregularities of the
wrinkly irregular layer 6 (five of which are shown in FIG.
2) are formed under the wrinkly irregular layer 6 on the glass
substrate 3. The irregularity controlling structures 8 are
formed in a predetermined configuration from a material
which is different from the wrinkly irregular layer 6 in
thermal deformation characteristics. Since the irregularity
controlling structures 8 are formed on the glass substrate 3,
the wrinkly irregularities, which are formed on the surface
of the wrinkly irregular layer 6 as a result of thermal
shrinkage of the layer, are formed along the irregularity
controlling structures 8. The wrinkly irregularities of the
wrinkly irregular layer 6 make it possible to obtain an
optimum distribution of inclined surfaces constituted by
irregularities for reflection, and it is therefore possible to
improve the reflectivity of the liquid crystal display.

[0029] Holding protrusions 10 are formed on the opposite
glass substrate 5 facing the glass substrate 3, the protrusions
protruding from the opposite glass substrate 5 to hold the
substrates 3 and 5 with a predetermined gap left between
them. The positions of concaves and convexes of the wrin-
kly irregular layer 6 in the plane of the glass substrate 3 and
the heights of the same can be controlled by the pattern in
which the irregularity controlling structures 8 are formed.
Therefore, the thickness of the liquid crystal layer 12 can be
easily controlled into agreement with a design value by, for
example, forming the irregularity controlling structures 8
such that the convex portions of the wrinkly irregular layer
6 have a uniform height above the glass substrate 3 and
forming the holding protrusions 10 with substantially the
same length at predetermined intervals such that they con-
tact the tops of convexes of the wrinkly irregular layer 6, as
shown in FIG. 2. In order to control the thickness of the
liquid crystal layer 12 such that it becomes constant, the
holding protrusions 10 may be formed in contact with the
tops of concaves of the wrinkly irregular layer 6. Alterna-
tively, the protrusions may be formed such that they protrude
from concaves or convexes of the wrinkly irregular layer 6
to contact the opposite glass substrate 5.

[0030] As described above, in the liquid crystal display in
the present mode for carrying out the invention, the con-
caves or convexes of the wrinkly irregularities formed on the
surface of the wrinkly irregular layer 6 are controlled a
substantially uniform height by the irregularity controlling
structures 8 formed on the glass substrate 3. Therefore, the
thickness of the liquid crystal layer 12 can be casily con-
trolled into agreement with a design value by forming the
holding protrusions 10 formed substantially the same length
at predetermined intervals such that they contact either the
concaves or convexes of the wrinkly irregular layer 6.
Further, since the wrinkly irregularities can be formed on the
surface of the wrinkly irregular layer 6 without using a
photolithographic process, the liquid crystal display can be
provided at a low cost.
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[0031] A more specific description will now be made with
reference to embodiments of the invention.

EMBODIMENT 1

[0032] FIGS. 3A and 3B show a configuration of one
pixel and the neighborhood thereof in a liquid crystal display
panel used in a reflective liquid crystal display. FIG. 3A is
a view of the configuration of the pixel and the neighbor-
hood taken in a direction that is normal to the display screen.
FIG. 3B shows a section taken along the line A-A in FIG.
3A. As shown in FIGS. 3A and 3B, gate bus lines 14
extending in the horizontal direction of FIG. 3A are formed
on a glass substrate 3 constituting a TFT substrate 2. An
insulation film 26 is formed throughout the substrate over
the gate bus lines 14. Drain bus lines 16 extending in the
vertical direction of FIG. 3A are formed such that they
intersect the gate bus lines 14 with the insulation film 26
interposed between them. TFTs 18 are formed in the vicinity
of the intersections between the gate bus lines 14 and the
drain bus lines 16. A TFT 18 has an active semiconductor
layer (not shown) constituted by, for example, an a-Si layer
that is provided on the insulation film 26. A channel pro-
tection film (not shown) is formed on the active semicon-
ductor layer. On the channel protection film, a drain elec-
trode 20, which is an extension from the adjacent drain bus
line 16, and a source electrode 22 are formed opposite to
each other with a predetermined gap left between them. In
such a configuration, the gate bus line 14 located directly
under the channel protection film functions as a gate elec-
trode of the TFT 18. A final protection film 28 is formed on
the insulation film 26.

[0033] A wrinkly irregular layer 6 made of a photosensi-
tive resin, €.g., a novolac type positive resist is formed on the
final protection film 28. Wrinkly irregularities are formed on
the surface of the wrinkly irregular layer 6 such that they
follow the shape of irregularity controlling structures 8
formed on the glass substrate 3. A plurality of irregularity
controlling structures 8 are formed between the drain bus
lines 16 at predetermined intervals, the structures being
substantially in parallel with the gate bus lines 14. The
irregularity controlling structures 8 are formed of the same
material, in the same layer, and at the same time as the gate
bus lines 14. A reflective electrode 30, which is a light-
reflecting layer made of a light-reflecting material, is formed
on the wrinkly irregular layer 6 in each pixel region. Wrinkly
irregularities that follow the shape of the surface of the
wrinkly irregular layer 6 are formed on the surface of the
reflective electrode 30. The reflective electrode 30 has a high
light-scattering property because of the wrinkly irregulari-
ties formed on the surface thereof and reflects external light
incident thereupon so as to scatter it in various directions.
The reflective electrode 30 is electrically connected to the
source electrode 22 of the TFT 18 through a contact hole 22
that is formed by providing an opening in the final protection
film 28 on the source electrode 22.

[0034] An opposite substrate 4 has a CF layer, which is not
shown, provided on an opposite glass substrate 5. A trans-
parent electrode 32 is formed throughout the substrate over
the CF layer. The transparent electrode 32 is formed of, for
example, an indium tin oxide (ITO). Holding protrusions 10
protruding from the transparent electrode 32 are formed so
as to extend up to convexes of the reflective electrode 30.
Therefore, the reflective electrode 30 is also formed between
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the holding protrusions 10 and the wrinkly irregular layer 6.
The height of the concaves or convexes of the wrinkly
irregular layer 6 is formed substantially uniform by the
irregularity controlling structures 8. Therefore, a gap
between the TFT substrate 2 and the opposite substrate 4 is
maintained at a predetermined width by forming the plural-
ity of holding protrusions 10 having substantially the same
length at predetermined intervals on the convexes of the
reflective electrode 30, which makes it possible to control
the thickness of the liquid crystal layer 12 such that it
becomes substantially constant.

[0035] Since the irregularity controlling structures 8 can
be formed at the same time when the gate bus lines 14 are
formed, a cost reduction can be achieved without any need
for a special manufacturing step. Obviously, the irregularity
controlling structures 8 may be formed of the same material,
in the same layer, and at the same time as the drain bus lines
16, and the structures 8 may alternatively be formed as
structures having two layers which are formed of the same
materials, in the same layers, and at the same times as the
gate bus lines 14 and the drain bus lines 16, respectively. The
thickness of the liquid crystal layer 12 can be controlled to
be substantially constant also in this case because the
wrinkly irregularities of the wrinkly irregular layer 6 can be
formed in a predetermined shape.

[0036] As described above, in the present embodiment, the
thickness of the liquid crystal layer 12 of the liquid crystal
display panel used in a reflective liquid crystal display can
be easily controlled so as to agree with a design value.
Further, since the irregularity controlling structures 8 can be
formed of the same material, in the same layer, and at the
same time as the gate bus lines 14 or the like, the cost of a
liquid crystal display can be reduced without any increase in
the number of manufacturing steps.

EMBODIMENT 2

[0037] Embodiment 2 of a liquid crystal display in the
present mode for carrying out the invention will now be
described with reference to FIG. 4. FIG. 4 shows a sectional
configuration of one pixel of a liquid crystal display panel
used in a transflective liquid crystal display. As shown in
FIG. 4, the liquid crystal display panel has a TFT substrate
2, an opposite substrate 4 and a liquid crystal layer 12 sealed
between the substrates 2 and 4. An irregularity controlling
structure 8 is formed in a reflective area R on a glass
substrate 3 that constitutes the TEFT substrate 2. Further, an
insulation film 26, a final protection film 28, a wrinkly
irregular layer 6 and a reflective electrode 30 are formed in
the order listed in the reflective area R so as to cover the
irregularity controlling structure 8. A plurality of irregulari-
ties is formed on the surface of the reflective electrode 30
such that they follow the shape of the surface of the wrinkly
irregular layer 6 located under the same. The reflective
electrode 30 has a high light-reflecting property because of
the plurality of irregularities formed on the surface thereof
and therefore reflects external light incident thereupon so as
to scatter it in various directions.

[0038] Inatransmissive arca T on the glass substrate 3, an
insulation film 26, a final protection film 28, and a trans-
parent electrode 34 are formed in the order listed. The
transparent electrode 34 transmits light emitted by a back-
light unit (not shown) which is provided under the region
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shown in FIG. 4. The transparent electrode 34 is electrically
connected to the reflective electrode 30 of the same pixel
through a barrier metal layer 35 made of titanium (Ti),
molybdenum (Mo) or the like.

[0039] The opposite substrate 4 has a CF layer, which is
not shown, formed on an opposite glass substrate 5. A
transparent electrode 32 is formed throughout the substrate
over the CF layer. Holding protrusions 10 protruding from
the transparent electrode 32 are formed so as to extend up to
convexes of the reflective electrode 30. The height of the
concaves or convexes of the wrinkly irregular layer 6 is
formed substantially uniform by the irregularity controlling
structures 8. Therefore, a gap between the TFT substrate 2
and the opposite substrate 4 is maintained at a predetermined
width by forming the plurality of holding protrusions 10
having substantially the same length at predetermined inter-
vals on the convexes of the reflective electrode 30, which
makes it possible to control the thickness of the liquid crystal
layer 12 such that it becomes substantially constant.

[0040] As described above, in the transflective liquid
crystal display having a reflective area R and a transmissive
area T in each pixel, the thickness of the liquid crystal layer
12 can be controlled to be substantially constant in each of
the reflective area R and the transmissive area T by main-
taining the gap between the substrates of the liquid crystal
display panel at a predetermined width using the holding
protrusions 10 extending up to convexes of the reflective
electrode 30 in the reflective arca R.

EMBODIMENT 3

[0041] Embodiment 3 of a liquid crystal display in the
present mode for carrying out the invention will now be
described with reference to FIG. 5. FIG. 5 shows a sectional
configuration of one pixel of a liquid crystal display panel
provided in a transflective liquid crystal display utilizing a
vertically aligned liquid crystal having negative dielectric
anisotropy (an n-type VA liquid crystal). As shown in FIG.
5, the liquid crystal display panel of the present embodiment
is characterized in that the alignment of liquid crystal
molecules 36 is controlled by holding protrusions 10 which
are formed in reflective areas R for maintaining the thick-
ness of a liquid crystal layer 12 at a predetermined width.
Alignment controlling protrusions 38 for controlling the
alignment of the liquid crystal molecules 36 are formed in
transmissive areas T. The alignment controlling protrusions
38 are formed to protrude from an opposite glass substrate
5 with substantially the same length as the holding protru-
sions 10. As a result, the alignment controlling protrusions
8 are not in contact with a transparent electrode 34. The
sectional structure of the liquid crystal display of the present
embodiment will not be described because it is similar to
that in Embodiment 2 except that alignment controlling
structures 38 are provided in transmissive areas T.

[0042] The gap between the TFT substrate 2 and the
opposite substrate 4 can be maintained at a predetermined
width by forming the plurality of holding protrusions 10
having substantially the same length on convexes of the
reflective electrodes 30 at predetermined intervals just as in
Embodiment 2 described above, which makes it possible to
control the thickness of the liquid crystal layer 12 such that
it becomes substantially constant. Further, a liquid crystal
display having a wide viewing angle and a high contrast
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ratio can be provided because the tilting direction of the
liquid crystal molecules 36 of the VA-type liquid crystal can
be controlled using the alignment controlling protrusions 38
and the holding protrusions 10.

What is claimed is:
1. Aliquid crystal display, comprising:

a wrinkly irregular layer having a wrinkly irregular sur-
face formed on a substrate and;

an opposite substrate provided opposite to the side of the
substrate on which the wrinkly irregular layer is
formed;

a liquid crystal layer sealed between the substrate and the
opposite substrate;

an irregularity controlling structure formed under the
wrinkly irregular layer on the substrate for controlling
the orientation of the irregularities of the wrinkly
irregular layer; and

a holding protrusion formed on either concaves or con-
vexes of the wrinkly irregular layer for holding the
substrate and the opposite substrate with a predeter-
mined gap left between them.

2. A liquid crystal display according to claim 1, wherein
the holding protrusion is formed to protrude from the
opposite substrate.

3. A liquid crystal display according to claim 1, wherein
the holding protrusion is formed to protrude from the
wrinkly irregular layer.

4. A liquid crystal display according to claim 1, wherein
the holding protrusion controls the alignment of the liquid
crystal.

5. Aliquid crystal display according to claim 1, wherein
the wrinkly irregular layer is formed of a photosensitive
resin such as a novolac type positive resist.

6. A liquid crystal display according to claim 1, further
comprising a light-reflecting layer formed on the wrinkly
irregular layer so as to follow the irregularities and reflecting
an incident light from the side of the opposite substrate.

7. Aliquid crystal display according to claim 6, wherein
the light-reflecting layer is formed also between the holding
protrusion and the wrinkly irregular layer.

8. A liquid crystal display according to claim 1, further
comprising a gate bus line formed on the substrate, a drain
bus line formed so as to intersect the gate bus line with an
insulation film interposed between them, and a pixel region
formed at each intersection between the gate bus line and the
drain bus line, wherein the irregularity controlling structure
is formed of the same material as the gate bus line and/or the
drain bus line.

9. A liquid crystal display according to claim 8, wherein
the irregularity controlling structure is formed in the same
layer as the gate bus line and/or the drain bus line.

10. A liquid crystal display according to claim &, further
comprising a light source which is provided on the side of
the substrate, the pixel region having a reflective area in
which the light-reflecting layer is formed and a transmissive
area which transmits light emitted from the light source.

11. A liquid crystal display according to claim 1, wherein
the liquid crystal has negative dielectric constant anisotropy
and is vertically aligned when no voltage is applied.
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