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Description

TECHNICAL FIELD

[0001] The present invention relates to a reflection-
type or transflective-type liquid crystal display device ca-
pable of performing display by utilizing reflected light.

BACKGROUND ART

[0002] Liquid crystal display devices (LCDs) include:
the TN (Twisted Nematic) mode liquid crystal display de-
vice, in which a pixel electrode (picture element elec-
trode) is provided on one of a pair of substrates (an upper
substrate and a lower substrate) between which a liquid
crystal layer is interposed, and a counter electrode on
the other, such that displaying is performed by controlling
the orientation of liquid crystal within a plane which is
perpendicular to the substrate plane in accordance with
an electric field occurring between both electrodes; and
the FFS (Fringe-Field Switching) mode liquid crystal dis-
play device and the IPS (In-Plane Switching) mode liquid
crystal display device, in which a pixel electrode and a
counter electrode (lower electrode) are provided on one
of a pair of opposing substrates, such that displaying is
performed by controlling the orientation of liquid crystal
within a plane which is substantially parallel to the sub-
strate plane.

[0003] Moreover, liquid crystal display devices include:
the transmission-type liquid crystal display device which
utilizes backlight from behind the display panel as a light
source for displaying; the reflection-type liquid crystal dis-
play device which utilizes reflected light of external light;
and the transflective-type liquid crystal display device (re-
flection/transmission-type liquid crystal display device)
which utilizes both reflected light of external light and
backlight. The reflection-type liquid crystal display device
and the transflective-type liquid crystal display device are
characterized in that they have smaller power consump-
tions than that of the transmission-type liquid crystal dis-
play device, and their displayed images are easy to see
in a bright place. The transflective-type liquid crystal dis-
play device is characterized in that its screen is easier to
see than that of the reflection-type liquid crystal display
device, even in a dark place.

[0004] FIG. 31 is a cross-sectional view showing the
construction of a lower substrate 100 of a conventional
FFS mode transflective-type liquid crystal display device
which is described in Patent Document 1.

[0005] As shown in FIG. 31, the lower substrate 100
includes a TFT region, a transmission region, and a re-
flection region. In the TFT region, a gate electrode 103,
an active layer 106, a source/drain electrode 107, and
the like are formed on an organic resin film 101. In the
transmission region and the reflection region, a counter
electrode 102, a pixel electrode 105, and the like are
formed. A plurality of slits are formed in the pixel electrode
105, such that the orientation of liquid crystal (not shown)
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which is disposed on the lower substrate 100 is controlled
in accordance with a voltage or an electric field which is
applied between electrode portions interposed between
slits and the counter electrode 102.

[0006] Between the counter electrode 102 and the pix-
el electrode 105 in the reflection region, a reflector 109
forreflecting incident light is provided. In the transmission
region, the counter electrode 102 is provided in contact
with the substrate 110; however, in the reflection region,
the counter electrode 102 is formed on the organic resin
film 101 disposed on the substrate 110. An emboss pat-
tern is formed by etching on an upper face of the organic
resin film 101 in the reflection region, and a plurality of
protrusions (or recesses) are formed on the counter elec-
trode 102 so as to conform to the shape of this upper face.

[Patent Document 1] Japanese Laid-Open Patent
Publication No. 2006-317905

EP-A-1 744 204 discloses a transflective Liquid Crystal
Display with a first substrate and a second substrate and
liquid crystal therebetween. A first electrode and a sec-
ond electrode are provided to which a voltage can be
applied for controlling the orientation of the liquid crystal.
A metal layer is provided on the first substrate for reflect-
ing incident light toward a display surface.
US-A-2003/0142255 discloses a transflective Liquid
Crystal Display with a first substrate and a second sub-
strate and liquid crystal therebetween. A reflecting layer
is provided which is formed by using the same material
as that for a gate electrode. A fine uneven pattern can
be formed on the surface of the reflecting layer by wet
etching, dry etching, or another proper method.
JP-A-2006171455 discloses a liquid crystal display with
a reflection film having high-density irregularities on its
surface.

DISCLOSURE OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] In the reflection-type liquid crystal display de-
vice or the transflective-type liquid crystal display device,
in order to perform bright displaying by utilizing reflected
light, it is necessary to allow incident light entering at
various azimuths to be more uniformly and efficiently re-
flected by the reflection surface of the reflective layer
across the entire display surface. For this purpose, it is
better if the reflection surface has moderate ruggedness-
es rather than being a complete plane.

[0008] FIG. 32 is a diagram showing a relationship be-
tween the tilt of a reflection surface and reflected light.
FIG. 32(a) shows a relationship between an incident an-
gle a and an outgoing angle 13 when light enters a me-
dium b having a refractive index Nb from a medium a
having a refractive index Na. In this case, according to
Snell’s Law, the following relationship holds true.
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Na*sina = Nb*sin§f

[0009] FIG. 32(b) is a diagram showing a relationship
between incident light and reflected light when incident
light perpendicularly entering the display surface of a lig-
uid crystal display device is reflected from a reflection
surface which is tilted by 6 with respect to the display
surface (or the substrate). As shown in the figure, the
incident light perpendicularly entering the display surface
is reflected from the reflection surface which is tilted by
angle 6 with respect to the display surface, and goes out
in a direction of an outgoing angle ¢.

[0010] Results of calculating the outgoing angle ¢ ac-
cording to Snell’'s Law with respect to each angle 6 of the
reflection surface are shown in Table 1.

[0011]
[Table 1]
6 0 90-¢
0 0 90
2 6.006121 | 83.99388
4 12.04967 | 77.95033
6 18.17181 | 71.82819
8 2442212 | 65.57788
10 30.86588 | 59.13412
12 37.59709 | 52.40291
14 44.76554 | 45.23446
16 52.64382 | 37.35618
18 61.84543 | 28.15457
20 74.61857 | 15.38143
20.5 79.76542 | 10.23458
20.6 81.12757 | 8.872432
20.7 82.73315 | 7.266848
20.8 84.80311 5.19888
20.9 88.85036 | 1.149637
20.905 | 89.79914 | 0.200856
[0012] The values in this Table are calculated by as-

suming that air has a refractive index of 1.0 and the glass
substrate and the liquid crystal layer have a refractive
index of 1.5. As shown in Table 1, when the angle 6 of
the reflection surface exceeds 20 degrees, the outgoing
angle ¢ becomes very large (i.e., 90- ¢ becomes very
small), so that most of the outgoing light does not reach
the user. Therefore, even if ruggednesses are provided
on the reflection surface of the reflective layer, in order
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to effectively utilize reflected light, it must be ensured in
more portions of the reflection surface that the angle 6 is
20 degrees or less.

[0013] InFIG. 31, itis described that, in the reflection
region of the lower substrate 100, ruggednesses are
formed on the counter electrode 102 in accordance with
the emboss pattern which is provided on the surface of
the organic resin film 101, but no consideration is given
as to adjusting the tilting angle of the reflector 109 in
order to efficiently utilize reflected light, or ensuring that
the tilt of the surface of the reflector 109 is 20 degrees
or less.

[0014] In order to impart a desired tilting angle to the
reflection surface, as described above, it might be con-
ceivable to form an emboss pattern on the surface of the
organic resin film 101, and form desired ruggednesses
on the reflection surface so as to conform to that emboss
pattern. However, in this case, a step of forming the or-
ganic resin film 101, a step of forming a mask on the
organic resin film 101, a step of performing an etching
treatment for the organic resin film 101 via the mask, a
step of removing the mask, and the like are needed, thus
resulting in a problem in that the amount of the materials
and the number of steps are increased.

[0015] The present invention has been made in view
of the above problems, and an objective thereof is to
provide with a good production efficiency a reflection-
type liquid crystal display device and a transflective-type
liquid crystal display device having a high image quality
and being capable of efficiently utilizing reflected light.

MEANS FOR SOLVING THE PROBLEMS

[0016] A liquid crystal display device according to the
present invention is a liquid crystal display device com-
prising the features of claim 1.

[0017] In one embodiment, the second electrode in-
cludes a protrusion, a recess, or an aperture; and the
reflective layer includes a protrusion, a recess, or a level
difference which is formed in accordance with the pro-
trusion, recess, or aperture of the second electrode.
[0018] One embodiment comprises, under the reflec-
tive layer, a semiconductor layer made of a same material
as a semiconductor portion of the transistor, the semi-
conductor layer including a protrusion, a recess, or an
aperture, wherein, the reflective layer includes a protru-
sion, a recess, or a level difference which is formed in
accordance with the protrusion, recess, or aperture of
the semiconductor layer.

[0019] Inone embodiment, the reflective layer is made
of a same material as that of a source electrode or a drain
electrode of the transistor.

[0020] In one embodiment, an insulating layer is
formed between the metal layer and the second elec-
trode; and a contact hole electrically connecting the metal
layer and the second electrode is formed in the insulating
layer.

[0021] Inoneembodiment, the reflective layerincludes
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an aperture.

[0022] In one embodiment, the second electrode is
formed over the metal layer, and includes a protrusion,
a recess, or a level difference which is formed in accord-
ance with the protrusion, recess, or aperture of the metal
layer.

[0023] In one embodiment, the second electrode is
formed under the metal layer, and includes a protrusion,
a recess, or an aperture; and the metal layer includes a
protrusion, arecess, or alevel difference which is formed
in accordance with the protrusion, recess, or aperture of
the second electrode.

[0024] Inone embodiment, the first electrode is a pixel
electrode, and the second electrode is a counter elec-
trode formed under the first electrode.

[0025] Inone embodiment, the first electrode is a pixel
electrode, and the second electrode is a counter elec-
trode formed on a same plane as the first electrode.
[0026] Another liquid crystal display device represent-
ing background art to the present invention is a liquid
crystal display device comprising: a first substrate and a
second substrate between which liquid crystal is inter-
posed; a first electrode and a second electrode formed
of the first substrate for applying a voltage for controlling
an orientation of the liquid crystal; a transistor having an
electrode which is electrically connected to the first elec-
trode; a metal layer formed on the first substrate for re-
flecting incident light toward a display surface, the metal
layer including a protrusion, a recess, or an aperture,
wherein, the metal layer is made of a same material as
that of a gate electrode of the transistor.

[0027] Inone embodiment, the first electrode is a pixel
electrode; and the second electrode is a counter elec-
trode formed over the metal layer.

[0028] Inone embodiment, the first electrode is a pixel
electrode; the second electrode is a counter electrode
being formed under the metal layer and including a pro-
trusion, a recess, or an aperture; and the metal layer
includes a protrusion, arecess, or a level difference which
is formed in accordance with the protrusion, recess, or
aperture of the second electrode.

[0029] Inone embodiment, the first electrode is a pixel
electrode, and the second electrode is a counter elec-
trode formed on a same plane as the first electrode.
[0030] Another liquid crystal display device represent-
ing background art to the present invention is a liquid
crystal display device having: areflection regionincluding
a reflective layer for reflecting incident light toward a dis-
play surface; and a TFT region, the liquid crystal display
device comprising: a first substrate and a second sub-
strate between which liquid crystal is interposed; a first
electrode and a second electrode formed on the first sub-
strate for applying a voltage for controlling an orientation
of the liquid crystal; and a transistor being formed in the
TFT region and having a gate layer, a semiconductor
layer, a source electrode, and a drain electrode, wherein,
in the reflection region, a layer is formed which is made
of a same material as that of the gate layer, the semicon-
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ductor layer, the source electrode, or the drain electrode
ofthe transistor, the layer including a protrusion, arecess,
or an aperture.

[0031] Inone embodiment, the reflective layer is made
of a same material as that of the gate layer, the source
electrode, or the drain electrode of the transistor, and
includes a protrusion, a recess, an aperture, or a level
difference.

[0032] A production method for a liquid crystal display
device according to the present invention is a production
method for a liquid crystal display device including the
features of claim 11.

[0033] In one embodiment, the first metal layer or the
second metal layer constitutes the reflective layer.
[0034] Inone embodiment, at step (b), in the reflection
region, a semiconductor layer including a protrusion, a
recess, or an aperture is formed from a same material
as that of the semiconductor layer in the TFT region.

EFFECTS OF THE INVENTION

[0035] According to the present invention, in a reflec-
tion region of a liquid crystal display device, a layer which
is made of the same material as that of a layer composing
a transistoror, or a layer which is stacked in the same
step as that of a layer composing a transistor is formed,
and in accordance with the shape of this layer, a protru-
sion, a recess, or a level difference is formed in a reflec-
tive layer (including any layer having the function as a
reflective layer). Therefore, a reflection-type liquid crystal
display device and a transflective-type liquid crystal dis-
play device having a high image quality and being capa-
ble of efficiently utilizing reflected light can be provided
with a good production efficiency.

BRIEF DESCRIPTION OF DRAWINGS

[0036]

[FIG. 1] A diagram schematically showing a cross-
sectional shape of a liquid crystal display device of
Embodiment 1.

[FIG. 2] A plan view schematically showing the con-
struction of a TFT substrate of the liquid crystal dis-
play device of Embodiment 1.

[FIG. 3] A diagram schematically showing a cross-
sectional structure of the TFT substrate of the liquid
crystal display device of Embodiment 1.

[FIG. 4] Aplanview schematically showing the shape
of a reflective layer of the TFT substrate of Embod-
iment 1.

[FIG. 5] Plan views showing a production method for
the TFT substrate of Embodiment 1.

[FIG. 6] Cross-sectional views showing the produc-
tion method for the TFT substrate of Embodiment 1.
[FIG. 7] A plan view schematically showing the con-
struction of a TFT substrate of a liquid crystal display
device of Embodiment 2.



7 EP 2 144 109 B1 8

[FIG. 8] A diagram schematically showing a cross-
sectional structure of the TFT substrate of the liquid
crystal display device of Embodiment 2.

[FIG. 9] Plan views showing a production method for
the TFT substrate of Embodiment 2.

[FIG. 10] Cross-sectional views showing the produc-
tion method for the TFT substrate of Embodiment 2.
[FIG. 11] A plan view schematically showing the con-
struction of a TFT substrate of a liquid crystal display
device of Embodiment 3.

[FIG. 12] A diagram schematically showing a cross-
sectional structure of the TFT substrate of the liquid
crystal display device of Embodiment 3.

[FIG. 13] Plan views showing a production method
for the TFT substrate of Embodiment 3.

[FIG. 14] Cross-sectional views showing the produc-
tion method for the TFT substrate of Embodiment 3.
[FIG. 15] A plan view schematically showing the con-
struction of a TFT substrate of a liquid crystal display
device of Embodiment 4.

[FIG. 16] A diagram schematically showing a cross-
sectional structure of the TFT substrate of the liquid
crystal display device of Embodiment 4.

[FIG. 17] Plan views showing a production method
for the TFT substrate of Embodiment 4.

[FIG. 18] Cross-sectional views showing the produc-
tion method for the TFT substrate of Embodiment 4.
[FIG. 19] A plan view schematically showing the con-
struction of a TFT substrate of a liquid crystal display
device of Embodiment 5.

[FIG. 20] A diagram schematically showing a cross-
sectional structure of the TFT substrate of the liquid
crystal display device of Embodiment 5.

[FIG. 21] Plan views showing a production method
for the TFT substrate of Embodiment 5.

[FIG. 22] Cross-sectional views showing the produc-
tion method for the TFT substrate of Embodiment 5.
[FIG. 23] A plan view schematically showing the con-
struction of a TFT substrate of a liquid crystal display
device of Embodiment 6.

[FIG. 24] A diagram schematically showing a cross-
sectional structure of the TFT substrate of the liquid
crystal display device of Embodiment 6.

[FIG. 25] Plan views showing a production method
for the TFT substrate of Embodiment 6.

[FIG. 26] Cross-sectional views showing the produc-
tion method for the TFT substrate of Embodiment 6.
[FIG. 27] A plan view schematically showing the con-
struction of a TFT substrate of a liquid crystal display
device of Embodiment 7.

[FIG. 28] A diagram schematically showing a cross-
sectional structure of the TFT substrate of the liquid
crystal display device of Embodiment 7.

[FIG. 29] Plan views showing a production method
for the TFT substrate of Embodiment 7.

[FIG. 30] Cross-sectional views showing the produc-
tion method for the TFT substrate of Embodiment 7.
[FIG. 31] A cross-sectional view showing the con-
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struction of a lower substrate of a conventional FFS
mode transflective-type liquid crystal display device.
[FIG. 32] A diagram showing a relationship between
a tilt of a reflection surface and reflected light in a
liquid crystal display device, where (a) shows a re-
lationship between an incident angle a and an out-
going angle  when light enters a medium b having
a refractive index Nb from a medium a having a re-
fractive index Na, and (b) is a diagram showing a
relationship between incident light and reflected light
as well as the angle of the display surface ofthe LCD.

DESCRIPTION OF REFERENCE NUMERALS

[0037]

10 liquid crystal display device
12 TFT substrate

14 counter substrate

16 liquid crystal

18 liquid crystal layer

22 transparent substrate
24 interlayer insulating layer
26 pixel electrode
28,28 counter electrode

30 reflection section

31 adjustment layer

32 TFT section

34 transparent substrate
36 CF layer

40 display surface

42 reflection region

43 reflected light

44 TFT region

46 transmission region
48 light source

49 transmitted light



50

52

54

56

58

60

61

62

63

64

65, 65’
70, 71
70

75

80, 81
82

83

85

87
100
101
102
103
105
106
107
109

110

pixel

source line

gate line (gate electrode)
Cs line (Cs metal layer)
insulating layer

TFT

reflective layer
semiconductor layer
source electrode

drain electrode
contact hole

aperture

recess

contact hole

recess

protrusion

level difference
recess

aperture

lower substrate
organic resin film
counter electrode
gate electrode

pixel electrode

active layer
source/drain electrode
reflector

substrate
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BEST MODE FOR CARRYING OUT THE INVENTION

(Embodiment 1)

[0038] Hereinafter, with reference to the drawings, a
first embodiment of the liquid crystal display device ac-
cording to the present invention will be described.
[0039] FIG. 1 is a diagram schematically showing a
cross-sectional shape of a liquid crystal display device
10 of the present embodiment, which is a cross-sectional
view showing the construction of one pixel among a plu-
rality of pixels which are disposed in a matrix shape in
the liquid crystal display device 10.

[0040] The liquid crystal display device 10 of the
present embodiment is an FFS mode transflective-type
liquid crystal display device adopting an active matrix
method. As shown in FIG. 1, the liquid crystal display
device 10includes a TFT (Thin Film Transistor) substrate
(first substrate) 12, a counter substrate (second sub-
strate) 14 including color filters (CFs) and the like, and a
liquid crystal layer 18 containing liquid crystal 16 which
is sealed between the TFT substrate 12 and the counter
substrate 14.

[0041] The TFT substrate 12 includes a transparent
substrate 22, an interlayer insulating layer (PAS) 24, a
pixel electrode (first electrode) 26, and a counter elec-
trode (common.electrode or lower electrode) 28 dis-
posed below the pixel electrode 26, and has a reflection
section 30 and a TFT section 32. The pixel electrode 26
is electrically connected to a drain electrode of a TFT
which is formed in the TFT section 32, and as a voltage
or electric field is applied to the liquid crystal 16 by the
pixel electrode 26 and the counter electrode 28, the ori-
entation of the liquid crystal 16 is controlled with respect
to each pixel, thereby performing display. Although not
shown herein, gate lines (scanning lines), source lines
(signal lines), and Cs lines (storage capacitor electrode
lines) are also provided on the TFT substrate 12.
[0042] The counter substrate 14 includes a transpar-
ent substrate 34, a CF layer (color filter layer) 36, and
the like. The upper face of the transparent substrate 34
serves as a display surface 40 of the liquid crystal display
device. Although the TFT substrate 12 and the counter
substrate 14 each include optical film layers such as an
alignment film and a polarizer, those are omitted from
illustration herein.

[0043] In the liquid crystal display device 10, a region
where the reflection section 30 is formed is referred to
as a reflection region 42, whereas a region where the
TFT section 32 is formed is referred to as a TFT region
44. In the reflection region 42, light entering from the
display surface 40 is reflected by the reflective layer in
the reflection section 30, and travels through the liquid
crystal layer 18 and the counter substrate 14 so as to go
out from the display surface 40 as reflected light 43. Fur-
thermore, the liquid crystal display device 10 has trans-
mission regions 46 which are formed in regions other
than the reflection regions 42 and the TFT region 44. In
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the transmission regions 46, light which is emitted from
a light source 48 in the liquid crystal display device 10
travels through the TFT substrate 12, the liquid crystal
layer 18, and the counter substrate 14 so as to go out
from the display surface 40 as transmitted light 49.
[0044] Note that, by providing an adjustment layer 31
made of transmissive resin or the like on the lower face
of the counter substrate 14 over the reflection section 30
as shown in FIG. 1, it becomes possible to reduce the
thickness of the liquid crystal layer 18 in the reflection
region 42 to substantially a half of the thickness of the
liquid crystal layer 18 in the transmission region 46. As
a result, the optical path lengths of the reflected light 43
and the transmitted light 49 in the liquid crystal layer 18
can be made equal.

[0045] Next, the construction of the TFT substrate 12
will be described in more detail with reference to FIG. 2
to FIG. 4.

[0046] FIG.2is a plan view schematically showing the
construction of the TFT substrate 12 in one pixel among
the plurality of pixels which are disposed in amatrix shape
in the liquid crystal display device 10.

[0047] As shown in the figure, a pixel 50 includes the
reflection region 42, the TFT region 44, and the trans-
mission region 46 mentioned above. In the border of the
pixel 50, source lines 52 extend along the column direc-
tion (up-down direction in the figure) of the plurality of
pixels disposed in a matrix shape, and gate lines (gate
metal layers) 54 extend along the row direction (right-left
direction in the figure). In the central portion of the pixel
50, a Cs line (also referred to as a metal layer or a Cs
metal layer) 56 extends along the row direction.

[0048] ATFT 60 is formed in the TFT section 32 of the
TFT region 44, whereas the counter electrode 28, the
pixel electrode 26, and the like are formed in the trans-
mission region 46. In the reflection region 42, the Cs line
56, the counter electrode 28, the reflective layer 61, the
pixel electrode 26, and the like, which are the elements
ofthereflection section 30 as shownin FIG. 1, are formed.
[0049] FIG. 3 is a cross-sectional view schematically
showing an A-A’ cross section of the TFT substrate 12
shown in FIG. 2.

[0050] AsshowninFIG.3,inthe TFT section 32 of the
TFT substrate 12, an insulating layer 58 is formed on the
gate line (gate electrode) 54, and a semiconductor layer
62 is formed on the insulating layer 68. Note that a portion
of the gate line 54 that is located in the TFT section 32
is referred to as the gate electrode 54 herein. The sem-
iconductor layer 62 is composed of an intrinsic amor-
phous silicon layer (Si(i)layer) and an n* amorphous sil-
icon layer (Si (n*) layer) doped with phosphorus, for ex-
ample. A source electrode 63 and a drain electrode 64
are formed on the semiconductor layer 62, such that, as
shown in FIG. 2, the source electrode 63 is electrically
connected to the source line 52, whereas the drain elec-
trode 64 is electrically connected to the pixel electrode
26 viaa contact hole 65 formed in the interlayer insulating
layer 24.
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[0051] In the reflection region 42, the Cs metal layer
(also referred to as metal layer or Cs line) 56 is formed
from the same member as the gate line (gate electrode)
54. On the Cs metal layer 56, the insulating layer 58, the
counter electrode 28, the semiconductor layer 62, the
reflective layer 61, the interlayer insulating layer 24, and
the pixel electrode 26 are stacked. Note that the Cs metal
layer 56 is formed concurrently with and from the same
member as the gate electrode 54 of the TFT 60; the sem-
iconductor layer 62 as the semiconductor layer 62 of the
TFT 60; and the reflective layer 61 as the source elec-
trode 63 and drain electrode 64 of the TFT 60.

[0052] The Cs metal layer 56 has apertures 70, the
counter electrode 28 has apertures 71, and the semicon-
ductor layer 62 is formed in an island shape from above
an aperture 70 to inside the aperture 71. In the reflective
layer 61, recesses 80, recesses 81, and protrusions 82
are formed so as to conform to the shapes of the aper-
tures 70, the apertures 71, and the semiconductor layer
62, respectively. Because the semiconductor layer 62 is
formed inside the apertures 71, level differences 83 are
formed in the reflective layer 61. A contact hole 75 is
formed in the insulating layer 58, such that the counter
electrode 28 is electrically connected to the Cs metal
layer 56 via the contact hole 75.

[0053] Note that, instead of the apertures 70 or in ad-
dition to the apertures 70, protrusions or recesses (dents)
may be formed on or in the Cs metal layer 56, and the
Cs metal layer 56 may be formed in island shapes (it is
assumed that each island portion of the Cs metal layer
56 also qualifies as "a protrusion of the Cs metal layer
56"). Moreover, instead of the apertures 71 or in addition
to the apertures 71, protrusions or recesses (dents) may
be formed on or in the counter electrode 28, and the
counter electrode 28 may be formed in island shapes (it
is assumed that each island portion of the counter elec-
trode 28 qualifies as a "protrusion of the counter electrode
28"). Furthermore, the semiconductor layer 62 may be
formed as a layer having apertures, protrusions, or re-
cesses. In either case, protrusions, recesses, or level
differences are formed on or in the reflective layer 61 in
accordance with the protrusions, recesses, and aper-
tures of the Cs metal layer 56, the counter electrode 28,
and the semiconductor layer 62.

[0054] FIG. 4 is a diagram schematically showing the
shape of the reflective layer 61 as viewed from the display
surface 40 side.

[0055] As shown in the figure, the recesses 80 which
are formed in accordance with the apertures 70 in the Cs
metal layer 56, the recesses 81 which are formed in ac-
cordance with the apertures 71 in the counter electrode
28, the protrusions 82 which are formed in accordance
with the protrusions of the semiconductor layer 62 (island
shapes of the semiconductor layer 62), and the recesse
85 which is formed in accordance with the contact hole
75 in the insulating layer 58 are formed in the reflective
layer 61. Moreover, a level difference 83 is formed at
each portion where arecess 81 and a protrusion 82 over-
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lap.

[0056] Althoughabouteighttoteneachoftherecesses
80, recesses 81, and protrusions 82 are illustrated for
ease of understanding the construction, the numbers of
the recesses 80, recesses 81, and protrusions 82 are not
limited to the illustrated numbers; more of them may be
formed.

[0057] According to the present invention, a plurality
of recesses, protrusions, or level differences (hereinafter
also referred to as recesses or the like) as mentioned
above are formed in or on the reflective layer 61. Since
the corner portions and slopes of such recesses or the
like include many faces whose angles with respect to the
substrate are 20 degrees or less (effective reflection sur-
faces), reflected light can be effectively utilized. Moreo-
ver, since a multitude of faces having respectively differ-
ent tilting angles are formed in the corner portions of the
recesses or the like, reflected light is prevented from
heading only in a fixed direction. Therefore, by forming
more recesses or the like, it becomes possible to obtain
reflected light which expands in a broader range.
[0058] Moreover, sincethereflective layer 61 is formed
so as to conform to the shapes of the plurality of layers
which are located below the reflective layer 61, more re-
cesses or the like can be easily formed in the reflective
layer 61, and shapes can be easily formed in which a
plurality of recesses or the like overlap. Therefore, more
effective reflection surfaces can be easily formed on the
surface of the reflective layer 61.

[0059] Furthermore, according to the present inven-
tion, since the reflective layer 61 is formed so as to con-
form to the shapes of a layer which are formed concur-
rently with and from the same material of a layer com-
posing the TFT 60, there is no need to separately add a
stacking step, a photolithography step, or the like in order
to form the recesses or the like. Therefore, it is possible
to provide a liquid crystal display device having a good
reflection efficiency with a good production efficiency and
at low cost. Moreover, since the shapes, depths, and
slope tilting angles of the recesses or the like can be
easily adjusted when shaping the respective layers com-
posing the TFT 60, more effective reflection surfaces can
be easily formed on the surface of the reflective layer 61.
[0060] Next, with reference to FIG. 5 and FIG. 6, a
production method for the TFT substrate 12 of Embodi-
ment 1 will be described.

[0061] FIG.5is planviews showing a production meth-
od for the TFT substrate 12, schematically showing the
production steps of the portion illustrated in FIG. 2. FIG.
6 is cross-sectional views for describing the production
method for the TFT substrate 12, schematically showing
the production steps of the portion illustrated in FIG. 3.
[0062] As shown in FIG. 5(a) and FIG. 6(a), first, by a
method such as sputtering, a thin metal film of Ta (tan-
talum) is formed on the transparent substrate having
been cleaned. Other than Ta, this thin metal film may be
formed by using Al (aluminum), Ti (titanium), Cr (chromi-
um), Mo (molybdenum), W (tungsten), or an alloy thereof,
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etc., or formed from a multilayer body of a layer of such
materials and a nitride film.

[0063] Thereafter, a resist film is formed on the thin
metal film, and after forming a resist pattern through an
exposure-development step, a dry etching is performed
to form the gate electrode 54 and the Cs metal layer (first
metal layer) 56. The thickness of the gate electrode 54
is 50 to 1000 nm, for example. Note that wet etching may
be employed as the etching. At this time, a plurality of
apertures 70 are formed in the Cs metal layer 56. In the
case of forming the apertures 70, it is possible to adjust
the tilting angle of the side face of each aperture 70 by
using halftone exposure. Moreover, recesses (dents)
may be formed instead of the apertures 70. In this step,
the gate line 54 and the Cs line 56 shown in FIG. 2 are
also formed concurrently from the same metal.

[0064] Next, as shown in FIG. 5(b) and FIG. 6(b), by
using a P-CVD technique and a gaseous mixture of SiH,,
NHs;, and N,, the insulating layer 58 composed of SiN
(silicon nitride) is formed on the entire substrate surface.
The insulating layer 58 may also be composed of SiO,
(silicon oxide), Ta,O5 (tantalum oxide), Al,O3(aluminum
oxide), or the like. The thickness of the insulating layer
58 is 100 to 600 nm, for example.

[0065] Next, on the insulating layer 58, an intrinsic
amorphous silicon (a-Si) film (Si(i) film) and an n* a-Si
film (Si(n*) film) obtained by doping amorphous silicon
with phosphorus (P) are formed. The thickness of the a-
Si film is 20 to 300 nm, for example, and the thickness
ofthe n* a-Sifilmis 20 to 100 nm, forexample. Thereafter,
these films are shaped by Photolithography technique,
whereby the semiconductor layer 62 is formed. Here,
above the Cs metal layer 56, a plurality of annular shapes
of semiconductor layer 62 are formed in island shapes,
at positions overlapping the apertures 70 in the Cs metal
layer 56.

[0066] Next, as shown in FIG. 5(c) and FIG. 6(c), the
contact hole 75 reaching the Cs metal layer 56 is formed
in the insulating layer 58 by photolithography technique.
[0067] Next, as shown in FIG. 5(d) and FIG. 6(d), a
transparent electrode film of ITO, 1ZO, or the like is
formed on the insulating layer 58 and the semiconductor
layer 62 by sputtering technique or the like, and the re-
sultant transparent electrode film is pattern-shaped by
photolithography technique, whereby the counter elec-
trode 28 is formed in the reflection region 42 and the
transmission region 46. At this time, a plurality of aper-
tures 71 are formed in the counter electrode 28. At least
some of the plurality of apertures 71 are formed in posi-
tions overlapping the apertures 70 in the Cs metal layer
56 and the semiconductor layer 62, whereby recesses,
protrusions, and level differences are formed on the sur-
face of the counter electrode 28. A recess in accordance
with the contact hole 75 is also formed in the counter
electrode 28.

[0068] Next, as shown in FIG . 5(e) and FIG. 6(e), a
thin metal film of Al or the like is formed on the entire
substrate surface by sputtering technique or the like, and
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a photolithography technique is employed to form the
source electrode 63, the source line 52, the drain elec-
trode 64, and the reflective layer (second metal layer)
61. At this time, in the reflective layer 61, the recesses
80, the recesses 81, the protrusions 82, the level differ-
ences 83, and the recess 85 are formed, which conform
to the shapes of the apertures 70 in the Cs metal layer
56, the semiconductor layer 62, the contact holes 75 in
the insulating layer 58, and the apertures 71 in the coun-
ter electrode 28. Note that, as the thin metal film, the
materials listed above as the materials for the gate elec-
trode 54 can be used. The thickness of the reflective layer
61 is 30 to 1000 nm, for example.

[0069] Next, as showninFIG. 5(f) and FIG. 6(f), a pho-
tosensitive acrylic resin is applied onto the substrate by
spin-coating, whereby the interlayer insulating layer 24
is formed. The thickness of the interlayer insulating layer
24 is 0.3 to 5 pm, for example. Although omitted from
illustration herein, the contact hole 65 is formed in the
interlayer insulating layer 24 over the drain electrode 64.
Although a thin film of SiN,, SiO,, or the like may be
formed by P-CVD technique as a protection layer under
the interlayer insulating layer 24, such is omitted from
illustration herein. The thickness of the protection film is
50 to 1000 nm, for example.

[0070] Finally, the pixel electrode 26 is formed on the
interlayer insulating layer 24, whereby the TFT substrate
12 shown in FIG. 2 and FIG. 3 is completed. The pixel
electrode 26 is obtained by stacking a transparent elec-
trode film of ITO, 1ZO, or the like by sputtering technique
or the like, and pattern-shaping the stacked transparent
electrode film by photolithography technique. The pixel
electrode 26 and the drain electrode 64 are electrically
connected via the contact hole 65.

[0071] Preferably, as many recesses 80, recesses 81,
protrusions 82, level differences 83, and recesses 85 as
possible are formed. Therefore, it is preferable that as
many apertures 70 in the Cs metal layer 56, island shapes
of semiconductor layer 62, and apertures 71 in the coun-
ter electrode 28 as possible are formed on the reflection
surface, within the limitations of the masks and photoex-
posure during the production steps. The preferable sizes
of the apertures 70, the apertures 71, and the island
shapes of semiconductor layer 62, are defined by diam-
eters of 2to 10 pm.

(Embodiment 2)

[0072] Next, with reference to FIGS. 7 to 10, a second
embodiment of the liquid crystal display device according
to the presentinvention will be described. The liquid crys-
tal display device of the present embodiment differs from
the Embodiment 1 only with respect to a portion of the
construction of the TFT substrate 12, and is identical to
Embodiment 1 including the production method, effects,
and the like, except for what is described below. Constit-
uent elements which are identical to those of Embodi-
ment 1 will be denoted by like reference numerals, and
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detailed descriptions thereof will be omitted.

[0073] FIG.7 is aplan view schematically showing the
construction of the TFT substrate 12 corresponding to
one pixel 50 of the liquid crystal display device 10 shown
in FIG. 1. FIG. 8 is a cross-sectional view schematically
showing an A-A’ cross section of the TFT substrate 12
shown in FIG. 7.

[0074] AsshowninFIG. 7 and FIG. 8, in the reflection
region 42 of the TFT substrate 12 of Embodiment 2, the
counter electrode 28 is stacked on the Cs metal layer 56
so as to be in contact with the Cs metal layer 56. On the
counter electrode 28, the insulating layer 58, the semi-
conductor layer 62, and the reflective layer 61 are
stacked in this order. An aperture (gap or slit) 87 is formed
in the reflective layer 61, such that the reflective layer 61
is divided into two portions because of the aperture 87.
[0075] As shownin FIG. 8, recesses 80 conforming to
the apertures 70 in the Cs metal layer 56, recesses 81
conforming to the apertures 71 in the counter electrode
28, and protrusions 82 conforming to the island shapes
of semiconductor layer 62 are formed in the reflective
layer 61. The aperture 87 is formed also in the reflective
layer 61 itself. This makes it possible to form a multitude
of corner portions on the surface of the reflective layer
61. Note that a recess or protrusion may be formed in-
stead of the aperture 87 in the reflective layer 61.
[0076] Next, with reference to FIG. 9 and FIG. 10, a
production method for the TFT substrate 12 of Embodi-
ment 2 will be described.

[0077] FIG.9is plan views for describing a production
method for the TFT substrate 12, schematically showing
production steps for the portion shown in FIG. 7. FIG. 10
is cross-sectional views for describing a production meth-
od for the TFT substrate 12, schematically showing pro-
duction steps for the portion shown in FIG. 8.

[0078] As shown in FIG. 9(a) and FIG. 10(a), first, by
a method such as sputtering, a thin metal film of Ta (tan-
talum) or the like is formed on a transparent substrate
having been cleaned. Thereafter, the Cs metal layer 56
having the gate electrode 54 and the apertures 70 is
formed by photolithography technique. In this step, the
gate line 54 and the Cs line 56 shown in FIG. 7 are also
formed concurrently from the same metal.

[0079] Next, as shown in FIG. 9(b) and FIG. 10(b), a
transparent electrode film of ITO, 1ZO, or the like is
formed on the substrate including the gate electrode 54
and the Cs metal layer 56 by sputtering technique or the
like, and the transparent electrode film having been
stacked is pattern-shaped by photolithography tech-
nique, whereby the counter electrode 28 is formed. At
this time, a plurality of apertures 71 are formed in the
counter electrode 28.

[0080] Next, as shown in FIG. 9(c) and FIG. 10(c),
after the insulating layer 58 is stacked on the entire sub-
strate surface, a semiconductor film is stacked on the
insulating layer 58, and the stacked semiconductor film
is shaped by photolithography technique, thereby form-
ing the semiconductor layer 62.
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[0081] Next, as shown in FIG. 9(d) and FIG. 10(d), a
thin metal film of Al or the like is formed on the entire
substrate surface by sputtering technique or the like, and
a photolithography technique is employed to form the
source electrode 63, the source line 52, the drain elec-
trode 64, and the reflective layer 61. At this time, in the
reflective layer 61, the recess 80, the recess 81, and the
protrusion 82 are formed so as to conform to the shapes
ofthe apertures 70 in the Cs metal layer 56, the apertures
71 in the counter electrode 28, and the semiconductor
layer 62. The aperture 87 is formed also in the reflective
layer 61 itself.

[0082] Next, as shown in FIG. 9(e) and FIG. 10(e), a
photosensitive acrylic resin is applied onto the substrate
by spin-coating, whereby the interlayer insulating layer
24 is formed. The contact hole 65 is formed in the inter-
layer insulating layer 24 over the drain electrode 64.
[0083] Finally, the pixel electrode 26 is formed on the
interlayer insulating layer 24, whereby the TFT substrate
12 shown in FIG. 7 and FIG. 8 is completed.

(Embodiment 3)

[0084] Next, with reverence to FIGS. 11 to 14, a third
embodiment of the liquid crystal display device according
to the presentinvention will be described. The liquid crys-
tal display device of the present embodiment differs from
the Embodiment 1 only with respect to a portion of the
construction of the TFT substrate 12, and is identical to
Embodiment 1 including the production method, effects,
and the like, except for what is described below. Constit-
uent elements which are identical to those of Embodi-
ment 1 will be denoted by like reference numerals, and
detailed descriptions thereof will be omitted.

[0085] FIG. 11 is a plan view schematically showing
the construction of the TFT substrate 12 corresponding
to one pixel 50 of the liquid crystal display device 10
shown in FIG. 1. FIG. 12 is a cross-sectional view sche-
matically showing an A-A’ cross section of the TFT sub-
strate 12 shown in FIG. 11.

[0086] As shownin FIG. 11 and FIG. 12, in the reflec-
tion region 42 of the TFT substrate 12 of Embodiment 3,
the Cs metal layer 56 is stacked on the counter electrode
28 so as to be in contact with the counter electrode 28,
the insulating layer 58 is stacked on the Cs metal layer
56, and the semiconductor layer 62 and the reflective
layer 61 are stacked on the insulating layer 58. An aper-
ture (gap or slit) 87 is formed in the reflective layer 61,
such that the reflective layer 61 is divided into two por-
tions because of the aperture 87.

[0087] As shown in FIG. 12, recesses 80 conforming
to the apertures 70 in the Cs metal layer 56, recess 81
conforming to the apertures 71 in the counter electrode
28, and protrusions 82 conforming to the island shapes
of semiconductor layer 62 are formed in the reflective
layer 61. The aperture 87 is formed also in the reflective
layer 61 itself. This makes it possible to form a multitude
of corner portions on the surface of the reflective layer
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61. Note that a recess or protrusion may be formed in-
stead of the aperture 87 in the reflective layer 61.
[0088] Next, with reference to FIG. 13 and FIG. 14, a
production method for the TFT substrate 12 of Embodi-
ment 3 will be described.

[0089] FIG.13isplanviews fordescribinga production
method for the TFT substrate 12, schematically showing
production steps for the portion shown in FIG. 11. FIG.
14 is cross-sectional views for describing a production
method for the TFT substrate 12, schematically showing
production steps for the portion shown in FIG. 12.
[0090] As shown in FIG. 13(a) and FIG. 14(a), first, a
transparent electrode film of ITO, 1ZO, or the like is
stacked on a transparent substrate by sputtering tech-
nique or the like, and the transparent electrode film hav-
ing been stacked is pattern-shaped by photolithography
technique, whereby the counter electrode 28 is formed.
At this time, a plurality of apertures 71 are formed in the
counter electrode 28.

[0091] Next, as shown in FIG. 13(b) and FIG. 14(b), a
thin metal film of Ta (tantalum) or the like is formed by a
method such as sputtering, and the Cs metal layer 56
having the gate electrode 54 and the apertures 70 is
formed by photolithography technique. At this time, re-
cesses conforming to the apertures 71 in the counter
electrode 28 are formed in the Cs metal layer 56. Note
that, in this step, the gate line 54 and the Csline 56 shown
in FIG. 11 are also formed concurrently from the same
metal.

[0092] Next, as shown in FIG. 13(c) and FIG. 14(c),
the insulating layer 58 is stacked on the entire substrate
surface, and after a semiconductor film is stacked there-
upon, the stacked semiconductor film is shaped by pho-
tolithography technique, thereby forming the semicon-
ductor layer 62.

[0093] Next, as shown in FIG. 13(d) and FIG. 14(d), a
thin metal film of Al or the like is formed on the entire
substrate surface by sputtering technique or the like, and
a photolithography technique is employed to form the
source electrode 63, the source line 52, the drain elec-
trode 64, and the reflective layer 61. At this time, in the
reflective layer 61, the recesses 80, the recesses 81, and
the protrusions 82 are formed so as to conform to the
shapes of the apertures 70 in the Cs metal layer 56, the
apertures 71 in the counter electrode 28, and the semi-
conductor layer 62. Moreover, the aperture 87 is formed
also in the reflective layer 61 itself.

[0094] Next, as shownin FIG. 13(e) and FIG. 14(e), a
photosensitive acrylic resin is applied onto the substrate
by spin-coating, whereby the interlayer insulating layer
24 is formed. The contact hole 65 is formed in the inter-
layer insulating layer 24 over the drain electrode 64.
[0095] Finally, the pixel electrode 26 is formed on the
interlayer insulating layer 24, whereby the TFT substrate
12 shown in FIG. 11 and FIG. 12 is completed.
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(Embodiment 4)

[0096] Next, with reference to FIGS. 15 to 18, a fourth
embodiment of the liquid crystal display device according
to the presentinvention will be described. The liquid crys-
tal display device of the present embodiment differs from
the Embodiment 1 only with respect to a portion of the
construction of the TFT substrate 12, and is identical to
Embodiment 1 including the production method, effects,
and the like, except for what is described below. Constit-
uent elements which are identical to those of Embodi-
ment 1 will be denoted by like reference numerals, and
detailed descriptions thereof will be omitted.

[0097] FIG. 15 is a plan view schematically showing
the construction of the TFT substrate 12 corresponding
to one pixel 50 of the liquid crystal display device 10
shown in FIG. 1. FIG. 16 is a cross-sectional view sche-
matically showing an A-A’ cross section of the TFT sub-
strate 12 shown in FIG. 15.

[0098] As shownin FIG. 15 and FIG. 16, in the reflec-
tion region 42 of the TFT substrate 12 of Embodiment 4,
the counter electrode 28 is stacked on the Cs metal layer
56 so as to be in contact with the Cs metal layer 56, and
theinsulating layer 58 is stacked on the counter electrode
28, but the semiconductor layer 62 and the reflective lay-
er 61 are not stacked here (in the TFT region 44, similarly
to Embodiment 1, the semiconductor layer 62, the source
electrode 63 and the drain electrode 64 are formed).
[0099] Inthe reflection region 42 of Embodiment 4, the
Cs metal layer 56 functions as a reflective layer. There-
fore, rather than apertures 70, recesses 70’ are formed
in the Cs metal layer 56, whereby a plurality of corner
portions and slopes are formed in the surface of the Cs
metal layer 56, thus improving the efficiency of utility of
reflected light.

[0100] Next, with reference to FIG. 17 and FIG. 18, a
production method for the TFT substrate 12 of the Em-
bodiment 4 will be described.

[0101] FIG.17isplanviews for describing a production
method for the TFT substrate 12, schematically showing
production steps for the portion shown in FIG. 15. FIG.
18 is cross-sectional views for describing a production
method for the TFT substrate 12, schematically showing
production steps for the portion shown in FIG. 16.
[0102] AsshowninFIG. 17(a) and FIG. 18(a), first, by
a method such as sputtering, a thin metal film of Ta (tan-
talum) or the like is formed, and the Cs metal layer 56
having the gate electrode 54 and the recesses 70’ is
formed by photolithography technique. In this step, the
gate line 54 and the Cs line 56 shown in FIG. 15 are also
formed concurrently from the same metal.

[0103] Next, as shownin FIG. 17(b) and FIG. 18(b), a
transparent electrode film of ITO, 1ZO, or the like is
stacked by sputtering technique or the like, and the trans-
parent electrode film having been stacked is pattern-
shaped by photolithography technique, whereby the
counter electrode 28 is formed. At this time, recesses
conforming to the recesses 70’ are formed in the counter
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electrode 28.

[0104] Next, as shown in FIG. 17(c) and FIG. 18(c),
the insulating layer 58 is stacked on the entire substrate
surface, and a semiconductor film is stacked thereupon.
Thereatfter, the stacked semiconductor film is shaped by
photolithography technique to form the semiconductor
layer 62. However, herein, the semiconductor layer 62
is only formed in the TFT region 44.

[0105] Next, with reference to FIG. 17(d) and FIG. 18
(d), a thin metal film of Al or the like is stacked on the
entire substrate surface by sputtering technique or the
like, and a photolithography technique is employed to
form the source electrode 63, the drain electrode 64, and
the source line 52. At this time, any thin metal film that
has been stacked on the reflection region 42 and the
transmission region 46 is removed.

[0106] Next, as shownin FIG. 17(e) and FIG. 18(e), a
photosensitive acrylic resin is applied onto the substrate
by spin-coating, whereby the interlayer insulating layer
24 is formed. The contact hole 65 is formed in the inter-
layer insulating layer 24 over the drain electrode 64.
[0107] Finally, the pixel electrode 26 is formed on the
interlayer insulating layer 24, whereby the TFT substrate
12 shown in FIG. 15 and FIG. 16 is completed.

(Embodiment 5)

[0108] Next, with reference to FIGS. 19 to 22, a fifth
embodiment of the liquid crystal display device according
to the presentinvention will be described. The liquid crys-
tal display device of the present embodiment differs from
the Embodiment 1 only with respect to a portion of the
construction of the TFT substrate 12, and is identical to
Embodiment 1 including the production method, effects,
and the like, except for what is described below. Constit-
uent elements which are identical to those of Embodi-
ment 1 will be denoted by like reference numerals, and
detailed descriptions thereof will be omitted.

[0109] FIG. 19 is a plan view schematically showing
the construction of the TFT substrate 12 corresponding
to one pixel 50 of the liquid crystal display device 10
shown in FIG. 1. FIG. 20 is a cross-sectional view sche-
matically showing an A-A’ cross section of the TFT sub-
strate 12 shown in FIG. 19.

[0110] Asshownin FIG. 19 and FIG. 20, in the reflec-
tion region 42 of the TFT substrate 12 of Embodiment 5,
the Cs metal layer 56 is stacked on the counter electrode
28 so as to in contact with the counter electrode 28, and
the insulating layer 58 is stacked on the Cs metal layer
56, but the semiconductor layer 62 and the reflective lay-
er 61 are not stacked here (in the TFT region 44, similarly
to Embodiment 1, the semiconductor layer 62, the source
electrode 63, and the drain electrode 64 are formed).
[0111] Inthe reflection region 42 of Embodiment 5, the
Cs metal layer 56 functions as a reflective layer. There-
fore, rather than apertures 70, recesses 70’ are formed
in the Cs metal layer 56. Moreover, apertures 71 are
formed in the counter electrode 28. Therefore, recesses
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conforming to the apertures 71 are formed in addition to
the recesses 70’°, so that a plurality of corner portions
and slopes are formed on the surface of the Cs metal
layer 56, thus improving the efficiency of utility of reflected
light. Note that, herein, the Cs metal layer 56 also has
the function of a counter electrode because the Cs metal
layer 56 is in electrical contact with the counter electrode
28.

[0112] Next, with reference to FIG. 21 and FIG. 22, a
production method for the TFT substrate 12 of Embodi-
ment 5 will be described.

[0113] FIG.21is plan views for describing a production
method for the TFT substrate 12, schematically showing
production steps for the portion shown in FIG. 19. FIG.
22 is cross-sectional views for describing a production
method for the TFT substrate 12, schematically showing
production steps for the portion shown in FIG. 20.
[0114] As shown in FIG. 21 (a) and FIG. 22 (a), first,
a transparent electrode film of ITO, 1ZO, or the like is
stacked by sputtering technique or the like, and the trans-
parent electrode film having been stacked is pattern-
shaped by photolithography technique, whereby the
counter electrode 28 is formed. At this time, the apertures
71 are formed in the counter electrode 28.

[0115] Next, as shownin FIG. 21(b) and FIG. 22(b), a
thin metal film of Ta (tantalum) or the like is formed by a
method such as sputtering, and the gate electrode 54
and the Cs metal layer 56 are formed by photolithography
technique. At this time, the recesses 70’ are formed in
the Cs metal layer 56. Moreover, recesses conforming
to the apertures 71 in the counter electrode 28 are also
formed in the Cs metal layer 56. Note that, in this step,
the gate line 54 and the Cs line 56 shown in FIG. 19 are
also formed concurrently from the same metal.

[0116] Next, as shown in FIG. 21(c) and FIG. 22(c),
the insulating layer 58 is stacked on the entire substrate
surface, and a semiconductor film is stacked thereupon.
Thereafter, the stacked semiconductor film is shaped by
photolithography technique to form the semiconductor
layer 62. However, herein, the semiconductor layer 62
is only formed in the TFT region 44.

[0117] Next, as shownin FIG. 21(d) and FIG. 22(d), a
thin metal film of Al or the like is stacked on the entire
substrate surface by sputtering technique or the like, and
a photolithography technique is employed to form the
source electrode 63, the drain electrode 64, and the
source line 52. At this time, any thin metal film that has
been stacked on the reflection region 42 and the trans-
mission region 46 is removed.

[0118] Next, as shown in FIG. 21(e) and FIG. 22(e), a
photosensitive acrylic resin is applied onto the substrate
by spin-coating, whereby the interlayer insulating layer
24 is formed. The contact hole 65 is formed in the inter-
layer insulating layer 24 over the drain electrode 64.
[0119] Finally, the pixel electrode 26 is formed on the
interlayer insulating layer 24, whereby the TFT substrate
12 shown in FIG. 19 and FIG. 20 is completed.
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(Embodiment 6)

[0120] Next, with reference to FIGS. 23 to 26, a sixth
embodiment of the liquid crystal display device according
to the present invention will be described.

[0121] The liquid crystal display device of the present
embodiment is an IPS mode transflective-type liquid
crystal display device, whose overall construction is ba-
sically the same as that shown in FIG. 1. However, it is
different from the liquid crystal display device of Embod-
iment 1 in terms of the construction of the TFT substrate
12. Therefore, those constituents of the TFT substrate
12 which are different from of Embodiment 1 will be main-
ly described below, and the descriptions of any portion
thatis identical to Embodiment 1 will be omitted, including
the production method, effects, and the like. Moreover,
constituent elements which are identical to those of Em-
bodiment 1 will be denoted by like reference numerals,
and descriptions thereof will be omitted.

[0122] FIG. 23 is a plan view schematically showing
the construction of the TFT substrate 12 corresponding
to one pixel 50 of the liquid crystal display device of the
present embodiment. FIG. 24 is a cross-sectional view
schematically showing an A-A’ cross section of the TFT
substrate 12 shown in FIG. 23.

[0123] Asshownin FIG. 23 and FIG. 24, on the upper
face of the TFT substrate 12 in Embodiment 6 (the upper
face of the interlayer insulating layer 24), a pixel electrode
26 and a counter electrode 28’ in interdigitated shapes
each having a plurality of projections are formed, and
orientation control of the liquid crystal is performed in
accordance with a voltage which is applied between the
projections of the pixel electrode 26 and the projections
of the counter electrode 28°.

[0124] The pixel electrode 26 is electrically connected
to the drain electrode 64 of the TFT 60 via the contact
hole 65 formed in the interlayer insulating layer 24,
whereas the counter electrode 28’ is electrically connect-
ed to the reflective layer 61 formed in the reflection region
42 via a contact hole 65’ which is formed in the interlayer
insulating layer 24. Under the reflective layer 61, the Cs
metal layer 56 having the apertures 70, the insulating
layer 58, and the island shapes of semiconductor layer
62 are formed in this order from the bottom. The reflective
layer 61 is electrically connected to the Cs metal layer
56 viathe contacthole 75 which is formed in the insulating
layer 58.

[0125] The reflective layer 61 has recesses 80 which
are formed in accordance with the apertures 70 in the Cs
metal layer 56, protrusions 82 which are formed in ac-
cordance with the island shapes of semiconductor layer
62, level differences 83 which are formed in accordance
with the apertures 70 and the semiconductor layer 62,
and a recess 85 which is formed in accordance with the
contact hole 75 in the interlayer insulating layer 24. Thus,
a plurality of corner portions and slopes are formed on
the surface of the reflective layer 61, thus improving the
efficiency of utility of reflected light.
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[0126] Next, with reference to FIG. 25 and FIG. 26, a
production method for the TFT substrate 12 of Embodi-
ment 6 will be described.

[0127] FIG.25is plan views for describing a production
method for the TFT substrate 12, schematically showing
production steps for the portion shown in FIG. 23. FIG.
26 is cross-sectional views for describing a production
method for the TFT substrate 12, schematically showing
production steps for the portion shown in.FIG. 24.
[0128] As showninFIG. 25(a) and FIG. 26(a), first, by
a method such as sputtering, a thin metal film of Ta (tan-
talum) or the like is formed, and the gate electrode 54
and the Cs metal layer 56 are formed by photolithography
technique. At this time, the apertures 70 are formed in
the Cs metal layer 56. Note that, in this step, the gate
line 54 and the Cs line 56 shown in FIG. 23 are also
formed concurrently from the same metal.

[0129] Next, as shown in FIG. 25(b) and FIG. 26(b),
the insulating layer 58 is stacked on the entire substrate
surface, and a semiconductor film is stacked thereupon.
Thereafter, the stacked semiconductor film is shaped by
photolithography technique to form the semiconductor
layer 62. Herein, a plurality of island shapes of semicon-
ductor layer 62 are formed in the reflection region 42, at
least some of which overlap the apertures 70.

[0130] Next, as shown in FIG. 25(c) and FIG. 26(c),
the contact hole 75 is formed in the insulating layer 58
by photolithography technique or the like.

[0131] Next, as shown in FIG. 25(d) and FIG. 26(d), a
thin metal film of Al or the like is stacked on the entire
substrate surface by sputtering technique or the like, and
a photolithography technique is employed to form the
source electrode 63, the drain electrode 64, the reflective
layer 61, and the source line 52. At this time, in the re-
flective layer 61, the recesses 80 conforming to the
shapes of the apertures 70 in the Cs metal layer 56, the
protrusions 82 conforming to the shapes of the island
shapes of semiconductor layer 62, the level differences
83 conforming to the shapes of the apertures 70 and the
semiconductor layer 62, and the recess 85 conforming
to the shapes of the contact hole 75 in the interlayer in-
sulating layer 24 are formed.

[0132] Next, as shown in FIG. 25(e) and FIG. 26(e), a
photosensitive acrylic resin is applied onto the substrate
by spin-coating, whereby the interlayer insulating layer
24 is formed. In the interlayer insulating layer 24, by pho-
tolithography technique or the like, the contact hole 65
is formed over the drain electrode 64, and the contact
hole 65’ is formed over the reflective layer 61.

[0133] Finally, after stacking a transparent electrode
film of ITO, 1ZO, or the like on the interlayer insulating
layer 24 by sputtering technique or the like, the transpar-
ent electrode film is pattern-shaped by photolithography
technique to form the pixel electrode 26 and the counter
electrode 28’, whereby the TFT substrate 12 shown in
FIG. 23 and FIG. 24 is completed.
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(Embodiment 7)

[0134] Next, with reference to FIGS. 27 to 30, a sev-
enth embodiment of the liquid crystal display device ac-
cording to the present invention will be described.
[0135] Similarly to Embodiment6, the liquid crystal dis-
play device of the present embodiment is an IPS mode
transflective-type liquid crystal display device, and its
construction is basically the same as that shown in FIG.
1, except for the TFT substrate 12. Therefore, the con-
struction of the TFT substrate 12 will be mainly described
below, and the descriptions of any portion that is identical
to Embodiment 1 will be omitted, including the production
method, effects, and the like. Moreover, constituent ele-
ments which are identical to those of Embodiment 1 will
be denoted by like reference numerals, and descriptions
thereof will be omitted.

[0136] FIG. 27 is a plan view schematically showing
the construction of the TFT substrate 12 corresponding
to one pixel 50 of the liquid crystal display device of the
present embodiment. FIG. 28 is a cross-sectional view
schematically showing an A-A’ cross section of the TFT
substrate 12 shown in FIG. 27.

[0137] AsshowninFIG. 27 and FIG. 28, on the upper
face of the TFT substrate 12 in Embodiment 7 (the upper
face of the interlayer insulating layer 24), a pixel electrode
26 and a counter electrode 28’ in interdigitated shapes
each having a plurality of projections are formed, and
orientation control of the liquid crystal is performed in
accordance with a voltage which is applied between the
projections of the pixel electrode 26 and the projections
of the counter electrode 28°.

[0138] The pixel electrode 26 is electrically connected
to the drain electrode 64 of the TFT 60 via a contact hole
65 which is formed in the interlayer insulating layer 24,
whereas the counter electrode 28’ is electrically connect-
edto thereflective layer 61 formed in the reflection region
42 via a contact hole 65’ which is formed in the interlayer
insulating layer 24. However, since the reflective layer
61 is formed only under a portion of the counter electrode
28 in Embodiment 7, a reflective layer’s function of re-
flecting incident light toward the display surface pertains
to the Cs metal layer 56 herein.

[0139] In the portion of the reflection region 42 that is
under the reflective layer 61, the Cs metal layer 56 and
the insulating layer 58 are formed in this order from the
bottom. The semiconductor layer 62 is not formed in the
reflection region 42. The reflective layer 61 is electrically
connected to the Cs metal layer 56 via a contact hole 75
which is formed in the insulating layer 58. Therefore, the
counter electrode 28’ is electrically connected to the Cs
metal layer 56 via the contact hole 65’, the reflective layer
61, and the contact hole 75.

[0140] Since the Cs metal layer 56 has a function as
areflective layer, recesses 70’ are formed in the Cs metal
layer 56, rather than apertures. Since the recesses 70’are
formed, a plurality of corner portion and slopes are
formed on the surface of the reflective layer 61, thus im-
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proving the efficiency of utility of reflected light.

[0141] Next, with reference to FIG. 29 and FIG. 30, a
production method for the TFT substrate 12 of the Em-
bodiment 7 will be described.

[0142] FIG.29is plan views for describing a production
method for the TFT substrate 12, schematically showing
production steps for the portion shown in FIG. 27. FIG.
30 is cross-sectional views for describing a production
method for the TFT substrate 12, schematically showing
production steps for the portion shown in FIG. 28.
[0143] As showninFIG. 29(a) and FIG. 30(a), first, by
a method such as sputtering, a thin metal film of Ta (tan-
talum) or the like is formed, and the gate electrode 54
and the Cs metal layer 56 are formed by photolithography
technique. At this time, the recesses 70’ are formed in
the Cs metal layer 56. Note that, in this step, the gate
line 54 and the Cs line 56 shown in FIG. 27 are also
formed concurrently from the same metal.

[0144] Next, as shown in FIG. 29(b) and FIG. 30(b),
the insulating layer 58 is stacked on the entire substrate
surface, and a semiconductor film is stacked thereupon.
Thereafter, the stacked semiconductor film is shaped by
photolithography technique to form the semiconductor
layer 62. Herein, any semiconductor film that has been
stacked in the reflection region 42 is removed, and no
semiconductor layer 62 is formed in the reflection region
42,

[0145] Next, as shown in FIG. 29(c) and FIG. 30(c),
the contact hole 75 is formed in the insulating layer 58
by photolithography technique or the like.

[0146] Next, as shown in FIG. 29(d) and FIG. 30(d), a
thin metal film of Al or the like is stacked on the entire
substrate surface by sputtering technique or the like, and
a photolithography technique is employed to form the
source electrode 63, the drain electrode 64, the reflective
layer 61, and the source line 52. At this time, in the re-
flection region 42, the reflective layer 61 is formed only
over the contact hole 75 so as to cover the contact hole
75.

[0147] Next, as shown in FIG. 29(e) and FIG. 30(e), a
photosensitive acrylic resin is applied onto the substrate
by spin-coating, whereby the interlayer insulating layer
24 is formed. In the interlayer insulating layer 24, by pho-
tolithography technique or the like, the contact hole 65
is formed over the drain electrode 64, and the contact
hole 65’ is formed over the reflective layer 61.

[0148] Finally, after stacking a transparent electrode
film of ITO, 1ZO, or the like on the interlayer insulating
layer 24 by sputtering technique or the like, the transpar-
ent electrode film is pattern-shaped by photolithography
technique to form the pixel electrode 26 and the counter
electrode 28’, whereby the TFT substrate 12 shown in
FIG. 27 and the FIG. 28 is completed.

[0149] Althoughthe above Embodimentsillustrate that
the plurality of apertures and recesses that are formed
in the Cs metal layer 56 in the reflection region 42 are all
circular as viewed perpendicularly to the substrate, some
or all of these apertures and recesses may be formed in
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other shapes, e.g., ellipses or rectangles. Although it has
been illustrated that a plurality of circular-island shapes
of semiconductor layer 62 are formed in the reflection
region 42, some or all of these may be formed in other
shapes, e.g., ellipses or rectangles.

[0150] When forming the contact hole 75 in the insu-
lating layer 58 under the reflective layer 61, recesses
may be formed in the insulating layer 58 concurrently
with the formation of the contact hole 75. As a result,
more recesses and level differences can be formed in
the reflective layer 61, thus improving the efficiency of
utility of reflected light.

[0151] In the case where the Cs metal layer 56, the
insulating layer 58, and the semiconductor layer 62 are
located under the reflective layer 61 in the reflection re-
gion 42, apertures, recesses, protrusion, and the like may
be formed by employing halftone exposure during the
shaping of these layers. By employing halftone exposure,
it becomes possible to easily adjust the tilting angles of
the side faces of the apertures and the like to desired
angles, and it becomes easy to provide more level dif-
ferences inside the apertures and the like. As a result,
slopes having more corner portions and desired tilting
angles are formed in the reflective layer 61, thus improv-
ing the efficiency of utility of reflected light.

[0152] Moreover, when viewed from the substrate nor-
mal direction, the apertures and the like to be formed in
the respective layers may be disposed in a manner of
overlapping concentric circles, but more preferably, they
may be disposed so that the edges of the apertures and
the like overlap. In the case where the edges of the ap-
ertures and the like overlap, more complicated rugged
structures are formed on the surface of the reflective layer
61, thus allowing the reflected light to be uniformly re-
flected in a broader range.

[0153] It is preferable that as many recesses, protru-
sions, and level differences as possible are formed in the
reflective layer 61. For this purpose, sizes and shapes
of the recesses or the like are not limited to those de-
scribed above, but they may be formed into various
shapes such as polygons other than rectangles, recess-
es or the like with sawtoothed edges, or combines there-
of.

[0154] As has been illustrated by the above Embodi-
ments, a liquid crystal display device according to the
present invention includes a large number of level differ-
ences and corner portions on the surface of a reflective
layer, as well as a multitude of slopes with a tilting angle
of 20 degrees or less, and therefore acquires reflection
regions with broad effective reflection surfaces and ex-
cellent scattering characteristics. Moreover, since the
level differences and corner portions on the reflection
surface are formed based on layers which are shaped
concurrently with the shaping of a gate layer of TFTs, a
semiconductor layer, a source electrode, or a drain elec-
trode, a reflection region having excellent reflection char-
acteristics can be easily obtained without increasing the
production steps. Therefore, a liquid crystal display de-
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vice that is capable of uniform and high-brightness dis-
playing can be inexpensively provided with a good pro-
duction efficiency.

[0155] Sincetheliquid crystal display device according
tothe presentinvention is formed by the above-described
production method, it can be produced with the substan-
tially the same material and steps as those of a trans-
mission-type liquid crystal display device. Therefore, a
liquid crystal display device with an excellent reflection
efficiency can be provided at low cost.

[0156] The liquid crystal display device according to
the present invention encompasses display apparatus-
es, television sets, mobile phones, etc., in which a liquid
crystal panel is utilized. Although the present embodi-
ments employ transflective-type liquid crystal display de-
vices as examples, a reflection-type liquid crystal display
device or the like having a configuration similar to the
aforementioned reflection section is also encompassed
as an embodiment of the present invention.

INDUSTRIAL APPLICABILITY

[0157] According to the present invention, a transflec-
tive-type liquid crystal display device and a reflection-
type liquid crystal display device of the FFS mode and
the IPS mode having a high image quality can be provid-
ed at low cost. Liquid crystal display devices according
to the present invention are suitably used for various lig-
uid crystal display devices, and are suitably used for
transflective-type liquid crystal display devices and re-
flection-type liquid crystal display devices which perform
display by utilizing reflected light, e.g., mobile phones,
onboard display devices such as car navigation systems,
display devices of ATMs and vending machines, etc.,
portable display devices, laptop PCs, and the like.

Claims
1. Aliquid crystal display device (10) comprising:

afirst substrate (12) and a second substrate (14)
between which liquid crystal is interposed;
afirst electrode (26) and a second electrode (28)
formed on the first substrate (12) for applying a
voltage for controlling an orientation of the liquid
crystal;

a transistor (60) having an electrode which is
electrically connected to the first electrode (26);
a metal layer (56) formed on the first substrate
(12), the metal layer (56) including a protrusion,
a recess, or an aperture (70); and

a reflective layer (61) formed above the metal
layer (56) in the first substrate (12), the reflective
layer (61) reflecting incident light toward a dis-
play surface (40), characterized in that

the metal layer (56) is made of a same material
as that of a gate electrode (54) of the transistor
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(60); and

the reflective layer (61) includes a protrusion, a
recess (80), or a level difference (83) which is
caused by the protrusion, recess, or aperture
(70) of the metal layer (56).

The liquid crystal display device (10) of claim 1,
wherein,

the second electrode (28) includes a protrusion, a
recess, or an aperture (71); and

the reflective layer (61) includes a protrusion, a re-
cess (81), or a level difference which is caused by
the protrusion, recess, or aperture (71) of the second
electrode (28).

The liquid crystal display device (10) of claim 1 or 2,
comprising,

under the reflective layer (61), a semiconductor layer
(62) made of a same material as a semiconductor
portion (62) of the transistor (60), the semiconductor
layer (62) including a protrusion, a recess, or an ap-
erture, wherein,

the reflective layer (61) includes a protrusion (82), a
recess, or a level difference which is caused by the
protrusion, recess, or aperture of the semiconductor
layer (62).

The liquid crystal display device (10) of any one of
claims 1to 3, wherein the reflective layer (61) is made
of a same material as that of a source electrode (63)
or a drain electrode (64) of the transistor (60).

The liquid crystal display device (10) of any one of
claims 1 to 4, wherein,

an insulating layer (58) is formed between the metal
layer (56) and the second electrode (28); and

a contact hole (75) electrically connecting the metal
layer (56) and the second electrode (28’) is formed
in the insulating layer (58).

The liquid crystal display device (10) of any one of
claims 1 to 4, wherein the reflective layer (61) in-
cludes an aperture (87).

The liquid crystal display device (10) of any one of
claims 1 to 5, wherein the second electrode (28) is
formed above the metal layer (56), and includes a
protrusion, a recess, or a level difference which is
caused by the protrusion, recess, or aperture of the
metal layer (56).

The liquid crystal display device (10) of any one of
claims 1 to 4, wherein,

the second electrode (28) is formed under the metal
layer (56), and includes a protrusion, a recess, or an
aperture; and

the metal layer (56) includes a protrusion, a recess,
or a level difference which is caused by the protru-
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sion, recess, or aperture of the second electrode
(28).

The liquid crystal display device (10) of any one of
claims 1 to 8, wherein the first electrode (26) is a
pixel electrode, and the second electrode (28) is a
counter electrode formed under the first electrode
(26).

The liquid crystal display device (10) of claim 1,
wherein the first electrode (26) is a pixel electrode,
and the second electrode (28) is a counter electrode
formed on a same plane as the first electrode (26).

A production method for a liquid crystal display de-
vice (10) including a first substrate (12) and a second
substrate (14) between which liquid crystal is inter-
posed and a first electrode (26) and a second elec-
trode (28) for applying a voltage for controlling an
orientation of the liquid crystal, the liquid crystal dis-
play device having: a reflection region (42) including
a reflective layer (61) for reflecting incident light to-
ward a display surface (40); and a TFT region (44),
the production method comprising the steps of:

(a) forming a gate layer (54) in the TFT region
(44);

(b) forming a semiconductor layer (62) above
the gate layer (54) in the TFT region (44); and
(c) forming a source electrode (63) and a drain
electrode (64) above the semiconductor layer
(62) in the TFT region (44), wherein,

at step (a), a first metal layer (56) including a protru-
sion, a recess, or an aperture (70) is formed in the
reflection region (42), from a same material as that
of the gate layer (54) of the TFT region (44), and

at step (c), a second metal layer (61) including a
protrusion, a recess, or an aperture is formed in the
reflection region, from a same material as that of the
source electrode (63) or drain electrode (64) in the
TFT region, and wherein

at step (c), in the second metal layer (61), a protru-
sion, a recess (80), or a level difference which is
caused by the protrusion, recess, or aperture (70) of
the first metal layer (56) is formed.

The production method for a liquid crystal display
device of claim 11, wherein the first metal layer (56)
or the second metal layer (61) constitutes the reflec-
tive layer.

The production method of claim 11 or 12, wherein,
at step (b), in the reflection region, a semiconductor
layer (62) including a protrusion, a recess, or an ap-
erture is formed from a same material as that of the
semiconductor layer (62) in the TFT region (44).
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Patentanspriiche

1.

Flissigkristallanzeigevorrichtung (10), mit:

einem ersten Substrat (12) und einem zweiten
Substrat (14), zwischen denen ein Flissigkri-
stall eingeflgt ist;

einer ersten Elektrode (26) und einer zweiten
Elektrode (28), die auf dem ersten Substrat (12)
ausgebildet sind, um eine Spannung zum Steu-
ern einer Orientierung des Flussigkristalls anzu-
legen;

einem Transistor (60) mit einer Elektrode, die
mit der ersten Elektrode (26) elektrisch verbun-
den ist;

einer Metallschicht (56), die auf dem ersten Sub-
strat (12) gebildet ist, wobei die Metallschicht
(56) einen Vorsprung, eine Aussparung oder ei-
ne Offnung (70) aufweist; und

einer reflektierenden Schicht (61), die Gber der
Metallschicht (56) in dem ersten Substrat (12)
gebildet ist, wobei die reflektierende Schicht
(61) auftreffendes Licht zu einer Anzeigeober-
flache (40) reflektiert, dadurch gekennzeich-
net, dass

die Metallschicht (56) aus dem gleichen Material
wie eine Gate-Elektrode (54) des Transistors
(60) hergestellt ist; und

die reflektierende Schicht (61) einen Vorsprung,
eine Aussparung (80) oder eine Hohendifferenz
(83), der bzw. die durch den Vorsprung, die Aus-
sparung oder die Offnung (70) der Metallschicht
(56) hervorgerufen wird, aufweist.

Flussigkristallanzeigevorrichtung
spruch 1, wobei

die zweite Elektrode (28) einen Vorsprung, eine Aus-
sparung oder eine Offnung (71) aufweist; und

die reflektierende Schicht (61) einen Vorsprung, eine
Aussparung (81) oder eine Hohendifferenz, der bzw.
die durch den Vorsprung, die Aussparung oder die
Offnung (71) der zweiten Elektrode (28) hervorge-
rufen wird, aufweist.

(10) nach An-

Flussigkristallanzeigevorrichtung
spruch 1 oder 2, mit

einer Halbleiterschicht (62), die aus dem gleichen
Material wie ein Halbleiterabschnitt (62) des Transi-
stors (60) hergestellt ist, unter der reflektierenden
Schicht (61), wobei die Halbleiterschicht (62) einen
Vorsprung, eine Aussparung oder eine Offnung auf-
weist, wobei

die reflektierende Schicht (61) einen Vorsprung (82),
eine Aussparung oder eine Héhendifferenz, der bzw.
die durch den Vorsprung, die Aussparung oder die
Offnung der Halbleiterschicht (62) hervorgerufen
wird, aufweist.

(10) nach An-



10.

11.

31 EP 2 144 109 B1

Flussigkristallanzeigevorrichtung (10) nach einem
der Anspriche 1 bis 3, wobei die reflektierende
Schicht (61) aus dem gleichen Material wie jenes
einer Source-Elektrode (63) oder einer Drain-Elek-
trode (64) des Transistors (60) hergestellt ist.

Flussigkristallanzeigevorrichtung (10) nach einem
der Anspruche 1 bis 4, wobei

eine Isolierschicht (58) zwischen der Metallschicht
(56) und der zweiten Elektrode (28’) gebildet ist; und
ein Kontaktloch (75), das die Metallschicht (56) und
die zweite Elektrode (28’) elektrisch verbindet, in der
Isolierschicht (58) gebildet ist.

Flussigkristallanzeigevorrichtung (10) nach einem
der Anspriiche 1 bis 4, wobei die reflektierende
Schicht (61) eine Offnung (87) aufweist.

Flussigkristallanzeigevorrichtung (10) nach einem
der Anspriiche 1 bis 5, wobei die zweite Elektrode
(28) Uber der Metallschicht (56) gebildetistund einen
Vorsprung, eine Aussparung oder eine Hohendiffe-
renz, der bzw. die durch den Vorsprung, die Ausspa-
rung oder die Offnung der Metallschicht (56) hervor-
gerufen wird, aufweist.

Flussigkristallanzeigevorrichtung (10) nach einem
der Anspriiche 1 bis 4, wobei

die zweite Elektrode (28) unter der Metallschicht (56)
gebildet ist und einen Vorsprung, eine Aussparung
oder eine Offnung aufweist; und

die Metallschicht (56) einen Vorsprung, eine Aus-
sparung oder eine Hohendifferenz, der bzw. die
durch den Vorsprung, die Aussparung oder die Off-
nung der zweiten Elektrode (28) hervorgerufen wird,
aufweist.

Flussigkristallanzeigevorrichtung (10) nach einem
der Anspriiche 1 bis 8, wobei die erste Elektrode (26)
eine Pixelelektrode ist und die zweite Elektrode (28)
eine Gegenelektrode ist, die unter der ersten Elek-
trode (26) gebildet ist.

Flissigkristallanzeigevorrichtung (10) nach An-
spruch 1, wobei die erste Elektrode (26) eine Pixel-
elektrode ist und die zweite Elektrode (28) eine Ge-
genelektrode ist, die auf derselben Ebene wie die
erste Elektrode (26) ausgebildet ist.

Fertigungsverfahren fiir eine Flissigkristallanzeige-
vorrichtung (10), die ein erstes Substrat (12) und ein
zweites Substrat (14), zwischen denen ein Flissig-
kristall eingeflgt ist, sowie eine erste Elektrode (26)
und eine zweite Elektrode (28) zum Anlegen einer
Spannung zum Steuern einer Orientierung des Flis-
sigkristalls enthalt, wobei die Flissigkristallanzeige-
vorrichtung besitzt: einen reflektierenden Bereich
(42) mit einer reflektierenden Schicht (61), um auf-

10

15

20

25

30

35

40

45

50

55

17

12,

13.

32

treffendes Licht zu einer Anzeigeoberflache (40) zu
reflektieren; und einen TFT-Bereich (44), wobei das
Fertigungsverfahren die folgenden Schritte enthalt:

(a) Bilden einer Gate-Schicht (54) in dem TFT-
Bereich (44);

(b) Bilden einer Halbleiterschicht (62) tber der
Gate-Schicht (54) in dem TFT-Bereich (44); und
(c) Bilden einer Source-Elektrode (63) und einer
Drain-Elektrode (64) tber der Halbleiterschicht
(62) in dem TFT-Bereich (44), wobei

im Schritt (a) eine erste Metallschicht (56), die einen
Vorsprung, eine Aussparung oder eine Offnung (70)
enthalt, in dem reflektierenden Bereich (42) aus dem
gleichen Material wie jenes der Gate-Schicht (54)
des TFT-Bereichs (44) gebildet wird und

im Schritt (c) eine zweite Metallschicht (61), die einen
Vorsprung, eine Aussparung oder eine Offnung auf-
weist, in dem reflektierenden Bereich aus dem glei-
chen Material wie jenes der Source-Elektrode (63)
oder der Drain-Elektrode (64) in dem TFT-Bereich
gebildet wird und wobei

im Schritt (c) in der zweiten Metallschicht (61) ein
Vorsprung, eine Aussparung (80) oder eine Héhen-
differenz, der bzw. die durch den Vorsprung, die Aus-
sparung oder die Offnung (70) der ersten Metall-
schicht (56) hervorgerufen wird, gebildet wird.

Fertigungsverfahren fur eine Flissigkristallanzeige-
vorrichtung nach Anspruch 11, wobei die erste Me-
tallschicht (56) oder die zweite Metallschicht (61) die
reflektierende Schicht bildet.

Fertigungsverfahren nach Anspruch 11 oder 12, wo-
bei im Schritt (b) in dem reflektierenden Bereich eine
Halbleiterschicht (62), die einen Vorsprung, eine
Aussparung oder eine Offnung aufweist, aus dem
gleichen Material wie jenes der Halbleiterschicht
(62) in dem TFT-Bereich (44) gebildet wird.

Revendications

1.

Dispositif d’affichage a cristaux liquides (10)
comprenant :

un premier substrat (12) et un second substrat
(14) entre lesquels des cristaux liquides sont
interposés ;

une premiere électrode (26) et une seconde
électrode (28) formées sur le premier substrat
(12) pour appliquer une tension pour comman-
der une orientation des cristaux liquides ;

un transistor (60) comportant une électrode qui
estélectriquementreliée ala premiére électrode
(26) ;

une couche de métal (56) formée sur le premier
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substrat (12), la couche de métal (56) compor-
tant une protubérance, une partie en retrait, ou
une ouverture (70) ; et

une couche réfléchissante (61) formée au-des-
sus de la couche de métal (56) dans le premier
substrat (12), la couche réfléchissante (61) re-
flétant une lumiere incidente vers une surface
d’affichage (40), caractérisé en ce que

la couche de métal (56) est faite d’'une méme
matiére que celle d’une électrode de grille (54)
du transistor (60) ; et

la couche réfléchissante (61) comporte une pro-
tubérance, une partie en retrait (80), ou une dif-
férence de niveau (83) qui est provoquée par la
protubérance, la partie en retrait, ou I'ouverture
(70) de la couche de métal (56).

Dispositif d’affichage a cristaux liquides (10) selon
la revendication 1, dans lequel,

la seconde électrode (28) comporte une protubéran-
ce, une partie en retrait, ou une ouverture (71) ; et

la couche réfléchissante (61) comporte une protu-
bérance, une partie en retrait (81), ou une différence
de niveau qui est provoquée par la protubérance, la
partie en retrait, ou I'ouverture (71) de la seconde
électrode (28).

Dispositif d’affichage a cristaux liquides (10) selon
la revendication 1 ou 2, comprenant

sous la couche réfléchissante (61), une couche
semi-conductrice (62) faite d’'une méme matiére
qu’'une partie semi-conductrice (62) du transistor
(60), la couche semi-conductrice (62) comportant
une protubérance, une partie en retrait, ou une
ouverture, dans lequel,

la couche réfléchissante (61) comporte une protu-
bérance (82), une partie en retrait, ou une différence
de niveau qui est provoquée par la protubérance, la
partie en retrait, ou I'ouverture de la couche semi-
conductrice (62).

Dispositif d’affichage a cristaux liquides (10) selon
I'une quelconque des revendications 1 a 3, dans le-
quel la couche réfléchissante (61) est faite d’'une mé-
me matiere que celle d’une électrode de source (63)
ou d’'une électrode de drain (64) du transistor (60).

Dispositif d’affichage & cristaux liquides (10) selon
'une quelconque des revendications 1 a 4, dans le-
quel une couche d’isolation (58) est formée entre la
couche de métal (56) et la seconde électrode (28’) ;
et

un trou de contact (75) reliant électriquement la cou-
che de métal (56) et la seconde électrode (28’) est
formé dans la couche d’Isolation (58).

Dispositif d’affichage a cristaux liquides (10) selon
I'une quelconque des revendications 1 a 4, dans le-
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quel la couche réfléchissante (61) comporte une
ouverture (87).

Dispositif d’affichage a cristaux liquides (10) selon
I'une quelconque des revendications 1 & 5, dans le-
quel la seconde électrode (28) estformée au-dessus
de la couche de métal (56), et comporte une protu-
bérance, une partie en retrait, ou une différence de
niveau qui est provoquée par la protubérance, la par-
tie en retrait, ou I'ouverture de la couche de métal
(56).

Dispositif d’affichage a cristaux liquides (10) selon
'une quelconque des revendications 1 a 4, dans le-
quel,

la seconde électrode (28) est formée sous la couche
de métal (56), et comporte une protubérance, une
partie en retrait, ou une ouverture ; et

la couche de métal (56) comporte une protubérance,
une partie en retrait, ou une différence de niveau qui
est provoquée par la protubérance, la partie en re-
trait, ou I'ouverture de la seconde électrode (28).

Dispositif d’affichage a cristaux liquides (10) selon
'une quelconque des revendications 1 a 8, dans le-
quel la premiere électrode (26) est une électrode de
pixel, et la seconde électrode (28) est une contre-
électrode formée sous la premiére électrode (26).

Dispositif d’affichage a cristaux liquides (10) selon
larevendication 1, dans lequel la premiere électrode
(26) est une électrode de pixel et la seconde élec-
trode (28) est une contre-électrode formée sur un
méme plan que la premiére électrode (26).

Procédé de production pour un dispositif d’affichage
a cristaux liquides (10) comportant un premier subs-
trat (12) et un second substrat (14) entre lesquels
des cristaux liquides sontinterposés et une premiere
électrode (26) et une seconde électrode (28) pour
appliquer une tension pour commander une orien-
tation des cristaux liquides, le dispositif d’affichage
a cristaux liquides comportant : une zone de ré-
flexion (42) comportant une couche réfléchissante
(61) pour refléter une lumiere incidente vers une sur-
face d’affichage (40) ; et une zone de TFT (44), le
procédé de production comprenant les étapes de :

(a) formation d’'une couche de grille (54) dans
la zone de TFT (44) ;

(b) formation d’'une couche semi-conductrice
(62) au-dessus de la couche de grille (54) dans
la zone de TFT (44) ; et

(c) formation d’une électrode de source (63) et
d’une électrode de drain (64) au-dessus de la
couche semi-conductrice (62) dans la zone de
TFT (44), dans lequel,
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a I'étape (a), une premiére couche de métal (56)
comportant une protubérance, une partie en retrait,
ou une ouverture (70) est formée dans la zone de
réflexion (42), a partir d’'une méme matiere que celle
de la couche de grille (54) de la zone de TFT (44), et
al'étape (c), une seconde couche de métal (61) com-
portant une protubérance, une partie en retrait, ou
une ouverture est formée dans la zone de réflexion,
d’'une méme matiére que celle de I'électrode de sour-
ce (63) ou de I'électrode de drain (64) dans la zone
de TFT, et dans lequel

aI'étape (c), dans la seconde couche de métal (61),
une protubérance, une partie en retrait (80), ou une
différence de niveau, qui est provoquée par la pro-
tubérance, la partie en retrait, ou I'ouverture (70) de
la premiére couche de métal (56), est formée.

Procédé de production pour un dispositif d’affichage
a cristaux liquides selon la revendication 11, dans
lequel la premiere couche de métal (56) ou la secon-
de couche de métal (61) constitue la couche réflé-
chissante.

Procédé de production selon la revendication 11 ou
12, dans lequel, a I'étape (b), dans la zone de ré-
flexion, une couche semi-conductrice (62) compor-
tant une protubérance, une partie en retrait, ou une
ouverture est formée d’'une méme matiere que celle
de la couche semi-conductrice (62) dans la zone de
TFT (44).
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