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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a transflective
liquid-crystal display device capable of both of reflecting
display using extraneous light reflection and transmissive
display using a backlight and an electronic device includ-
ing the same.

2. Description of the Related Art

[0002] Inthe field of display devices, active-matrix dis-
play devices are now widely used which provide high
display quality. The display devices have a switching el-
ement for each of a large number of pixel electrodes,
easily providing the characteristics of large scale and
high definition by reliable switching for each pixel elec-
trode.

[0003] Recently, the demands for reducing power con-
sumption and increasing the luminance of display with a
largest possible pixel region are increasing. Accordingly,
devices are in practical use which have a thick insulator
film on the entire surface of an active-matrix substrate,
on which reflective pixel electrodes are formed. Such a
structure in which pixel electrodes are placed on the in-
sulator film can adopt a structure in which no electrical
shortage occurs between scanning lines and signal lines
disposed on a layer under the insulator film and pixel
electrodes disposed on alayer on the insulator film, which
enables the pixel electrodes to be formed in a wide area
so as to overlap on the lines. This allows almost all of the
region having the switching elements such as thin film
transistors (hereinafter, abbreviated as TFTs), the scan-
ning lines, and the signal lines to be used as a pixel region
that contributes to display, increasing the open area ratio
to provide light display.

[0004] Since the liquid-crystal display mode using the
reflective pixel electrodes cannot be used alone in a dark
place, transflective liquid-crystal display devices are also
widely used which include a backlight to allow the reflec-
tive liquid-crystal display device to be capable of partial
transmissive display (refer to Japanese Unexamined
Patent Application Publication Nos. 11-101992 and
2000-171794).

[0005] Fig. 17 shows an example of this conventional
type of transflective liquid-crystal display device (refer to
Japanese Unexamined Patent Application Publication
No. 11-101992). In this liquid-crystal display device, a
plurality of thin-film transistors 101 is disposed in line in
the display region on a transparent substrate 100. The
thin-film transistors 101 are coated with a transparent
insulator film 102. The insulator film 102 has pixel elec-
trodes 103 made of a transparent conductive film in pixel
forming positions thereon. Light-reflective metal elec-
trodes 106 are provided at positions except part of the
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pixel electrodes 103 such that they connect to the pixel
electrodes 103. The transparent conductive film extends
to contact holes 107 of the insulator film 102 to connect
source electrodes 104 of the thin-film transistors 101 to
the pixel electrodes 103 made of the transparent con-
ductive film. The side opposite to the substrate 100 has
a substrate 108, wherein between the substrates 100
and 108, a liquid crystal layer 109 is sandwiched. In Fig.
17, the description of a backlight disposed on the back
of the substrate 100 is omitted.

[0006] The liquid-crystal display device with the struc-
ture of Fig. 17 is constructed such that the thin-film tran-
sistors 101 selectively apply power to the light-reflective
pixel electrodes 106 to control the orientation of the liquid
crystal, thereby controlling the transmittance of the liquid
crystal to perform reflecting display. While the thin-film
transistors 101 apply voltage also to the transparent pixel
electrodes 103, the region of the pixel electrodes 103
serves as transmissive display region by transmitting the
light from the backlight. Thus, a transflective liquid-crystal
display device is achieved which is capable of both of
the reflecting display using the light-reflective pixel elec-
trodes 106 and the transmissive display using a back-
light.

[0007] Fig. 18 shows another example of the conven-
tional pixel structure applied to the transflective liquid-
crystal display device (refer to Japanese Unexamined
Patent Application Publication No. 2000-171794) In the
pixel structure of this example, a large number of thin-
filmtransistors 111 is disposed in line in the display region
on a transparent substrate 110. The thin-film transistors
111 are coated with an insulator film 112. The insulator
film 112 has light-reflective pixel electrodes 113 made of
an aluminum electrode filmin pixel forming positions ther-
eon. Recesses 116 are provided in the insulator film 112
under the pixel electrodes 113. A gate insulator film 118
and a drain electrode 119 extend on the bottom of the
recess 116 in order from the bottom. The region where
the drain electrode 119 is formed is used as transmissive
display region. In Fig. 18, the description of a substrate
opposite to the substrate 110 and a liquid crystal sand-
wiched between the substrates are omitted.

[0008] The liquid-crystal display device with the struc-
ture of Fig. 18 is constructed such that the thin-film tran-
sistors 111 apply power to the light-reflective pixel elec-
trodes 113 to control the orientation of the liquid crystal,
thereby controlling the transmittance of the liquid crystal
to perform reflecting display. While the thin-film transis-
tors 111 apply voltage also to the transparent drain elec-
trode 119 in addition to the pixel electrodes 113, the re-
gion of the transparent drain electrode 119 serves as
transmissive display region by transmitting the light from
the backlight. Thus, a transflective liquid-crystal display
device is achieved which is capable of both of the reflect-
ing display using the light-reflective pixel electrodes 113
and the transmissive display using the backlight and the
transparent electrodes 119.

[0009] Withthe related-artliquid-crystal display device
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shown in Fig. 17, an electric field is applied to the liquid
crystal layer 109 between the transparent substrate 100
and the opposed substrate 108 from the light-reflective
pixel electrodes 106 and the transparent electrodes 103
to control the orientation of the liquid crystal to perform
display.

[0010] For the duration of time the incident light to the
liquid-crystal display device reaches a viewer as reflected
light, the light passes through the liquid crystal layer twice
in the reflecting display mode, while in the transmissive
display mode, it passes through the liquid crystal layer
only one time, thus posing the problems of giving unnec-
essary color and different color tone to the display. To
solve the above problems, the above structure of Fig. 17
prevents a decrease in display quality caused by optical-
path difference between the display modes by setting the
thickness of the light-reflective pixel electrodes 106 larger
than that of the transparent pixel electrodes 103, setting
the thickness d, of the liquid crystal layer thin in the re-
flecting display region, while setting the thickness d, of
the liquid crystal layer thick in the transmissive display
region.

[0011] The structure of Fig. 17, however, has the prob-
lem that after the thick light-reflective pixel-electrode lay-
er has been formed on the entire surface of the thin trans-
parent electrodes 103, the pixel electrodes 106 must be
formed only at necessary portions by patterning in a pho-
tolithography process, resulting in complicated process.
[0012] If even a little pixel electrode 106 is left on the
transparent electrodes 103, it affects the transmittance
of the liquid crystal. Thus, the thick pixel-electrode layer
formed once on the transparent electrodes 103 must be
removed completely. However, when the formed pixel-
electrode layer is patterned by the photolithography proc-
ess, the ground transparent electrodes 103 may be dam-
aged.

[0013] With The liquid-crystal display device of Fig. 18,
the thickness of the liquid crystal layer in the transmissive
display mode is increased using the depth of the recess
116 formed in the insulator film 112 so that the thickness
of the liquid crystal layer when light passes through the
liquid crystal twice in the reflecting display mode and the
thickness of the liquid crystal layer when light passes
through the liquid crystal layer in the transmissive display
mode are equalized.

[0014] However, in order to equalize the thicknesses
of the liquid crystal in the transmissive display mode and
the reflecting display mode, the depth of the recess 116
must be equal to that of the liquid crystal layer (cell gap),
or significantly deep. Accordingly, when the thin light-
reflective pixel electrodes 113 are formed along the inner
wall of the recess 116, as shown in Fig. 18, there is a
high possibility of a break in the pixel electrode layer
around the periphery of the opening of the recess 116
from the problem of step coverage during film formation.
[0015] Increasing the light-reflective pixel electrodes
113 in thickness so as not to have a break can prevent
the problem of the break; however, the bottom of the
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recess 116 will be filled with the thick pixel electrodes
113, resulting in the need for a deeper recess, thus posing
the problem of difficulty in ensuring the liquid crystal layer
with a desired thickness for the transmissive display
mode.

[0016] Further prior art liquid crystal display devices
are known from US 2003/0058388, EP 1251390 and US
2001/0048496. In particular, a transflective liquid-crystal
display device as specified in the preamble of claim 1
known from US 2002/0149722.

SUMMARY OF THE INVENTION

[0017] The present invention has been made in view
of the above problems. Accordingly, it is an object of the
invention to provide a transflective liquid-crystal display
device having a structure in which the thickness of a liquid
crystal that transmits light can be equalized in the reflect-
ing display mode and the transmissive display mode with-
out causing a break due to step coverage during depo-
sition and without an additional specific process.

[0018] Itis another object of the invention to provide a
transflective liquid-crystal display device that can easily
be manufactured with a high yield and excellent color
and is capable of achieving both of a reflecting display
mode and a transmissive display mode and a method for
manufacturing the same.

[0019] According to the present invention, in a first as-
pect, there is provided a transflective liquid-crystal dis-
play device as recited in Claim 1.

[0020] The light-reflective pixel electrodes allows a re-
flecting display mode and, in the region of the pixel elec-
trode having the through-hole, the transparent electrode
provided on the substrate therebelow allows a transmis-
sive display mode. The existence of the recess of the
insulator film under the through-hole increases the thick-
ness of the liquid crystal layer in the transmissive display
mode. Accordingly, the thickness of the liquid crystal
when the light passes through the liquid crystal layer in
the reflecting display mode and the thickness of the liquid
crystal when the light passes through the liquid crystal
layer in the transmissive display mode can easily be con-
trolled to desired values for the respective display modes.
[0021] Providing the transparent electrode on the sub-
strate at the bottom of the recess allows the transparent
electrode to be formed without depending on the shape
of the recess and eliminates the possibility of the break
of the transparent electrode. Furthermore, when the
transparent electrode is provided directly on the sub-
strate, the flexibility of patterning by photolithography
process is higher than that of the case where after the
other films have been formed on the substrate, the trans-
parent electrode is formed thereon, facilitating manufac-
turing and decreasing interference to the other films.
[0022] When the pixel electrode is a light reflecting
electrode in which the inner surface of each depression
defines part of spherical surface and the adjacent de-
pressions are arranged in close contact with each other
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with part of the inner surface connected to each other,
light display can be provided in a wide range.

[0023] When the light-reflecting pixel electrode has a
structure in which the inner surface of each depression
has an asymmetrical curved shape of a combination of
multiple curved surfaces and the adjacent depressions
are arranged in close contact with each other with part
of the inner surface connected to each other, it can pro-
vide a light display mode in a wide range. Particularly,
since light display can be ensured in a specified direction,
it can provide a light display mode using the light display.
[0024] According to the invention, preferably, the lumi-
nance distribution of diffusion-reflected light obtained by
the light-diffusing reflective pixel electrode is asymmet-
rical with a regular reflection angle as the center. Since
lighter display can be ensured in a specified direction, it
can provide a light display mode using the light display.
[0025] According to the invention, preferably, the
switching elements are thin-film transistors each having
a source electrode, a drain electrode, and a gate elec-
trode, the source electrode being electrically connected
to the pixel electrode and the transparent electrode to
allow the pixel electrode and the transparent electrode
to be freely driven by the thin-film transistor, part of the
source electrode being directly connected to part of the
transparent electrode, and the insulator film coated on
the connection having a contact hole connecting to the
connection and the pixel electrode to electrically connect
the pixel electrode to the source electrode through a con-
ducting section of the contact hole.

[0026] Since the pixel electrode and the transparent
electrode are connected to the source electrode of the
thin-film transistor, both the pixel electrode and the trans-
parent electrode can be driven at the same time in ac-
cordance with the operation of the thin-film transistor to
allow the orientation of the liquid crystal to be controlled.
[0027] Providing the transparent electrode on the sub-
strate allows deposition on the substrate having no step,
eliminating the possibility of a break during deposition of
the transparent electrode, and also allows the deposition
of the transparent electrode in parallel to the deposition
of the thin-film transistor, eliminating the need to add an-
other process to allow the deposition of the transparent
electrode without complicated manufacturing process.
[0028] For example, when the thin-film transistor is of
aninverse stagger type, the gate electrode and the trans-
parent electrode can easily be formed on the same plane
on the substrate by forming the transparent electrode in
the vicinity of the gate electrode in parallel with the proc-
ess of forming the gate electrode on the substrate and
covering it with a gate insulator film.

[0029] According to the invention, preferably, part of
the source electrode is directly connected to part of the
transparent electrode, the insulator film coated on the
connection has a contact hole connecting to the connec-
tion, and the pixel electrode, the source electrode, and
the transparent electrode are electrically connected
through a conducting section of the contact hole.
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[0030] Withsuch astructure, the transparent electrode
provided to the bottom of the depression can be applied
to the structure having the thin-film transistor provided
under the insulator film and the light-diffusing reflective
pixel electrode provided on the insulator film, allowing
the pixel electrode on the insulator film and the transpar-
ent electrode under the insulator film to be driven equally
by the thin-film transistor.

[0031] According tothe invention, preferably, the value
An-d is within the range from 200 to 260 nm in the pixel-
electrode formed region and the value An-d is within the
range from 400 to 460 nm in the recess formed region,
where An is the refraction index of the liquid crystal layer
and d is the thickness of the liquid crystal layer.

[0032] Inthe reflecting display mode, the value of An-d
(retardation) is preferably within the range from 200 to
260 nm, while in the transmissive display mode, it is pref-
erable within the range from 400 to 460 nm. Setting the
value of An-d within the above ranges provides high re-
flectance for white in the reflecting display mode and pro-
vides desired display also in the transmissive display
mode.

[0033] When the recess is formed in the insulator film,
the recess can be formed such that either it reaches the
transparent electrode or it does not reach the transparent
electrode. When the recess is formed so as not to reach
the transparent electrode, an insulative coating layer is
left on the transparent electrode. When this coating layer
is thin, it has no bad effect on the drive of the liquid crystal.
Part of the insulator film having a thickness of, for exam-
ple, 100 nm or less may be left as coating layer. Leaving
partof the insulator film as coating layer prevents damage
to the transparent electrode existing as the ground of the
recess when the insulator film is patterned by photoli-
thography.

[0034] Preferably, an electronic device according to
the invention includes the transflective liquid-crystal dis-
play device according to the embodiments of the inven-
tion as display.

[0035] The electronic device including the above-de-
scribed transflective liquid-crystal display device can pro-
vide excellent display both in a transmissive display
mode and in a reflecting display mode and as such, pro-
vide excellent display both in the transmissive display
mode using outside light and the reflecting display mode
using a lit backlight.

Embodiments of the present invention will now be de-
scribed, by way of example, with reference to the accom-
panying diagrammatic drawings, in which:

Fig. 1 is a sectional view of an essential part of a
liquid crystal panel applied to a liquid-crystal display
device according to a first embodiment of the present
invention.

Fig. 2 is a schematic sectional view of the liquid-
crystal display device including the liquid-crystal
panel and a backlight according to the first embodi-
ment of the present invention.
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Fig. 3 is a schematic plan view of an example of the
arrangement of a thin-film transistor and a transpar-
ent electrode of the liquid crystal panel.

Fig. 4 is a schematic plan view of a pixel electrode
section of the liquid crystal panel.

Fig. 5 is a perspective view of the shape of a de-
pressed surface of the pixel electrode section of the
liquid crystal panel.

Fig. 6 is an explanatory diagram of the cross-section
of the depression of the pixel electrode section of
the liquid crystal panel.

Fig. 7 is a graph of an example of the reflectance
characteristic of the light-diffusing pixel electrode
shown in Figs. 5 and 6.

Fig. 8 is an explanatory diagram of an example of a
color filter provided to the liquid crystal panel.

Fig. 9 is a perspective view of a second example of
the shape of a depression of the pixel electrode sec-
tion of the liquid crystal panel.

Fig. 10 is an explanatory diagram of the cross-sec-
tion of the depression of Fig. 9.

Fig. 11 is a perspective view of a third example of
the shape of a depression of the pixel electrode sec-
tion of the liquid crystal panel.

Fig. 12 is an explanatory diagram of the Y-direction
cross-section of the depression of Fig. 11.

Fig. 13 is an explanatory diagram of the X-direction
cross-section of the depression of Fig. 11.

Fig. 14 is a graph of an example of the reflectance
characteristic of a light-reflecting pixel electrode hav-
ing the depression shown in Figs. 11 to 13.

Fig. 15 is a perspective view of an example of a cel-
lular phone including the liquid-crystal display device
according to the invention.

Fig. 16 is a perspective view of an example of a per-
sonal digital assistant including the liquid-crystal dis-
play device according to the invention.

Fig. 17 is a sectional view of an essential part of a
first example of a conventional transflective liquid-
crystal display device.

Fig. 18 is a sectional view of an essential part of a
second example of the conventional transflective lig-
uid-crystal display device.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0036] A transflective liquid-crystal display device ac-
cording to a first embodiment of the present invention will
be described hereinafter with reference to the drawings.
In the drawings, the film thickness and the dimension
ratio of the components are shown differently as appro-
priate for purpose of simplification and illustration.
[0037] Figs. 1 to 8 show a transflective liquid-crystal
display device A according to a first embodiment of the
present invention. Referring to Fig. 2, the transflective
liquid-crystal display device A includes a liquid crystal
panel 1, or a body, and a backlight 4 arranged on the
back of the liquid crystal panel 1.
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[0038] As shown in Fig. 2, the liquid crystal panel 1
includes an active-matrix substrate 2 including switching
elements, an opposed substrate 3 opposed thereto, and
a liquid crystal layer 5 held between the substrates 2 and
3 and serving as light modulator.

[0039] Referring to Fig. 1 and Fig. 3 or 4, the active-
matrix substrate 2 has a plurality of scanning lines 7 in
the line direction (in the X-direction in Figs. 3 and 4) and
signal lines 8 in the column direction (in the Y-direction
in Figs. 3 and 4) with electrical insulation on a transparent
substrate body 6 made of glass, plastic, etc, and has thin-
film transistors (TFTs: switching elements) 10 in the vi-
cinity of the intersections of the scanning lines 7 and the
signal lines 8.

[0040] The region including a pixel electrode 11, the
region including the TFT 10, and the region including the
scanning line 7 and the signal line 8 on the substrate
body 6 are referred to as a pixel region, an element region
and a wiring region, respectively.

[0041] The TFT 10 of this embodiment has an inverse
stagger structure, which has a gate electrode 13, a gate
insulator film 15, a semiconductor layer 16, a source elec-
trode 17, a drain electrode 18, and an etching stopper
layer 9 between the source electrode 17 and the drain
electrode 18 on the semiconductor layer 16.

[0042] More specifically, part of the scanning line 7 ex-
tends to form the gate electrode 13, over which the gate
insulator film 15 is placed, the island-like semiconductor
layer 16 is formed over the gate insulator film 15 such
that it lies across the gate electrode 13 in plan view, and
the source electrode 17 is provided at one end of the
semiconductor layer 16 through the semiconductor layer
16 and the drain electrode 18 is provided at the other end
through the semiconductor layer 16.

[0043] A transparent electrode 19 made of a transpar-
ent electrode material such as indium tin oxide (ITO) is
provided in the center of each rectangular region sur-
rounded by the scanning line 7 and the signal line 8 such
that it is positioned directly on the substrate body 6. Ac-
cordingly, the transparent electrode 19 is arranged flush
with the gate electrode 13. The transparent electrode 19
is connected directly to a connection 17a at one end of
the source electrode 17 which is connected over one end
19a of the transparent electrode 19 and is shaped like a
strip in plan view. Referring to Fig. 3, the transparent
electrode 19 is slightly shorter than the length of the rec-
tangular region surrounded by the scanning line 7 and
the signal line 8 and to the size on the order of a fraction
of the width of the rectangular region.

[0044] The substrate body 6 is an insulative transpar-
ent substrate made of glass or synthetic resin. The gate
electrode 13 is made of conductive metal and is integrat-
ed with the scanning line 7 disposed longitudinally, as
shown in Fig. 3. The gate insulator film 15 is made of
silicon-based insulator film such as silicon oxide (SiOx)
or nitride oxide (SiNy) and is formed on the substrate
body 6 such that it covers the scanning line 7 and the
gate electrode 13 and does not cover the transparent
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electrode 19. Here, the position where the gate insulator
film 15 is formed must be the position except at least the
connection of the transparent electrode 19 and the
source electrode 17. Although the gate insulator film 15
is not provided on the transparent electrode 19 in this
embodiment, the gate insulator film 15 may be provided
on the transparent electrode 19 except only at the con-
nection with the source electrode 17.

[0045] The semiconductor layer 16 is made of amor-
phous silicon (a-Si) or the like, of which the region oppo-
site to the gate electrode 13 through the gate insulator
film 15 serves as a channel region. The source electrode
17 and the drain electrode 18 are made of a conductive
material and are opposed to each other on the semicon-
ductor layer 16 while sandwiching the channel region.
The drain electrode 18 extends from each of the trans-
verse signal lines 8.

[0046] Inorderto achieve favorable Ohmic contact be-
tween the semiconductor layer 16 and the source elec-
trode 17 and the drain electrode 18, a semiconductor
layer (Ohmic contact layer) 14 doped with a V-group el-
ement such as phosphorus (P) or the like in high con-
centration is provided between the semiconductor layer
16 and the electrodes 17 and 18.

[0047] An organic insulator film 20 is formed on the
substrate body 6, on which the pixel electrodes 11 (light-
diffusive reflective pixel electrodes) made of a high-re-
flectance metal material such as aluminum and silver are
formed.

[0048] The pixel electrodes 11 are formed on the in-
sulator film 20 such that they are shaped like a flat rec-
tangle slightly smaller than the rectangular region sur-
rounded by the scanning line 7 and the signal line 8.
Referring to the plan view of Fig. 4, the pixel electrodes
11 are arranged in matrix at specified intervals so that
the upper, lower, left and right pixel electrodes 11 cause
no short-circuit. In other words, the pixel electrodes 11
are arranged such that their ends are along the scanning
line 7 and the signal line 8 which are located therebelow
so that almost the entire region defined by the scanning
line 7 and the signal line 8 serves as pixel region. The
pixel region corresponds to the display region of the liquid
crystal panel 1.

[0049] The insulator film 20 is an organic insulator film
made of an acrylic resin, a polyimide resin, a benzocy-
clobutene polymer (BCB), etc., and enhances protection
for the TFTs 10. The insulator film 20 is formed on the
substrate body 6 relatively thickly to ensure the insulation
between the pixel electrodes 11 and the TFTs 10 and
the various lines, thereby preventing the occurrence of
high parasitic capacitance therebetween, and to
planarize the step structure on the substrate body 6 which
is formed by the TFTs 10 and the various lines.

[0050] The insulator film 20 has a contact hole 21 such
that it reaches the end 17a of the source electrode 17
and a recess 22 is located on the transparent electrode
19. The pixel electrode 11 at the part corresponding to
the position of the recess 22 has a flat through-hole 23
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corresponding to an opening 22a of the recess 22. The
recess 22 is formed such that the most part of the insu-
lator film 20 is removed in the depth direction to leave
only a part as a coating layer 20a on the bottom 22b and
is shaped like a strip slightly shorter than the transparent
electrode 19 so as to correspond to the flat shape of the
transparent electrode 19. The coating layer 20a is set to,
forexample, about 100 nmin thickness in order to prevent
the trouble of the operation of the liquid crystal itself be-
cause of excess distance between the transparent elec-
trode 19 and the liquid crystal and to allow the insulator
film 20 to be etched in a photolithography process such
that etchant does not reach the pixel electrode.

[0051] Since one of the pixel electrodes 11 corre-
sponds to almost one pixel region and the area of the
through-hole 23 corresponds to the region where light
passes through at transmissive display, it is preferable
to set the area ratio of the through-hole 23 to the area of
the pixel electrode 11 within the range from 20 to 50 per-
cent, for example, 40 percent. Although this embodiment
has only one through-hole 23 for the pixel electrode 11,
it is also possible to provide multiple through-holes for
the pixel electrode 11, in which case the total area of the
multiple through-holes is set within the range from 20 to
50 percent of the area of the pixel electrode 11. As a
matter of course, each of the through-holes is provided
with a recess thereunder in agreement with the position
of the through-hole.

[0052] The contact hole 21 has a conductive section
25 made of conductive material, through which the pixel
electrode 11 and the source electrode 17 disposed under
the insulator film 20 are electrically connected. The
source electrode 17 is thus electrically connected to both
of the pixel electrode 11 and the transparent electrode 19.
[0053] The surface of the insulator film 20 has a plu-
rality of depressions 26 at the position corresponding to
the pixel region, the depressions 26 being formed by
pushing atransfer pattern onto the surface ofthe insulator
film 20. The depressions 26 formed in the surface of the
insulator film 20 form a specified surface depressed
shape 28 on the pixel electrode 11, as shown in Fig. 5;
thus, they disperse part of the light incident on the liquid
crystal panel with a plurality of depressions 27 of the pixel
electrode 11, having diffusion-reflective function to pro-
vide lighter display in a wider viewing range. The depres-
sions 27 are arranged closely such that parts of the open-
ing-side inner surfaces of the adjacent depressions 27
connect with each other (refer to Fig. 5).

[0054] The inner surface of each depression 27 of this
embodiment is shaped in a spherical surface so that the
luminance distribution of the diffusion reflected light of
the light incident on the pixel electrode 11 at a specified
angle (for example, 30 degrees) is almost symmetrical
in a wide range with the regular reflection angle as the
center. More specifically, the inclination angle 6g of the
inner surface of the depression 27 is set, for example,
within the range from -18 to +18 degrees. Also the pitch
ofthe adjacent depressions 27 is set at random to prevent



11 EP 1471 378 B1 12

the occurrence of moiré caused by the arrangement of
the depressions 27.

[0055] The diameter of the depression 27 is set within
the range from 5 to 100 um to ease manufacture. The
depth of the depression 27 is set within the range from
0.1 to 3 pm. This is because if the depression 27 is less
than 0.1 wm in depth, sufficient reflected-light dispersion
effects of cannot be obtained, while if it is more than 3
pm, the pitch of the depressions 27 must be increased
to meet the condition of the inclination angle of the inner
surface, causing the possibility of moiré.

[0056] Although the depression 27 in the pixel elec-
trode 11 is omitted in the plan view of the pixel electrode
11 in Fig. 4 for the sake of simplifying the drawing, an
example of the relative dimension of the depression 27
to the pixel electrode 11 is indicated by the chain line on
one pixel of Fig. 4, in which the pixel electrode 11 of a
normal liquid crystal panel is on the order of 100 to 200
pm in length and 30 to 90 pm in width.

[0057] Here "the depth of the depression 27" means
the distance from the surface of the pixel electrode 11 at
the part having no depression 27 to the bottom of the
depression 27. "The pitch of the adjacent depressions
27" means the center-to-center distance of the circular
depressions 27 in plan view. Referring to Fig. 6, "the in-
clination angle of the inner surface of the depression 27"
means the angle 0g of the inclined surface in a micro
region of 0.5 um in width at an any portion of the inner
surface ofthe depression 27 with respect to the horizontal
surface (the surface of the substrate body 6). The plus
and minus of the angle 6g are defined such that, for ex-
ample, the right inclined surface is plus and the left in-
clined surface is minus in Fig. 6 with respect to the normal
of the surface of the pixel electrode 11 at the part having
no depression 27.

[0058] The substrate body 6 with the above structure
further has an alignment layer 29 made of polyimide or
the like and subjected to a specified orientation, such as
rubbing, such that it covers the pixel electrode 11, the
insulator film 20, the recess 22, and the depression 27.
[0059] Referringagainto Fig. 1, the opposed substrate
3 is defined as a color-filter array substrate, having a
color filter layer 42 on the surface of a light-transmissive
substrate body 41 made of glass or plastic adjacent to
the liquid crystal layer 5.

[0060] Referring now to Fig. 8, the color filter layer 42
with such a structure has periodic-arrangement color fil-
ters 42R, 42G, and 42B that transmit lights of the wave-
length of red (R), green (G), and blue (B), respectively.
The color filters 42R, 42G, and 42B are arranged in cor-
respondence with the respective pixel electrodes 11.
[0061] The region of the color filter layer 42 having no
colorfilters 42R, 42G, and 42B is constructed as a lattice
of light-shield layers 42S and 42T such as a black matrix.
[0062] The liquid-crystal-layer side of the color filter
layer 42 has a transparent opposed electrode (common
electrode) 43 made of ITO etc. and an alignmentlayer 44.
[0063] The substrates 2 and 3 with the above structure
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are held a specified space apart from each other by a
spacer (not shown) and is bonded together with a ther-
mosetting sealing member 45 applied in rectangular
frame shape onto the periphery of the substrates 2 and
3, as shownin Fig. 2. The space sealed by the substrates
2 and 3 and the sealing member 45 is filled with a liquid
crystal to form the liquid crystal layer 5 serving as a light
modulator; thus the liquid crystal panel 1 is formed. In
Fig. 2, the various liquid-crystal-side layers and lines of
the substrate 2 and the liquid-crystal-side various layers
of the substrate 3 are omitted for simplifying the drawing
and only the positional relationship between the align-
ment layers 29 and 44 is shown.

[0064] The substrate body 41 includes a polarizing
plate H1 and retardation films H2 and H3 on the outside
as necessary.

[0065] With the above structure, preferably, the value
An-d (retardation) in the region of the pixel electrode 11
is within the range from 200 to 260 nm and An-d (retar-
dation) in the region of the recess 22 is within the range
from 400 to 460 nm where An is the refraction index of
the liquid crystal layer 5 and d is the thickness of the liquid
crystal layer 5.

[0066] The retardation of this range can be achieved,
for example, by using a liquid crystal with An = 0.07 when
the thickness (cell gap) of the liquid crystal layer in the
region of the pixel electrode 11 (reflecting display region)
is 3. 5 wm and the thickness of the organic insulator film
on the thin-film transistor is 3.0 wm, all the organic insu-
lator films on the transparent electrode are removed to
form a recess of 3.0 wum in depth to set the thickness of
the liquid crystal layer in the recess-formed region (trans-
missive display region) to 6.5 pm.

[0067] With such a structure, the value An-d of the re-
flecting display region is 245 pm and the value An-d of
the transmissive display region is 455 um, allowing ex-
cellent display in both display modes.

[0068] Referring to Fig. 2, the backlight 4 of this em-
bodiment is disposed on the back of the liquid crystal
panel 1 and is roughly composed of a transparent optical
waveguide 52, a light source 53, a diffusing reflector 55,
and a retainer 58. The light source 53 of the backlight 4
is disposed at the end face 52a for guiding light to the
optical waveguide 52. The diffusing reflector 55 is dis-
posed on the surface (the lower surface, one surface) of
the optical waveguide 52 opposite to the emerging plane
(the upper surface, the other surface) 52b through an air
layer 56.

[0069] The optical waveguide 52 is disposed on the
back of the liquid crystal panel 1 to irradiate the liquid
crystal panel 1 with the light emitted from the light source
53 and is made of a planar transparent acrylic resin etc.
As shown in Fig. 2, the light emitted from the light source
53 is let into the optical waveguide 52 through the end
face 52a and let out from the upper emerging plane 52b
(the surface adjacent to the liquid crystal panel 1) of the
optical waveguide 52 toward the liquid crystal panel 1.
[0070] The surface 52c of the optical waveguide 52
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opposite to the emerging plane 52b has steps decreasing
in thickness gradually with the distance from the light
source 53. In other words, the part remote from the light
source 53 is thinner than that close to the light source 53.
[0071] The light source 53 includes a long cold-cath-
ode tube 53a and a reflecting plate 53b provided around
the cold-cathode tube 53a. The diffusing reflector 55 in-
corporates the diffusion reflecting structure similar to that
of the liquid crystal panel 1 constructed of the insulator
film 20, the depressions 27 formed thereon, and the pixel
electrode 11.

[0072] More specifically, an organic layer 60 is formed
on a substrate 59; multiple micro depressions are formed
on the surface of the organic layer 60, on which a metallic
reflecting film 61 made of light-reflective aluminum or sil-
ver is provided; multiple micro depressions 61d are
formed on the surface of the metallic reflecting film 61,
thereby achieving a light diffusion reflecting capability in
a wide angle range shown by the chain line in Fig. 7, as
with the structure described above with reference to Fig.
5.

[0073] With the backlight 4 of this structure, the light
from the light source 53 can be guided to the liquid crystal
panel 1 with the optical waveguide 52 to illuminate the
liquid crystal panel 1 from the back and the light leaking
from the back of the optical waveguide 52 can be again
reflected with the reflecting film 61 at high efficiency in
accordance with the traveling direction of the light to re-
flect it toward the optical waveguide 52 and toward the
liquid crystal panel 1 through the optical waveguide 52.
Accordingly a lighter backlight 4 can be provided.
[0074] Theliquid crystal panel 1 including the backlight
4 with such a structure uses the backlight 4 unlit as a
liquid crystal panel in reflecting display mode in a light
open air or in an illuminated light room. The outside light
incident on the liquid crystal panel 1 passes through the
liquid crystal layer 5 through the various layers adjacent
to the opposed substrate 3, is reflected by the light-dif-
fusing reflective pixel electrodes 11, and again passes
through the various layers on the opposed substrate 3
side through the liquid crystal layer 5 to reach viewer’'s
eyes. During that time, the pixel electrode 11 of each
pixel region is energized from the TFT 10 to control the
orientation of the liquid crystal molecules on the pixel
electrodes 11 to control the display mode of each pixel
region, thereby performing display.

[0075] To use the liquid crystal panel 1 in a transmis-
sive display mode in a dark place, the light source 53 of
the backlight 4 is lit on and the light guided from the light
source 53 to the interior of the optical waveguide 52 is
let out of the emerging plane 52b toward the liquid crystal
panel 1. The light emitted from the backlight 4 toward the
liquid crystal panel 1 passes through through-holes 11a
of the pixel electrode 11, which are provided in corre-
spondence with the position to the recesses 22 on the
side of the substrate 2, passes through the liquid crystal
layer 5, and passes through the various layers on the
side of the opposed substrate 3, reaching viewer’s eyes,
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thus providing a transmissive display mode.

[0076] In the reflecting display mode, the outside light
incident on the liquid crystal panel 1 and reflected there
passes through the liquid crystal layer 5 twice. The value
of An-d (retardation) in the region of the pixel electrode
11 is set within the range from 200 to 250 pm, which is
in a preferable range for the reflecting display mode and
is excellent in transmittance particularly for white display,
thus easily providing a beautiful white display mode. On
the other hand, in the transmissive display mode, the
light from the backlight 4 incident on the liquid crystal
panel 1 and reaching the viewer passes through the liquid
crystal layer 5 only one time. The value of An-d (retarda-
tion) in the region of the insulator film 20 having the recess
22 is set within the range from 400 to 450 pum, also pro-
viding excellent transmissive display. Since the backlight
4 with the above-describe structure is used, lighter trans-
missive display can be achieved.

[0077] The adoption of the structure of this embodi-
ment prevents the display from varying in color and color
tone depending on the display mode, providing excellent
display in both of the transmissive display and reflecting
display.

[0078] Withthe structure of thisembodiment, the trans-
parent electrode 19 is placed directly on the substrate
body 6. Accordingly, in the process of growing the TFT
10, the transparent electrode 19 can be made by the ITO
deposition process and the photolithography process
about the time of forming the gate electrode 13 on the
substrate body 6 by the deposition process and the pho-
tolithography process.

[0079] In forming the transparent electrode 19, since
the position for forming the gate electrode 13 and the
position for forming the transparent electrode 19 are dif-
ferent and there is no particular step on the substrate
body 6, the transparent electrode 19 can be formed on
aflat surface, thus facilitating formation of the transparent
electrode 19 without producing a break during forming
of the transparent electrode 19. Also it is not after other
layers are deposited on the substrate body 6 that the
transparent electrode 19 is formed. The transparent elec-
trode 19 can therefore be formed without the need to pay
attention to the damage to the ground layers, also facil-
itating photolithography.

[0080] The chain line shown in Fig. 7 indicates the re-
flection characteristic of the pixel electrode 11 with the
above structure, showing the relationship between the
light-receiving angle 6 and the luminance (reflectance)
when outside light is applied to a substrate surface S at
an incident angle of 30 degrees and the viewing angle is
varied from zero degree (perpendicular position) to 60
degrees with respect to the normal of the substrate sur-
face S, with the position of 30 degrees which is the reg-
ular-reflection direction with respect to the substrate sur-
face S as the center. With the pixel electrode 11 of this
embodiment, the reflected lightis approximately constant
within the range of= 10 degrees with the position of a
reflection angle of 30 degrees which is in the regular-
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reflection direction as the center so that it can provide
uniform and light display in this range.

[0081] The alternate long and short dashed line shown
in Fig. 7 indicates the reflectance of a liquid crystal panel
(conventional type) having a coarse-surface pixel elec-
trode manufactured by sandblasting in a reflective liquid
crystal panel including a light-diffusing reflective pixel
electrode, which is disclosed in Japanese Patent No.
3019058. Since the characteristic of this conventional
type is of a reflective liquid crystal panel, it cannot be
compared simply with that of the transflective type of this
embodiment. However, it is shown for comparison to
show the peak form of the reflection characteristic.
[0082] The reflection characteristic of the reflective lig-
uid-crystal display device having this type of the reflecting
pixel electrode coarsened by sandblasting is of steep
Gaussian distribution having the highly bilaterally sym-
metrical peak, as shown in Fig. 7, having different reflec-
tion characteristic from that of this embodiment. With
such Gaussian distribution type, extremely light display
can be provided at a very small angle but even slight
deviation of angle will cause significantly dark display.
[0083] Accordingly, the reflection characteristic of the
Gaussian distribution type may cause insufficient lumi-
nance for personal digital assistants in which the viewing
angle between the viewer and the liquid crystal panel
varies slightly in use and notebook computers which re-
quire a wide viewing angle.

[0084] From the comparison, the superiority of the re-
flection characteristic of this embodiment is recognized.
Since the conventional type has the characteristic of the
reflective liquid crystal panel, the peak of the reflectance
is naturally higher than that of the transflective liquid crys-
tal panel. When the conventional reflective liquid crystal
panel is replaced with a transflective type, part of the
reflecting film has through-holes, thus slightly decreasing
in the peak of reflectance, but, of course, having a similar
reflectance curve.

[0085] Referring now to Figs. 9 and 10 and Fig. 7, a
second example of the depression formed in the light-
reflective pixel electrode applied to the liquid-crystal dis-
play device according to the invention will be described.
Fig. 9is a perspective view of a depression 70 in the pixel
electrode according to this example. Fig. 10 is a Y-direc-
tion cross-sectional view of the depression. The solid line
of Fig. 7 indicates the reflection characteristic thereof.
[0086] The depression 70 according to this modifica-
tion is a partial modification of the spherical surface of
the inner surface of the depression 27 of the pixel elec-
trode 11 in the liquid crystal panel 1 according to the first
embodiment.

The depression 70 is constructed such that the lumi-
nance distribution of the diffusion-reflected light of the
lightincident on the pixel electrode 11 at a specified angle
(for example, 30 degrees) is asymmetrical with the reg-
ular reflection angle as the center.

[0087] Specifically, the depression 70 is constructed
of afirst curve A1 having a small curvature and a second
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curve B1 having a large curvature, the first curve A1 start-
ing from one peripheral end S1 of the depression 70 to-
ward a deepmost point D and the second curve B1 con-
necting gradually to the first curve A1 and starting from
the deepmost point D toward an opposed peripheral end
S2, in the Y-direction cross section of Fig. 10.

[0088] The deepmost point D is off the center O of the
depression 70 in the Y-direction. The mean value of the
absolute values of the inclination angles of the first curve
A1 and the inclination angles of the second curve B1 with
respect to the horizontal plane of the substrate body 6
are set with irregular variations within the range from one
to 89 degrees and the range from 0.5 to 88 degrees,
respectively. The mean value of the inclination angles of
the first curve A1 is larger than that of the second curve
B1. The inclination angles da of the depressions 70 at
the peripheral end S1 of the first curve A1 having a max-
imum inclination angle vary irregularly within the range
from about four to 35 degrees. Thus, the depths d of the
depressions 70 vary irregularly within the range from 0.25
to 3 pm.

[0089] The solid line in Fig. 7 indicates the reflection
characteristic of the light-diffusing reflective pixel elec-
trode with the above structure, showing the relationship
between the light-receiving angle 6 and the luminance
(reflectance) when outside lightis applied to the substrate
surface S from the Y-direction at an incident angle of 30
degrees and the viewing angle is varied from zero degree
(perpendicular position) to 60 degrees with respect to the
normal of the substrate surface S, with the position of 30
degrees which is the regular-reflection direction with re-
spect to the substrate surface S as the center. Fig. 7
shows the relationship between the light-receiving angle
6 and the reflectance of the pixel electrode 11 having the
spherical depression 27 used in the first embodiment by
a chain line for comparison.

[0090] From the comparison in Fig. 7, with the pixel
electrode of this modification, the reflected light of the
light incident on the liquid crystal panel at an angle of 30
degrees from the Y-direction has a luminance larger than
that of the first embodiment at an angle (around 20 de-
grees) smaller than the reflection angle of 30 degrees
which is a regular reflection angle. In contrast, it has a
luminance slightly lower than that of the first embodiment
atan angle (around 40 degrees) larger than the reflection
angle 30 degrees. Specifically, since the deepmost point
D of the depression 70 is off the center O of the depres-
sion 70 in the Y-direction, the amount of light reflected
by the second curve B1 is larger than that by the first
curve A1, increasing the luminance of the Y-directional
reflecting display. Since the other structure is the same
as that of the above embodiment, its description will be
omitted here.

[0091] Also this modification provides the same advan-
tages as those of the above embodiment and gives the
reflected light directivity by the asymmetrical structure of
the first curve 1A and the second curve B1 that define
the depression of the pixel electrode with respect to the
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deepmost point D. Accordingly, the display luminance in
a specified viewing direction can be further increased to
make a good use of the reflected light.

[0092] Referring to Figs. 11 to 14, a third example of
the depression of the light-reflective pixel electrode ap-
plied to the liquid-crystal display device according to the
invention will be described.

[0093] Fig. 11 shows a depression 80, in perspective,
of a pixel electrode of the liquid crystal panel according
to the modification; Fig. 12 shows the depression 80 in
Y-axis cross sectional view; Fig. 13 shows the depression
80 in X-axis cross sectional view; and Fig. 14 shows the
reflection characteristic thereof.

[0094] This modification is a modification of the inner
surface of the depression of the pixel electrode 11 of the
liquid crystal panel 1, in which the reflected light is given
directivity, as in the second example.

[0095] More specifically, the depression 80 is con-
structed of a first curve A’ having a small curvature and
a second curve B’ having a large curvature, as in the
second modification, the first curve A’ starting from one
peripheral end S1 of the depression 80 to the deepmost
point D and the second curve B1 connecting gradually
to the first curve A’ and passing through the deepmost
point D to the opposed peripheral end S2, in the Y-direc-
tion cross section of Fig. 12.

[0096] The deepmost point D is off the center O of the
depression 80 in the Y-direction. The mean value of the
absolute values of the inclination angles of the first curve
A’ and the inclination angles of the second curve B’ with
respect to the substrate surface S are set with irregular
variations within the range from two to 90 degrees and
the range from one to 89 degrees, respectively. The
mean value of the inclination angles of the first curve A’
is larger than that of the second curve B’. The inclination
angles da of the depressions 80 at the peripheral end S1
of the first curve A’ having a maximum inclination angle
vary irregularly within the range from about four to 35
degrees. Thus, the depths d of the depressions 80 vary
irregularly within the range from 0.25 to 3 pm.

[0097] The first curve A’ and the second curve B’ are
almost bilaterally symmetrical with respect to the center
O in the X-cross-sectional view of Fig. 13. The X-cross
section is shaped in a curve E having a large curvature
(approximately linear and gentle slope) around the deep-
most point D. The absolute value of the inclination angle
with respect to the substrate surface S is set to about 10
degrees or less. The absolute values of the inclination
angles of deep curves F and G with respect to the sub-
strate surface S are varied irregularly within the range,
for example, from two to nine degrees. The depth d of
the deepmost point D is varied irregularly within the range
from 0.1 to 3 pm.

[0098] Fig. 14 shows the reflection characteristic of the
pixel electrode having the depression 80 with the above
structure, showing the relationship between the light-re-
ceiving angle 0 and the luminance (reflectance) when
outside light is applied to the substrate surface S from
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the Y-direction at an incident angle of 30 degrees and
the viewing angle is varied from zero degree (perpendic-
ular position) to 60 degrees with respect to the normal of
the substrate surface S, with the position of 30 degrees
which is the regular-reflection direction as the center. Fig.
14 shows the relationship between the light-receiving an-
gle 6 and the reflectance of the pixel electrode 11 having
the spherical depression 27 used in the first embodiment
by a chain line for comparison.

[0099] With the pixel electrode of this modification, the
reflected light of the light incident on the liquid crystal
panel at an angle of 30 degrees from the Y-direction has
a luminance larger than that of the first embodiment at
an angle from around a reflection angle of 30 degrees
which is a regular reflection angle to an angle (around
20 degrees) smaller than that. Specifically, since the
deepmost point D of the depression 80 is off the center
O of the depression 80 in the Y-direction, the amount of
light reflected by the second curve B’ is larger than that
by the first curve A’, increasing the luminance of the re-
flecting display in the opposite direction from the Y-direc-
tion. Since the vicinity of the deepmost point D of the
depression 80 is a gentle slope, also the reflectance in
the regular reflecting direction is increased. Since the
other structure is the same as that of the above embod-
iment, its description will be omitted here.

[0100] Alsothis modification provides the same advan-
tages as those of the embodiment, and further increases
the luminance of the display in a specified viewing direc-
tion to make a good use of the reflected light.

[0101] Fig. 15 shows an example of a cellular phone
K (electronic device) including the liquid-crystal display
device according to the embodiment of the invention. The
cellular phone K of this example includes the liquid crystal
panel 1 such that the display surface of the liquid crystal
panel 1 of the liquid-crystal display device A is exposed
from a window 91 in the upper front center of a flat casing
body 90 and a plurality of operation buttons 92 is ar-
ranged on the lower surface of the casing body 90.
[0102] The cellular phone with the structure can be
used in a reflecting display mode in a light room or in the
open air, while it can be used in a transmissive display
mode with a lit backlight in a dark room or at night. As
the liquid-crystal display device A according to the em-
bodiment is provided, the color and color tone are not
varied between the reflecting display mode and the trans-
missive display mode, providing high-quality liquid crys-
tal display in both the display modes.

[0103] Fig. 16 shows an example of a personal digital
assistant J (electronic device) including the liquid-crystal
display device according the embodiment of the inven-
tion. The personal digital assistant J of this example is
constructed such that flat casing bodies 95 and 96 are
foldably hinged together, in which the display surface of
the liquid crystal panel 1 of the liquid-crystal display de-
vice A is exposed from a window 97 of one casing body
95 and the other casing body 96 has keyboard switches
98.
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[0104] The personal digital assistant J of this structure
can be used in the reflecting display mode in a light room
orin the open air, while it can be used in the transmissive
display mode with alit backlightin a dark room or at night.
Since the liquid-crystal display device A according to the
embodiment is provided, the color and color tone are not
varied between the reflecting display mode and the trans-
missive display mode, providing high-quality liquid crys-
tal display in both the display modes.

[0105] The presentinventionis notlimited to the above
embodiments but various modifications may be made
without departing from the sprit and scope thereof.
[0106] For example, the TFT 10 is not limited to the
inverse stagger type but may be of a normal stagger type.
The switching element is not limited to the TFT but may
be a thin-film diode having a metal-insulator-metal (MIM)
structure with an insulator layer interposed between met-
al layers. The MIM structure includes a plurality of com-
mon electrodes because the opposed substrate includes
the plurality of strip-shaped common electrodes.

[0107] The substrate of the color filter layer 42 is not
limited to the opposed substrate 3 but may be the sub-
strate 2. Accordingly, the light-shield layer 42S is provid-
ed to either the substrate 2 or the opposed substrate 3.
Of course, the color filters 42R, 42G, and 42B and the
light-shield layer 42S may be provided to different sub-
strates.

[0108] Inthe above embodiment, the light-shield layer
42S is shaped in stripe but may be in lattice such that it
surrounds the periphery of the color filters 42R, 42G, and
42B. Furthermore, the shape of the through-hole 23 of
the pixel electrode 11 is not necessarily a rectangle but
may be a circle, an ellipse, or other shapes, and also the
size and number are not particularly limited.

Claims

1. Atransflective liquid-crystal display device, compris-
ing:

a first substrate (3);

a second substrate (2) opposite to the first sub-
strate;

a liquid crystal layer (5) sealed between the first
substrate and the second substrate, the first
substrate (3) having a common electrode (43)
onthe surface adjacentto the liquid crystal layer,
the second substrate having a plurality of switch-
ing elements (10) on the surface adjacent to the
liquid crystal layer, the switching elements being
coated with an insulator film (20), the insulator
film (20) having a plurality of light-reflective pixel
electrodes (11) thereon electrically connected
to the switching elements (10), at least part of
the pixel electrodes (11) having a through-hole
(23), and the insulator film (20) having a recess
(22) under the through-hole; and
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a transparent electrode (19) placed directly on
the second substrate (2), the transparent elec-
trode (19) being located at least on the bottom
of the recess (22) and electrically connected to
the switching elements (10), the liquid crystal
existing between the substrates (2,3) being in-
troduced in the recess (22) so that the thickness
of the liquid crystal in the recess formed region
and the thickness of the liquid crystal in the pixel-
electrode formed region are different, charac-
terized in that:

the insulator film has a plurality of depres-
sions (26) in the surface adjacent to the lig-
uid crystal layer, the inner surface of each
depression being defined by part of a spher-
ical surface, or having an asymmetrical
curved shape of a combination of multiple
curved surfaces, the adjacent depressions
are arranged in close contact, with part of
the inner surfaces connected to each other,
and a light-reflective electrode layer is de-
posited on the depressions to form the elec-
trode layer in uneven shape to make the
pixel electrode into a light-diffusing reflec-
tive pixel electrode, and

a part of the insulator film is left as a coating
layer (20a) on the transparent electrode
(19) at the bottom of the recess (22).

A transflective liquid-crystal display device accord-
ing to Claim 1, wherein the luminance distribution of
diffusion-reflected light obtained by the light-diffus-
ing reflective pixel electrode is asymmetrical with a
regular reflection angle as the center.

A transflective liquid-crystal display device accord-
ing to Claim 1, wherein the switching elements are
thin-film transistors each having a source electrode
(17), a drain electrode (18), and a gate electrode
(13), the source electrode being electrically connect-
ed to the pixel electrode and the transparent elec-
trode to allow the pixel electrode and the transparent
electrode to be freely driven by the thin-film transis-
tor, part of the source electrode being directly con-
nected to part of the transparent electrode, and the
insulator film (20) coated on the connection having
a contact hole (21) connecting to the connection and
the pixel electrode to electrically connect the pixel
electrode to the source electrode through a conduct-
ing section of the contact hole.

A transflective liquid-crystal display device accord-
ing to Claim 1, wherein the value An-d is within the
range from 200 to 260 nm in the pixel-electrode
formed region and the value An-d is within the range
from 400 to 460 nm in the recess formed region,
where An is the refraction index of the liquid crystal
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layer and d is the thickness of the liquid crystal layer.

An electronic device including the transflective lig-
uid-crystal display device according to Claim 1 in the
display section.

Patentanspriiche

Transflektive FlUssigkristallanzeigevorrichtung, um-
fassend:

ein erstes Substrat (3);

ein zweites Substrat (2), das dem ersten Sub-
strat gegenuberliegt;

eine Flussigkristallschicht (5), die zwischen dem
ersten Substrat und dem zweiten Substrat ab-
gedichtet ist, wobei das erste Substrat (3) eine
gemeinsame Elektrode (43) auf der Oberflache
aufweist, die an die Flussigkristallschicht an-
grenzt, das zweite Substrat eine Mehrzahl von
Schaltelementen (10) auf der Oberflache auf-
weist, die an die FlUssigkristallschicht angrenzt,
die Schaltelemente mit einem Isolierfilm (20) be-
schichtet sind, der Isolierfilm (20) eine Mehrzahl
von lichtreflektierenden Pixel-Elektroden (11)
darauf aufweist, die elektrisch mitden Schaltele-
menten (10) verbunden sind, zumindest ein Teil
der Pixel-Elektroden (11) eine Durchgangsboh-
rung (23) aufweist und der Isolierfilm (20) eine
Aussparung (22) unter der Durchgangsbohrung
aufweist; und

eine lichtdurchlassige Elektrode (19), die direkt
auf dem zweiten Substrat (2) platziert ist, wobei
die lichtdurchlassige Elektrode (19) zumindest
auf dem Boden der Aussparung (22) positioniert
und elektrisch mit den Schaltelementen (10)
verbunden ist, wobei das zwischen den Substra-
ten (2, 3) vorhandene Fliissigkristall in die Aus-
sparung (22) eingefiihrt wird, sodass die Dicke
des Flussigkristalls im von der Aussparung ge-
bildeten Bereich und die Dicke des Flissigkri-
stalls im von der Pixel-Elektrode gebildeten Be-
reich verschieden sind, dadurch gekennzeich-
net, dass:

der Isolierfilm eine Mehrzahl von Vertiefun-
gen (26) in der Oberflache aufweist, die an
die Flussigkristallschicht angrenzt, wobei
die Innenoberflache jeder Vertiefung durch
einen Teil einer spharischen Oberflache de-
finiertist oder eine asymmetrisch gekriimm-
te Form einer Kombination von mehrfach
gekrimmten Oberflachen aufweist, wobei
die angrenzenden Vertiefungen in engem
Kontakt angeordnet sind, wobei ein Teil der
Innenoberflachen miteinander verbunden
sind und eine lichtreflektierende Elektro-
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denschicht auf die Vertiefungen aufge-
bracht ist, um die Elektrodenschicht in un-
ebener Form zu bilden, um die Pixel-Elek-
trode zu einer Licht streuenden reflektieren-
den Pixel-Elektrode zu machen und

ein Teil der Isolierschicht, als eine Be-
schichtungsschicht (20a) auf der lichtdurch-
Iassigen Elektrode (19) am Boden der Aus-
sparung (22) belassen wird.

Transflektive Flussigkristallanzeigevorrichtung
nach Anspruch 1, wobei die Luminanzverteilung von
diffus reflektiertem Licht, die durch die Licht streu-
ende reflektierende Pixel-Elektrode erhalten wird,
asymmetrisch mit einem regelmaRigen Reflexions-
winkel als Mittelpunkt ist.

Transflektive Flussigkristallanzeigevorrichtung
nach Anspruch 1, wobei die Schaltelemente Dinn-
schichttransistoren sind, die jeweils eine Source-
Elektrode (17), eine Drain-Elektrode (18) und eine
Gate-Elektrode (13) aufweisen, wobei die Source-
Elektrode elektrisch mit der Pixel-Elektrode und der
lichtdurchlassigen Elektrode verbunden ist, um der
Pixel-Elektrode und der lichtdurchlassigen Elektro-
de zu gestatten, vom Diinnschichttransistor frei an-
getrieben zu werden, wobei ein Teil der Source-Elek-
trode direkt mit einem Teil der lichtdurchlassigen
Elektrode verbunden ist und der Isolierfilm (20), der
auf die Verbindung beschichtet ist, ein Kontaktloch
(21) aufweist, das Anschluss an die Verbindung und
die Pixel-Elektrode hat, um die Pixel-Elektrode elek-
trisch mit der Source-Elektrode durch einen leiten-
den Abschnitt des Kontaktlochs zu verbinden.

Transflektive Flussigkristallanzeigevorrichtung
nach Anspruch 1, wobei der Wert An - d innerhalb
des Bereichs von 200 bis 260 nm im vom Pixel-Elek-
troden gebildeten Bereich liegt und der Wert An - d
innerhalb des Bereichs von 400 bis 460 nm im von
der Aussparung gebildeten Bereich liegt, wo A der
Brechungsindex der Flussigkristallschicht ist und d
die Dicke der Flussigkristallschicht ist.

Elektronisches Gerat, das die transflektive Fliissig-
kristallanzeigevorrichtung nach Anspruch 1 im An-
zeigeabschnitt einschlieft.

Revendications

Dispositif d’affichage a cristaux liquides a transmis-
sion-réflexion, comportant :

un premier substrat (3) ;

un second substrat (2) opposé au premier
substrat ;

une couche de cristaux liquides (5) scellée entre
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le premier substrat et le second substrat, le pre-
mier substrat (3) ayant une électrode commune
(43) surla surface adjacente ala couche de cris-
taux liquides, le second substrat ayant une plu-
ralité d’éléments de commutation (10) sur la sur-
face adjacente a la couche de cristaux liquides,
les éléments de commutation étant revétus d’un
film isolant (20), le film isolant (20) ayant sur
celui-ci une pluralité d’électrodes de pixel réflé-
chissantes (11) connectées électriquement aux
éléments de commutation (10), au moins une
partie des électrodes de pixel (11) ayant un trou
traversant (23), et le film isolant (20) ayant un
évidement (22) sous le trou traversant ; et

une électrode transparente (19) placée directe-
ment sur le second substrat (2), I'électrode
transparente (19) étant située au moins sur le
fond de I'évidement (22) et connectée électri-
quement aux éléments de commutation (10), les
cristaux liquides existant entre les substrats (2,
3) étant introduits dans I'évidement (22) de sorte
que I'épaisseur des cristaux liquides dans la ré-
gion formée par I'évidement et I'épaisseur des
cristaux liquides dans la région formée par les
électrodes de pixel sont différentes, caractérisé
en ce que :

le film isolant comporte une pluralité de dé-
pressions (26) dans la surface adjacente a
la couche de cristaux liquides, la surface
intérieure de chaque dépression étant déli-
mitée par une partie d’une surface sphéri-
que, ou ayant une forme courbe asymetri-
que d’'une combinaison de plusieurs surfa-
ces courbes, les dépressions adjacentes
sont arrangées en contact étroit, une partie
des surfaces intérieures étant connectées
les unes aux autres, et une couche d’élec-
trodes réfléchissantes est déposée sur les
dépressions pour former la couche d’élec-
trodes enforme irréguliére pour transformer
I'électrode de pixel en une électrode de pixel
réfléchissante diffusante, et

une partie du film isolant est laissée comme
couche de revétement (20a) sur I'électrode
transparente (19) au fond de I'évidement
(22).

Dispositif d’affichage a cristaux liquides a transmis-
sion-réflexion selon la revendication 1, dans lequel
la distribution de luminance de la lumiere réfléchie
par diffusion obtenue par I'électrode de pixel réflé-
chissante diffusante est asymétrique avec un angle
de réflexion réguliere comme centre.

Dispositif d’affichage a cristaux liquides a transmis-
sion-réflexion selon la revendication 1, dans lequel
les éléments de commutation sont des transistors a
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couches minces ayant chacun une électrode source
(17), une électrode déversoir (18), et une électrode
grille (13), I'électrode source étant connectée élec-
triquement a I'électrode de pixel et a I'électrode
transparente pour permettre a I'électrode de pixel et
a l'électrode transparente d’étre librement entrai-
nées par le transistor a couche mince, une partie de
I'électrode source étant directement connectée a
une partie de I'électrode transparente, et le film iso-
lant (20) revétu sur la connexion ayant un trou de
contact (21) connectant a la connexion et I'électrode
de pixel pour connecter électriquement I'électrode
de pixel a I'électrode source par une section conduc-
trice du trou de contact.

Dispositif d’affichage a cristaux liquides a transmis-
sion-réflexion selon la revendication 1, dans lequel
la valeur An - d se situe dans les limites de la plage
allant de 200 a 260 nm dans la région formée par
les électrodes de pixel et la valeur An - d se situe
dans les limites de la plage allant de 400 a 460 nm
dans la région formée par I'évidement, ou An est un
indice de réfraction de la couche de cristaux liquides
et d estI'épaisseur de la couche de cristaux liquides.

Dispositif électronique comprenant le dispositif d’af-
fichage a cristaux liquides a transmission-réflexion
selon la revendication 1, dans la section d’affichage.
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