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LIQUID CRYSTAL DISPLAY APPARATUS HAVING
REFLECTIVE LAYER

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

[0002] The present invention relates to a structure in a
reflective liquid crystal display apparatus or a transflective
liquid crystal display apparatus which has reflective func-
tionality.

[0003] 2. Description of the Related Art

[0004] Liquid crystal display apparatuses (hereinafter
referred to as “LLCDs”) are advantageous in that they are thin
and consume relatively little power, and are now widely
used for computer monitors and monitors for portable infor-
mation devices or the like. In LCDs, liquid crystal is sealed
between a pair of substrates each having an electrode formed
thereon, and the alignment of the liquid crystal disposed
between these electrodes is controlled by these electrodes to
thereby create a display. However, unlike CRT (Cathode
Ray Tube) displays, -electroluminescence (hereinafter
referred to as “EL”) displays, or the like, LCDs require a
light source in order to display an image for viewer obser-
vation, because L.CDs are not, in principle, self-emissive.

[0005] Transmissive LCDs, in which a transparent elec-
trode is used as an electrode formed on each substrate and
a light source is disposed on the rear or side of the LC panel,
can provide a bright display even in a dark environment, by
controlling the transmission amount of light from the light
source through the L.C panel. Transmissive LCDs, however,
have disadvantages in that power consumption is relatively
high due to the light source which must continually illumi-
nate, and that sufficient contrast cannot be ensured when the
display is used in a bright environment, such as outdoors
under daylight.

[0006] Inreflective LCDs, on the other hand, external light
such as sunlight and room light is used as a light source, and
such an ambient light entering the LCD panel is reflected by
a reflective electrode formed on the substrate provided on
the non-viewing surface side. Thus, light enters through the
liquid crystal layer, is reflected by the reflective electrode,
and then exits from the LCD panel. By controlling the
amount of light radiating from the LCD panel for each pixel,
reflective LCDs display an image. While reflective LCDs,
which use external light as a light source, differ from
transmissive LCDs in that their display cannot be seen when
no such external light is available, they have advantages that
power consumption is very low because the power required
for the light source can be eliminated and that sufficient
contrast can be obtained in the bright environment such as
outdoors. However, reflective L.CDs suffer problems in that
typical display quality such as reproducibility of color and
display brightness is inferior to that of the transmissive
LCDs.

[0007] On the other hand, because the reflective LCDs
having lower power consumption than the transmissive
LCDs are more advantageous in response to recent increased
demand for lower power consumption devices, attempts
have been made to use the reflective LCDs in high resolution
monitors or the like of portable devices, and increasing effort
has been put in to research and development related to
improving the display quality of reflective LCDs.
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[0008] FIG. 1 is a plan view showing one pixel portion
(on a first substrate side) of a conventional active matrix
reflective LCD in which a thin film transistor (TFT) is
provided for each pixel. FIG. 2 schematically shows a cross
sectional configuration of the reflective LCD taken along
line C-C of FIG. 1.

[0009] The reflective LCD comprises a first substrate 100
and a second substrate 200 which are adhered to each other
with a predetermined gap therebetween, and a liquid crystal
layer 300 scaled between the first and second substrates. A
glass or plastic substrate is used for the first and second
substrates 100 and 200, while a transparent substrate is used
as the second substrate 200 located on the viewer side, at
least in this example.

[0010] On a side of the first substrate facing the liquid
crystal, a thin film transistor (TFT) 110 is formed for each
pixel. In this TFT 110, for example, a drain region in an
active layer 120 is connected with a data line 136 which
supplies a data signal to each pixel via a contact hole formed
in an interlayer insulating film 134. A source region of the
TFT 110 is connected with a first electrode (pixel electrode)
150 which is individually formed for each pixel via a contact
hole formed to penetrate the interlayer insulating film 134
and a planarization insulating film 138.

[0011] A reflective material, such as Al, Ag, or the like, is
employed as the first electrode 150. On the reflective elec-
trode 150, an alignment film 160 is formed for controlling
the initial alignment of the liquid crystal layer 300.

[0012] When the LCD is a color LCD, on a side facing the
liquid crystal layer of the second substrate 200, which is
disposed so as to oppose to the first substrate 100, a color
filter (R, G, B) 210 is formed corresponding to each pixel
electrode 150, and a transparent electrode 250 comprising a
transparent conductive material such as ITO (Indium Tin
Oxide) is formed on the color filter 210 as a second
electrode. Further, on the transparent electrode 250, an
alignment film 260 which is similar to the alignment film
160 on the first substrate side is formed.

[0013] In the reflective LCD configured as described
above, the amount of light which enters the liquid crystal
panel, is reflected by the reflective electrode 150, and
radiates from the liquid crystal panel, is controlled for each
pixel, to thereby produce a desired display.

[0014] In LCDs, not limited to the reflective LCDs, the
liquid crystal is driven by an alternative voltage so as to
prevent image persistence. With regard to transmissive
LCDs, because both the first electrode on the first substrate
and the second electrode on the second substrate should be
transparent, ITO is used as a material for both electrodes.
Consequently, for AC driving of the liquid crystal, each of
the first and second electrodes can apply a positive or
negative voltage under substantially the same conditions.

[0015] However, in the reflective LCD as shown in FIG.
2, in which a reflective electrode formed by a metal material
is used as the first electrode 150 and a transparent electrode
formed by a transparent metal oxide material such as ITO is
used as the second electrode 250, certain problems such as
display flicker and image persistence in the liquid crystal
layer may occur depending on the drive conditions. These
problems are noticeable when the liquid crystal is driven at
a frequency less than the critical flicker frequency (CFF), for
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example, as has been reported recently. In order to further
reduce power consumption of L.CDs, attempts have been
made to reduce the frequency for driving the liquid crystal
(=the frequency for writing data to liquid crystal (liquid
crystal capacitor) at each pixel formed in the region where
the first and second electrodes face each other) equal to or
less than the CFF at which image flicker can be recognized
by the human eye, approximately 40 Hz-30 Hz, by reducing
such a drive frequency to less than 60 Hz, which is a
reference frequency in the NTSC standards, for example. It
has been revealed, however, that when each pixel of a
conventional reflective liquid crystal panel is driven at a
frequency less than the CFF, the above-described problems
of flicker and image persistence in the liquid crystal layer are
significant, which leads to significant deterioration in dis-

play quality.

[0016] The applicant’s research into the causes of such
flicker and image persistence in the liquid crystal layer
generated in a reflective LCD as shown in FIGS. 1 and 2
revealed that asymmetry of the electrical characteristics of
the first and second electrodes relative to the liquid crystal
layer 300 is one cause. It is believed that such asymmetry
results from a significant difference between a work function
of 4.7 eV-5.2 eV for the transparent metal oxide such as [TO
used in the second electrode 250 and a work function of 4.2
eV-4.3 ¢V for the metal such as Al used in the first electrode
150. Any such difference in the work function would cause
there to be a difference of charge actually induced on the
liquid crystal interface via the alignment films 160 and 260,
when a same voltage is applied to each electrode. Such a
difference of charge induced on the interface between the
liquid crystal and the alignment film at each electrode side
would in turn cause impurity ions or the like to be unevenly
located toward one of the first and second electrodes within
the liquid crystal layer, which results in accumulation of
remaining DC voltage in the liquid crystal layer 300. As the
liquid crystal drive frequency is lowered, the influence of
this remaining DC voltage on the liquid crystal increases and
generation of flicker and image persistence in the liquid
crystal layer become more significant. Accordingly, driving
the liquid crystal at a frequency less than the CFF, in
particular, is substantially difficult.

[0017] Reflective LCDs in which ITO is used for both the
first and second electrodes as in transmissive LCDs and a
reflector is separately provided on the outer side of the first
electrode (on the side of the first electrode not facing the
liquid crystal) are conventionally known. When a reflector is
thus provided on the outer side of the first substrate, how-
ever, the length of a light path is increased by an amount
corresponding to the thickness of the transparent first elec-
trode 150 and of the transparent first substrate, thereby
making the display quality likely to deteriorate due to
parallax. Consequently, in reflective LCDs which demand
high display quality, a reflective electrode is employed as a
pixel electrode, and it is therefore impossible to reduce the
drive frequency so as to achieve lower power consumption,
because flicker or the like is generated at the lower drive
frequency, as described above.

SUMMARY OF THE INVENTION

[0018] The present invention was conceived to solve the
above problem and advantageously provides a liquid crystal
display apparatus in which the electrical characteristics of
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the first electrode and the second electrode with respect to
the liquid crystal layer are matched so as to eliminate
influence of flicker and parallax and to realize less coloring,
high display quality, and low power consumption.

[0019] According to one aspect of the present invention,
there is provided a liquid crystal display apparatus compris-
ing a first substrate having a first electrode, a second
substrate having a second electrode, and a liquid crystal
layer sealed between the first and second substrates, wherein
a reflective layer for reflecting light incident from the second
substrate side to the liquid crystal layer is provided above the
first substrate, and the first electrode is a transparent elec-
trode made of a transparent conductive material and formed
to cover the reflective layer, the thickness of the transparent
electrode being in a range from 750 A to 1250 A.

[0020] According to another aspect of the present inven-
tion, there is provided a liquid crystal display apparatus
comprising a first substrate having a first electrode, a second
substrate having a second electrode, and a liquid crystal
layer sealed between the first and second substrates, wherein
a reflective layer for reflecting light incident from the second
substrate side to the liquid crystal layer is provided above the
first substrate, and the first electrode is a transparent elec-
trode made of a transparent conductive material and formed
to cover the reflective layer, the thickness of the transparent
electrode being in a range from 1 A to 100 A. According to
another aspect of the present invention, it is preferable that,
in the liquid crystal display apparatus, the thickness of the
transparent electrode is 10 Aor greater.

[0021] According to another aspect of the present inven-
tion, there is provided a liquid crystal display apparatus
comprising a first substrate having a first electrode, a second
substrate having a second electrode, and a liquid crystal
layer sealed between the first and second substrates, wherein
a reflective layer for reflecting light incident from the second
substrate side to the liquid crystal layer is formed as a first
electrode above the first substrate, and a transparent elec-
trode made of a transparent conductive material is formed
covering the reflective layer, the thickness of the transparent
electrode being in a range from 1 A to 100 A.

[0022] According to another aspect of the present inven-
tion, it is preferable that, in the liquid crystal display
apparatus, the thickness of the transparent electrode is 10 A
or greater.

[0023] According to another aspect of the present inven-
tion, it is preferable that, in the liquid crystal display
apparatus, a switching element corresponding to each pixel
is provided between the reflective layer and the first sub-
strate, and the switching element is electrically connected to
the first electrode.

[0024] According to another aspect of the present inven-
tion, it is preferable that, in the liquid crystal display
apparatus, a difference between a work function of the
transparent conductive material of the first electrode or of
the transparent electrode and a work function of a transpar-
ent conductive material of the second electrode formed on a
side, facing the liquid crystal layer, of the second substrate
is 0.5 eV or less.

[0025] According to another aspect of the present inven-
tion, it is preferable that, in the liquid crystal display
apparatus, a switching element corresponding to each pixel
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is provided between the reflective layer and the first sub-
strate; the switching element is electrically connected to the
transparent electrode; an insulating film is formed between
the transparent electrode and the reflective electrode; the
transparent electrode is capacitively coupled to the reflective
electrode via the insulating film; and a voltage supplied from
the switching element to the reflective layer is applied to the
transparent electrode via a capacitor formed by the reflective
electrode and the transparent electrode disposed with the
insulating film therebetween.

[0026] As described, by providing, on a side facing the
liquid crystal layer on the first substrate side, a transparent
first electrode having characteristics similar to those of the
second electrode on the second substrate side and providing
a reflective layer below the first electrode, it is possible to
symmetrically drive the liquid crystal layer by the first and
second electrodes. In particular, even when the driving
frequency of the liquid crystal layer in each pixel is set to be
lower than, for example, 60 Hz, it is possible to achieve a
high quality display without generation of flicker or the like.
In addition, by setting the thickness of the transparent first
electrode to be 100 A or less or 750 A to 1250 A it is
possible to prevent coloring and reduction in reflectance
caused by the first electrode placed in front of the reflective
layer.

[0027] According to another aspect of the present inven-
tion, there is provided a liquid crystal display apparatus
comprising a first substrate having a first electrode individu-
ally provided for each pixel, a second substrate having a
second electrode and a liquid crystal layer sealed between
the first and second substrates, for achieving display in each
pixel, wherein the first substrate further comprises a switch-
ing element provided for each pixel, and a reflective elec-
trode for reflecting light incident from the second substrate
side to the liquid crystal layer, the reflective electrode
partially covering a pixel region and formed above and
electrically connected to the switching element; a transpar-
ent electrode made of a transparent conductive material is
formed as the first electrode above the reflective electrode
with an insulating film therebetween; the transparent elec-
trode is capacitively coupled to the reflective electrode; and
a voltage supplied from the switching element to the reflec-
tive electrode is applied to the transparent electrode via a
capacitor formed of the reflective electrode and the first
electrode disposed with the insulating film therebetween.

[0028] As described, by providing, on a side of the first
substrate facing the liquid crystal layer, a transparent first
electrode having characteristics similar to those of the
second electrode on the second substrate side and providing
a reflective layer below the first electrode, it is possible for
the liquid crystal layer to be symmetrically driven by the first
and second electrodes. Here, a configuration wherein a
difference between a work function of the transparent con-
ductive material of the first electrode and a work function of
a transparent conductive material of the second electrode
formed on a side, facing the liquid crystal layer, of the
second substrate is set to be 0.5 eV or less is particularly
effective for symmetric driving. By employing such a con-
figuration, even when the drive frequency of the liquid
crystal layer in each pixel is set to be lower than, for
example, 60 Hz, a high quality display can be achieved
without generation of flicker or the like. In addition, accord-
ing to the present invention, a structure is employed wherein
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a voltage for driving liquid crystal is applied to a transparent
first electrode using a capacitive coupling via a reflective
electrode connected to a switching element. With this struc-
ture, even though an electrode on the first substrate side is
formed as a multi-layered structure of a reflective electrode
and a transparent electrode, a structure similar to a conven-
tional reflective liquid crystal display apparatus in which a
metal reflective electrode is used as a pixel electrode can be
used as the connection structure between the switching
element and the reflective electrode. Therefore, it is possible
to improve display quality and reduce power consumption
with minimum design alteration.

[0029] According to another aspect of the present inven-
tion, there is provided a liquid crystal display apparatus
comprising a first substrate having a first electrode individu-
ally provided for each pixel, a second substrate having a
second electrode, and a liquid crystal layer sealed between
the first and second substrates, for achieving display in each
pixel, wherein the first substrate further comprises a switch-
ing element provided for each pixel and a reflective elec-
trode for reflecting light incident from the second substrate
side to the liquid crystal layer, the reflective electrode
formed above and electrically connected to the switching
element; a transparent electrode made of a transparent
conductive material is formed as the first electrode above the
reflective electrode with an insulating film therebetween; the
transparent electrode is capacitively coupled to the reflective
electrode; a voltage supplied from the switching element to
the reflective electrode is applied to the transparent electrode
via a capacitor formed of the reflective electrode and the first
electrode disposed with the insulating film therebetween;
and a capacitance C1 of a pixel capacitor formed of the first
electrode and the second electrode disposed to oppose each
other with the liquid crystal layer therebetween and a
capacitance C2 of the capacitor formed of the reflective
electrode and the first electrode satisfy a condition, C2>100x
C1.

[0030] According to another aspect of the present inven-
tion, there is provided a liquid crystal display apparatus
comprising a first substrate having a first electrode individu-
ally provided for each pixel, a second substrate having a
second electrode, and a liquid crystal layer sealed between
the first and second substrates, for achieving display in each
pixel, wherein the first substrate further comprises a switch-
ing element provided for each pixel and a reflective elec-
trode for reflecting light incident from the second substrate
side to the liquid crystal layer, the reflective electrode
formed above and electrically connected to the switching
element; a transparent electrode made of a transparent
conductive material is formed as the first electrode above the
reflective electrode with an insulating film therebetween; the
transparent electrode is capacitively coupled to the reflective
electrode; a voltage supplied from the switching element to
the reflective electrode is applied to the transparent electrode
via the capacitive coupling; and an area S1 of the first
electrode disposed to oppose the second electrode with the
liquid crystal layer therebetween and an area S2 of the
overlapping portion of the reflective electrode and the first
electrode disposed to oppose each other with the insulating
film therebetween satisfy a relationship, S2>0.1xS1.

[0031] When a layer of transparent conductive material is
formed on a reflective electrode made of a metal material, a
natural oxide film is formed on the surface of the reflective
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electrode, and the reflective electrode and a first electrode
made of the transparent conductive material are insulated.
However, by designing a structure such that the capacitances
and areas satisfy the above described relationship, it is
possible to obtain a structure in which a reflective electrode
connected to a switching element can apply a voltage
sufficient for driving the liquid crystal to the transparent first
electrode via capacitive coupling.

[0032] According to another aspect of the present inven-
tion, it is preferable that, in the liquid crystal display device,
the thickness of the transparent electrode to be capac1t1ve1y
coupled to the reflective electrode is in a range of 750 Ato
1250 A or in a range from 1 A to 100 A. With such a
thickness, it is possible to obtain high quality display with-
out coloring.

[0033] According to another aspect of the present inven-
tion, there is pr0V1ded a light emitting display apparatus
comprising an emissive element formed on a primary sur-
face side of a substrate and having a structure of a first
electrode, an emissive element layer, and a second electrode
formed in that order from the substrate, wherein a reflective
layer for reflecting light incident from the emissive element
layer or from the second electrode side is provided between
the first electrode made of a transparent conductive material
and the substrate; and the thickness of the transparent first
electrode is in a range from 750 A to 1250 A.

[0034] Accordmg to another aspect of the present inven-
tion, there is prov1ded a light emitting display apparatus
comprising an emissive element formed on a primary sur-
face side of a substrate and having a structure of a first
electrode, an emissive element layer, and a second electrode
formed in that order from the substrate, wherein the first
electrode is a transparent electrode made of a transparent
conductive material; a reflective layer for reflecting light
incident from the emissive element layer or from the second
substrate side is provided between the transparent electrode
and the substrate; and the thickness of the transparent
electrode is in a range from 1 A to 100 A.

[0035] According to another aspect of the present inven-
tion, there is provided a light emitting display apparatus
comprising an emissive element formed on a primary sur-
face side of a substrate and having a first electrode, an
emissive element layer, and a second electrode, wherein a
reflective layer for reflecting light incident from the emissive
element layer or from the second electrode side is formed
above the substrate as a first electrode; a transparent elec-
trode made of a transparent conductive materlal and having
a thickness in a range from 1 A to 100 A is formed to cover
the reflective layer; a switching element corresponding to
each pixel is provided between the reflective layer and the
substrate; the switching element is connected to the reflec-
tive layer constituting the first electrode; an insulating film
is formed between the reflective layer and the transparent
electrode; the transparent electrode is capacitively coupled
to the reflective layer via the insulating film; and a voltage
supplied from the switching element to the reflective layer is
applied to the transparent electrode via a capacitor formed of
the reflective electrode and the transparent electrode dis-
posed with the insulating film therebetween.

[0036] As described, in addition to a liquid crystal display
apparatus, in a light emitting display apparatus, by setting a
thickness of a transparent electrode in a structure comprising

Jan. 8, 2004

a reflective layer and a transparent electrode layered on a
substrate Wlthm a range from 750 A to 1250 A or within a
range from 1 Ao 100 A, it is possible to prevent coloring
of light reflected by the reflective layer and emitted upwards
from the element and to achieve higher quality display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 is a diagram showing a planar structure of
a portion of a first substrate side in a conventional active
matrix reflective LCD.

[0038] FIG. 2 is a diagram schematically showing a cross
sectional structure of a conventional reflective LCD along
the line C-C in FIG. 1.

[0039] FIG. 3 is a diagram schematically showing a
planar structure of a first substrate side in an active matrix
reflective LCD according to a first preferred embodiment of
the present invention.

[0040] FIG. 4 is a diagram schematically showing a cross
sectional structure of the reflective LCD along the line A-A
of FIG. 3.

[0041] FIG. 5 is a diagram showing a wavelength depen-
dency of the reflectance at various thicknesses of the first
electrode in the first preferred embodiment of the present
invention.

[0042] FIG. 6 is a diagram showing coordinates on the
CIE chromaticity diagram at various thicknesses of the first
electrode in the first preferred embodiment of the present
invention.

[0043] FIG. 7 is a diagram schematically showing a
planar structure of a first substrate side of an active matrix
transflective LCD according to the first preferred embodi-
ment of the present invention.

[0044] FIG. 8 is a diagram schematically showing a cross
sectional structure of the transflective LCD along the line
B-B of FIG. 7.

[0045] FIG. 9 is a diagram schematically showing a cross
sectional structure of an active matrix organic EL display
according to the present invention.

[0046] FIG. 10 is a diagram schematically showing a
planar structure of a first substrate side of an active matrix
reflective LCD according to a second preferred embodiment
of the present invention.

[0047] FIG. 11 is a diagram schematically showing the
cross sectional structure of the reflective LCD along the line
A-A of FIG. 10.

[0048] FIG. 12 is a diagram showing an equivalent circuit
of a pixel according to the second preferred embodiment of
the present invention.

[0049] FIG. 13 is a diagram schematically showing a
planar structure of a first substrate side of an active matrix
transflective LCD according to the second preferred embodi-
ment of the present invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0050] Preferred embodiments of the present invention
(hereinafter referred to simply as “embodiments”) will now
be described with reference to the drawings.



US 2004/0004686 Al

[0051] FIG. 3 shows a portion of a planar structure of a
first substrate side in an example wherein a reflective active
matrix LCD is employed as a reflective LCD according to a
first preferred embodiment of the present invention. FIG. 4
schematically shows across sectional structure of the LCD
along the line A-A of FIG. 3. In an active matrix LCD, a
plurality of pixels are provided in a matrix form within a
display region and a switching element such as a TFT is
provided corresponding to each pixel. The switching ele-
ment is formed for each pixel on one of a first substrate side
and a second substrate side. In the illustrated example
structure, the switching element is formed on the side of the
first substrate 100. A pixel electrode (first electrode) 50
which is formed in an individual pattern is connected to the
switching element.

[0052] For the first substrate 100 and the second substrate
200, a transparent substrate such as glass is used. Similar to
the conventional art, on the side of the second substrate 200
opposing the first substrate 100, a color filter 210 is formed
corresponding to the pixel electrode 50 for a color type
structure and a second electrode 250 which is made of a
transparent conductive material is formed on the color filter
210. As a transparent conductive material for the second
electrode 250, IZO (Indium Zinc Oxide) or ITO is used. In
an active matrix device, the second electrode 250 is formed
as a common electrode for all pixels. An alignment film 260
made of polyimide or the like is formed on the second
electrode 250.

[0053] In the present embodiment, the electrodes have a
structure such that the electrical characteristics, with respect
to a liquid crystal layer 300, of the first substrate side is
matched with those of the second substrate side having a
structure as described above. Specifically, as shown in FIG.
4, instead of a reflective metal electrode as in the conven-
tional art, a first electrode 50 made of a transparent conduc-
tive material having a similar work function as the second
electrode 250, that is, a material similar to the second
electrode 250 such as IZO or ITO is formed immediately
below an alignment film over the first substrate 100. In
addition, in order to realize a reflective LCD, a reflective
layer 44 for reflecting light incident from the second sub-
strate side is formed below the first electrode 50.

[0054] By forming the first electrode 50 of the same
material as used for the second electrode 250, electrodes
having the same work function sandwich the liquid crystal
layer 300, via the alignment layers 60 and 260, respectively,
so that the liquid crystal layer 300 can be AC driven by the
first and second electrodes 50 and 250 with very good
symmetry. Here, the work functions of the first and second
electrodes 50 and 250 need not be completely identical and
may be approximately equal, as long as the values allow the
liquid crystal layer 300 to be symmetrically driven. When
the difference between the work functions of both electrodes
is approximately 0.5 eV or less, for example, high quality
display without flicker or image persistence in the liquid
crystal layer can be achieved, even when the drive frequency
for the liquid crystal is set to CFF or lower as described
above.

[0055] In order to satisfy the above conditions for the
electrodes, for example, IZO (whose work function is 4.7
eV-5.2 ¢V) can be used for the first electrode 50 and ITO
(whose work function is 4.7 eV-5.0 eV) can be used for the
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second electrode 250, or vice versa. The material used for
each electrode may be selected in consideration of trans-
mittance, process properties such as patterning precision,
and manufacturing cost.

[0056] As the reflective layer 44, a material having a
superior reflective characteristic such as Al, Ag, or an alloy
of these (in the present embodiment, an AI—Nd alloy) is
used at least on the front surface side (the side facing the
liquid crystal layer). The reflective layer 44 may be a single
layer of a metal material such as Al, or, alternatively, a layer
of refractory metal (high melting point metal) such as Mo
may be formed as a lower buffer layer which contacts the
planarization insulating film 38. By forming such a lower
buffer layer, the contact between the reflective layer 44 and
planarization insulating film 38 can be improved, and,
consequently, the reliability of the element can be enhanced.
In the structure shown in FIG. 4, an inclined surface having
a desired angle is formed within each pixel region of the
planarization insulating film 38. By layering a reflective
layer 44 covering the planarization insulating film 38, a
similar inclined surface is formed on the surface of the
reflective layer 44. By forming such an inclined surface with
optimum angle and position, it is possible to collect external
light in each pixel and emit the collected light, allowing for
improvement in, for example, display brightness in positions
directly in front of the display. Alternatively, no inclined
surface may be provided.

[0057] The reflective layer 44, which is made of a con-
ductive material such as an Al—Nd alloy, as described
above, is electrically insulated from the first electrode 50
formed on the reflective layer 44 because the first electrode
50 is formed by sputtering IZO or ITO, when these materials
are used. More specifically, because when the reflective
layer 44 made of Al or the like is exposed to the sputtering
atmosphere, an oxidation reaction occurs on the surface of
the reflective layer 44 and the reflective layer 44 is covered
with a natural oxide film. Therefore, according to the present
embodiment, rather than using this reflective layer 44 as a
first electrode for driving the liquid crystal as in the con-
ventional reflective LCD, the transparent conductive layer
formed on the reflective layer 44 is used as the first electrode
50 for applying a voltage corresponding to the display
content to the liquid crystal layer 300.

[0058] With the above structure, in the present embodi-
ment, the thickness of the transparent first electrode 50 is set
to (a) 100 A or less, more specifically, in a range from 1A
to 100 A, and more preferably in a range from 10 A to 100
A Alterna.tlvely, the thickness of the transparent first elec-
trode 50 is sct (b) in a range from 750 A to 1250 A, for
example, approximately 1000 A. Even when a transparent
material such as IZO and ITO is used, the transmittance of
light is not 100% and influences such as wavelength depen-
dence may be present. In particular, in a reflective LCD as
in the present embodiment, because the light entering from
the second substrate side transmits through the liquid crystal
layer 300, is reflected by the reflective layer 44, and is
emitted to the outside from the second substrate side, the
light transmits through the first electrode 50 twice. There-
fore, influences such as coloring and reduction in transmit-
tance become significant if optical characteristics of the first
electrode 50 are not taken into account. By setting the
thickness of the first electrode 50 within Range (2) or (b) as
described above, it is possible to prevent coloring and
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reduction in transmittance. When the thickness of the first
electrode 50 is to be set in a range as described above, it is
desirable that the thickness of the opposing electrode 250
made of a similar transparent electrode material is set
approximately 800 A to 1500 A (for example, 1300 A). In
the present embodiment, the thlckness of the reflective layer
44 is set approximately 500 A to 1500 A (for example,
approximately 1000 A).

[0059] FIG. 5 shows a wavelength dependency of reflec-
tance when the first electrode 50 made of IZO is formed on
the reflective layer 44 with various thicknesses d. In FIG. 5,
the horizontal axis represents the wavelength of incident
light 3 (nm) and the vertical axis represents the reflectance
R (%). The thicknesses d of the first electrode 50 are set as
follows: d= 0A, 124, 25A 50 A, 100 A, 200 A, 500 A, 750
A, 1000 A and 1250 A. An AI—Nd alloy having a thickness
of 1000 A is used as the reflective layer 44. As is clear from
FIG. 5, when the thickness d is 12 A, 25 A, 50 A, or 100 A,
a reflectance of almost 100% is achieved in the entire
wavelength range of 400 nm to 800 nm similar to the case
when d equals O A, ie., when the first electrode 50 is not
formed. On the other ha.nd when the thickness d is 200 A or
500 A, the reflectance of 100% is not achieved in the entire
wavelength range. When the thickness d is 750 A, the
reflectance is not too high on the longer wavelength side, but
a relatively high reflectance can be achieved at wavelengths
lower than 600 nm.

[0060] FIG. 6 shows a CIE chromaticity diagram for a
case wherein a first electrode 50 made of IZO is formed on
a reflective layer 44 made of an A1—Nd alloy with various
thicknesses d. The thickness d of the first electrode 50 is
chosen similar to FIG. 5, that is, d=0 A, 12 A, 25 A, 50 A,
100 A, 200 A, 500 A, 750 A, 1000 A and 1250 A. As shown
in FIG. 6 when the thickness d 1s 12 A 25 A 50 A 100 A
or 1000 A, coordinates in the CIE chromat1c1ty diagram are
similar to the case where the thickness d is O A that is, when
the first electrode 50 is not formed, which indicates that a
color reproducibility similar to the case when the first
electrode 50 is not formed can be achieved.

TABLE 1
X y Y
do (Al—Nd) 0.313 0.330 98.8
d1250 (Al—Nd + IZO1250) 0.322 0.349 94.8
d1000 (Al—Nd + IZO1000) 0.307 0.330 92.6
d750 (Al—Nd + IZO750) 0.290 0.312 79.0
d500 (Al—Nd + IZO500) 0.316 0.319 68.7
d200 (Al—Nd + IZO200) 0.324 0.343 88.4
d100 (Al—Nd + IZO100) 0.315 0.331 95.8
d50 (Al—Nd + IZO50) 0.313 0.329 97.6
d25 (Al—Nd + IZO25) 0.313 0.329 98.3
d12 (Al—Nd + IZO12) 0.313 0.330 98.8

[0061] Y=KJS(.)RE)-y()dh

[0062] S(3.) SPECTRAL DISTRIBUTION OF ILLU-
MINATION LIGHT

[0063] R(A) SPECTRAL REFLECTANCE OF
SAMPLE LIGHT

[0064] y(2.) ISOCHROMATIC FUNCTION
[0065] 2
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[0066] WAVELENGTH (RANGE OF INTEGRATION
IS PRIMARILY FROM 380 nm TO 780 nm)

[0067] Table 1 shows coordinate values for x and y and a
Y value for various thicknesses d of the first electrode 50 of
FIG. 6. The Y value is an indication of the reflectance and
as the Y value approaches the value of 100, the emitted light
becomes brighter. In other words, as the Y value approaches
the value of 100, the Y value indicates that there is less
attenuation by the first electrode 50 in the present embodi-
ment. Referrmg to Table 1, it can be seen that when the
thickness d is 12 A, 25 A, 50 A, 100 A, 1000 A, or 1250 A,
the Y value is 90 or greater, and is very high even in
comparison with the Y value of 98.8 for the case of d=0 A.
Although not as high as in the above described cases, a
thickness of 750 A also yields a relatively high Y value of
79.0.

[0068] Based on the above measurements and findings, it
can be seen that a suitable value for the thickness d of the
first electrode 50 to be formed on the reflective layer 44 is
(a) 100 A or less or (b) approximately 750 A to 1250 A. With
regard to the condition (a), the thickness d must be greater
than 0 A in order to maintain symmetry of driving with the
common electrode 250, and therefore, the thickness d is set
to, for example, 1 A or greater, and more preferably, to 10
A or greater in consideration of the reliability of the pro-
cesses. With regard to the condition (b), it is more preferable
that the thickness d be greater than 750 A and smaller than
1250 A, and it is even more preferable that the thickness d
be approximately 1000 A in consideration of the optical
characteristics, coverage with respect to the unevenness of
lower layers, and resistance.

[0069] In recent years, transflective LCDs which have
both the light transmitting functionality and the reflective
functionality have been proposed. As the transflective LCD,
a structure is known wherein a pixel electrode made of a
material such as ITO is formed similar to the transmissive
LCDs and a reflective layer made of a material such as Al is
layered to cover a partial region of the transparent electrode.
In such a transflective LCD, when a transparent electrode
layer and a reflective electrode layer are layered in that order
from the substrate side, the two electrode layers are electri-
cally connected and function as a pixel electrode. However,
as described above, because a reflective electrode layer is
disposed on the side facing the liquid crystal layer, a
difference in the work function of the reflective electrode
layer and the second electrode causes a problem in that the
liquid crystal layer 300 cannot be symmetrically driven. To
this end, in order to improve the electrical symmetry, a
structure can be employed in which the order of layering of
the electrode layers is inverted, but a natural oxide film tends
to be formed on a metal material such as Al or an Ag-based
metal used for the reflective electrode as described above. In
particular, when a sputtering process for forming a trans-
parent conductive material layer is applied after the metal
layer is formed, a natural oxide film covers the surface of the
metal layer and the metal layer and the transparent electrode
are insulated. Therefore, simple inversion of the order of
layering of the electrodes does not allow driving of liquid
crystal by the transparent electrode on the first substrate side.

[0070] In consideration of the above, in the present
embodiment, the reflective layer 44 is insulated from both
the first electrode 50 and the TFT 110 and a connection metal
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layer 42 is interposed between the first electrode 50 and the
TFT 110 (for example, a source electrode 40 of the TFT 110)
to connect the first electrode 50 and the TFT 110. With such
a structure, the liquid crystal can be driven by the first
electrode 50 made of a transparent conductive material
disposed near the liquid crystal layer on the first substrate
side similar to the second substrate side.

[0071] Conditions that must be satisfied by the metal layer
42 used in the present embodiment for connecting the first
electrode 50 and the TFT 110 include: (i) that an electrical
connection with the first electrode 50 made of 1ZO, ITO, or
the like can be established; (ii) that, when, for example, a
source clectrode 40 made of a material such as Al is
provided in the TFT 110 as shown in FIG. 4, an electrical
connection with the source electrode 40 can be established,
and when the source electrode 40 is omitted, an electrical
connection with a semiconductor (for example, polycrystal-
line silicon in the present embodiment) active layer can be
established; and (iii) that the metal layer 42 is not removed
by an etching solution for the reflective layer 44 when the
reflective layer 44 is patterned into individual shapes for
each pixel. As a material for the metal layer 42 satisfying
these conditions, it is preferable that a refractory or high
melting point metal such as Me, Ti, and Cr is used.

[0072] Next, a structure for reliably connecting the first
electrode 50 and the corresponding TFT 110 in the present
embodiment and a method for manufacturing such a struc-
ture will be described.

[0073] In this description, a structure is exemplified in
which a top gate type TFT is used as the TFT 110 and
polycrystalline silicon (p-Si) obtained by polycrystallizing
amorphous silicon (a-Si) through laser annealing is used for
the active layer 20. The TFT 110 is not limited to a top gate
type p-Si TFT and may alternatively be of a bottom gate type
and a-Si may be used in the active layer. Impurities doped
into a source region 20s and a drain region 20d of the active
layer 20 of the TFT 110 maybe either of an n conductive type
or of a p conductive type. In the present embodiment, n
conductive type impurities such as phosphorus is doped to
realize an n-ch type TFT 110.

[0074] The active layer 20 of the TFT 110 is covered by
a gate insulating film 30. A gate electrode 32 which is made
of Cr or the like and which also functions as a gate line is
formed on the gate insulating film 30. After the gate elec-
trode 32 is formed, the impurities as described above are
doped into the active layer 20 with the gate electrode 32
acting as a mask so that a source region 20s, a drain region
20d, and a channel region 20c into which no impurity is
doped are formed. Then, an interlayer insulating film 34 is
formed to entirely cover the TFT 110, contact holes are
formed in the interlayer insulting film 34, and a layer of an
electrode material is formed so that a source electrode 40 is
connected to the source region 20s of the p-Si active layer
20 and a drain electrode 36 is connected to the drain region
20d of the p-Si active layer 20 through the respective contact
hole. In the present embodiment, the drain electrode 36 also
functions as a data line for supplying a data signal corre-
sponding to display content to each TFT 110. The source
electrode 40 is connected to the first electrode 50 which is
a pixel electrode, as will be described later.

[0075] After the source electrode 40 and the drain elec-
trode 36 are formed, a planarization insulating film 38 made
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of a resin material such as an acrylic resin is formed to
entirely cover the substrate. A contact hole is formed in the
formation region of the source electrode 40 and a connection
metal layer 42 is formed in the contact hole so that the source
electrode 40 and the metal layer 42 are connected. When Al
or the like is used as the material for the source electrode 40,
by using a metal material such as Me for the metal layer 42,
it is possible to achieve a superior ohmic contact between the
source electrode 40 and the metal layer 42. It is also possible
to omit the source electrode 40, in which case, the metal
layer 42 contacts the silicon active layer 20 of the TFT 110.
Ametal such as Mo can establish an ohmic contact with such
a semiconductor material.

[0076] After the connection metal layer 42 is layered and
patterned, a material having superior reflective characteris-
tics such as an Al—Nd alloy and Al which forms the
reflective layer 44 is layered on the entire surface of the
substrate through deposition or sputtering. The layered
reflective material is etched and at least a portion around the
source region of the TFT 110 (formation region of the metal
layer 42) is removed so as to not block the connection
between the metal layer 42 and the first electrode 50 to be
formed later, resulting in a reflective layer 44 having a
pattern as shown in FIG. 3 in each pixel. In order to prevent
generation of a leak current by light irradiating onto the TFT
110 (in particular, the channel region 20c) and to provide a
maximum area for the region which can reflect (that is, a
display region), in the present embodiment, the reflective
layer 44 is actively formed also in a region above the
channel region of the TFT 110 as shown in FIG. 3.

[0077] In consideration of the patterning process of such a
reflective layer 44, the metal layer 42 made of a material
such as Mo as described above has a sufficient thickness (for
example, 0.2 um) and a sufficient tolerance to the etching
solution. Therefore, the metal layer 42 can remain within the
contact hole without being completely removed even after
the reflective layer 44 on the metal layer 42 is removed by
etching. Because the source electrode 40 or the like is
formed of a material similar to that of the reflective layer 44
(for example, Al or the like) in many cases, when the metal
layer 42 is not present, the source electrode 40 is corroded
by the etching solution for the reflective layer 44, resulting
in disconnection or the like. By providing a metal layer 42,
it is possible to tolerate the patterning process of the reflec-
tive layer 44 and maintain superior electrical connection
with the source electrode 40.

[0078] After the reflective layer 44 is patterned, a trans-
parent conductive layer having a thickness satisfying the
above described conditions is layered through sputtering
covering the entire surface of the substrate including the
reflective layer 44. As described above, in this process, the
surface of the reflective layer 44 made of Al or the like is
covered by an insulating natural oxide film 46. However, the
surface of a refractory metal such as Mo is not oxidized even
when the refractory metal is exposed to the sputtering
atmosphere. Therefore, an ohmic contact can be provided
between the metal layer 42 exposed in the contact region and
the transparent conductive layer layered on the metal layer
42 to be used as the first electrode. After the transparent
conductive layer is formed, the transparent conductive layer
is patterned into a shape independent for each pixel as shown
in FIG. 3 so that a pixel electrode (first electrode) 50 is
obtained. After the first electrode 50 is formed in each pixel
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region, an alignment film 60 made of polyimide or the like
is formed to cover the entire surface of the substrate and the
first substrate side is completed. Then, the first substrate 100
and a second substrate 200 on which various layers up to the
alignment film 260 are formed is affixed to each other at the
peripheral sections of the substrates with a predetermined
gap in between, liquid crystal is sealed between the sub-
strates, and a liquid crystal display apparatus is obtained.

[0079] Next, a transflective LCD will be described. In the
above description, a reflective LCD in which the reflective
layer 44 is formed almost in the entire region of a pixel
region has been described. The present invention, however,
is not limited to reflective LCDs and can also be applied to
transflective LCDs.

[0080] FIG. 7 shows a planar structure of a pixel in a
transflective active matrix LCD and FIG. 8 shows a cross
sectional structure of the LCD along the line B-B of FIG. 7.
In the reflective LCD shown in FIGS. 3 and 4, the reflective
layer 44 is formed in almost the entire region of a pixel
region (excluding the contact region with the TFT). In
contrast, in a transflective LCD as shown in FIGS. 7 and 8,
a reflective region and a light transmissive region are formed
within a pixel. In the reflective region, a reflective layer 44
and a transparent first electrode having a thickness of 100 A
or less or a thickness of approximately 750 Ato 1250 A are
layered and in the light transmissive region, the reflective
layer 44 is removed and only the transparent first electrode
50 is formed.

[0081] In the present embodiment, in such a transflective
LCD also, a first electrode 50 is disposed more proximate to
the liquid crystal layer side than is the reflective layer 44.
The reflective layer 44 is insulated from the first electrode 50
formed immediately above the reflective layer 44 by a
natural oxide film 46 and is removed in the region of contact
between the TET 110 and the first electrode 50 so as to not
block the contact between the TFT 110 and the first electrode
50. Therefore, with such a structure of a transflective LCD,
it is possible to symmetrically AC drive the liquid crystal
layer 300 by the first electrode 50 and a second electrode 250
having similar work functions via respective alignment
films. In addition, by switching the light source based on
conditions such as the intensity of the ambient light, it is
possible to achieve both reflective display and transmissive
display. Here, because the thickness of the first electrode 50
is set in the range as described above, coloring and reduction
in reflectance caused by the first electrode S0 during the
reflective display can be prevented and it is possible to easily
obtain high quality for both the reflective display and the
transmissive display.

[0082] In the above description, a reflective LCD and a
transflective LCD having a reflective layer 44 are exempli-
fied, but the present invention is not limited to such devices
and the structure of the switching element (TFT), the con-
nection metal layer, the reflective layer, and the transparent
first electrode can be applied to other light emitting display
devices such as, for example, an EL display device. By
employing such a configuration, it is possible to reliably
connect the first electrode and the TFT provided below the
first electrode while providing a reflective functionality in
the lower section of the first electrode. FIG. 9 shows a
partial cross sectional structure in each pixel of an active
matrix EL display according to the present embodiment.
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[0083] An element employed in the EL display device
shown in FIG. 9 is an organic EL element 90 wherein an
organic compound is used as a light emitting material. In the
organic EL element 90, an organic element layer 88 is
formed between an anode 80 and a cathode 86. The organic
element layer 88 comprises an emissive layer 83 containing
at least an organic light emitting molecule, and can be
formed with a single-layer structure or a multi-layered
structure of two, three, or more layers, according to the
characteristics and emission color of the organic compound.
In the example structure of FIG. 9, the organic element layer
88 comprises a hole transport layer 82, an emissive layer 83,
and an electron transport layer 84 formed in that order from
the side of the anode 80 placed on the side of the substrate
100. The emissive layer 83 is individually patterned for each
pixel similar to the anode 80 and the hole transport layer 82
and the electron transport layer 84 are formed to be common
to all pixels similar to the cathode 86. For the purpose of
insulating anodes 80 between adjacent pixels and prevent-
ing, in the edge region of the anode 80, shoring of the anode
80 with the cathode 86 provided above, a planarization
insulating film 39 is formed in the inter-anode region of
adjacent pixels.

[0084] In the organic EL element 90 having a structure as
described above, holes injected from the anode 80 and
electrons injected from the cathode 86 recombine in the
emissive layer 83 to excite the organic light emitting mol-
ecules and light is emitted when the excited molecules return
to the ground state. As is clear, the organic EL element 90 is
a current driven light emitting element and the anode 80
must have a capability to sufficiently inject holes to the
organic element layer 88. Because of this, a transparent
conductive material such as ITO and IZO which has a high
work function is used in many cases. Therefore, in many
cases, the light from the emissive layer 83 transmits from the
side of the transparent anode 80 through the transparent
substrate 10 and is emitted to the outside. In the active
matrix organic EL display device as shown in FIG. 9,
because a reflective layer 44 is formed below the anode 80,
it is possible to emit light from the cathode side.

[0085] More specifically, in the display of FIG. 9, a
configuration similar to, for example, the TFT 110, the metal
layer 42, the reflective layer 44, and the first electrode 50 as
shown in FIG. 4 is employed for the TFT 110 for driving the
organic EL element 90, the metal layer 42, the reflective
layer 44, and the anode 80 of the organic EL element 90. The
thickness of the first electrode 50 is set to be 100 A or less
or to approximately 750 A 10 1250 A. As the cathode 86 of
the organic EL element 90, a transparent conductive material
such as ITO and IZO can be used similar to the anode 80, or,
alternatively, the cathode 86 may be formed of a metal
material such as Al and Ag with a thin thickness that allows
light to transmit through (alternatively, an opening may be
formed). By employing such a configuration, a top emission
type structure can be realized wherein the light from the
emissive layer 83 can be efficiently emitted to the outside
from the side of the cathode 86. When a configuration is
employed wherein R, G, and B light is emitted from corre-
sponding pixels, by employing an anode 80 (first electrode)
with a thickness in the range as described above, it is
possible to realize a high reflectance for all of the colors. It
is also possible to reflect the light transmitting towards the
anode 80 by the reflective layer 44 and emit, from the side
of the cathode 86, the light which is obtained at the emissive
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layer 83 without attenuation or coloring caused by the anode
80. Therefore, it is possible to realize a display with a very
high brightness.

[0086] In the above description, structures have been
described wherein a transparent first electrode is connected
to a TFT. When the thickness of the transparent first elec-
trode is to be set to 100 A or less, however, the electrical
resistance of the transparent first electrode is high. It is
therefore preferable to connect the lower reflective layer 44
to the TFT, use the reflective layer 44 substantially as the
first electrode, and drive the liquid crystal with the second
electrode instead of connecting the transparent first electrode
to the TET and driving the liquid crystal. Alternatively, when
the reflective electrode 44 is connected to the TFT 44, by
setting the thickness of the transparent first electrode
approximately 750 A to 1250 A similar to the above,
superior optical characteristics can be obtained. In order to
connect the TFT to the reflective layer 44 as described above
and drive the liquid crystal, for example, it is possible to
employ a structure wherein while an Mo layer or the like is
formed in a partial region of the reflective pixel electrode to
maintain connection with the transparent electrode 50 pro-
vided above and the reflective pixel electrode 44 is con-
nected to the TFT. Alternatively, it is also possible to
employ, when the transparent first electrode and the reflec-
tive electrode 44 are not to be electrically connected, a
configuration wherein a natural oxide film is formed to cover
the reflective pixel electrode 44 connected to the TFT, the
reflective pixel electrode 44 is capacitively coupled via the
natural oxide film to the transparent electrode 50 which is
insulated from the reflective pixel electrode 44 wvia the
natural oxide film, and the capacitor applies a voltage for
driving the liquid crystal from the reflective pixel electrode
44 to the transparent electrode 50.

[0087] As described, according to the first embodiment,
even when a reflective layer must be formed on one of the
substrate sides such as in reflective LCDs and in transflec-
tive LCDs, a first electrode and a second electrode having
similar characteristics can be disposed in equivalent posi-
tions with respect to the liquid crystal layer. By setting the
thickness of the transparent first electrode to 100 A or less
or approximately 750 Ato 1250 A, it is possible to prevent
coloring and reduction in reflectance caused by the first
electrode disposed in front of the reflective layer. In addi-
tion, by increasing the thickness within the range described
above, it is possible to reduce the resistance of the first
electrode and prevent disconnection. Therefore, it is possible
to symmetrically AC drive the liquid crystal and, at the same
time, a high quality display can be realized.

[0088] Referring to the drawings, a second preferred
embodiment of the present invention will now be described
in which a transparent electrode 50 is driven by a capacitor
as described above.

[0089] FIG. 10 shows a portion of a planar structure of a
first substrate side of a reflective active matrix LCD as an
example reflective LCD according to the second embodi-
ment. FIG. 11 schematically shows a cross sectional struc-
ture of the LCD along the line A-A of FIG. 10. In these
drawings, components already described above will be
assigned the same reference numerals and will not be further
described. A difference from the structure described above is
that a reflective electrode 44 made of a reflective metal
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material and respectively formed on a planarization insulat-
ing film 38 is connected to a TFT 110 (in this example
structure, a source electrode of the TFT 110) and a trans-
parent first electrode 50 made of a transparent conductive
material is formed in an individual pattern above the reflec-
tive electrode 44 with an insulating film 46 between the
electrodes 44 and 50.

[0090] When a gate signal (scan signal) is applied to agate
electrode 32 of the TFT 110, the TFT 110 is switched on,
causing, for example, the voltage of the side of the source
electrode 40 to become equal to the data signal voltage
applied to a drain electrode (data line) 36. Because the
reflective electrode 44 is connected to the source electrode
40, the source voltage is applied to the reflective electrode
44.

[0091] The reflective electrode 44 is covered by a natural
insulating film 46 which is formed when a first electrode 50
made of a transparent conductive material having a work
function similar to that of the second electrode 250 of the
second substrate side such as ITO and IZO is formed
through sputtering. The transparent first electrode SO is
formed with the insulating film 46 between the transparent
first electrode 50 and the reflective electrode 44. In the
second embodiment, the reflective electrode 44 and the first
electrode 50 are capacitively coupled with the insulating
film 46 therebetween and a data voltage corresponding to
display content applied to the reflective electrode 44 is
applied to the first electrode 50 via the capacitor.

[0092] By forming the first electrode 50 of the same
material as used for the second electrode 250, electrodes
having the same work function sandwich the liquid crystal
layer 300, via the alignment layers 60 and 260, respectively,
so that the liquid crystal layer 300 can be AC driven by the
first and second electrodes 50 and 250 with very good
symmetry. Here, the work functions of the first and second
electrodes 50 and 250 need not be exactly identical, as long
as the functions allow the liquid crystal layer 300 to be
symmetrically driven. When the difference between the
work functions of both electrodes is approximately 0.5 eV or
less, for example, high quality display without flicker or
image persistence in the liquid crystal layer can be achieved,
even when the drive frequency for the liquid crystal is set to
CFF or lower as described above.

[0093] In order to satisfy the above conditions for the
electrodes, for example, IZO (whose work function is 4.7
eV-5.2 eV) can be used for the first electrode 50 and ITO
(whose work function is 4.7 eV-5.0 e V) can be used for the
second electrode 250, or vice versa. The material used for
each electrode may be selected in consideration of qualities
such as transmittance, process properties such as patterning
precision, and manufacturing cost.

[0094] As the reflective layer 44, a material having a
superior reflective characteristic such as Al, Ag, or an alloy
of these (in the present embodiment, an AI—Nd alloy) is
used at least on the front surface side (the side facing the
liquid crystal layer). The reflective layer 44 may be a single
layer of a metal material such as Al, or, alternatively, a layer
of refractory metal (high melting point metal) such as Mo
may be formed as a lower buffer layer which contacts the
planarization insulating film 38. By forming such a lower
buffer layer, the contact between the reflective layer 44 and
planarization insulating film 38 can be improved, and,
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consequently, the reliability of the element can be enhanced.
In the structure shown in FIG. 11, similar to the structure of
FIG. 4 described earlier, an inclined surface having a
desired angle is formed within each pixel region of the
planarization insulating film 38 formed on an interlayer
insulating film 34. By layering a reflective layer 44 covering
the planarization insulating film 38, a similar inclined sur-
face is formed on the surface of the reflective layer 44. By
forming such an inclined surface with optimum angle and
position, it is possible to collect external light in each pixel
and emit the collected light, allowing for improvements in,
for example, display brightness in positions directly in front
of the display. Alternatively, no inclined surface may be
provided.

[0095] The reflective layer 44, which is made of a con-
ductive material such as an Al—Nd alloy, as described
above, is electrically insulated from the first electrode 50
formed on the reflective layer 44 because, as described
earlier, the first electrode 50 is formed by sputtering 1ZO or
ITO, when these materials are used. More specifically,
because when the reflective electrode 44 made of Al or the
like is exposed to the sputtering atmosphere, an oxidation
reaction occurs on the surface of the reflective electrode 44
and the reflective electrode is covered with a natural oxide
film (insulating film) 46.

[0096] In the second embodiment, the reflective electrode
44 is connected to the TFT 110 (here, the source electrode
40) similar to the reflective electrode of the first substrate
side for driving liquid crystal in a conventional reflective
LCD. On the other hand, the reflective electrode 44 and the
first electrode S0 are insulated by the natural oxide film 46
described above and form a second capacitor (C2) with the
natural oxide film 46 formed therebetween. In addition, a
first capacitor (pixel capacitor) (C1) is formed by the first
electrode 50 and the second electrode 250 which are dis-
posed to oppose each other and sandwich the liquid crystal
layer 300. As shown in FIG. 12, the first capacitor (C1) and
the second capacitor (C2) within a pixel are electrically
equivalent to a circuit connected in series to an AC power
source. Here,

V=V1(voltage of first capacitor)+V2(voltage of second

capacitor) @
[0097] A capacitance value C between the electrodes can
be represented by the following equation (2).

C=exegx(S/d) 2
[0098] wherein € represents a dielectric constant of the
material between electrodes, €, represents a dielectric con-
stant in vacuum, S represents an area of a capacitor, and d
represents a distance between electrodes. V1 can be repre-
sented by

VI=(C2/C)xV2 3

[0099] From the equation (3), it can be seen that if C2 is
significantly larger than C1, a sufficiently high voltage V1
can be applied to the first capacitor via the second capacitor.
For example, if the capacitance of the first and second
capacitors satisfy the relationship shown in the following
equation (4),

C2>100xC1 @)

[0100] itis possible to drive the liquid crystal layer 300 via
the first electrode 50 in a manner almost identical to the case
when the liquid crystal layer 300 is directly driven by the
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reflective electrode 44. Here, because the natural oxide film
46 between the reflective electrode 44 and the first electrode
50 can be formed with a very small thickness, it is possible
to obtain a very large value for the capacitance of the second
capacitor C2 even if the area is very small. Therefore, the
second capacitor C2 can easily satisfy the conditions
described above in equation (4). In particular, as shown in
FIG. 10, in a reflective LCD, because the overlap between
the reflective electrode 44 and the first electrode 50 (capaci-
tor area) is relatively large, the capacitance of the second
capacitor C2 is sufficiently large and can satisfy the above
relationship of equation (4).

[0101] In addition, in order to satisfy the relationship of
equation (4), for example, it is preferable to set the areas of
the reflective electrode 44 and of the first electrode 50 so that
the area S1 of the first capacitor, that is, the area of the first
electrode 50 formed in individual pattern for each pixel and
the area S2 of the second capacitor, that is, the arca of the
overlap between the reflective electrode 44 and the first
electrode 50 satisty the following equation (5):

5250.1x51 Q)

[0102] The reflective LCD shown in FIG. 10 wherein the
reflective electrode 44 has an area almost equal to the area
of the first electrode 50 can reliably satisfy the relationship
of equation (5).

[0103] The equations (4) and (5) are satisfied with a
voltage loss of 1% or less in a configuration wherein, for
example, the distance d1 (thickness of the liquid crystal
layer 300) between the first electrode S0 and the second
electrode 250 is 5 um, the dielectric constant €, of the liquid
crystal layer (average dielectric constant of the liquid crystal
layer) is 5, the distance d2 between the reflective electrode
44 and the first electrode 50 (thickness of the natural oxide
film 46) is 50 nm, and the dielectric constant €, between the
reflective electrode 44 and the first electrode 50 (average
dielectric constant of the natural oxide film, etc.) is 5. Even
when some of these conditions are not satisfied, it is possible
to sufficiently drive the first electrode 50 from the reflective
electrode 44 via the capacitive coupling.

[0104] FIG. 13 schematically shows a planar structure of
an active matrix transflective LCD. The difference from the
structure of FIG. 10 is that the reflective electrode 44
formed below the first electrode 50 is smaller than a pixel
region and there is a region wherein the reflective electrode
44 is not formed. Because the area of formation of the
reflective electrode 44 within a pixel region is small, the
second capacitance is smaller than in the case of the reflec-
tive LCD. However, the distance d2 between the reflective
electrode 44 and the transparent electrode 50 is Yoo of the
distance dl of the liquid crystal layer in the structure exem-
plified above, and therefore, the capacitance value of the
capacitor C2 can satisfy equation (4) described above.

[0105] The transflective LCDs must include both light
transmitting functionality and light reflecting functionality,
and in particular, with regard to the required light reflecting
functionality, further improvement in brightness is desired.
For this purpose, the reflective electrode 44 is designed with
a size of at least 10% of the area of a pixel region, and this
structure can satisfy the equation (5).

[0106] As described, even in transflective LCDs, it is
possible to connect the reflective electrode 44 to the pixel
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TFT 110 through a connection structure (manufacturing
method) identical to the case of reflective LCDs. In addition,
by leaving the natural oxide film 46 between the reflective
electrode 44 and the first electrode 50, it is possible to apply
a voltage corresponding to the display content from the
reflective electrode 44 to the first electrode 50 via a second
capacitor (C2) formed between the reflective electrode 44
and the first electrode 50. Because the first electrode 50
made of a transparent conductive material is formed closer
to the liquid crystal layer 300 than is the reflective electrode
44, it is possible to symmetrically drive the liquid crystal
layer 300 by the first electrode 50 and the second electrode
250. Therefore, it is possible to inexpensively increase the
degree of symmetry of the driving of the liquid crystal and
improve the display quality. In addition, a second capacitor
with sufficient capacitance for driving the first electrode 50
can be formed without specifically increasing the size of the
reflective electrode, which allows for sufficient brightness
when the transmissive functionality of the LCD is used.

[0107] In the structure exemplified above in the second
embodiment, it is preferable that the thickness of the first
electrode 50 is set similar to the first embodiment and in a
range from 1 A to 100 A (more preferably 10 A to 100 A)
or from 750 A to 1250 A in order to prevent coloring or the
like and obtain superior optical characteristics. As described,
according to the second embodiment, similar as in the first
embodiment, because a first electrode and a second electrode
made of transparent conductive materials having similar
work functions are disposed on a side facing the liquid
crystal layer 300 respectively of the first substrate side and
of the second substrate side, it is possible to symmetrically
drive the liquid crystal layer by the first and second elec-
trodes. In addition, a reflective layer for reflecting light
incident from the second substrate side is formed below the
first electrode and is connected to the switching element.

[0108] Although the first electrode is electrically insulated
from the reflective electrode by an insulating layer such as
a natural oxide film formed between the first electrode and
the reflective electrode, because of the capacitor (second
capacitor) formed by the electrodes, a voltage approximately
equal to the voltage corresponding to the display content can
be applied from the reflective electrode to the first electrode.
In addition to the advantage that reflective L.CDs and
transflective LCDs can be realized by the presence of the
reflective layer, there is also an advantage that although a
transparent first electrode is formed on the reflective elec-
trode for realizing symmetrical driving of the liquid crystal,
there is no need to alter the connection structure of the
reflective electrode and the switching element from that in
the reflective LLCDs. Because of this, it is possible to obtain
reflective liquid crystal display apparatuses and transflective
liquid crystal display apparatuses having simple structure,
high display quality, and low power consumption while
reducing the manufacturing cost.

What is claimed is:

1. A liquid crystal display apparatus comprising a first
substrate having a first electrode, a second substrate having
a second electrode, and a liquid crystal layer sealed between
the first and second substrates, wherein

a reflective layer for reflecting light incident from the
second substrate side to the liquid crystal layer is
provided above the first substrate, and
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the first electrode is a transparent electrode made of a
transparent conductive material and formed to cover
the reflective layer, the thickness of the transparent
electrode being in a range from 750 A to 1250 A.

2. Aliquid crystal display apparatus according to claim 1,

wherein

a switching element corresponding to each pixel is pro-
vided between the reflective layer and the first sub-
strate, and

the switching element is electrically connected to the first
electrode.
3. Aliquid crystal display apparatus according to claim 1,
wherein

a difference between a work function of the transparent
conductive material of the first electrode and a work
function of a transparent conductive material of the
second electrode formed on a side, facing the liquid
crystal layer, of the second substrate is 0.5 eV or less.

4. Aliquid crystal display apparatus according to claim 1,

wherein

a switching element corresponding to each pixel is pro-
vided between the reflective layer and the first sub-
strate;

the switching element is electrically connected to the
transparent electrode;

an insulating film is formed between the transparent
electrode and the reflective layer;

the transparent electrode is capacitively coupled to the
reflective layer via the insulating film; and

a voltage supplied from the switching element to the
reflective layer is applied to the transparent electrode
via a capacitor formed of the reflective layer and the
transparent electrode disposed with the insulating film
therebetween.

§. A liquid crystal display apparatus comprising a first
substrate having a first electrode, a second substrate having
a second electrode, and a liquid crystal layer sealed between
the first and second substrates, wherein

a reflective layer for reflecting light incident from the
second substrate side to the liquid crystal layer is
provided above the first substrate, and

the first electrode is a transparent electrode made of a
transparent conductive material and formed to cover
the reflective layer, the thickness of the transparent
electrode being in a range from 1 A to 100 A.

6. A liquid crystal display apparatus according to claim 5,
wherein the thickness of the transparent electrode is 10 Aor
greater.

7. Aliquid crystal display apparatus according to claim 5,
wherein

a switching element corresponding to each pixel is pro-
vided between the reflective layer and the first sub-
strate, and

the switching element is electrically connected to the first
electrode.
8. Aliquid crystal display apparatus according to claim 5,
wherein
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a difference between a work function of the transparent
conductive material of the first electrode and a work
function of a transparent conductive material of the
second electrode formed on a side, facing the liquid
crystal layer, of the second substrate is 0.5 eV or less.

9. Aliquid crystal display apparatus according to claim 5,

wherein

a switching element corresponding to each pixel is pro-
vided between the reflective layer and the first sub-
strate;

the switching element is electrically connected to the
transparent electrode;

an insulating film is formed between the transparent
electrode and the reflective layer;

the transparent electrode is capacitively coupled to the
reflective layer via the insulating film; and

a voltage supplied from the switching element to the
reflective layer is applied to the transparent electrode
via a capacitor formed by the reflective layer and the
transparent electrode disposed with the insulating film
therebetween.

10. A liquid crystal display apparatus comprising a first
substrate having a first electrode, a second substrate having
a second electrode, and a liquid crystal layer sealed between
the first and second substrates, wherein

a reflective layer for reflecting light incident from the
second substrate side to the liquid crystal layer is
formed as a first electrode above the first substrate; and

a transparent electrode made of a transparent conductive
material is formed covering the reflective layer, the
thickness of the transparent electrode being in a range
from 1 A to 100 A.

11. A liquid crystal display apparatus according to claim

10, wherein

the thickness of the transparent electrode is 10 A or
greater.

12. A liquid crystal display apparatus according to claim
10, wherein

a switching element corresponding to each pixel is pro-
vided between the reflective layer and the fist substrate,
and

the switching element is electrically connected to the first
electrode.
13. A liquid crystal display apparatus according to claim
10, wherein

a difference between a work function of the transparent
conductive material of the transparent electrode and a
work function of a transparent conductive material of
the second electrode formed on a side, facing the liquid
crystal layer, of the second substrate is 0.5 eV or less.

14. A liquid crystal display apparatus according to claim

10, wherein

a switching element corresponding to each pixel is pro-
vided between the reflective layer and the first sub-
strate;

the switching element is connected to the reflective layer
consisting the first electrode;
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an insulating film is formed between the reflective layer
and the transparent electrode;

the transparent electrode is capacitively coupled to the
reflective layer via the insulating film; and

a voltage supplied from the switching element to the
reflective layer is applied to the transparent electrode
via a capacitor formed of the reflective layer and the
transparent electrode disposed with the insulating film
therebetween.

15. A liquid crystal display apparatus comprising a first
substrate having a first electrode individually provided for
each pixel, a second substrate having a second electrode, and
a liquid crystal layer sealed between the first and second
substrates, for achieving display in each pixel, wherein

the first substrate further comprises a switching element
provided for each pixel and a reflective electrode for
reflecting light incident from the second substrate side
to the liquid crystal layer, the reflective electrode
partially covering a pixel region and formed above and
electrically connected to the switching element;

a transparent electrode made of a transparent conductive
material is formed as the first electrode above the
reflective electrode with an insulating film therebe-
tween;

the transparent electrode is capacitively coupled to the
reflective electrode; and

a voltage supplied from the switching element to the
reflective electrode is applied to the transparent elec-
trode via a capacitor formed of the reflective electrode
and the first electrode disposed with the insulating film
therebetween.

16. A liquid crystal display apparatus according to claim

15, wherein

a difference between a work function of the transparent
conductive material of the first electrode and a work
function of a transparent conductive material of the
second electrode formed on a side, facing the liquid
crystal layer, of the second substrate is 0.5 eV or less.

17. A liquid crystal display apparatus according to claim

16, wherein

the drive frequency of the liquid crystal layer in each pixel

is lower than 60 Hz.

18. A liquid crystal display apparatus comprising a first
substrate having a first electrode individually provided for
each pixel, a second substrate having a second electrode, and
a liquid crystal layer scaled between the first and second
substrates, for achieving display in each pixel, wherein

the first substrate further comprises a switching element
provided for each pixel and a reflective electrode for
reflecting light incident from the second substrate side
to the liquid crystal layer, the reflective electrode
formed above and electrically connected to the switch-
ing element;

a transparent electrode made of a transparent conductive
material is formed as the first electrode above the
reflective electrode with an insulating film thercbe-
tween;

the transparent electrode is capacitively coupled to the
reflective electrode;



US 2004/0004686 Al

a voltage supplied from the switching element to the
reflective electrode is applied to the transparent elec-
trode via a capacitor formed of the reflective electrode
and the first electrode disposed with the insulating film
therebetween; and

a capacitance C1 of a pixel capacitor formed of the first
electrode and the second electrode disposed to oppose
cach other with the liquid crystal layer therebetween
and a capacitance C2 of the capacitor formed of the
reflective electrode and the first electrode satisty a
condition, C2>100xC1.

19. A liquid crystal display apparatus according to claim

18, wherein

a difference between a work function of the transparent
conductive material of the first electrode and a work
function of a transparent conductive material of the
second electrode formed on a side, facing the liquid
crystal layer, of the second substrate is 0.5 eV or less.

20. A liquid crystal display apparatus according to claim

19, wherein

the drive frequency of the liquid crystal layer in each pixel
is lower than 60 Hz.
21. A liquid crystal display apparatus according to claim
18, wherein

the thickness of the transparent electrode is in a range
from 750 A to 1250 A.
22. A liquid crystal display apparatus according to claim
18, wherein

the thickness of the transparent electrode is in a range
from 1 A to 100 A.

23. A liquid crystal display apparatus comprising a first
substrate having a first electrode individually provided for
each pixel, a second substrate having a second electrode, and
a liquid crystal layer sealed between the first and second
substrates, for achieving display in each pixel, wherein

the first substrate further comprises a switching element
provided for each pixel and a reflective electrode for
reflecting light incident from the second substrate side
to the liquid crystal layer, the reflective electrode
formed above and electrically connected to the switch-
ing element;

a transparent electrode made of a transparent conductive
material is formed as the first electrode above the
reflective electrode with an insulating film therebe-
tween;

the transparent electrode is capacitively coupled to the
reflective electrode;

a voltage supplied from the switching element to the
reflective electrode is applied to the transparent elec-
trode via a capacitor formed of the reflective electrode
and the first electrode disposed with the insulating film
therebetween; and

an area S1 of the first electrode disposed to oppose the
second electrode with the liquid crystal layer therebe-
tween and an area S2 of the overlapping portion of the
reflective electrode and the first electrode disposed to
oppose each other with the insulating film therebetween
satisfy a relationship, S2>0.1xS1.
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24. A liquid crystal display apparatus according to claim
23, wherein

a difference between a work function of the transparent
conductive material of the first electrode and a work
function of a transparent conductive material of the
second electrode formed on a side, facing the liquid
crystal layer, of the second substrate is 0.5 eV or less.

25. A liquid crystal display apparatus according to claim

23, wherein

the drive frequency of the liquid crystal layer in each pixel
is lower than 60 Hz.
26. A liquid crystal display apparatus according to claim
23, wherein

the thickness of the transparent electrode is in a range
between 750 A and 1250 A.
27. A liquid crystal display apparatus according to claim
23, wherein

the thickness of the transparent electrode is in a range
between 1 A and 100 A.

28. A light emitting display apparatus comprising an
emissive element formed on a primary surface side of a
substrate and having a structure of a first electrode, an
emissive element layer, and a second electrode formed in
that order from the substrate, wherein

a reflective layer for reflecting light incident from the
emissive element layer or from the second electrode
side is provided between the first electrode made of a
transparent conductive material and the substrate; and

the thickness of the transparent first electrode is in a range
from 750 A to 1250 A.
29. A light emitting display apparatus according to claim
28, wherein

a switching element corresponding to each pixel is pro-
vided between the reflective layer and the substrate and

the switching element is electrically connected to the first

electrode.

30. Alight emitting display apparatus comprising an emis-
sive element formed on a primary surface side of a substrate
and having a structure of a first electrode, an emissive
element layer, and a second electrode formed in that order
from the substrate, wherein

the first electrode is a transparent electrode made of a
transparent conductive material,

a reflective layer for reflecting light incident from the
emissive element layer or from the second substrate
side is provided between the transparent electrode and
the substrate; and

the thickness of the transparent electrode is in a range
from 1 A to 100 A.
31. A light emitting display apparatus according to claim
30, wherein

a switching element corresponding to each pixel is pro-
vided between the reflective layer and the substrate,
and

the switching element is electrically connected to the first
electrode.
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32. Alight emitting display apparatus comprising an emis-
sive element formed on a primary surface side of a substrate
and having a first electrode, an emissive element layer, and
a second electrode, wherein

a reflective layer for reflecting light incident from the
emissive element layer or from the second electrode
side is formed above the substrate as a first electrode;

a transparent electrode made of a transparent conductive
material and having a thickness in a range from 1 A to
100 A is formed to cover the reflective layer;

a switching element corresponding to each pixel is pro-
vided between the reflective layer and the substrate;
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the switching element is connected to the reflective layer
constituting the first electrode;

an insulating film is formed between the reflective layer
and the transparent electrode;

the transparent electrode is capacitively coupled to the
reflective layer via the insulating film; and

a voltage supplied from the switching element to the
reflective layer is applied to the transparent electrode
via a capacitor formed of the reflective electrode and
the transparent electrode disposed with the insulating
film therebetween.
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