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(57) ABSTRACT

The invention relates to a transflective liquid crystal display
capable of display in both of transmissive and reflective
modes and a method of manufacturing the same and provides
a transflective liquid crystal display which can achieve high
display characteristics in both of the transmissive and reflec-
tive modes. A configuration is employed which includes a
liquid crystal display panel having a pair of substrates and a
liquid crystal layer sealed between the substrates, a pixel
region including a reflective area having a reflector for reflect-
ing light entering from the side of one of'the pair of substrates
and a transmissive area for transmitting light entering from
the side of the other of the pair of substrates toward the one of
the pair of substrates, a backlight unit having a reflector and a
light guide plate for reflecting the light which has entered the
transmissive area from the side of the one of the pair of
substrates and which has been transmitted by the areato cause
the light to enter the transmissive area again from the side of
the other of the pair of substrates, and a color filter layer
formed only in the transmissive area of the pixel region.
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LIQUID CRYSTAL DISPLAY AND METHOD
OF MANUFACTURING THE SAME

[0001] This applicationis a Division of application Ser. No.
11/805,831, filed May 24, 2007, which is a Division of appli-
cation Ser. No. 10/955,247, filed Sep. 30, 2004, which is now
U.S. Pat. No. 7,250,996.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play and a method of manufacturing the same and, more
particularly, to a transflective liquid crystal display capable of
display in both of transmissive and reflective modes and a
method of manufacturing the same.

[0004] 2. Description of the Related Art

[0005] Recently, active matrix liquid crystal displays hav-
ing a thin film transistor (TFT) at each of pixels are widely
used as displays in every field of application. Under such a
circumstance, transflective liquid crystal displays capable of
display in both of reflective and transmissive modes have
been put in use as displays for mobile terminals or notebook
type personal computers.

[0006] FIGS. 47A and 47B show a configuration of a trans-
flective liquid crystal display according to the related art
disclosed in Non-Patent Document 1. FIG. 47A shows a
configuration of a pixel of the transflective liquid crystal
display, and FIG. 47B shows a sectional configuration of the
transflective liquid crystal display taken along the line X-X in
FIG. 47A. As shown in FIGS. 47A and 478, the pixel region
is divided into a transmissive area T and a reflective area R. In
the reflective area R on a TFT substrate 102, an insulator
(resin layer) 130 is formed such that the reflective area R has
a cell thickness that is one-half of a cell thickness of the
transmissive area T. A reflective electrode 116 having an
irregular surface is formed on the insulator 130. In the middle
of the transmissive area T on an opposite substrate 104, a
protrusion 132 for regulating the alignment of a vertical align-
ment type liquid crystal 106 is formed. A pair of 14 wave
plates 120 are provided on respective sides of the TFT sub-
strate 102 and the opposite substrate 104 that constitute the
exterior of the panel. A pair of polarizers 122 is provided
outside the %4 wave plates 120, respectively. A step for form-
ing and patterning the insulators 130 is required for this
transflective liquid crystal display to make the cell thickness
of the reflective areas R smaller than the cell thickness of the
transmissive areas T. This results in a problem in that the
manufacturing cost of the liquid crystal display is increased
because of increased complicatedness of manufacturing
steps.

[0007] As a solution to this problem, a transflective liquid
crystal display having a configuration as shown in FIG. 48
was proposed in a Japanese Patent Application (numbered
2003-95329) made by the applicant. As shown in FIG. 48, a
plurality of gate bus lines 150 extending in the horizontal
direction in the figure are formed substantially in parallel with
each other on a TFT substrate of a liquid crystal display. A
plurality of drain bus lines 152 extending in the vertical direc-
tioninthe figure are formed substantially in parallel with each
other such that they intersect the gate bus lines 150, an insu-
lation film, which is not shown, being interposed between
them. A TFT 154 is formed in the vicinity of each of inter-
sections between the gate bus lines 150 and the drain bus lines
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152. Regions surrounded by the gate bus lines 150 and the
drain bus lines 152 constitute pixel regions. Storage capacitor
bus lines 156 substantially in parallel with the gate bus lines
150 are formed such that they extend across the pixel regions
substantially in the middle thereof. A storage capacitor elec-
trode 158 is formed on the storage capacitor bus line 156 at
each pixel region.

[0008] A pixel electrode constituted by a transparent con-
ductive film is formed at a pixel region. A pixel electrode has
arectangular circumference, and it has a plurality of electrode
units 162 smaller than the pixel region, electrode blank sec-
tions (slits) 164 formed between adjoining electrode units
162, and connecting electrodes 166 for electrically connect-
ing electrode units 162 separated by the slits 164 with each
other. A plurality of spaces 168 are formed at the periphery of
the electrode units 162, the spaces being cutouts on respective
side edges which extend substantially in parallel with the gate
bus lines 150 or drain bus lines 152. A black matrix (BM) 170
for shielding a region outside the pixel region from light is
formed on the opposite substrate.

[0009] Inthis configuration, the storage capacitor electrode
158 is used as a reflector, and circular reflectors 172 are
separately formed in the pixel region. The reflectors 172 are
formed of the same material as that of a gate electrode or
source and drain electrodes of the TFT 154 and are provided
such that they substantially overlap the centers of the elec-
trode units 162 when viewed in a direction perpendicular to a
substrate surface. The reflectors 172 are in an electrically
floating state.

[0010] In this configuration, the cell thickness of a reflec-
tive area is the same as the cell thickness of a transmissive
area. Therefore, the birefringence of the reflective area is
twice that of the transmissive area because light passes
through the same liquid crystal layer twice to enter and exit
the cell. A problem therefore arises in that yellow is displayed
in the reflective area while white is displayed in the transmis-
sive area when the same voltage is applied to the transmissive
area and the reflective area. A measure taken to suppress
birefringence is to decrease the tilt of liquid crystal molecules
during display in the reflective mode by decreasing the
applied voltage.

[0011] Although the configuration shown in FIG. 48 allows
manufacturing steps simpler than those for the configuration
shown in FIGS. 47A and 47B, it requires an applied voltage to
be adjusted for display in the transmissive mode and for
display in the reflective mode. Another problem arises in that
when intense external light enters during display in the trans-
missive mode, the color of light reflected by a reflective area
can be greatly different from the color of light transmitted by
a transmissive area.

[0012] The followings are the description of related arts,
[0013] Patent Document 1: Japanese Patent Laid-Open No.
JP-A-H11-183892

[0014] Patent Document 2: Japanese Patent Laid-Open No.
JP-A-2001-341366

[0015] Patent Document 3: Japanese Patent Laid-Open No.
JP-A-2001-166289

[0016] Patent Document 4: Japanese Patent No. 3380482
[0017] Patent Document 5: Japanese Patent Laid-Open No.
JP-A-857-155582

[0018] Patent Document 6: Japanese Patent Laid-Open No.
JP-A-2001-242452

[0019] Patent Document 7: Japanese Patent Laid-Open No.
JP-A-2002-350853
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[0020] Patent Document 8: Japanese Patent Laid-Open No.
JP-A-2000-47215

[0021] Patent Document 9: Japanese Patent Laid-Open No.
JP-A-2000-111902

[0022] Patent Document 10: Japanese Patent Laid-Open
No. JP-A-H11-242226

[0023] Patent Document 11: Japanese Patent Laid-Open
No. JP-A-H11-281972

[0024] Non-Patent Document 1: Asia Display/IDW' 01, p.
133 (2001)
[0025] Non-Patent Document 2: SID 96 Digest, pp. 618-
621

SUMMARY OF THE INVENTION
[0026] Itisan object of the invention to provide a transflec-

tive liquid crystal display which can achieve high display
characteristics in both of reflective and transmissive modes
and a method of manufacturing the same.

[0027] The above-described object is achieved by a liquid
crystal display characterized in that it has a pair of substrates
provided opposite to each other, a liquid crystal layer sealed
between the pair of substrates, a pixel region including a
reflective area having a reflector for reflecting light entering
from the side of one of the pair of substrates and a transmis-
sive area for transmitting light entering from the other of the
pair of substrates toward the one of the pair of substrates, a
reflective section for reflecting light which has entered the
transmissive area from the side of the one of the pair of
substrates and which has been transmitted by the transmissive
area and for causing the light to enter the transmissive area
again from the side of the other of the pair of substrates, and
a color filter layer formed only in the transmissive area of the
pixel region.

[0028] The invention makes it possible to provide a trans-
flective liquid crystal display which can achieve high display
characteristics in both of the reflective and transmissive
modes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIGS. 1A and 1B show a configuration of a liquid
crystal display in a first mode for carrying out the invention;
[0030] FIGS. 2A and 2B are sectional views showing the
configuration of the liquid crystal display in the first mode for
carrying out the invention;

[0031] FIG. 3 shows a configuration of a liquid crystal
display according to Embodiment 1-1 in the first mode for
carrying out the invention;

[0032] FIGS. 4A and 4B show sectional configurations of
the liquid crystal display according to Embodiment 1-1 in the
first mode for carrying out the invention;

[0033] FIG.5isagraphshowing a process of calculating an
optimum thickness of a transparent resin layer;

[0034] FIG. 6 shows a sectional configuration of a liquid
crystal display according to Embodiment 1-2 in the firstmode
for carrying out the invention;

[0035] FIG. 7 shows a sectional configuration of a modifi-
cation of the liquid crystal display according to Embodiment
1-2 in the first mode for carrying out the invention;

[0036] FIG. 8 shows a configuration of a liquid crystal
display according to Embodiment 1-3 in the first mode for
carrying out the invention;
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[0037] FIGS. 9A and 9B show sectional configurations of
the liquid crystal display according to Embodiment 1-3 inthe
first mode for carrying out the invention;

[0038] FIGS. 10A and 10B show a modification of the
liquid crystal display according to Embodiment 1-3 in the
first mode for carrying out the invention;

[0039] FIG. 11 shows a sectional configuration of a liquid
crystal display according to Embodiment 1-4 in the firstmode
for carrying out the invention;

[0040] FIGS. 12A and 12B show a modification of the
liquid crystal display according to Embodiment 1-4 in the
first mode for carrying out the invention;

[0041] FIG. 13 shows a sectional configuration of a liquid
crystal display according to Embodiment 1-5 in the firstmode
for carrying out the invention;

[0042] FIG. 14 shows a configuration of a liquid crystal
display according to Embodiment 1-6 in the first mode for
carrying out the invention;

[0043] FIGS.15A and 15B show a configuration of a liquid
crystal display in a second mode for carrying out the inven-
tion;

[0044] FIG. 16 is a sectional view showing the configura-
tion of the liquid crystal display in the second mode for
carrying out the invention;

[0045] FIG. 17 is a sectional view showing a modification
of the configuration of the liquid crystal display in the second
mode for carrying out the invention;

[0046] FIG. 18 shows a configuration of a liquid crystal
display according to Embodiment 2-1 in the second mode for
carrying out the invention;

[0047] FIG. 19 shows a configuration of the liquid crystal
display according to Embodiment 2-1 in the second mode for
carrying out the invention;

[0048] FIG. 20 shows a modification of the configuration of
the liquid crystal display according to Embodiment 2-1 in the
second mode for carrying out the invention;

[0049] FIG. 21 is a sectional view showing a configuration
ofaliquid crystal display according to Embodiment 2-2 in the
second mode for carrying out the invention;,

[0050] FIG. 22 is a sectional view showing a configuration
ofaliquid crystal display according to Embodiment 2-3 in the
second mode for carrying out the invention;

[0051] FIG. 23 shows a configuration of the liquid crystal
display according to Embodiment 2-3 in the second mode for
carrying out the invention;

[0052] FIG. 24 is a sectional view showing a configuration
ofaliquid crystal display according to Embodiment 2-4 inthe
second mode for carrying out the invention;

[0053] FIG. 25 shows a configuration of the liquid crystal
display according to Embodiment 2-4 in the second mode for
carrying out the invention;

[0054] FIG. 26 shows a configuration of the liquid crystal
display according to Embodiment 2-4 in the second mode for
carrying out the invention;

[0055] FIG. 27 shows a configuration of a liquid crystal
display according to Embodiment 2-5 in the second mode for
carrying out the invention;

[0056] FIG. 28 is a sectional view showing the configura-
tion of the liquid crystal display according to Embodiment
2-5 in the second mode for carrying out the invention;
[0057] FIG. 29 shows a configuration of a reflective liquid
crystal display according to the related art;

[0058] FIGS.30A and 30B show a configuration of a trans-
flective liquid crystal display according to the related art;
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[0059] FIG. 31 shows a configuration of a transflective
liquid crystal display according to the related art;

[0060] FIG. 32 shows a configuration of a liquid crystal
display in a third mode for carrying out the invention;
[0061] FIGS.33A and 33B are sectional views showing the
configuration of the liquid crystal display in the third mode
for carrying out the invention;

[0062] FIG. 34 shows a configuration of a liquid crystal
display according to Embodiment 3-2 in the third mode for
carrying out the invention;

[0063] FIG. 35 is a sectional view showing the configura-
tion of the liquid crystal display according to Embodiment
3-2 in the third mode for carrying out the invention;

[0064] FIG. 36 shows a configuration of a liquid crystal
display according to Embodiment 3-3 in the third mode for
carrying out the invention;

[0065] FIG. 37 is a sectional view showing the configura-
tion of the liquid crystal display according to Embodiment
3-3 in the third mode for carrying out the invention;

[0066] FIGS.38A to 38D show examples of configurations
of CF layers of a liquid crystal display in the third mode for
carrying out the invention;

[0067] FIGS. 39A to 39C show examples of configurations
of CF layers of a liquid crystal display in the third mode for
carrying out the invention;

[0068] FIG. 40 is a sectional view showing a configuration
of a transflective liquid crystal display according to the
related art;

[0069] FIG. 41 is a sectional view showing a configuration
of a transflective liquid crystal display according to the
related art;

[0070] FIG. 42 shows a fundamental configuration of a
liquid crystal display in a fourth mode for carrying out the
invention;

[0071] FIG. 43 shows a fundamental configuration of a
liquid crystal display in the fourth mode for carrying out the
invention;

[0072] FIG. 44 shows a configuration of a liquid crystal
display according to Embodiment 4-1 in the fourth mode for
carrying out the invention;

[0073] FIG. 45 shows a configuration of a liquid crystal
display according to Embodiment 4-1 in the fourth mode for
carrying out the invention;

[0074] FIGS. 46A to 46C show sectional configurations of
reflective sheets;

[0075] FIGS. 47A and 47B show a configuration of a trans-
flective liquid crystal display according to the related art; and
[0076] FIG. 48 shows a configuration of a transflective
liquid crystal display.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Mode for Carrying Out the Invention

[0077] A liquid crystal display and a method of manufac-
turing the same in a first mode for carrying out the invention
will now be described with reference to FIGS. 1A to 14. FIG.
1A shows a configuration of a pixel of a TFT substrate of the
liquid crystal display in the present mode for carrying out the
invention, and FIG. 1B shows a conceptual diagram of the
pixel region. FIG. 2A shows a sectional configuration of the
liquid crystal display taken along the line A-A in FIG. 1A, and
FIG. 2B shows a sectional configuration of the liquid crystal
display taken along the line B-B in FIG. 1A. As shown in
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FIGS. 1A to 2B, a liquid crystal 6 which is, for example, a
vertical alignment type is sealed between a TFT substrate 2
and an opposite substrate 4 provided opposite to each other.
The TFT substrate 2 is formed on a glass substrate 10, and 1t
has gate bus lines 12 and storage capacitor bus lines 18
extending in the horizontal direction in FIG. 1A. For example,
an insulation film 30 constituted by a silicon nitride film (SiN
film) is formed throughout the substrate over the gate bus
lines 12 and the storage capacitor bus lines 18. Drain bus lines
14 extending in the vertical direction in FIG. 1A are formed
on the insulation film 30, the drain bus lines 14 having a
multi-layer structure constituted by an aluminum (Al) layer
50 having a relatively high optical reflectivity and a molyb-
denum (Mo) layer 52 having a relatively low optical reflec-
tivity. A protective film 32 is formed throughout the substrate
over the drain bus lines 14.

[0078] TFTs 20 are formed in the vicinity of positions
where the gate bus lines 12 and the drain bus lines 14 intersect
each other. Gate electrodes of the TFTs 20 are formed of the
same material as that of the gate bus lines 12. Source elec-
trodes and drain electrodes of the TFTs are formed of the
same material as that of the drain bus lines 14.

[0079] A pixel region is generally divided into three areas
and, as shown in FIG. 1B, it has a reflective area R provided
in a central section where a storage capacitor electrode (intet-
mediate electrode) is formed and two transmissive areas T
provided above and below the reflective area R in the figure,
respectively. A reflector 54 formed of the same material as
that of the drain bus lines 14 is formed on the protective film
32 in the reflective area R. A pixel electrode 16 constituted by
a transparent conductive film such as an I'TO is formed on the
protective film 32 in the reflective area R and the transmissive
areas T. A pixel electrode 16 of the reflective area R and the
transmissive areas T in one pixel are electrically connected to
each other. Exactly speaking, an area in which a reflector 54
is formed constitutes a reflective area R.

[0080] The pixel electrode 16 is electrically connected to
the reflector 54 through an opening provided by removing the
protective film 32 on the reflector 54 through etching. In
addition, the Mo layer 52 of the reflector 54 is removed
through etching along with the protective film 32. Therefore,
the reflector 54 has a reflective surface 55 that is a part of the
Al layer 50 having the higher optical reflectivity thus
exposed. The reflector 54 also serves as one of electrodes of a
storage capacitor.

[0081] The opposite substrate 4 has a transparent resin
layer (transparent layer) 56 that is formed at least in a part of
areflective area R. A color filter (CF) layer 40 for each pixel
is formed on the transparent resin layer 56. In the region
where the transparent resin layer 56 is formed, since the
thickness of the CF layer 40 is smaller than that in other
regions, the absorption of light by the CF layer 40 is sup-
pressed, and the reflective area R has an optical transmittance
higher than that of the transmissive area T. A common elec-
trode 42 constituted by a transparent conductive film such as
an ITO is formed on the CF layers 40 throughout a display
area of the substrate. A transparent resin layer (a transparent
dielectric layer) 58 is formed on the common electrode 42 in
the reflective area R to decrease an effective voltage applied to
the liquid crystal 6 in the reflective area R. An alignment
controlling protrusion 44 for controlling alignment of the
liquid crystal 6 is formed of a resin on the transparent resin
layer 58.
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[0082] A method of manufacturing the TFT substrate 2
constituting the liquid crystal display in the present mode for
carrying out the invention will now be described. First, a
metal layer is formed on an entire surface of the glass sub-
strate 10 and patterned to form the gate bus lines 12 and the
storage capacitor bus lines 18. Next, a SiN film is formed
throughout the substrate over the gate bus lines 12 and the
storage capacitor bus lines 18 to provide the insulation film
30. An active semiconductor layer and a channel protection
film for the TETs 20 are formed on the insulation film 30, and
the Al layer 50 and the Mo layer 52 are then formed in the
order listed throughout the substrate and patterned to form
source electrodes and drain electrodes of the TFTs 20, the
drain bus lines 14 and the reflectors 54. Next, a protective film
32 is formed throughout the source electrodes, the drain elec-
trodes, the drain bus lines 14 and the reflectors 54. The pro-
tective film 32 on the source electrodes of the TFTs 20 is then
removed through etching to form contact holes. In the present
mode for carrying out the invention, the protective film 32 on
the reflectors 54 is removed through etching at the same time
when the contact holes are formed. This step utilizes an
etchant which dissolves SiN and Mo but does not dissolve Al.
Thus, the Mo layers 52 are removed along with the protective
film 32 on the reflectors 54 to expose the Allayers 50, and the
reflective surfaces 50 having a high reflectivity are thus
formed. Thereafter, the pixel electrodes 16 are formed in the
transmissive areas T and the reflective areas R of the pixel
regions. The pixel electrodes 16 are electrically connected to
the source electrodes of the TFTs 20 through the contact
holes.

[0083] In the present mode for carrying out the invention,
reflectivity is improved by suppressing absorption of light at
the CF layers 40 of the reflective areas R.

[0084] Inthe present mode for carrying out the invention, a
voltage which is substantially applied to the liquid crystal 6 in
areflective area R is decreased by the transparent resin layer
58 formed on the common electrode 42 in the reflective area
R. Thus, the voltage applied to the liquid crystal 6 varies
between the respective transmissive areas T and the reflective
area R. As a result, even when liquid crystal molecules in the
transmissive areas T are greatly tilted, liquid crystal mol-
ecules in the reflective area R are not so much tilted. Thus,
substantially equal optical effects are achieved in the trans-
missive areas T through which light passes once and the
reflective area R through which light passes twice, and trans-
mittance and reflectivity undergo similar changes in response
to the applied voltage. Therefore, display is substantially
equally performed in transmissive areas T and the reflective
area R.

[0085] Further, in the present mode for carrying out the
invention, the alignment controlling protrusions (banks) 44
formed on the common electrode 42 have a function of bend-
ing the direction of an electric field. Since liquid crystal
molecules tend to become perpendicular to the direction of an
electric field, liquid crystal molecules are thus aligned such
that they are inclined toward the alignment controlling pro-
trusions 44.

[0086] In the present mode for carrying out the invention,
the reflectors 54 are formed of the same material as that of the
source and drain electrodes of the TFTs 20 and the drain bus
lines 14, and the reflectors have the reflective surfaces 53
which are exposed parts of the layers 50 of Al that is a metal
having a high reflectivity. The reflective surfaces 55 are
formed at the same time when the protective film 32 is pat-
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terned to form the contact holes. Thus, the reflectors 54 hav-
ing a high reflectivity can be obtained without an additional
manufacturing step. The reflectors 54 may be formed of the
same material as that of the gate electrode of the TFTs 20 and
the gate bus lines 12.

[0087] Furthermore, in the present mode for carrying out
the invention, the pixel electrodes 16 made of an ITO are
formed so as to cover the reflective surfaces 55, and the top
surfaces of all the electrodes formed on the substrates 2 and 4,
respectively, are constituted by an ITO. The substrates are
thus electrically symmetric and are therefore less likely to
cause image persistence.

[0088] Liquid crystal displays in the present mode for car-
rying out the invention will now be specifically described
with reference to preferred embodiments of the same.

Embodiment 1-1

[0089] A liquid crystal display according to Embodiment
1-1 in the present mode for carrying out the invention will
now be described. FIG. 3 shows a configuration of a pixel of
the liquid crystal display of the present embodiment. A con-
figuration of a TFT substrate 2 is shown on the left side of
FIG. 3, and FIG. 3 shows the TFT substrate 2 and an opposite
substrate 4 in an overlapping relationship with each other on
the right side thereof. FIG. 4A shows a sectional configura-
tion taken along the line C-C in FIG. 3, and FIG. 4B shows a
sectional configuration taken along the line D-D in FIG. 3. As
shown in FIGS. 3, 4A and 4B, one pixel region is divided into
areflective area R which is provided in the middle thereof and
two transmissive areas T which are provided above and under
the reflective area R respectively in FIG. 3.

[0090] In a transmissive area T, a pixel electrode 16 is
formed in a substantially rectangular shape (e.g., a square
shape). At the periphery of the pixel electrode 16, in order to
stabilize alignment of a liquid crystal 6, a plurality of spaces
60 are formed by cutting side edges of the electrode diago-
nally to a gate bus line 12 and a drain bus line 14, the spaces
being patterned in the form of microscopic spines. Alignment
controlling protrusions 44 are formed of a photo-resist on the
opposite substrate 4 in the middle of the transparent areas T,
the protrusions 44 being rhombic in their plan configuration
and having a height in the range from 1 to 2 um.

[0091] In the reflective area R, a transparent resin layer 56
1s formed of, for example, PC403 or PC441 (manufactured by
JSR Corp.) in a part of the opposite substrate 4. A CF layer 40
1s formed so as to cover the transparent resin layer 56. Reflec-
tivity is improved in the region where the transparent resin
layer 56 is formed because the CF layer 40 has a smaller
thickness and therefore absorbs a smaller quantity of light. A
transparent resin layer 58 is further formed on the common
electrode 42 to decrease a voltage that is substantially applied
to the liquid crystal layer in the reflective area R. The trans-
parent resin layer 58 is also formed of PC403, for example.
The thickness of the transparent resin layer 58 is set at an
optimum thickness in the range from about 1 to 1.5 um which
will be described later. An alignment controlling protrusion
44 is formed of a photo-resist on the transparent resin layer 58
in the middle of the reflective area R, the protrusion being
rhombic in its plan configuration and having a height in the
range from 1 to 2 um similarly to those in the transmissive
areas T.

[0092] FIG. 5 is a graph showing luminance/voltage char-
acteristics relative to the thickness of the transparent resin
layer 58. The abscissa axis of FIG. 5 represents voltages (V)
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applied between the electrodes 16 and 42, and the ordinate
axis represents relative magnitudes of luminance of transmit-
ted light and reflected light. As shown in FIG. 5, when the
transparent resin layer 58 is not formed, luminance is reduced
at a voltage which provides high luminance in the transmis-
sive areas T. On the contrary, it will be understood that char-
acteristics similar to those of transmissive display can be
achieved when the transparent resin layer 58 is formed with a
thickness in the range from 1.0 to 2.0 pm. In particular, when
the transparent resin layer 58 has a thickness of 1.5 um,
luminance is maximized and characteristics closer to those of
transmissive display can be achieved at an applied voltage of
about 5'V.

[0093] The reflector 54 in the reflective area R is formed by
stacking an Al layer 50 formed of the same material as that of
source and drain electrodes of the TFT 20 and the drain bus
lines 14 and a Mo layer 52 as an upper layer. The reflector 54
has a reflective surface 55 which is the AL layer 50 exposed
by removing the upper Mo layer 52. After a protective film
(SiN film) 32 is formed, the reflective surface 55 is formed by
removing the Mo layer 52 at the same time when a step is
performed to form a contact hole 34 for connecting the source
electrode of the TFT 20 and the pixel electrode 16 by remov-
ing the protective film 32. This step utilizes an etchant which
dissolves SiN and Mo, but does not dissolve Al. The pixel
electrode 16 is simultaneously formed in the reflective area R
and the transmissive area T after the reflective surface 55 is
formed. The pixel electrode 16 is formed such that it covers
the reflective surface 55 to prevent the Al layer 50 from
contacting the liquid crystal 6.

Embodiment 1-2

[0094] A liquid crystal display according to Embodiment
1-2 in the present mode for carrying out the invention will
now be described. F1G. 6 shows a sectional configuration of a
pixel of the liquid crystal display of the present embodiment.
While a CF layer 40 is formed on a transparent resin layer 56
in the above described Embodiment 1-1, a transparent resin
layer 56 and a CF layer 40 are formed in reverse order in the
present embodiment as shown in FIG. 6. Specifically, after
removing a part of a CF layer 40 (e.g., a central part of a
reflective area R) entirely in the thickness direction of the
layer, a transparent resin layer 56 is formed on the same. Thus,
a transparent area having no CF layer 40 is formed in a part of
a reflective area R to improve the reflectivity of the same.
Further, a common electrode 42, a transparent resin layer 58
for decreasing an effective voltage applied to a liquid crystal
6 and an alignment controlling protrusion 44 are sequentially
formed on the transparent resin layer 56. In the present
embodiment, leveling is facilitated because the transparent
resin layer 56 is formed on the CF layer 40.

[0095] FIG. 7 shows a modification of the configuration of
the liquid crystal display of the present embodiment. In the
present modification, a common electrode 42 is formed after
removing a part of the CF layer 40. A transparent resin layer
57 is then formed in the region on the common electrode 42
wherethe CF layer 40 has been removed to form an alignment
controlling protrusion 44. The transparent resin layer 57 has
both of the function of the transparent resin layer 56 of
improving reflectivity in the reflective area R and the function
of the transparent resin layer 58 of decreasing the effective
voltage applied to the liquid crystal 6. As a result, a liquid
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crystal display having the same functions as those of the
configuration shown in FIG. 6 can be manufactured with
simplified processes.

Embodiment 1-3

[0096] A liquid crystal display according to Embodiment
1-3 in the present mode for carrying out the invention will
now be described. FIG. 8 shows a configuration of a pixel of
the liquid crystal display of the present embodiment. FIG. 9A
shows a sectional configuration of the liquid crystal display
taken along the line E-E in FIG. 8, and FIG. 9B shows a
sectional configuration of the liquid crystal display taken
along the line F-F in FIG. 8. In the present embodiment, the
configuration shown in FIG. 7 is elaborated, and a measure is
taken to improve a region where a CF layer 40 is removed.
First, a CF layer 40, from which an entire area where a
reflector 54 is to be formed (a reflective area R) have been
removed, is formed on a TFT substrate 2. A common elec-
trode 42 is thereafter formed on the CF layer 40. Then, a
transparent resin layer 57 is formed so as to fill the area where
the CF layer 40 has been removed, and an alignment control-
ling protrusion 44 is formed on the transparent resin layer 57.
Alternatively, an entire area where a reflective surface 55 is to
be formed (which is smaller than the reflective area R as a
whole) may be removed from the CF layer 40.

[0097] In the configuration of the present embodiment,
since the CF layer 40 is not formed in the reflective area R,
light reflected by a reflector 54 will have substantially no
color. Therefore, transmissive areas T are utilized for color
display in the reflective mode. External light which has
entered the transmissive areas T is partially reflected from the
side of a backlight. The light is colored because it passes
through the CF layer 40. Color display can be achieved with
high luminance in the reflective mode by using the colored
reflected light which passes through the transmissive areas T
and the reflected light having no color which passes through
the reflective area R.

[0098] FIG. 10A shows a modification of the configuration
of the present embodiment. As shown in FIG. 10A, a CF
substrate 4 ofthis modificationis provided with a CF layer 40'
as a transparent dielectric layer instead of the transparent
resin layer 57 shown in FIG. 9A. The hue of the CF layer 40’
is the same as the hue of a CF layer 40 in the same pixel.
Specifically, when the CF layer 40 was in red, the CF layer 40'
was also in red; when the CF layer 40 was in green, the CF
layer 40' was also in green; and when the CF layer 40 was in
blue, the CF layer 40' was also in blue. Since the CF layer 40’
is provided in a reflective area R, light passes through the
same twice, i.e., when it enters the layer and when it exits the
same. Therefore, the CF layer 40' employed had low color
purity and a light tint. The transmissive areas T and the reflec-
tive area R were made to have the same tint consequently in a
display state.

[0099] FIG. 10B shows another modification of the con-
figuration of the present embodiment. As shown in FIG. 10B,
a transparent resin layer 57 similar to the transparent resin
layer shown in FIG. 9A is used in this modification, and an
improvement is made on the CF layer 40. The CF layer 40 is
removed halfway in the thickuess direction of the layer such
that the thickness of the CF layer 40 becomes small in a
portion thereof associated with the transparent resin layer 57
to allow tint adjustment. Further, the thickness of the trans-
parent resin layer 57 is adjusted to make the thickness of the
liquid crystal layer substantially uniform. Since the reflective
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area R was formed with a region 59 where the thickness of the
CF layer 40 was small, it was possible to color the reflective
area R too. Referring to a method of providing the configu-
ration shown in FIG. 10B, the CF layer 40 was formed using
a negative resist, and the portion of the same associated with
the region 59 was irradiated with light that was less intense
than in other portions using the half exposure technique.

Embodiment 1-4

[0100] A liquid crystal display according to Embodiment
1-4 in the present mode for carrying out the invention will
now be described. FIG. 11 shows a sectional configuration of
the liquid crystal display of the present embodiment. As
shown in FIG. 11, a transparent resin layer 57 is provided with
light scattering properties in the present embodiment. The
transparent resin layer 57 having light scattering properties
scatters light which has entered the same in an oblique direc-
tion, and the light reaches a reflector 54 to be reflected by the
same, the light being scattered again when it exits. Thus, the
light which has entered in an oblique direction exits the dis-
play screen in a direction square to the same. As a result,
reflective display could be performed with high luminance.
Alternatively, a polarizer 70 which is applied to a viewer’s
side of an opposite substrate 4 may be provided with light
scattering properties. Further, diffusing paste having light
scattering properties may alternatively be applied to the
polarizer 70.

[0101] FIGS. 12A and 12B show modifications of the
present embodiment. The modifications have a configuration
in which a CF layer 40 remains in a reflective area R and in
which a cell thickness of a liquid crystal layer 6 becomes
small in the reflective area R.

[0102] In the example shown in FIG. 12A, a transparent
resin layer 56 was first formed in a part of or throughout a
reflective area R, and a CF layer 40 was formed on the same.
The thickness of the CF layer 40 on the transparent resin layer
56 is equal to or smaller than the thickness of the CF layer 40
in other areas. A common electrode 42 constituted by an ITO
was formed on the top surface of the area. As a result, a
configuration is provided in which the cell thickness in the
reflective area R is equal to or smaller than the cell thickness
in transmissive area T and in which the transmittance of the
CF layer 40 in the reflective area R is higher than the trans-
mittance of the CF layer 40 in the transmissive area T.
[0103] In the example shown in FIG. 12B, a CF layer 40
was first formed, and the layer was then patterned to remove
its part located in a reflective area R partially or entirely.
Thereafter, a transparent resin layer 56 was formed ina part of
or throughout the reflective area R. That is, the transparent
resin layer 56 is formed on the CF layer 40 and in a part of the
CF layer 40 (and on the same part). The thickness of the
transparent resin layer 56 was adjusted such that the cell
thickness in the area where the transparent resin layer 56 was
formed would be equal to or smaller than the cell thickness in
a transmissive area T. As a result, a configuration is provided
in which the cell thickness in the reflective area R is equal to
or smaller than the cell thickness in transmissive area T and in
which the transmittance of the CF layer 40 in the reflective
area R is higher than the transmittance of the CF layer 40 in
the transmissive area T.

Embodiment 1-5

[0104] A liquid crystal display according to Embodiment
1-5 in the present mode for carrying out the invention will
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now be described. FIG. 13 shows a sectional configuration of
the liquid crystal display of the present embodiment. As
shown in FIG. 13, in the present embodiment, a columnar
spacer 72 is formed by stacking CF layers 40G, 40R and 40B
in three colors, a common electrode 42, a resin layer 57'
formed of the same material as that of a transparent resin layer
57 and a resin layer 44' formed of the same material as that of
an alignment controlling protrusion 44 in the order listed.
Since the resin layers 57' and 44' are formed on the common
electrode 42, it is possible to prevent shorting between the
common electrode 42 and a pixel electrode 16 provided on a
TFT substrate 2.

Embodiment 1-6

[0105] A liquid crystal display according to Embodiment
1-6 in the present mode for carrying out the invention will
now be described. FIG. 14 schematically shows a configura-
tion of the liquid crystal display of the present embodiment.
As shown in FIG. 14, a prism sheet 82, a diffusing sheet 84
and a backlight unit 88 are provided behind a liquid crystal
display panel 80, the elements being listed in the order of their
closeness to the panel. The backlight unit 88 has a fluorescent
tube 92, a light guide plate 86 provided behind the diffusing
sheet 84 for guiding light from the fluorescent tube 92 and a
reflector (reflective section) 90 provided behind the light
guide plate 86 and having a high optical reflectivity. The
reflector 90 reflects external light which has passed through
transmissive areas T of the liquid crystal display panel 80
toward a viewer. Thus, even in a configuration in which no CF
layer 40 is formed in reflective areas R, color display can be
performed in the reflective mode by utilizing colored
reflected light which has passed through the transmissive
areas T formed with CF layers 40. In particular, high reflec-
tion characteristics can be achieved by using a so-called
reflector which has a silvered surface (silver reflector) as the
reflector 90.

[0106] As described above, the present mode for carrying
out the invention makes it possible to provide a transflective
liquid crystal display which can achieve high luminance even
in the reflective mode and which can achieve high display
characteristics in both of the reflective and transmissive
modes.

Second Mode for Carrying Out the Invention

[0107] A liquid crystal display and a method of manufac-
turing the same in a second mode for carrying out the inven-
tion will now be described with reference to FIGS. 15 to 28.
[0108] In the liquid crystal display in the first mode for
carrying out the invention shown in FIGS. 1A to 2B, the
reflective surface 55 is flat. Therefore, reflected light has
strong directivity which results in degradation of viewing
angle characteristics of display in the reflective mode. Fur-
ther, since reflectivity is low when external light which has
entered in a direction oblique to the display screen is viewed
in a direction square to the display screen, a problem arises in
that preferable display characteristics may not be obtained in
the reflective mode.

[0109] FIG. 15A shows a configuration of a pixel of a TFT
substrate of a liquid crystal display in the present mode for
carrying out the invention in which the above-described prob-
lem is solved. FIG. 15B is a conceptual diagram of the pixel
region. FIG. 16 shows a sectional configuration of the liquid
crystal display taken along the line G-G shown in FIG. 15A.
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As shown in FIGS. 15A, 15B and 16, a storage capacitor bus
line 18 formed of the same material as that ofa gate electrode
of a TFT 20 has a plurality of protrusions 18a extending
substantially in parallel with, for example, a drain bus line 14
in a lower part of a reflective area R as illustrated and pat-
terned in a form of a comb. The storage capacitor bus line 18
also has a plurality of openings extending substantially in
parallel with, for example, a gate bus line 12 in alower part of
areflective area R as illustrated. The storage capacitor bus line
18 in the reflective area R serves as a pattern for forming
irregularities.

[0110] An insulation film 30 is formed throughout the sub-
strate over the storage capacitor bus line 18, and a reflector 54
is formed on the insulation film 30 in the reflective area R.
Irregularities that follow the shape of the irregularity forming
pattern are formed on a reflective surface 55 of the reflector
54, and at least a part of the reflective surface 55 is inclined
relative to the surface of the substrate. While the irregularity
forming pattern is formed of the same material as that of the
gate electrode of the TFT 20 in the present example, an a-Si
layer or a SiN layer of which the TFT 20 is formed may
alternatively be used as the pattern.

[0111] FIG.17 shows amodification of the configuration of
the liquid crystal display in the present mode for carrying out
the invention. As shown in FIG. 17, the present modification
employs a combination of a TFT substrate 2 having a con-
figuration similar to that shown in FIG. 16 and a CF substrate
4 that is a modification of the configuration shown in FIG.
12B. A CF layer 40 on the CF substrate 4 is patterned such that
it is removed in a part of the reflective area R. The size of the
blank section of the CF layer 40 is set equal to or smaller than
the size of the reflective area R. A transparent resin layer 56 is
provided on the CF layer 40 and the blank section in the
reflective area R. The thickness of the transparent resin layer
56 is adjusted such that the cell thickness in the reflective area
R becomes one-half of the cell thickness in a transmissive
area T. A common electrode 42 constituted by an 1TO is
formed on top surfaces of the transparent resin layer 56 and
the CF layer 40. Further, an alignment controlling protrusion
(bank) 45 is formed on the common electrode 42. The align-
ment controlling protrusion 45 is formed with a height of
about 2 um such that it also serves as a spacer. On the TFT
substrate 2, a storage capacitorbus line 18 is patterned to form
an irregularity forming pattern such as protrusions 18a or
openings 185 (not shown in FIG. 17). As a result, irregulari-
ties that follow the shape of the irregularity forming pattern
are formed on a reflective surface 55 of a reflector 54. This
configuration makes it possible to provide a transflective lig-
uid crystal display having the highest level of display quality
without making any change in ordinary steps for manufactur-
ing a transflective liquid crystal display.

[0112] Inthepresent mode for carrying out the invention, at
least a part of the reflective surface 55 of the reflector 54 can
be formed at an inclination to the surface of the substrate.
Therefore, external light which has entered in a direction
oblique to the display screen can be reflected in a direction
square to the display screen. This improves reflectivity and
viewing angle characteristics.

[0113] Liquid crystal displays and methods of manufactur-
ing the same in the present mode for carrying out the inven-
tion will now be specifically described with reference to
embodiments thereof.

Embodiment 2-1

[0114] First, a liquid crystal display according to Embodi-
ment 2-1 in the present mode for carrying out the invention
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will be described. FIG. 18 shows a configuration of a pixel of
the liquid crystal display of the present embodiment. As
shown in FIG. 18, in a reflective area R in the middle of the
pixel region, two irregularity forming patterns 62 are formed
on both sides of a storage capacitor bus line 18 at the same
time when a gate electrode of a TFT 20 and the storage
capacitor bus line 18 are formed, the patterns being formed of
the same material as that of the gate electrode and the storage
capacitor bus line 18. The irregularity forming patterns 62 and
the storage capacitor bus line 18 are provided with a prede-
termined gap (indicated by a symbol *) left between them to
electrically isolate them from each other. That is, the irregu-
larity forming patterns 62 are in an electrically floating state.
The irregularity forming patterns 62 are formed with a sub-
stantially rectangular outline, and they have a plurality of
circular openings 64.

[0115] FIG. 19 shows amodification of the configuration of
the liquid crystal display of the present embodiment. As
shown in FIG. 19, a plurality of circular patterns 62 for
forming irregularities are formed of the same material as that
of the gate electrode of the TFT 20 in the reflective area R in
the middle of the pixel region. The plurality of irregularity
forming patterns 62 are electrically isolated from the storage
capacitor bus line 18 and are in an electrically floating state.
[0116] FIG. 20 shows a configuration of a major part of
another modification of the liquid crystal display of the
present embodiment. In the present modification, a plurality
of independent irregularity forming patterns 624 having a
configuration similar to that in F1G. 19 are formed. A plurality
of openings 62¢ having a configuration similar to that in FIG.
18 are formed in a part of the storage capacitor bus line 18.
The area of the storage capacitor bus line 18 which is pat-
terned to form the openings 62e also serves as an irregularity
forming pattern. In order to keep the resistance of the storage
capacitor bus line 18 constant, a width 184 of the area of the
storage capacitor bus line 18 which is patterned to form the
openings 62¢1is greater than a width 18¢ of the storage capaci-
tor bus line 18 in other areas thereof. Further, in order to
prevent interference, each of the irregularity forming patterns
62d and the openings 62e is irregularly arranged. Since
irregularities can be thus formed on the surface of the reflector
54 even in its area above the storage capacitor bus line 18,
display can be performed with higher luminance in the reflec-
tive mode.

Embodiment 2-2

[0117] A liquid crystal display and a method of manufac-
turing the same according to Embodiment 2-2 in the present
mode for carrying out the invention will now be described.
FIG. 21 shows a sectional configuration of a reflective area R
of the liquid crystal display of the present embodiment. As
shown in FIG. 21, the liquid crystal display of the present
embodiment has an irregularity forming pattern 62 in a con-
figuration similar to that shown in FIGS. 15A, 15B and 16.
The irregularity forming pattern 62 has a metal layer (con-
ductor layer) 62a which is formed of the same material as that
ofa gate electrode of a TFT 20 and a storage capacitor bus line
18, ana-Si layer (semiconductor layer) 626 which is provided
on the metal layer 624 with an insulation film 30 interposed
between them and which is formed of the same material as
that of an active semiconductor layer of the TFT 20 and a SiN
film (dielectric layer) 62¢ which is formed on the a-Si layer
620 using the same material as that of a channel protection
film of the TFT 20. Alternatively, the irregularity forming
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pattern 62 may be constituted by a metal layer 62¢ and a SiN
film 62c¢. All of the metal layer 62a, the a-Si layer 625 and the
SiN film 62¢ have substantially the same plan configuration.
[0118] Referring to steps for forming the irregularity form-
ing pattern 62 of the present embodiment, a metal layer is first
formed on an entire surface of a glass substrate 10 and pat-
terned to form a metal layer 62a simultaneously with a gate
electrode and a storage capacitor bus line 18. Next, an insu-
lation film 30 is formed throughout the substrate over the
metal layer 62a. Then, an a-Si layer and a SiN film are formed
in the order listed on the entire top surface of the insulation
film 30. A resistis then applied to the entire top surface of the
SiN film, and back exposure is performed using the metal
layer 62a as a mask. Development is thereafter performed to
form a resist pattern which has the same shape as that of the
metal layer 62a. Next, only the SiN film or both of the SiN
film and the a-Si layer are etched using the resist pattern as a
mask to form a SiN film 62¢ (probably along with an a-Si
layer 62b) which has the same shape as that of the metal layer
62a. As thus described, in the present embodiment, the SiN
film 62¢ (probably along with the a-Silayer 624)is formed by
performing back exposure. In the present embodiment, since
the irregularity forming pattern 62 can be provided with a
greater substantial thickness, greater irregularities can be pro-
vided on a reflector 55.

Embodiment 2-3

[0119] A liquid crystal display and a method of manufac-
turing the same according to Embodiment 2-3 in the present
mode for carrying out the invention will now be described.
FIG. 22 shows a sectional configuration of a reflective area R
of the liquid crystal display of the present embodiment. As
shown in FIG. 22, in the liquid crystal display of the present
embodiment, a metal layer 624, an a-Si layer 625 and a SiIN
film 62¢ which constitute an irregularity forming pattern 62
are different from each other in plan configuration. Alterna-
tively, the irregularity forming pattern 62 may be constituted
by a metal layer 624 and a SiN film 62c.

[0120] Referring to steps for forming the irregularity form-
ing pattern 62 of the present embodiment, a metal layer is first
formed on an entire surface of a glass substrate 10 and pat-
terned to form a metal layer 62a simultaneously with a gate
electrode and a storage capacitor bus line 18. Next, an insu-
lation film 30 is formed throughout the substrate over the
metal layer 62a. Then, an a-Si layer and a SiN film are formed
in the order listed on the entire top surface of the insulation
film 30. A resistis then applied to the entire top surface of the
SiN film, and exposure is performed from above the substrate
using a predetermined photo-mask. Development is thereaf-
ter performed to form a resist pattern having a predetermined
shape.

[0121] Next, only the SiN film or both of the SiN film and
the a-Si layer are etched using the resist pattern as a mask to
form a SiN film 62¢ (along with an a-Si layer 625) which has
the predetermined shape. As thus described, in the present
embodiment, the SiN film 62¢ (along with the a-Si layer 624)
is formed by performing exposure from above the substrate
instead of back exposure.

[0122] FIG. 23 shows an example of a configuration of an
irregularity forming pattern 62 of a liquid crystal display
according to the present embodiment. As shown in FIG. 23, a
plurality of concentric metal layers 62a is formed in a reflec-
tive area R in the middle of a pixel. A plurality of SiN films
62¢ and a-Si layers 625 extending substantially in parallel
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with a gate bus line 12 is formed in a part of the reflective area
R that is located above a storage capacitor bus line 18 in the
figure, and a plurality of SiN films 62¢ and a-Si layers 62b
extending substantially in parallel with a drain bus line 14 is
formed in a part of the reflective area R that is located under
the storage capacitor bus line 18 in the figure. Thus, the
irregularity forming pattern 62 is constituted by the metal
layers 62a, the a-Silayers 625 and the SiN films 62¢ which are
different from each other in plan configuration.

Embodiment 2-4

[0123] A liquid crystal display and a method of manufac-
turing the same according to Embodiment 2-4 in the present
mode for carrying out the invention will now be described.
FIG. 24 shows a sectional configuration of a reflective area R
of the liquid crystal display of the present embodiment. As
shown in FIG. 24, in the liquid crystal display of the present
embodiment, an irregularity forming pattern 62 has a metal
layer 62a and an a-Si layer 625 and a SiN film 62¢ which are
formed only on the metal layer 62a and which are patterned to
be smaller than the metal layer 62a. Alternatively, the irregu-
larity forming pattern 62 may be constituted by a metal layer
62a and a SiN film 62c.

[0124] Referring to steps for forming the irregularity form-
ing pattern 62 of the present embodiment, a metal layer is first
formed on an entire surface of a glass substrate 10 and pat-
terned to form a metal layer 62a simultaneously with a gate
electrode and a storage capacitor bus line 18. Next, an insu-
lation film 30 is formed throughout the substrate over the
metal layer 62a. Then, an a-Si layer and a SiN film are formed
in the order listed on the entire top surface of the insulation
film 30. A resist is then applied to the entire top surface of the
SiN film, and back exposure is performed using the metal
layer 62a as a mask. Subsequently, exposure and develop-
ment is performed from above the substrate using a predeter-
mined photo-mask to form a resist pattern which is provided
only on the metal layer 62a¢ and which is patterned to be
smaller than the metal layer 62a. Next, only the SiN film or
both of the SiN film and the a-Si layer are etched using the
resist pattern as a mask to form a SiN film 62¢ (along with an
a-Si layer 62b) which is provided only on the metal layer 62a
and which is patterned to be smaller than the metal layer 62a.
As thus described, in the present embodiment, the SiN film
62c¢ (along with the a-Si layer 626) is formed by performing
back exposure and exposure from above the substrate.

[0125] FIGS. 25 and 26 show examples of configurations of
an irregularity forming pattern 62 of a liquid crystal display
according to the present embodiment. As shown in FIG. 25,
two metal layers 62« are formed in a reflective area R in the
middle of a pixel, the metal layers being provided on both
sides of a storage capacitor bus line 18. Each of the two metal
layers 62a has a substantially rectangular outline. A plurality
of circular openings 64 is formed in the metal layer 62a that
is located above the storage capacitor bus line 18 in the figure.
Further, there is formed a plurality of SiN films 62¢ and a-Si
layers 625 which are provided only above the metal layers
62a in an overlapping relationship with the metal layers 62a

and which are patterned to be smaller than the metal layers
62a. The plurality of SiN films 62¢ and a-Si layers 62 is
substantially concentrically formed. Thus, an irregularity
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forming pattern 62 is constituted by the metal layers 62a, the
a-Si layers 625 and the SiN films 62¢.

Embodiment 2-5

[0126] A liquid crystal display according to Embodiment
2-5 in the present mode for carrying out the invention will
now be described. FIG. 27 shows a configuration of a pixel
electrode of one pixel of the liquid crystal display of the
present embodiment. F1G. 28 shows a sectional configuration
of the liquid crystal display taken along the line H-H in FIG.
27. As shown in FIGS. 27 and 28, for example, a transparent
resin layer 26 made of PC403 is formed on a TFT 20. Irregu-
larities are formed in a part (in the vicinity of an area to serve
as a reflective area R) of the surface of the transparent resin
layer 26. The irregularities are formed using either method in
which the transparent resin layer is irradiated with ultraviolet
rays to modify the surface of the same and in which annealing
is thereafter performed to form wrinkles on the surface or
method in which patterned exposure (including half expo-
sure) is performed using a predetermined photo-mask to form
an irregular pattern on the transparent resin layer 26. A con-
tact hole 34 for exposing a source electrode 22 of the TFT 20
is formed in the transparent resin layer 26. A pixel electrode
16 constituted by an ITO is formed in a predetermined shape
on the transparent resin layer 26. [rregularities that follow the
irregularities on the surface of the transparent resin layer 26
are formed in the vicinity of an area, which is to serve as a
reflective area R, on the surface of the pixel electrode 16. A
reflective electrode 24 made of Al is formed in the reflective
area R on the pixel electrode 16. As shown in FIG. 27, the
reflective electrode 24 is provided in the middle of a pattern of
the pixel electrode 16 that is substantially square. Irregulari-
ties that follow the irregularities on the surface of the pixel
electrode 16 are formed on the surface of the reflective elec-
trode 24, and at least a part of the surface (reflective surface)
is inclined relative to the surface of the substrate.

[0127] On a glass substrate 11 of an opposite substrate 4
provided opposite to the above-described elements, a CF
layer 40 is formed in areas other than the reflective area R
where the reflective electrode 24 is formed. A common elec-
trode 42 is formed throughout the substrate over the CF layer
40. A transparent resin layer 57 is formed on the common
electrode 42 in the reflective area R.

[0128] In the present embodiment, at least apart of the
surface of the reflective electrode 24 can be formed such that
itis atan inclination to the surface of the substrate. Therefore,
external light which has entered in a direction oblique to the
display screen can be reflected in a direction square to the
display screen. This improves reflectivity and viewing angle
characteristics.

[0129] As described above, the present mode for carrying
out the invention makes it possible to provide a liquid crystal
display which can achieve high luminance even in the reflec-
tive mode and which can achieve high display characteristics
in both of the reflective and transmissive modes.

Third Mode for Carrying Out the Invention

[0130] A liquid crystal display in a third mode for carrying
out the invention will now be described with reference to
FIGS. 29 to 39C.

[0131] FIG. 29 shows the configuration of a reflective lig-
uid crystal display according to the related art disclosed in
Non-Patent Document 2. As shown in FIG. 29, aliquid crystal
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106 is sealed between a pair of substrates 102 and 104 pro-
vided opposite to each other. The state of alignment of the
liquid crystal 106 is a bend alignment that is also referred to
as “ROCB”. Reflective electrodes 116 having a flat reflective
surface in the form of a mirror surface are formed on a surface
of the substrate 102 facing the liquid crystal 106. A common
electrode 142 constituted by a transparent conductive film is
formed on a surface of the other substrate 104 facing the
liquid crystal 106. A phase difference film (Y4 wave plate)
120, a polarizer 122, and an optical path control film 124 are
provided in the order list on the side (viewer’s side) of the
substrate 104 which constitutes the exterior of the panel.
[0132] The optical path of incident external light is bent by
the optical path control film 124. The light then reaches the
reflective electrodes 116 and is reflected by the same to exit
the panel toward a viewer. Since there is the optical path
control film 124 which transmits light while diffusing the
same, beams of light reflected at the surface of the optical path
control film 124 have optical paths that are different from the
optical paths of beams of light which pass through the optical
control film 124 and which are reflected at the surface of the
reflective electrodes 116. Therefore, display on the display
screen will not overlap external light when the viewer
watches the screen, which allows a displayed image to be
clearly viewed.

[0133] However, the configuration of the reflective liquid
crystal display shown in FIG. 29 has not been successfully
combined with a transmissive type. The reason is that the
liquid crystal 106 is aligned in hybrid alignment on an
assumption that light will pass through the liquid crystal 106
twice in the reflective type. Hybrid alignment has a problem
in that it disallows white to be sufficiently displayed because
birefringence is too small to use in a transmissive type. There
is another problem in that viewing angle characteristics pro-
vided by the alignment are low for a transmissive type.
[0134] The transflective liquid crystal display shown in
FIGS. 47A and 47B is similar to the reflective liquid crystal
display shown in FIG. 29 in that the reflective electrodes 116
are formed inside the liquid crystal display panel, but it is
different in that irregularities are formed on the reflective
surfaces of the reflective electrodes 116. FIGS. 30A and 30B
are sectional views showing operations of the transflective
liquid crystal display shown in FIGS. 47A and 47B. FIG. 30A
shows a state in which no voltage is applied to the liquid
crystal 106, and FIG. 30B shows a state in which a predeter-
mined voltage is applied to the liquid crystal 106. As shown in
FIG. 30A, the liquid crystal 106 exerts no optical effect on
light when no voltage is applied because liquid crystal mol-
ecules are aligned perpendicularly to a substrate surface.
When reflective display is performed, light which has passed
through the polarizer 122 enters the liquid crystal 106 after
passing through the %4 wave plate 120, and the light passes
through the Y4 wave plate 120 again after being reflected by
reflective electrode 116. That is, the polarization of the light
rotates at 90° because the light passes through the Y4 wave
plate 120 twice. Therefore, the light is absorbed by the polar-
izer 122. Black is thus displayed in the reflective mode.
[0135] When transmissive display is performed, light
which has passed through the polarizer 122 on the side of the
backlight unit 188 enters the liquid crystal 106 after passing
through the Y4 wave plate 120, and the light passes through the
4 wave plate 120 on the viewer’s side. That is, the polariza-
tion of the light rotates at 90° because the light passes through
the 4 wave plate 120 twice. Therefore, the light is absorbed
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by the polarizer 122 on the viewer’s side. Black is thus dis-
played in the transmissive mode.

[0136] In the state in which a predetermined voltage is
applied, since liquid crystal molecules are tilted relative to the
substrate surface, the liquid crystal 106 exerts a predeter-
mined optical effect on light. As shown in FIG. 30B, the
polarization of light which has passed through the polarizer
122 is changed by the liquid crystal 106. As a result, white is
displayed in both of the reflective and transmissive modes.
[0137] In this configuration, there is a need for providing
the irregular reflecting electrodes 116. The formation of the
irregular reflective electrodes 116 necessitates manufacturing
processes such as formation and patterning of a resin layer
and formation of the reflective electrodes 116 in addition to
ordinary processes for manufacturing transmissive liquid
crystal displays. This has resulted in a significant increase in
the manufacturing cost of liquid crystal displays.

[0138] FIG. 31 shows a configuration of a transflective
liquid crystal display according to the related art disclosed in
Patent Document 4. As shown in FIG. 31, in the transflective
liquid crystal display, a pixel region is divided into reflective
areas R and transmissive areas T. Reflective electrodes 116
are formed in the reflective areas R, and transparent pixel
electrodes 117 are formed in the transmissive areas T. A cell
thickness in the reflective areas R is smaller than a cell thick-
ness in the transmissive areas T because of an insulation film
118 formed on a TFT substrate 102. In the transmissive areas
T, light from a backlight unit 188 exits toward a viewer after
passing through a liquid crystal layer 106 once. In the reflec-
tive areas R, light which has entered the liquid crystal panel
from a top surface thereof is reflected by the reflective elec-
trodes 116, and the light exits toward the viewer after passing
through the liquid crystal layer 106 twice. Therefore, if the
cell thickness in the reflective areas R is equal to the cell
thickness in the transmissive areas T, retardation in the reflec-
tive areas R will be twice that in the transmissive areas T. As
a result, when the reflective electrodes 116 and the pixel
electrodes 117 are at the same voltage, the reflective areas R
and the transmissive areas T have gradations completely dif-
ferent from each other. For example, when white is displayed
in the transmissive mode, display in the reflective mode has a
tint of yellow. In order to prevent this, in the configuration
shown in FIG. 31, the cell thickness in the reflective areas R
is made smaller than the cell thickness in the transmissive
areas T to make the reflective areas R and the transmissive
areas T as close as possible to each other in retardation. It is
most effective to make the cell thickness in the reflective areas
R smaller than the cell thickness in the transmissive areas T in
eliminating the difference between gradations in the reflec-
tive areas R and the transmissive areas T.

[0139] However, it is required to form a structure (insula-
tion film 118) for reducing the cell thickness in the reflective
areas R in order to make the cell thickness in the reflective
areas R smaller than that in the transmissive areas T. The
structure can reduce the stability of the alignment of the liquid
crystal 106 in sections that constitute boundaries between the
reflective areas R and the transmissive areas T. In particular,
when the liquid crystal 106 is in vertical alignment which
eliminates a need for a rubbing step, the alignment of the
liquid crystal 106 is regulated by the structure. Proper align-
ment orientation is thus disabled, which can cause roughness
in display and alignment defects.

[0140] Patent Document 9 discloses a transflective liquid
crystal display different from that described above. The trans-
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flective liquid crystal display is similar to the configuration
shown in FIG. 31 in that one pixel is divided into reflective
areas R and transmissive areas T, but it is different in the
configuration of a CF layer in the reflective areas R. A reflec-
tive area R has a section having a CF layer and a section
having no CF layer, which provides luminance higher than
that in a case wherein a CF layer is formed throughout the
reflective area R, although there is a reduction in chromatic-
ity.

[0141] Inthis configuration, however, since the CF layer is
removed in a part of the reflective area, a step is formed on the
surface of the substrate on which the CF layer is formed. The
step can cause a variation of the cell thickness or an irregu-
larity in the alignment of the liquid crystal which deteriorates
display characteristics.

[0142] The present mode for carrying out the invention
solves the above-described problems and employs a measure
to improve the stability of the alignment of a liquid crystal in
vertical alignment by reducing a difference between grada-
tions in a reflective area R and a transmissive area T and to
improve the stability of the alignment of the liquid crystal
when itis vertically aligned by making a step formed between
the reflective area R and the transmissive area T small.

[0143] FIG. 32 shows a configuration of a pixel on a TFT
substrate of the liquid crystal display in the present mode for
carrying out the invention. FIG. 33A shows a sectional con-
figuration of the liquid crystal display taken along the line I-I
in FIG. 32, and FIG. 33B shows a sectional configuration of
the liquid crystal display taken along the line J-J in FIG. 32.
Asshown in FIGS. 32,33A and 33B, the liquid crystal display
in the present mode for carrying out the invention has an
opposite substrate 4 on which a common electrode 42 is
formed, a TFT substrate 2 on which pixel electrodes 16 are
formed, and a vertical alignment type liquid crystal 6 sealed
between the substrates 2 and 4 which are provided opposite to
each other. A configuration of a pixel on the TFT substrate 2
is as follows.

[0144] Gatebuslines 12, drainbus lines 14 and TFTs 20 are
formed onthe TFT substrate 2. A first insulating resin layer 36
such as a transparent resin layer or a color filter layer is
formed on them. A reflector 53 is formed in a reflective area
R on the insulating resin layer 36. The reflective area R having
the reflector 53 formed therein is provided at the periphery of
apixel region including areas above a gate bus line 12, a drain
bus line 14 and a TFT 20. The reflector 53 is in an electrically
floating state, or it is at the same potential as the common
electrode 42 or at a ground potential. A second insulating
resin layer 37 is formed on the entire top surface of the
reflector 53. A pixel electrode 16 having a predetermined
shape constituted by a transparent metal layer such as an ITO
is formed in a transmissive area T (and in a part of the reflec-
tive area R) on the insulating resin layer 37. The transmissive
area T is provided in a central section of the pixel inside the
reflective area R. The pixel electrode 16 formed in the trans-
missive area T is provided in a region corresponding to an
opening of the reflector 53 and is located in a layer above the
reflector 53 with the insulating resin layer 37 interposed
between them from the viewpoint of the layer structure.

[0145] The liquid crystal display panel is sandwiched by a
pair of circular polarizers each of which is constituted by a
polarizer and a ¥ wave plate. The optical axes of the polar-
izers are orthogonal to each other. An optical path control film
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is applied to the polarizer located on a viewer’s side. A back-
light is provided on a back side of the liquid crystal display
panel.

[0146] Liquid crystal molecules are aligned perpendicu-
larly to surfaces of the substrates when no voltage is applied.
First, when external light enters, the light is reflected by the
reflector 53 in the reflective area R. Since the circular polar-
izers are provided, the reflected light is absorbed by the polar-
izers. Black is thus displayed. Light which has entered from
the backlight passes through the transmissive area T in which
the reflector 53 is not formed. Light which has passed through
the circular polarizer on the back side of the liquid crystal
display panel is transmitted without undergoing any change
in its state of polarization because the liquid crystal is verti-
cally aligned. The transmitted light is absorbed by the circular
polarizer on the viewer’s side. Black is thus displayed.
[0147] When a voltage is applied, since liquid crystal mol-
ecules are tilted, the liquid crystal layer exhibits birefringence
which is an optical effect, thereby causing a change in the
state of polarization of light. The state of polarization of
incident external light thus changes, and reflected light passes
through the circular polarizer on the viewer’s side. Gray or
white is thus displayed. Similarly, light which has entered
from the backlight also undergoes a change in its state of
polarization and passes through the circular polarizer on the
viewer’s side. Gray or white is thus displayed.

[0148] States of alignment of the liquid crystal and grada-
tions of display in the reflective area R and the transmissive
area T will now be described. Since the pixel electrode 16 is
formed in the transmissive area T, liquid crystal molecules in
the region . in FIG. 33 A are driven based on a voltage applied
between the pixel electrode 16 and the common electrode 42.
Therefore, the transparent area T exhibits voltage/gradation
characteristics similar to those of configurations according to
the related art. Consideration is needed for the reflective area
R. Liquid crystal molecules in the region f in FIG. 33A are
driven only by the pixel electrode 16 in the transmissive area
T. The pixel electrode 16 is formed only in a part of the
peripheral section of the reflective area R. In the reflective
area R, liquid crystal molecules are therefore driven by an
oblique electric field generated at the peripheral section of the
pixel electrode 16. In the reflective area R, a gradation is thus
represented only by the tilt of liquid crystal molecules caused
by the oblique electric field. As a result, an effective voltage
applied to the liquid crystal layer in the entire reflective area
R is lower than that in the transmissive area T. It is therefore
possible to reduce a difference in display of a gradation
between the reflective area R where light passes through the
liquid crystal layer twice and the transmissive area T where
light passes through only once.

[0149] When a CF layer is provided under the reflector 53
on the TFT substrate 2, the CF layer exerts its effect only on
the transmissive area T. Such a configuration eliminates a
need for a step for providing the opening on the CF layer 40
provided on the opposite substrate 4 in the reflective area R.
[0150] Further, when a CF layer optimized for display in
the reflective mode is provided above the reflector 53 or on the
opposite substrate 4, since no step will be formed in the pixel
region as a result of the removal of a part of the CF layer 40,
color filter conditions in each of the reflective area R and the
transmissive area T can be optimized.

[0151] Light diffusing properties in the reflective area R
can be improved by providing a hole in the CF layer provided
under the reflector 53. Further, a film for scattering light
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entering in a predetermined direction (a light scattering laver)
may be provided on the viewer’s side of the opposite substrate
4.

[0152] In the present mode for carrying out the invention,
there is no need for making a cell thickness in the reflective
area R smaller than a cell thickness in the transmissive area T.
The cell thickness in the reflective area R is substantially
equal to or greater than the cell thickness in the transmissive
area [.

[0153] Liquid crystal displays in the present mode for car-
rying out the invention will now be specifically described
with reference to preferred embodiments.

Embodiment 3-1

[0154] First, a liquid crystal display according to Embodi-
ment 3-1 will be described with reference to FIGS. 32, 33A
and 33B. The pitch of pixels of the liquid crystal display of the
present embodiment is 300 um in the longitudinal direction (a
direction in which drain bus lines 14 extend; this holds true in
the following description) and 100 um in the transverse direc-
tion (a direction in which gate bus lines 12 extend,; this holds
true in the following description). The drain bus lines 14 and
the gate bus lines 12 both having a width of 7 pm are formed
on the TFT substrate 2. The drain bus lines 14 and the gate bus
lines 12 intersect each other with an insulation film 30 inter-
posed between them. The insulation film 30 is constituted by
a thin film layer mainly composed of SiO,. TFTs 20 are
formed in the vicinity of positions where the drain bus lines
14 and the gate bus lines 12 intersect each other. A source
electrode 22 of'a TFT 20 extends up to an opening section of
the relevant pixel, the electrode being constituted by the same
layer as the drain bus lines 14. In the middle of the pixel, a
storage capacitor is formed by a storage capacitor bus line 18
extending in parallel with the gate bus lines 12 and a storage
capacitor electrode 19 which is formed at each pixel.

[0155] A firstinsulating resin layer 36 having a thickness of
about 2 um and a relative dielectric constant of about 3.5 is
formed on the TFT substrate 2 on which the TFTs 20, drain
bus lines 14 and the gate bus lines 12 have been formed as
described above. The insulating resin layer 36 is formed of a
resin having a high degree of transparency such as an acrylic
resin. Contact holes 34 for exposing pad sections of the
source electrodes 22 are formed in the insulating resin layer
36. The size of the contact holes 34 is 10x10 um?>.

[0156] Reflectors 53 are formed on the insulating resin
layer 36. The reflectors 53 are formed by sputtering an Al thin
film on the entire top surface of the insulating resin layer 36
and sputtering the Al thin film using photolithography such
that the film is left in a region extending into each pixel a
distance of 7 um from an edge of each of the bus lines 12 and
14. Connecting electrodes 53' connected to the source elec-
trodes 22 through the contact holes 34 may be formed at the
same time when the reflectors 53 are formed.

[0157] A second insulating resin layer 37 having a thick-
ness ofabout 2.5 um and arelative dielectric constant of about
3.5 is formed throughout the substrate over the reflectors 53.
The insulating resin layer 37 is formed ofa resin having a high
degree of transparency suchas an acrylic resin similarly to the
insulating resin layer 36. Contact holes 34 of 10x10 pum®
similar to those in the insulating resin layer 36 are formed in
the insulating resin layer 37 for exposing the pad sections of
the source electrodes 22,

[0158] Pixel electrodes 16 are formed on the insulating
resin layer 37. The pixel electrodes 16 are provided by sput-
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tering an ITO on the entire top surface of the insulating resin
layer 37 to form a transparent conductive film thereon and by
patterning the transparent conductive film using photolithog-
raphy. The pixel electrodes 16 are formed at openings of the
reflectors 53 and are patterned such that they are aligned with
the positions of edges of the reflectors 53. The pixel elec-
trodes 16 and the reflectors 53 are electrically independent of
each other. The pixel electrodes 16 are electrically connected
to the source electrodes 22 through the contact holes 34.
[0159] The pixel electrode 16 in one pixel is configured by
combining a plurality of electrode units 17 which are electri-
cally connected to each other. The pixel electrode 16 shown in
FIG. 32 is constituted by six electrode units 17 which are
arranged in the longitudinal direction of a pixel region, for
example. The size of each electrode unit 17 is 35x78 m?, and
slits between adjoining electrode units 17 have a width of 8
pm. A reflector 53 may be formed on the slits in addition to the
peripheral section of the pixel region.

[0160] An electrode unit 17 has a solid electrode 174 pro-
vided in the middle thereof and comb-shaped electrodes 175
extending from the periphery of the solid electrode 17a
toward the periphery of the electrode unit 17. The solid elec-
trode 17a is in the form of a rectangle of 25x60 um?. The
comb-shaped electrodes 175 include an electrode 17¢ (here-
inafter referred to as “backbone electrode”) having a width of
5 um and alength of 15 um which extends from the center of
each side of the circumference of the solid electrode 17a
toward the periphery of the electrode unit 17, the electrode
17¢being substantially perpendicular to the respective side of
the solid electrode. The region except the solid electrode 17a
is thus divided into four alignment regions at the backbone
electrodes 17¢ which constitute boundaries. Linear elec-
trodes 17d starting at the periphery of the solid electrode 17a
and terminating at the periphery of the electrode unit 17 are
formed in each of the alignment regions, the electrodes
extending in a different direction in each of the alignment
regions. Specifically, the linear electrodes 174 in each align-
ment region are in parallel with each other, and the linear
electrodes 174 diagonally extend in directions from a central
section of the electrode unit 17 toward the respective vertices
of the circumference of the electrode unit 17. The linear
electrodes 174 have a width of 3 um, and slits between adjoin-
ing linear electrodes 174 have a width of 3 um. The ends of the
comb-shaped electrodes 175 at the periphery of the electrode
unit 17 are formed as if they were cut in compliance with the
sides of the circumference of the electrode unit 17. The comb-
shaped electrodes 175 partially overlap the reflector 53 when
viewed perpendicularly to the substrate surface, and some of
the ends of the comb-shaped electrodes 175 are located out-
side the edge of the opening of the reflector 53.

[0161] The electrode units 17 in one pixel must be electri-
cally connected to each other. Connecting electrodes 15 for
this purpose are formed by extending each backbone elec-
trode 17¢ facing another electrode unit 17 across a slit among
the backbone electrodes 17¢ extending from the solid elec-
trode 17a. That is, the connecting electrodes 15 are connected
to central sections of the sides of the circumference of the
electrode units 17 which are located adjacent to other elec-
trode units 17 with slits interposed therebetween. In the
present embodiment, since there is only one electrode unit 17
in the transverse direction of the pixel region, the connecting
electrodes 15 are provided only in the longitudinal direction.
[0162] No black matrix is provided on the opposite sub-
strate 4. The reflectors 53 provided on the TFT substrate 2 are
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used as a substitute for a black matrix in transmissive areas T.
CF layers 40 in red, green and blue (which are not shown in
FIGS. 33 A and 33B) are formed on the opposite substrate 4.
A CF layer 40 is provided only in a transmissive area T. i.e.,
the opening of a reflective area R and is not provided in a
reflective area R. A transparent resin layer 57 (not shown)
having a thickness substantially equal to or smaller than the
thickness of the CF layer 40 is formed in a reflective area R.
A common electrode 42 constituted by an ITO is formed on
the entire surfaces of the CF layer 40 and the transparent resin
layer 57. Alignment controlling protrusions 44 having a
diameter of 10 pm and a thickness of 2 pm made of an acrylic
resin are formed in regions on the common electrode 42
corresponding to central sections of the electrode units 17 on
the TFT substrate 2. The provision of the alignment control-
ling protrusions 44 makes singular points S=+1 formed at the
central sections of the electrode units 17 on the TFT substrate
2 stronger.

[0163] Alignment films are formed on the top surfaces of
the substrates 2 and 4. The alignment films have vertically
aligning properties and align liquid crystal molecules in a
direction vertical to the substrate surfaces (alignment film
surfaces) in a normal state. The liquid crystal display in the
present mode for carrying out the invention is fabricated by
injecting and sealing a liquid crystal 6 having negative dielec-
tric constant anisotropy in a cell that is provided by combin-
ing the above-described TFT substrate 2 and opposite sub-
strate 4.

[0164] When the liquid crystal display in the present
embodiment is driven normally, alignment division will be
achieved as described below. In the regions where the comb-
shaped electrodes 175 are provided, liquid crystal molecules
are aligned in directions in which slits formed by the comb-
shaped electrodes 175 extend. The remaining regions or the
regions where the solid electrodes 17a are formed, the liquid
crystal is aligned toward the centers of the electrode units 17
because of oblique electric fields at the peripheries of the solid
electrodes 17a or liquid crystal orientation exerted from the
outside by the comb-shaped electrodes 175. Thus, alignment
division in four general directions can be achieved.

Embodiment 3-2

[0165] A liquid crystal display according to Embodiment
3-2 in the present mode for carrying out the invention will
now be described. FIG. 34 shows a configuration of a pixel on
a TFT substrate of the liquid crystal display of the present
embodiment. FIG. 35 shows a sectional configuration of the
liquid crystal display taken along the line K-K in FIG. 34. As
shown in FIGS. 34 and 35, the liquid crystal display of the
present embodiment is characterized in that there is no (or
substantially no) region where a pixel electrode 16 and a
reflector 53 overlap each other, and the edge of an opening in
a reflector 53 and the edge of a pixel electrode 16 are sub-
stantially aligned with each other when viewed vertically to
the surface ofthe substrate, unlike Embodiment 3-1. The edge
of the pixel electrode 16 may be located inside the edge of the
opening in the reflector 53. The liquid crystal display of the
present embodiment is characterized in that an electrode unit
17 is constituted only by a solid electrode 17a and is formed
with no comb-shaped electrode 175.

[0166] In the liquid crystal display of the present embodi-
ment, since liquid crystal molecules in a reflective area R are
driven by an oblique electric field at the edge of the pixel
electrode 16, an effective voltage applied to a liquid crystal 6
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during driving can be made smaller than that applied to a
transmissive area T. As a result, a voltage that is optimal for
display in the reflective mode can be applied to the liquid
crystal 6 in the reflective area R, which makes it possible to
achieve preferable display in the reflective mode.

Embodiment 3-3

[0167] A liquid crystal display according to Embodiment
3-3 in the present mode for carrying out the invention will
now be described. FIG. 36 shows a configuration of a pixel on
a TFT substrate of the liquid crystal display of the present
embodiment. FIG. 37 shows a sectional configuration of the
liquid crystal display taken along the line L-L in FIG. 36. As
shown in FIGS. 36 and 37, in the present embodiment, only a
solid electrode 17a of an electrode unit 17 is formed in a
transmissive area T, and only comb-shaped electrodes 175 of
an electrode unit 17 are formed in a reflective area R.

[0168] In the liquid crystal display of the present embodi-
ment, since liquid crystal molecules in a reflective area R are
driven by comb-shaped electrodes 175, an effective voltage
applied to a liquid crystal 6 during driving can be made
smaller than that applied to a transmissive area T. As a result,
avoltage that is optimal for display in the reflective mode can
be applied to the liquid crystal 6 in the reflective area R, which
makes it possible to achieve preferable display in the reflec-
tive mode.

[0169] A solid electrode 174 and comb-shaped electrodes
175 may be formed in a transmissive area T, and comb-shaped
electrodes 175 including linear electrodes 174 in a quantity
smaller than that in the transmissive area T may be formed in
a reflective area R. Alternatively, each of gaps between
adjoining comb-shaped electrodes 175 in the reflective areaR
(the gaps between adjoining linear electrodes 17d) may be
made greater than each of gaps between adjoining comb-
shaped electrodes 175 in the transmissive area T.

[0170] While electrode units 17 having a solid electrode
17a and comb-shaped electrodes 17 have been referred to as
examples in Embodiments 3-1 to 3-3, electrode units 17 hav-
ing no solid electrode 17a may be used. Such an electrode unit
17 has comb-shaped electrodes 176 including a plurality of
linear electrodes 174 extending from a central section of the
electrode unit 17 toward the periphery of the electrode unit
17. In this case again, the number of linear electrodes 174 in
a reflective area R may be smaller than the number of linear
electrodes 174 in a transmissive area T. Alternatively, each of
gaps between adjoining comb-shaped electrodes 175 in the
reflective area R may be made greater than each of gaps
between adjoining comb-shaped electrodes 175 in the trans-
missive area T.

[0171] Configurations of CF layers of a liquid crystal dis-
play in the present mode for carrying out the invention will
now be described. FIGS. 38A to 39C show examples of
configurations of CF layers of a liquid crystal display in the
present mode for carrying out the invention.

[0172] FIG.38A showsa first example of a configuration of
CF layers. As shown in FIG. 38A, CF layers 40R, 40G and
40B are formed only on an opposite substrate 4. In the present
example, an insulating resin layer 36 is formed on a drain bus
line 14 on a TFT substrate 2, and an Al thin film is formed and
patterned on the insulating resin layer 36 to form a reflector
53. Aninsulating resin layer 37 is then formed on the reflector
53, and a pixel electrode 16 is formed on the insulating resin
layer 37. In this configuration, coloring in a transmissive area
T and a reflective area R is performed using the CF layers
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40R, 40G and 40B which constitute a single layer. When
coloring in the transmissive area T is properly performed,
over-coloring may occur in the reflective area R where light
passes through the CF layers 40R, 40G and 40B twice.
[0173] FIG. 38B shows a second example of a configura-
tion of CF layers. As shown in FIG. 38B, in the present
example, CF layers 41R, 41G and 41B are provided on adrain
bus line 14 on a TFT substrate 2. When the CF layers 41R,
41G and 41B in different colors are formed in adjoining
pixels, the layers may be overlapped with some overlapping
width. The reason is that a reflector 53 is provided on a
viewer’s side of the CF layers 41R, 41G and 41B, and the
overlaps between the CF layers 41R, 41G and 41B are there-
fore invisible during display in both of the transmissive and
reflective modes. After the CF layers 41R, 41G and 41B are
formed, the reflector 53 which is constituted by an Al thin film
is formed on the gate bus line 12 and the drain bus line 14. An
insulating resin layer 37 made of a transparent resin is pro-
vided on the reflector 53, and a pixel electrode 16 constituted
by an ITO is provided on the insulating resin layer 37. In the
present example, since the reflector 53 is formed on the view-
er’s side of the CF layers 41R, 41G and 41B, a configuration
is achieved in which the CF layers 41R, 41G and 41B are
present only in a transmissive area T and in which substan-
tially none of the CF layers 41R, 41G and 41B is present ina
reflective area R. Although this allows proper coloring for
display in the transmissive mode, color purity may be reduced
for display in the reflective mode.

[0174] FIG. 38C shows a third example of a configuration
of CF layers. As shown in FIG. 38C, in the present example,
CF layers 40R, 40G and 40B are provided on an opposite
substrate 4, and CF layers 41R, 41G and 41B are provided on
aTFT substrate 2. The configuration of the TFT substrate 2 is
similar to that in the second example, and the configuration of
the opposite substrate 4 is similar to that in the first example.
In a transmissive area T, coloring is performed by both of the
CF layers 41R, 41G and 41B on the TFT substrate 2 and the
CF layers 40R, 40G and 40B on the opposite substrate 4. Ina
reflective area R, coloring is performed only by the CF layers
40R, 40G and 40G on the opposite substrate 4. That is, color
characteristics suitable for both of the transmissive area T and
the reflective area R can be achieved by adjusting the thick-
ness of each of the CF layers 40R, 40G and 40B and the CF
layers 41R, 41G and 41B.

[0175] FIG. 38D shows a fourth example of a configuration
of CF layers. As shown in 38D, in the present example, two
layers comprising a set of CF layers 40R, 40G and 40B and a
set of CF layers 41R, 41G and 41B, respectively, are formed
on a TFT substrate 2. CF layers 40R, 40G and 40B having
optical characteristics similar to those of the CF layers 40R,
40G and 40B in the third example are provided above a
reflector 54 on the TFT substrate 2, which eliminates a need
for forming CF layers on an opposite substrate 4. What 1is
needed to be provided on the opposite substrate 4 is only a
common electrode 42 (along with an alignment controlling
protrusion 44).

[0176] FIG.39A shows a fifth example of a configuration of
CF layers. As shown in FIG. 39A, in the present example, an
insulating resin layer 37 is formed on CF layers 40R, 40G and
40B on a TFT substrate 2. As a result, since the CF layers will
not be exposed on the surface of the TFT substrate 2, con-
tamination of a liquid crystal layer 6 can be prevented. In this
case, however, it is required to form three resin layers includ-
ing two sets of CF layers on the TFT substrate 2.
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[0177] FIG. 39B shows a sixth example of a configuration
of CF layers. While a reflector 53 is formed such that it is
continuous between adjoining pixels in the first through fifth
examples, a reflector 53 is split to serve each pixel in this
example as shown in FIG. 39B.

[0178] FIG. 39C shows a seventh example of a configura-
tion of CF layers. As shown in FIG. 39C, the present example
is a modification of the first example, in which CF layers 40R,
40G and 40B on an opposite substrate 4 are formed only in a
transmissive area T. In a reflective area R where no CF layer
is formed, a transparent resin layer 38 having a thickness
substantially equal to or smaller than that of the CF layers
40R, 40G and 40B is formed. Although this results in a
reduction of color purity just as in the second example during
display in the reflective mode, luminance of reflection is
conversely increased.

[0179] As described above, in the present mode for carry-
ing out the invention, each of a transmissive area T and a
reflective area R can be made to properly work by providing
them with different optical effects. This makes it possible to
reduce a gradation difference between the transmissive area T
and the reflective area R. It is therefore possible to provide a
liquid crystal display which can achieve high display charac-
teristics in both of the reflective and transmissive modes.

Fourth Mode for Carrving Out the Invention

[0180] A liquid crystal display in a fourth mode for carry-
ing out the invention will now be described with reference to
FIGS. 40 to 46C.

[0181] A transflective liquid crystal display performs
reflective display utilizing external light in a bright environ-
ment and performs transmissive display utilizing light from a
backlight in a dark environment to achieve display with high
visibility in any environment.

[0182] FIG. 40 shows a sectional configuration of a trans-
flective liquid crystal display according to the related art
which is disclosed in Patent Document 10. As shown in FIG.
40, in this liquid crystal display, a cell thickness in a reflective
area R of a pixel region where a reflective electrode 116 is
formed is smaller than a cell thickness in a transmissive area
T where a pixel electrode 117 is formed. An aligning unit for
imparting at least two different aligning directions to align-
ment at an interface of a liquid crystal layer is provided in a
display area of at least either of a pair of substrates. In this
configuration, since phase differences in the reflective area R
and the transmissive area T can be matched to each other,
display can be performed without color difference.

[0183] FIG. 41 shows a sectional configuration of a trans-
flective liquid crystal display according to the related art
which is disclosed in Patent Document 11. In this liquid
crystal display, a pixel electrode 117 and a reflective electrode
116 are formed in a transmissive area T and a reflective area
R, respectively, on one substrate. A top surface of the reflec-
tive electrode 116 is formed like a series of waves. In this
configuration, since the reflective area R can be provided with
light scattering power, high reflecting characteristics can be
achieved.

[0184] However, the transflective liquid crystal display dis-
closed in Patent Document 11 necessitates additional pro-
cesses of forming an organic insulation film 118 to make a cell
thickness in the reflective area R smaller than a cell thickness
in the transmissive area T and imparting at least two different
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aligning directions to alignment at an interface of a liquid
crystal layer. Thus, steps for manufacturing a liquid crystal
display become complicated.

[0185] The transflective liquid crystal display disclosed in
Patent Document 11 also necessitates an additional process of
forming protrusions 119 under the reflective electrode 116 in
order to form a series of wavy irregularities on the surface of
the reflective electrode 116. Further, since the irregularities of
the reflective electrode 116 functions as conductive protru-
sions when a voltage is applied, when used in a vertical
alignment type liquid crystal display in which the tilting
direction of the liquid crystal is regulated using an alignment
controlling structure or dielectric structure formed on an elec-
trode, the tilting direction of the liquid crystal determined by
the protrusion will be opposite to the tilting direction of the
liquid crystal determined by an electric field, which will result
in unstable alignment.

[0186] In the present mode for carrying out the invention,
the above-described problems are solved, and a measure is
taken to achieve a stable state of alignment with a simple
process even in a vertical alignment type liquid crystal dis-
play.

[0187] FIG. 42 shows afirst fundamental configuration ofa
liquid crystal display in the present mode for carrying out the
invention. As shown in FIG. 42, a liquid crystal layer 6 is
sandwiched between a pair of substrates 2 and 4. Liquid
crystal molecules are vertically aligned when no voltage is
applied and are aligned at an inclination when a voltage is
applied because of distortion of an electric field attributable to
alignment controlling structures 44 and 46 formed on elec-
trodes 16 and 42. A reflector 54 having a smooth surface is
formed in a part of a pixel region. An alignment controlling
structure 46 having light scattering power is formed on the
reflector 54.

[0188] More preferably, the reflector 54 is formed using a
source (or drain) electrode layer or a gate electrode layer, and
atleast a pixel electrode 16 1s formed between the reflector 54
and the alignment controlling structure 46. In addition, the
alignment controlling structure 46 is formed like a frame in
the pixel region, and a point-like alignment controlling struc-
ture 44 is formed in a region on the opposite substrate 4
corresponding to the interior of the frame.

[0189] FIG. 43 shows a second fundamental configuration
of aliquid crystal display in the present mode for carrying out
the invention. As shown in FIG. 43, liquid crystal molecules
are vertically aligned when no voltage is applied and are
aligned at an inclination when a voltage is applied because of
distortion of an electric field attributable to an alignment
controlling structure 44 and slits 48 formed on electrodes. A
reflective sheet (reflective section) 91 having a parallax cor-
recting function is provided behind a light guide plate 86.
Irregularities on a surface of the reflective sheet 91 are formed
at a pitch different from that of pixel patterns.

[0190] More preferably, the irregularities on the surface of
the reflective sheet 91 have a sectional shape in the form of
consecutive cones or wedges. A viewing angle control plate
96 for scattering light entering at a predetermined angle is
provided between a substrate 4 and a polarizer 71. In the
present mode for carrying out the invention, a liquid crystal
panel is sandwiched by a pair of 14 wave plates 94 and
polarizers 70 and 71.

[0191] An alignment controlling structure 46 has a general
sectional shape in the form of an arc. Therefore, a reflective
area R includes a region where the cell thickness is equal to
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the cell thickness in a transmissive area T and a region where
the cell thickness stepwise becomes smaller than the cell
thickness in the transmissive area T. However, since a voltage
applied to the liquid crystal in the reflective area R is attenu-
ated by the alignment controlling structure 46, it is anticipated
that the combination of such regions provides an effect sub-
stantially similar to that achievable with a small cell thickness
in the reflective area R. Further, by providing the alignment
controlling structure 46 with light scattering power, incident
light can be scattered in the reflective area R to achieve
reflective display with high luminance. Since the surface of
the reflector 54 can therefore be flat, the reflector 54 can be
formed using a source electrode layer or gate electrode layer.
Therefore, processes for manufacturing a liquid crystal dis-
play can be simplified. When the pixel electrode (transparent
electrode) 16 is formed between the reflector 54 and the
alignment controlling structure 46, the reflective area R can
be switched by the pixel electrode 16 without applying a
voltage to the reflector 54. In addition, when the alignment
regulating structure 46 is formed like a frame, a horizontal
electric field generated between the bus lines 12 and 14 and
between the TFT 20 and the pixel electrode 16 can be sup-
pressed to stabilize alignment of the liquid crystal in the pixel
region.

[0192] The alignment controlling structures 44 and 46 are
aligning units for providing different aligning directions. In
the configuration disclosed in Patent Document 10, an align-
ment regulating force is imparted to an interface of a liquid
crystal layer using an interface aligning process such as rub-
bing. In the present mode for carrying out the invention, an
alignment regulating force is applied to the entire liquid crys-
tal layer including a bulk layer utilizing distortions of electric
fields that occur in the vicinity of the alignment controlling
structures 44 and 46 when a voltage is applied. Patent Docu-
ment 10 discloses that the patent is characterized in that
alignment of a liquid crystal in a reflective area R and align-
ment of the liquid crystal in a transmissive area T can be in
different states at the same point in time. Therefore, the align-
ment controlling structures 44 and 46 in the present mode for
carrying out the invention which allow different states of
alignment in the reflective area R or transmissive area T are
different from the aligning process disclosed in Patent docu-
ment 10.

[0193] When the reflective sheet 91 having a parallax cor-
recting function is provided under the light guide plate 86,
reflective display can be performed without providing the
reflector 54 in the liquid crystal display panel, and transmis-
sive display can be achieved with high luminance because the
utilization of pixel regions is maximized. Since light passes
through the polarizers 70 and 71 four times during reflective
display, luminance per unit area will be lower than that in a
configuration in which the reflector 54 is provided in a liquid
crystal display panel. However, luminance per pixel can be
improved because the utilization of pixel regions can be
maximized.

[0194] The reflective sheet 91 is provided with a parallax
correcting function because parallax (a double image) occurs
because of the reflective layer being apart from the liquid
crystal layer. Any interference occurring between the reflec-
tive sheet 91 and the pixel pattern can be suppressed by
making the irregularities on the surface of the reflective sheet
91 different from the pixel pattern. In addition, when the
surface irregularities have a sectional shape in the form of
consecutive cones, light entering in an oblique direction can
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be subjected to retroreflection. When the surface irregulari-
ties have a wedge-like sectional shape, light entering in an
oblique direction can be obliquely reflected out of the field of
view. Thus, the occurrence of parallax can be efficiently sup-
pressed. By sandwiching the liquid crystal display panel with
the pair of V4 wave plates 94 and the polarizers 70 and 71, light
which has entered the liquid crystal display panel can be
subjected to circular polarization, which makes it possible to
eliminate orientation-dependence of liquid crystal alignment
and to achieve reflective display and transmissive display
with high luminance.

[0195] Liquid crystal displays in the present mode carrying
out the invention will now be specifically described with
reference to preferred embodiments.

Embodiment 4-1

[0196] First, a liquid crystal display according to Embodi-
ment 4-1 in the present mode for carrying out the invention
will be described. FIG. 44 shows a configuration of a pixel of
the liquid crystal display of the present embodiment. As
shown in FIG. 44, a reflector 54 (not shown in FIG. 44) in the
form of a frame was formed in the pixel region using a gate
electrode layer. A pixel electrode 16 made of transparent
conducting layer is formed in the pixel region such that it
overlaps the reflector 54 with a gate insulation film interposed
between them. The reflector 54 is in an electrically floating
state and is electrically insulated from a gate bus line 12 and
astorage capacitor bus line 18. While the pixel electrode 16 is
overlaid on the reflector 54 with the gate insulation film
interposed between them, in order to improve reflectivity, the
pixel electrode may be formed like slits, for example, so that
it overlaps only a part of the reflector 54. An alignment con-
trolling structure 46 in the form of a frame made of a white
resin including alumina particles on a submicron order was
formed in a region on the pixel electrode 16 associated with
the reflector 54. An alignment controlling structure 46 in the
form of a frame made of a transparent resin was fabricated for
the purpose of comparison.

[0197] A common electrode 42 and a point-like alignment
controlling structure 44 made of a transparent resin were
formed on an opposite substrate 4. A pair of ¥ wave plates 94
and polarizers 70 and 71 were provided outside substrates 2
and 4 of the liquid crystal display panel, respectively. A light
guide plate 86 and a reflective sheet 90 were provided under
the polarizer 70 on the TFT substrate 2 to provide a transflec-
tive liquid crystal display. A comparison of gradation charac-
teristics of the liquid crystal display during transmissive dis-
play and reflective display revealed no significant difference.
This indicates the following fact. Even when a reflective area
R includes a region where the cell thickness is substantially
equal to the cell thickness in a transmissive area T and a region
where the cell thickness stepwise becomes smaller than the
cellthickness in the transmissive area T, if a voltage applied to
the liquid crystal in the reflective area R is attenuated by the
alignment controlling structure 46, it is anticipated that the
combination of such regions provides an effect substantially
similar to that achievable with a small cell thickness in the
reflective area R.

[0198] When the alignment controlling structure 46 on the
reflector 54 was formed of a transparent resin, reflective dis-
play had low luminance in directions other than the direction
of regular reflection. On the contrary, when the alignment
controlling structure 46 was formed of a white resin, reflec-
tive display could be performed with high luminance even in
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directions other than the direction of regular reflection. This
indicates that reflected light is scattered by light scattering
power of the alignment controlling structure 46.

Embodiment 4-2

[0199] A liquid crystal display according to Embodiment
4-2 in the present mode for carrying out the invention will
now be described. FIG. 45 shows a configuration of a pixel of
the liquid crystal display of the present embodiment. As
shown in FIG. 45, in the present embodiment, a pixel elec-
trode 16 having slits 48 for controlling alignment was formed
in the pixel region without forming a reflector 54 in the pixel
region. A common electrode 42 and a point-like alignment
controlling structure 44 made of a transparent resin were
formed on an opposite substrate 4. A pair of %4 wave plates 94
and polarizers 70 and 71 were provided in the order listed
outside substrates 2 and 4 of the liquid crystal display panel.
A light guide plate 86 and three types of reflective sheets 91 to
be described later were provided under the polarizer 70 on the
TFT substrate 2. A viewing angle control plate 96 for scatter-
ing light entering in a certain direction was provided between
the polarizer 71 and the %4 wave plate 94 on the opposite
substrate 4 to provide a transflective liquid crystal display. For
comparison, a transflective liquid crystal display having no
viewing angle control plate 96 and a transflective liquid crys-
tal display having neither ¥4 wave plate 94 nor viewing angle
control plate 96 were fabricated.

[0200] FIGS.46A, 46B and 46C show sectional configura-
tions of the three types of reflective sheets 91. A reflective
sheet 91a shown in FIG. 46A has a smooth surface similarly
to reflective sheets in the related art. A reflective sheet 915
shown in FIG. 46B has a continuous conical sectional shape
and has a dimension equal to or smaller than a pixel pitch. A
reflective sheet 91¢ shown in FIG. 46C has a continuous
wedge-like sectional shape and has a dimension equal to or
smaller than the pixel pitch.

[0201] Reflected light from the reflective sheet 91 that is in
a position apart from the liquid crystal layer has substantially
no perceivable parallax in a direction square to the display. In
an oblique direction, however, a double image attributable to
parallax occurs because of a great deviation of the reflecting
position. In the case of the reflective sheet 914, since incident
light is subjected to regular reflection on the surface thereof,
a double image occurs when viewed in an oblique direction.
In the case ofthe reflective sheet 915, however, since incident
light is subjected to retroreflection, substantially no double
image occurred. In the case of the reflective sheet 91¢, since
incident light was reflected out of the field of view of a viewer,
substantially no double image occurred. While the reflective
sheet 915 has a continuous conical sectional shape with a
dimension equal to or smaller than the pixel pitch, it may have
a plurality of corner cubes. The reflective sheet 91 may be
formed of a retroreflective material.

[0202] Although no adjustment of a phase difference is
performed between transmissive display and reflective dis-
play in the present embodiment, similar gradation character-
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istics are achieved in both modes of display without a phase
difference adjustment because the reflective sheet 91 serving
as a reflective layer is provided outside the polarizer 70 to
achieve similar polarizing characteristics during reflective
display and transmissive display. While reflective display had
low luminance when no viewing angle control plate 96 was
provided on the opposite substrate 4 and when neither %
wave plate 94 nor viewing angle control plate 96 was pro-
vided, reflective display could be performed with high lumi-
nance even in directions other than the direction of regular
reflection when the viewing angle control plate 96 was pro-
vided on the opposite substrate 4. The luminance of reflective
display was lowest when neither %4 wave plate 94 nor viewing
angle control plate 96 was provided

[0203] The present mode for carrying out the invention
makes it possible to manufacture a transflective liquid crystal
display having display characteristics of both of reflective and
transmissive types with simplified processes. It is therefore
possible to provide a transflective liquid crystal display at a
low cost.

[0204] The invention is not limited to the above-described
modes for carrying out the same and may be modified in
various ways.

[0205] For example, while liquid crystal displays having
CF layers formed on an opposite substrate 4 have been
described as examples in the first and second modes for
carrying out the invention, the invention is not limited to them
and may be applied to liquid crystal displays having a so-
called CF-on-TFT structure in which CF layers are formed on
a TFT substrate 2.

What is claimed is:

1. A liquid crystal display comprising:

a pair of substrates provided opposite to each other;

a liquid crystal layer sealed between the pair of substrates;

a pixel region including a reflective area having a reflector
for reflecting light entering from the side of one of the
pair of substrates and a transmissive area for transmit-
ting light entering from the side of the other of the pair of
substrates toward the one of the pair of substrates;

a reflective section for reflecting light which has entered
the transmissive area from the side of the one of the pair
of substrates and which has been transmitted by the
transmissive area and for causing the light to enter the
transmissive area again from the side of the other of the
pair of substrates; and

a color filter layer formed only in the transmissive area of
the pixel region.

2. A liquid crystal display according to claim 1, further
comprising a backlight unit provided on the other of the pair
of substrates, wherein the backlight unit includes alight guide
plate and the reflective section that is provided behind the
light guide plate.
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