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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF FABRICATING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a new division of co-pending
application Ser. No. 10/132,828 filed on Apr. 26, 2002, which
claims priority to Japanese Application No. 2001-132744
filed on Apr. 27, 2001. The entire contents of each of the
above-identified applications are hereby incorporated by ref-
erence.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to a liquid crystal display
device having an area through which alight is allowed to pass
for forming images on a screen, and an area in which a light
is reflected for forming images on a screen.

[0004] 2. Description of the Related Art

[0005] Aliquid crystal display device has advantages that it
is thin, and it consumes small power. Due to the advantages,
aliquid crystal display device is widely used, for instance, for
a monitoring screen in various displays.

[0006] Unlike a cathode ray tube (CRT) and an electrolu-
minescence (EL) display device, a liquid crystal display
device does not have a function of emitting a light. Hence, a
liquid crystal display device is necessary to have a light
source separately from a monitoring screen. In dependence
on a type of a light source, a liquid crystal display device is
grouped into a light transmission type liquid crystal display
device and a light reflection type liquid crystal display device.
[0007] A light transmission type liquid crystal display
device includes a light source at a rear, and display images by
switching transmission and interruption of a light (which is
called “backlight”) emitted from the light source.

[0008] In a light transmission type liquid crystal display
device, power consumed for emitting a backlight is 50% or
greater in total power consumption. That s, a light source for
emitting a backlight causes much power consumption in a
light transmission type liquid crystal display device.

[0009] In order to solve such a disadvantage of a light
transmission type liquid crystal display device as mentioned
above, there has been suggested a light reflection type liquid
crystal display device.

[0010] A light reflection type liquid crystal display device
includes a light-reflection plate at which surrounding lights
are reflected. Images are displayed on a screen by switching
transmission and interruption of lights having been reflected
from the light-reflection plate. Unlike a light transmission
type liquid crystal display device, a light reflection type liquid
crystal display device is not necessary to include a light
source, and hence, can reduce power consumption in com-
parison with a light transmission type liquid crystal display
device.

[0011] Forinstance, a handy communication device such as
acellular phone is frequently used outside, and hence, can use
surrounding lights as reflected lights. For that reason, a light
reflection type liquid crystal display device is suitable to a
monitoring screen of a handy communication device.

[0012] However, a light reflection type liquid crystal dis-
play device which uses surrounding lights as reflected lights
is accompanied with a problem that if surrounding lights are
not bright, a user cannot clearly look at a screen.
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[0013] On the other hand, contrary to a light reflection type
liquid crystal display device, a light transmission type liquid
crystal display device is accompanied with a problem that if
surrounding lights are extremely bright, images displayed on
a screen look dark in comparison with the surrounding lights.
[0014] In order to solve those problems, there has been
suggested a light reflection and transmission type liquid crys-
tal display device which accomplish both displaying images
by partially transmitting a light and displaying images by
partially reflecting a light, in a single liquid crystal display
panel.

[0015] As an example, a light reflection and transmission
type liquid crystal display device suggested in Japanese
Patent No. 2955277 (B2) (Japanese Unexamined Patent Pub-
lication No. 11-101992 (A)) is illustrated in FIG. 1.

[0016] The illustrated liquid crystal display device is com-
prised ofan active matrix substrate 100, an opposing substrate
110 facing the active matrix substrate 100, and a liquid crystal
layer 120 sandwiched between the active matrix substrate 100
and the opposing substrate 110.

[0017] The active matrix substrate 100 is comprised of a
first transparent substrate 101, a retardation plate 102 formed
on the first transparent substrate 101 at the opposite side of the
liquid crystal layer 120, and a polarizer 103 formed on the
retardation plate 102.

[0018] A backlight source 104 is arranged below the polar-
izer 103.
[0019] The opposing substrate 110 is comprised of a sec-

ond transparent substrate 111, a retardation plate 112 formed
on the second transparent substrate 111, and a polarizer 113
formed on the retardation plate 112.

[0020] The first transparent substrate 101 has a first area A
in which a light emitted from the backlight source 104 trans-
mits through the active matrix substrate 100, the liquid crystal
layer 120 and the opposing substrate 110, and a second areca B
in which an incoming light is reflected.

[0021] An electrically conductive transparent film 105 is
formed on the first transparent substrate 101 in the first area A.
[0022] Anelectrically insulating film 106 having raised and
recessed portions, and a light-reflection plate 107 covering
the electrically insulating film 106 therewith are formed on
the first transparent substrate 101 in the second area B.
[0023] A light 130 having been emitted from the backlight
source 104 passes through the electrically conductive trans-
parent film 105 for forming certain images on a liquid crystal
display panel. A light 140 externally entering the liquid crys-
tal display device is reflected at the light-reflection plate 107
for forming certain images on a liquid crystal display panel.
[0024] The retardation plates 102 and 112 provide retarda-
tion of a quarter length (A/4) to such a transmission light and
areflected light. A transmission light and a reflected light are
converted into a linearly polarized light from a circularly
polarized light or vice versa, when they pass through the
polarizers 103 and 113.

[0025] As illustrated in FIG. 1, the electrically insulating
film 106 is not formed below the electrically conductive trans-
parent film 105. Hence, it would be possible to equalize an
optical length of a light in the liquid crystal layer 120 which
light passes through the liquid crystal layer 120 in reciproca-
tion in the second area B, and an optical length of a light in the
liquid crystal layer 120 which light passes through the liquid
crystal layer 120 in the first area A, to each other by designing
acell gap in the first area A, that is, a thickness Df of the liquid
crystal layer 120 to be greater than a cell gap Dr in the second
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area B. As a result, it would be possible to control optical
characteristics of lights passing through the liquid crystal
layer 120 in the first area A and in the second area B such that
the optical characteristics vary in the same manner.

[0026] However, the conventional liquid crystal display
device illustrated in FIG. 1 is accompanied with a problem
that if characteristics of displaying images through reflected
lights are optimized, a luminance would be lowered, because
the cell gap Df in the first area A is greater than the cell gap Dr
in the second area B. This is because a twisting angle of liquid
crystal is equal to about 72 degrees, if the above-mentioned
characteristics are optimized, and an intensity of a transmis-
sion light is lowered at a twisting angle of about 72 degrees
under the condition of Df<Dr.

[0027] Japanese Unexamined Patent Publication No. 2000-
258769 (A) has suggested a liquid crystal display device
including a first polarizer, a second polarizer, a liquid crystal
device sandwiched between the first and second polarizers, a
retardation plate arranged between the second polarizer and
the liquid crystal device, and a light source arranged on the
second polarizer at the opposite side of the retardation plate.
The liquid crystal device is a transmission and reflection type
device, and is comprised of a first light-permeable substrate
arranged on the first polarizer, a second substrate arranged on
the retardation plate and having a light-reflection area and a
light-transmission area, and a liquid crystal layer which is
arranged between the first and second substrates, is horizon-
tally aligned, and has positive dielectric anisotropy. The retar-
dation plate compensates for a viewing angle, and has an
index ellipsoid having a main index of refraction inclining
relative to a normal line of the second substrate.

[0028] However, the above-mentioned problems remain
unsolved even in the liquid crystal display device suggested in
the Publication.

SUMMARY OF THE INVENTION

[0029] In view of the above-mentioned problems in the
conventional liquid crystal display devices, it is an object of
the present invention to provide a light-transmission and
light-reflection type liquid crystal display device which is
capable of avoiding reduction in a bright when used as a
light-transmission type liquid crystal display device, and
enhancing both a contrast and a luminance, when used as a
light-reflection type liquid crystal display device.

[0030] Itisalso anobject of the present invention to provide
a method of fabricating such a light-transmission and light-
reflection type liquid crystal display device.

[0031] In one aspect of the present invention, there is pro-
vided a liquid crystal display device including (a) a first
substrate, (b) a second substrate spaced away from and facing
the first substrate, and (c) a liquid crystal layer sandwiched
between the first and second substrates. The first substrate
being comprised of (al) a first transparent substrate having a
first area through which a light is allowed to pass and a second
area in which a light is reflected, (a2) first to N-th 1st retar-
dation plates arranged on the first transparent substrate at the
opposite side of the liquid crystal layer wherein a K-th 1st
retardation plate is closer to the first transparent substrate than
a (K+1)-th 1st retardation plate, and wherein N is an integer
equal to or greater than 1, and K is an integer equal to or
greater than 1, and (a3) a first polarizer arranged on the N-th
Istretardation plate. The second substrate being comprised of
(b1) a second transparent substrate, (b2) first to N-th 2nd
retardation plates arranged on the second transparent sub-
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strate at the opposite side of the liquid crystal layer wherein a
K-th 2nd retardation plate is closer to the second transparent
substrate than a (K+1)-th 2nd retardation plate, and wherein
N is an integer equal to or greater than 1, and K is an integer
equal to or greater than 1, and (b3) a second polarizer
arranged on the N-th 2nd retardation plate. A retardation plate
among the first to N-th 1st retardation plates has an optical
axis arranged at a first angle relative to a reference direction
and a retardation plate among the first to N-th 2nd retardation
plates, corresponding to the retardation plate among the first
to N-th st retardation plates, has an optical axis arranged at
a second angle relative to the reference direction, the first and
second angles are different from each other by about 90
degrees.

[0032] Itis preferable that a retardation plate arranged clos-
est to the first transparent substrate among the first to N-th 1st
retardation plates has retardation in the range of 140 nm to
160 nm, and a retardation plate arranged remotest from the
second transparent substrate among the first to N-th 2nd retar-
dation plates has retardation in the range 0f 250 nm to 300 nm.
[0033] Itis preferable that a retardation plate arranged clos-
est to the first transparent substrate among the first to N-th 1st
retardation plates is arranged at an angle in the range of 90 to
120 degrees relative to a reference direction, a retardation
plate arranged remotest from the first transparent substrate
among the first to N-th 1st retardation plates is arranged at an
angle in the range of 150 to 180 degrees relative to the refer-
ence direction, and the first polarizer is arranged atan angle in
the range of —15 to 15 degrees relative to the reference direc-
tion, and that a retardation plate arranged closest to the second
transparent substrate among the first to N-th 2nd retardation
plates is arranged at an angle in the range of 0 to 30 degrees
relative to the reference direction, aretardation plate arranged
remotest from the second transparent substrate among the
first to N-th 2nd retardation plates is arranged at an angle in
the range of 60 to 90 degrees relative to the reference direc-
tion, and the second polarizer is arranged at an angle in the
range of 75 to 105 degrees relative to the reference direction.
[0034] Itis preferable that a retardation plate arranged clos-
est to the first transparent substrate among the first to N-th 1st
retardation plates is arranged at an angle in the range of -20
to 10 degrees relative to a reference direction, a retardation
plate arranged remotest from the first transparent substrate
among the first to N-th 1st retardation plates is arranged at an
angle in the range of 95 to 125 degrees relative to the refer-
ence direction, and the first polarizer is arranged atan angle in
the range of -15 to 15 degrees relative to the reference direc-
tion, and that a retardation plate arranged closest to the second
transparent substrate among the first to N-th 2nd retardation
plates is arranged at an angle in the range of 0 to 30 degrees
relative to the reference direction, aretardation plate arranged
remotest from the second transparent substrate among the
first to N-th 2nd retardation plates is arranged at an angle in
the range of 60 to 90 degrees relative to the reference direc-
tion, and the second polarizer is arranged at an angle in the
range of 75 to 105 degrees relative to the reference direction.
[0035] Itis preferable that a retardation plate arranged clos-
est to the first transparent substrate among the first to N-th 1st
retardation plates is arranged at an angle in the range of 75 to
105 degrees relative to a reference direction, a retardation
plate arranged remotest from the first transparent substrate
among the first to N-th 1st retardation plates is arranged at an
angle in the range of 135 to 165 degrees relative to the refer-
ence direction, and the first polarizer is arranged at an angle in
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the range of 150 to 180 degrees relative to the reference
direction, and that a retardation plate arranged closest to the
second transparent substrate among the first to N-th 2nd retar-
dation plates is arranged at an angle in the range of 15 to 15
degrees relative to the reference direction, a retardation plate
arranged remotest from the second transparent substrate
among the first to N-th 2nd retardation plates is arranged at an
angle in the range of 45 to 75 degrees relative to the reference
direction, and the second polarizer is arranged at an angle in
the range of 60 to 90 degrees relative to the reference direc-
tion.

[0036] Forinstance, a thickness of the liquid crystal layerin
the first area may be almost equal to a thickness of the liquid
crystal layer in the second area. As an alternative, a thickness
of the liquid crystal layer in the first area may be smaller than
a thickness of the liquid crystal layer in the second area.

[0037] There is further provided a liquid crystal display
device including (a) a first substrate, (b) a second substrate
spaced away from and facing the first substrate, and (c) a
liquid crystal layer sandwiched between the first and second
substrates. The first substrate is comprised of (al) a first
transparent substrate having a first area through which a light
is allowed to pass and a second area in which a light is
reflected, (a2) first to N-th 1st retardation plates arranged on
the first transparent substrate at the opposite side of the liquid
crystal layer wherein a K-th 1st retardation plate is closer to
the first transparent substrate than a (K+1)-th 1st retardation
plate, and wherein N is an integer equal to or greater than 1,
and K is an integer equal to or greater than 1, and (a3) a first
polarizer arranged on the N-th 1st retardation plate. The sec-
ond substrate is comprised of (b1) a second transparent sub-
strate, (b2) first to N-th 2nd retardation plates arranged on the
second transparent substrate at the opposite side of the liquid
crystal layer wherein a K-th 2nd retardation plate is closer to
the second transparent substrate than a (K+1)-th 2nd retarda-
tion plate, and wherein N is an integer equal to or greater than
1, and K is an integer equal to or greater than 1, and (b3) a
second polarizer arranged on the N-th 2nd retardation plate. A
retardation plate arranged closest to the first transparent sub-
strate among the first to N-th 1st retardation plates has retar-
dation in the range of 125 nm to 155 nm, and a retardation
plate arranged remotest from the second transparent substrate
among the first to N-th 2nd retardation plates has retardation
in the range of 250 nm to 300 nm, and a retardation plate
arranged closet to the second transparent substrate among the
first to N-th 2nd retardation plates has retardation in the range
of 140 nm to 170 nm. Assuming that a retardation plate
among the second to N-th 1st retardation plates has an optical
axis arranged at a first angle relative to a reference direction
and a retardation plate among the second to N-th 2nd retar-
dation plates, corresponding to the retardation plate among
the second to N-th 1st retardation plates, has an optical axis
arranged at a second angle relative to the reference direction,
the first and second angles are different from each other by
about 90 degrees.

[0038] Thereis still further provided a liquid crystal display
device including (a) a first transparent substrate, (b) a second
substrate spaced away from and facing the first transparent
substrate, and (c) a liquid crystal layer sandwiched between
the first transparent substrate and the second substrate,
wherein the first transparent substrate has a first area through
which a light is allowed to pass and a second area in which a
light is reflected, areflection electrode is formed in the second
area, the reflection electrode being comprised of an underly-
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ing film formed on an electrically insulating film and com-
posed of one of molybdenum, chromium, titanium and tan-
talum, and an overlying film formed on the underlying film
and composed of one of aluminum and silver, a transmission
electrode is formed on the electrically insulating film in the
first area, the reflection electrode partially overlaps the trans-
mission electrode at their ends such that the reflection elec-
trode is located on the transmission electrode.

[0039] For instance, the electrically insulating film is an
organic film, the underlying film has a thickness in the range
of 100 to 3000 angstroms, and the overlying film has a thick-
ness in the range of 500 to 5000 angstroms.

[0040] Itis preferable that there is a first portion where the
transmission electrode overlaps the underlying film, but does
not overlap the overlying film between a second portion
where the transmission electrode overlaps the reflection elec-
trode and a third portion the transmission electrode does not
overlap theunderlying film, in a top view ofa portion at which
the transmission electrode connects to the reflection elec-
trode.

[0041] It is preferable that the electrically insulating film
formed in the second area is formed at a surface thereof with
raised and recessed portions.

[0042] It is preferable that the electrically insulating film
formed in first area has a planarized surface.

[0043] Ttis preferable that the second portion is in a tapered
form, and the first portion has a thickness equal to or greater
than 0.5 micrometers.

[0044] In another aspect of the present invention, there is
provided an electronic device including a liquid crystal dis-
play device as defined above.

[0045] In still another aspect of the present invention, there
is provided a method of fabricating a liquid crystal display
device including (a) a first transparent substrate having a first
area through which alight is allowed to pass and a second area
in which a light is reflected, (b) a second substrate spaced
away from and facing the first transparent substrate, and (c) a
liquid crystal layer sandwiched between the first transparent
substrate and the second substrate, the method including the
steps of (a) forming an electrically insulating film which has
raised and recessed portions at a surface in the second area,
and has a planarized surface in the first area, (b) forming a
transparent electrode on the electrically insulating film in the
firstarea, (¢) forming an underlying film and an overlying film
entirely over the first transparent substrate, the overlying film
being composed of aluminum or silver, and (d) patterning the
both underlying and overlying films, the transparent electrode
being electrically connected to the overlying film through the
underlying film.

[0046] The advantages obtained by the aforementioned
present invention will be described hereinbelow.

[0047] In accordance with the above-mentioned liquid
crystal display device, it would be possible to use twist nem-
atic liquid crystal which has a wide gap margin and is capable
of accomplishing high white-colored display, when images
are displayed through reflected lights, and to display images
vividly in high contrast, when images are displayed through
transmitted lights.

[0048] The reason is as follows.

[0049] When a liquid crystal device used for a light-reflec-
tion panel is designed, any angle other than 90 degrees is
selected, taking into consideration display characteristics in
displaying images through reflected lights. However, even if
a voltage is applied to liquid crystal molecules, liquid crystal
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molecules existing in the vicinity of upper and lower sub-
strates do not rise up at a twisting angle other than 90 degrees,
resulting in that high contrast cannot be obtained due to
existence of residual birefringence.

[0050] Theliquid crystal display device in accordance with
the present invention increases birefringence of the first retar-
dation plate to thereby make the 1st retardation plates in
parallel with a residual birefringence ellipsoid, and remove
the residual retardation. In addition, combination of the 1st
and 2nd retardation plates would compensate for retardation
in a wide range, and present a high contrast ratio.

[0051] The above and other objects and advantageous fea-
tures of the present invention will be made apparent from the
following description made with reference to the accompa-
nying drawings, in which like reference characters designate
the same or similar parts throughout the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] FIG. 1 is a cross-sectional view of a conventional
liquid crystal display device.

[0053] FIG. 2 is a cross-sectional view of a liquid crystal
display device in accordance with the first embodiment of the
present invention.

[0054] FIG. 3isatop planview ofthe liquid crystal display
device illustrated in FIG. 2.

[0055] FIG. 4A illustrates a first example of a relation
among arrangement angles of the retardation plates in the
liquid crystal display device illustrated in FIG. 2.

[0056] FIG. 4B is a graph showing a relation between a
transmission or reflection rate and a voltage to be applied to
liquid crystal in the liquid crystal display device illustrated in
FIG. 4A.

[0057] FIG. 5A illustrates a second example of a relation
among arrangement angles of the retardation plates in the
liquid crystal display device illustrated in FIG. 2.

[0058] FIG. 5B is a graph showing a relation between a
transmission or reflection rate and a voltage to be applied to
liquid crystal in the liquid crystal display device illustrated in
FIG. 5A.

[0059] FIG. 6A illustrates a third example of a relation
among arrangement angles of the retardation plates in the
liquid crystal display device illustrated in FIG. 2.

[0060] FIG. 6B is a graph showing a relation between a
transmission or reflection rate and a voltage to be applied to
liquid crystal in the liquid crystal display device illustrated in
FIG. 6A.

[0061] FIG. 7A illustrates a fourth example of a relation
among arrangement angles of the retardation plates in the
liquid crystal display device illustrated in FIG. 2.

[0062] FIG. 7B is a graph showing a relation between a
transmission or reflection rate and a voltage to be applied to
liquid crystal in the liquid crystal display device illustrated in
FIG. 7A.

[0063] FIGS. 8A and 8B are graphs showing the results of
simulating a relation between a cell gap and a transmission
rate.

[0064] FIGS. 9A to 9G are cross-sectional views of the
liquid crystal display device illustrated in FIG. 2, illustrating
respective steps of a method of fabricating the same.

[0065] FIG. 10 is a block diagram of a first example of an
electronic device to which the liquid crystal display device in
accordance with the first embodiment is applied.
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[0066] FIG.11isablock diagramofa second example of an
electronic device to which the liquid crystal display device in
accordance with the first embodiment is applied.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0067] Preferred embodiments in accordance with the
present invention will be explained hereinbelow with refer-
ence to drawings.

[0068] FIG. 2 is a cross-sectional view of a liquid crystal
display device 10 in accordance with the first embodiment.
[0069] The liquid crystal display device 10 in accordance
with the first embodiment is comprised of an active matrix
substrate 20, an opposing substrate 40 facing the active matrix
20, a liquid crystal layer 50 sandwiched between the active
matrix substrate 20 and the opposing substrate 40, and a
backlight source 30 arranged below the active matrix sub-
strate 20.

[0070] Theactive matrix substrate 20 is comprised of a first
transparent substrate 21, a gate insulating film 22 formed on
the first transparent substrate 21, a first electrically insulating
film 23 formed on the gate insulating film 22, a second elec-
trically insulating film 24 formed on the gate insulating film
22 to cover the first electrically insulating film 23 therewith, a
light-reflection electrode 25 formed on the second electrically
insulating film 24, a transparent electrode 26 formed on the
second electrically insulating film 24 such that the transparent
electrode 26 partially overlaps the light-reflection electrode
25, a thin film transistor 31 formed on the first transparent
substrate 21, a first 1st retardation plate 27 formed on the first
transparent substrate 21 at the opposite side of the liquid
crystal layer 50, a second 1st retardation plate 28 formed on
the first 1stretardation plate 27, and a first polarizer 29 formed
on the second 1st retardation plate 28.

[0071] The backlight source 30 is arranged immediately
below the first polarizer 29.

[0072] The opposing substrate 40 is comprised of a second
transparent substrate 41, a first 2nd retardation plate 42
formed on the second transparent substrate 41, a second 2nd
retardation plate 43 formed on the first 2nd retardation plate
42, and a second polarizer 44 formed on the second 2nd
retardation plate 43.

[0073] The opposing substrate 40 further includes a trans-
parent electrode (not illustrated) and an alignment film (not
illustrated) formed on the second transparent substrate 41 in
contact with the liquid crystal layer 50.

[0074] The active matrix substrate 20 further includes an
alignment film (not illustrated) formed on both the light-
reflection electrode 25 and the transparent electrode 26 in
contact with the liquid crystal layer 50.

[0075] The active matrix substrate 20 has a first area A
through which a light is allowed to pass, and a second area B
in which an incoming light is reflected. The light-reflection
electrode 25 is formed in the second area B, and the transpar-
ent electrode 26 is formed in the first area A.

[0076] In the second area B, the first electrically insulating
film 23 is formed in spots in the form of a projection, and the
second electrically insulating film 24 covering the first elec-
trically insulating film therewith is formed to have raised and
recessed portions. In the first area A, the first electrically
insulating film 23 is planarized. Hence, in the second area B,
the light-reflection electrode 25 formed on the second elec-
trically insulating film 24 also has raised and recessed por-
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tions, and, in the first area A, the transparent electrode 26
formed on the second electrically insulating film 24 is also
planarized.

[0077] The structure of the liquid crystal display device in
accordance with the first embodiment is not to be limited to
the structure illustrated in FIG. 2. For instance, the first elec-
trically insulating film 23 may be formed in spots in the form
of a projection, and the second electrically insulating film 24
covering the first electrically insulating film 23 therewith may
be formed to have raised and recessed portions also in the first
area A, similarly to the second area B.

[0078] The first electrically insulating film 23 may be pla-
narized, and the second electrically insulating film 24 may be
planarized also in the second area B, in which case, reflected
lights are scattered by the opposing substrate 40.

[0079] A light emitted from the backlight source 30 passes
through the first area A to thereby display certain images ona
liquid crystal panel. An incident light 160 entering the liquid
crystal display device 10 from outside is reflected at the
light-reflection electrode 25 to there by display certain
images on a liquid crystal panel.

[0080] The thin film transistor 31 is comprised of a gate
electrode 32 formed on the first transparent substrate 21, an
amorphous silicon (a-Si) layer 33a formed on the gate insu-
lating film 22 above the gate electrode 32, an n+ amorphous
silicon (a-Si) layer 335 formed partially on the a-Si layer 334,
a drain electrode 34 formed on the gate insulating film 22
covering the n+ a-Si layer 335 and the a-Si layer 33a there-
with, and a source electrode 35 formed on the gate insulating
film 22 covering the n+ a-Si layer 335 and the a-Si layer 33a
therewith.

[0081] The light-reflection electrode 25 makes electrical
contact with the source electrode 35 at a contact 36.

[0082] The first 1st retardation plate 27 has retardation of
140 nm, and the second 1st retardation plate 28 has retarda-
tion of 250 nm.

[0083] The first 1st retardation plate 27 may have retarda-
tion in the range of 135 nm to 160 nm, and the second Ist
retardation plate 28 may have retardation in the range of 250
nm to 300 nm.

[0084] FIG. 3isatop planview ofthe liquid crystal display
device 10 in accordance with the first embodiment. FIG. 2
corresponds to a cross-sectional view taken along the line
II-11 in FIG. 3.

[0085] As illustrated in FIG. 3, the active matrix substrate
20 includes gate lines 1 and drain lines 2 extending perpen-
dicularly to each other. The thin film transistor 31 as a switch-
ing device is arranged in each of pixels defined by the gate
lines 1 and the drain lines 2.

[0086] The light-reflection electrode 25 reflects a light
entering each of pixels. A voltage is applied to the liquid
crystal layer 50 sandwiched between the active matrix sub-
strate 20 and the opposing substrate 40, through the light-
reflection electrode 25.

[0087] The transparent electrode 26 formed adjacent to the
light-reflection electrode 25 allows a light emitted from the
backlight source 30 to pass therethrough.

[0088] The gate electrode 321s electrically connected to the
gate lines 1, the drain electrode 34 is electrically connected to
the drain lines 2, and the source electrode 35 is electrically
connected to the light-reflection electrode 25.

[0089] Assuming that the first 1st retardation plate 27 has
an optical axis arranged at a first angle relative to a reference
direction, the first 2nd retardation plate 42 has an optical axis
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arranged at a second angle relative to the reference direction,
the first and second angles are deviated from each other by
about 90 degrees. Similarly, assuming hat the second 1st
retardation plate 28 has an optical axis arranged at a third
angle relative to a reference direction, the second 2nd retar-
dation plate 43 has an optical axis arranged at a fourth angle
relative to the reference direction, the third and fourth angles
are deviated from each other by about 90 degrees.

[0090] Hereinbelow, an angle at which an optical axis of a
retardation plate is arranged relative to a reference direction is
referred to as an arrangement angle.

[0091] Specifically, assuming that first to N-th 1st retarda-
tion plates are formed on the first transparent substrate 21
such that a K-th 1st retardation plate is located closer to the
first transparent substrate 21 than a (K+1)-th 1st retardation
plate wherein K is an integer equal to or greater than one, but
equal to or smaller than (N-1), and that first to N-th 2nd
retardation plates are formed on the second transparent sub-
strate 41 such that a K-th 1st retardation plate is located closer
to the second transparent substrate 41 than a (K+1)-th 1st
retardation plate, a K-th 1st retardation plate corresponds to a
K-th 2nd retardation plate, and angles of the corresponding
1stand 2nd retardation plates at which optical axes thereof are
arranged relative to a reference direction are deviated from
each other by about 90 degrees.

[0092] In the examples explained hereinbelow, a reference
direction is defined as a direction perpendicular to a direction
in which liquid crystal molecules existing at the middle in a
thickness-wise direction of the liquid crystal layer 50 are
aligned, and a direction in which liquid crystal molecules in
the liquid crystal layer 50 are twisted starting from the oppos-
ing substrate 40 towards the active matrix substrate 20 is
defined as a positive twisting direction.

[0093] In the first example, in the second area B, the first
2nd retardation plate 42, the second 2nd retardation plate 43
and the second polarizer 44 are designed to have retardation
and arrangement angle in accordance with Japanese Patent
Application No. 2001-022485 suggesting a light-reflection
type liquid crystal display device which is capable of avoiding
displayed images from being colored when a black is dis-
played, and presenting high contrast to displayed images.
[0094] It should be noted that the reference to Japanese
Patent Application No. 2001-022485 does not mean that the
applicant admits the Patent Application as statutory prior art.
Japanese Patent Application No. 2001-022485 is referred to
only for the purpose of better understanding of the present
invention.

[0095] Then, there are prepared retardation plates having
the same retardation as those of the first 2nd retardation plate
42, the second 2nd retardation plate 43 and the second polar-
izer 44, as the first 1st retardation plate 27, the second 1st
retardation plate 28 and the first polarizer 29, respectively, all
of which are influenced by the first area A. The arrangement
angles between those corresponding retardation plates and
polarizers are designed to be deviated from each other by
about 90 degrees.

[0096] FIG. 4A illustrates the first example showing a rela-
tion between the arrangement angles of the first 1st retarda-
tion plate 27 and the first 2nd retardation plate 42 and further
between the arrangement angles of the second 1st retardation
plate 28 and the second 2nd retardation plate 43.

[0097] FIG. 4B is a graph showing a relation between a
voltage to be applied to liquid crystal and a light transmission
rate (or a light reflection rate) in the first example.
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[0098] As illustrated in FIG. 4A, in the first example, the
first polarizer 29 has an absorption axis inclining by 0 degrees
relative to the reference direction, and the second polarizer 44
has an absorption axis inclining by 90 degrees relative to the
reference direction.

[0099] Theactive matrix substrate 20 has a rubbing angle of
126 degrees, and the opposing substrate 40 has a rubbing
angle of 54 degrees.

[0100] Inthe first example, the first 1st retardation plate 27
and the first 2nd retardation plate 42 are comprised of a
retardation plate having retardation of about a quarter wave-
length (2/4), whereas the second 1st retardation plate 28 and
the second 2nd retardation plate 43 are comprised of a retar-
dation plate having retardation of about a half wavelength
N2).

[0101] The first 1st retardation plate 27 has an arrangement
angle of 105 degrees. The first 2nd retardation plate 42 cor-
responding to the first 1st retardation plate 27 has an arrange-
ment angle of 15 degrees. Thus, the arrangement angles
between the first 1st retardation plate 27 and the first 2nd
retardation plate 42 are deviated from each other by 90
degrees.

[0102] The second 1st retardation plate 28 has an arrange-
ment angle of 165 degrees. The second 2nd retardation plate
43 corresponding to the second 1st retardation plate 28 has an
arrangement angle of 76 degrees. Thus, the arrangement
angles between the second 1st retardation plate 28 and the
second 2nd retardation plate 43 are deviated from each other
by about 90 degrees (accurately, 89 degrees).

[0103] There was fabricated a liquid crystal display device
including the first 1st retardation plate 27, the second 1st
retardation plate 28, the first 2nd retardation plate 42 and the
second 2nd retardation plate 43 all having the above-men-
tioned relation with respect to the arrangement angle, and a
contrast ratio was measured when images were displayed
through transmission lights having passed through the first
area A.

[0104] The measured contrast ratio was 105.

[0105] The measured contrast ratio is an improved one in
comparison with a contrast ratio in a conventional liquid
crystal display device which contrast ratio is equal to or
smaller than 100.

[0106] FIG. 5A illustrates the second example showing a
relation between the arrangement angles of the first 1st retar-
dation plate 27 and the first 2nd retardation plate 42 and
further between the arrangement angles of the second 1st
retardation plate 28 and the second 2nd retardation plate 43.
[0107] FIG. 5B is a graph showing a relation between a
voltage to be applied to liquid crystal and a light transmission
rate (or a light reflection rate) in the second example.

[0108] The first 2nd retardation plate 42, the second 2nd
retardation plate 43 and the second polarizer 44 in the second
example are designed to have the same retardation and
arrangement angles as those of the above-mentioned first
example.

[0109] The first 1st retardation plate 27 is designed to have
retardation deviated from that of the first example by 3 nm at
a center thereof in order to compensate for residual retarda-
tion by means of the first 1st retardation plate 27. However, it
can be considered that the first 1st retardation plate 27 has
substantially the same retardation as that of the first example.
In contrast, the first 1st retardation plate 27 and the second 1st
retardation plate 28 are designed to have arrangement angles
different from those of the first example, and the deviation
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between the arrangement angles of the first and second 2nd
retardation plates 42 and 43 is determined to be out of 90
degrees.

[0110] Asillustrated in FIG. 5A, in the second example, the
first polarizer 29 has an absorption axis inclining by -1
degrees relative to the reference direction, and the second
polarizer 44 has an absorption axis inclining by 90 degrees
relative to the reference direction.

[0111] Theactive matrix substrate 20 has a rubbing angle of
126 degrees, and the opposing substrate 40 has a rubbing
angle of 54 degrees.

[0112] Similarly to the first example, in the second
example, the first 1st retardation plate 27 and the first 2nd
retardation plate 42 are comprised of a retardation plate hav-
ing retardation of about a quarter wavelength (A/4), whereas
the second 1st retardation plate 28 and the second 2nd retar-
dation plate 43 are comprised of a retardation plate having
retardation of about a half wavelength (A/2).

[0113] Thefirst 1st retardation plate 27 has an arrangement
angle of -2.8 degrees. The first 2nd retardation plate 42 cor-
responding to the first 1st retardation plate 27 has an arrange-
ment angle of 15 degrees. Whereas the arrangement angles
between the first 1st retardation plate 27 and the first 2nd
retardation plate 42 corresponding to the first 1st retardation
plate 27 are deviated from each other by 90 degrees in the
above-mentioned first example, deviation in the arrangement
angles between the first 1st retardation plate 27 and the first
2nd retardation plate 42 in the second example is not equal to
90 degrees, unlike the first example, because residual retar-
dation is compensated for by the first 1st retardation plate 27.
[0114] The second 1st retardation plate 28 has an arrange-
ment angle of 110 degrees, and the second 2nd retardation
plate 43 corresponding to the second 1st retardation plate 28
has an arrangement angle of 76 degrees. Hence, a difference
in an arrangement angle between the second 1st retardation
plate 28 and the second 2nd retardation plate 43 is not equal
to 90 degrees.

[0115] There was fabricated a liquid crystal display device
including the first 1st retardation plate 27, the second 1st
retardation plate 28, the first 2nd retardation plate 42 and the
second 2nd retardation plate 43 all having the above-men-
tioned relation with respect to the arrangement angle, and a
contrast ratio was measured when images were displayed
through transmission lights having passed through the first
area A.

[0116] The measured contrast ratio was 500.

[0117] The measured contrast ratio is an improved one in
comparison with a contrast ratio in a conventional liquid
crystal display device which contrast ratio is equal to or
smaller than 100.

[0118] FIG. 6A illustrates the third example showing a
relation between the arrangement angles of the first 1st retar-
dation plate 27 and the first 2nd retardation plate 42 and
further between the arrangement angles of the second 1st
retardation plate 28 and the second 2nd retardation plate 43.
[0119] FIG. 6B is a graph showing a relation between a
voltage to be applied to liquid crystal and a light transmission
rate (or a light reflection rate) in the third example.

[0120] In a first step in the third example, the first 2nd
retardation plate 42, the second 2nd retardation plate 43 and
the second polarizer 44 are designed to have retardation and
arrangement angles such that variance in retardation in the
liquid crystal layer 50, caused by variance in a viewing angle,
and variance in retardation in retardation films, caused by
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variance in a viewing angle cancel each other in the second
area B. In the third example explained hereinbelow, the liquid
crystal display device includes only the second area B, but
does not include the first area A.

[0121] As illustrated in FIG. 6A, the opposing substrate 40
has a rubbing angle of 54 degrees, and a product And of the
liquid crystal layer 50 and a cell gap of the liquid crystal layer
50 is set equal to about 0.27 micrometers. A twisting angle of
the liquid crystal layer 50 has an allowable range of about +4
degrees, and the product And has an allowable range of about
+0.4 micrometers. Accordingly, a twisting angle of the liquid
crystal layer 50 may be determined in the range of 66 to 74
degrees, and the product And of the liquid crystal layer 50
may be determined in the range 0f 0.21 to 0.31 micrometers.
[0122] The first 2nd retardation plate 42, the second 2nd
retardation plate 43 and the second polarizer 44 are arranged
in this order on the second transparent substrate 41 at the
opposite side of the liquid crystal layer 50. The first 2nd
retardation plate 42 is designed to have retardation in the
range of 145 nm to 180 nm relative to a monochromatic light
having a wavelength of 550 nm, and the second 2nd retarda-
tion plate 43 is designed to have retardation in the range of
250 nm to 300 nm relative to the same.

[0123] Asillustrated in FIG. 6 A, alignment ofliquid crystal
in the liquid crystal layer 50 is determined in dependence on
a direction in which alignment films of both the opposing
substrate 40 and the active matrix substrate 20 are aligned.
Specifically, liquid crystal in the liquid crystal layer 50 is
aligned in such a way that the liquid crystal is continuously
twisted from an interface of the opposing substrate 40
towards an interface of the active matrix substrate 20.
[0124] The first 2nd retardation plate 42, the second 2nd
retardation plate 43 and the second polarizer 44 are designed
to have such polarized absorption axes that they have arrange-
ment angles of o, p and vy, respectively, assuming that a
direction perpendicular to a first direction in which liquid
crystal molecules in the liquid crystal layer 50 at a middle in
a thickness-wise direction of the liquid crystal layer 50 are
aligned, which first direction is a direction bisecting a direc-
tion in which liquid crystal molecules are aligned in the
vicinity of the opposing substrate 40 and a direction in which
liquid crystal molecules are aligned in the vicinity of the
active matrix substrate 20, is selected as a reference direction,
and a direction in which liquid crystal is twisted from the
opposing substrate 40 towards the active matrix substrate 20
is a positive direction.

[0125] In the third example, the arrangement angle o is
designed to be in the range of -15 to 15 degrees, the arrange-
ment angle f is designed to be in the range 0f 45 to 75 degrees,
and the arrangement angle v is designed to be in the range of
60 to 90 degrees, for avoiding images from being colored due
to variance in a viewing angle.

[0126] Theliquid crystal display device in accordance with
the third example acts as a normally white device exhibiting
bright condition, in the second area B, when no voltage is
applied to liquid crystal. A light entering the liquid crystal
display device is converted into a circularly polarized light or
a almost circularly polarized light while it passes through the
second polarizer 44, the second 2nd retardation plate 43 and
the first 2nd retardation plate 42, and then, enters the liquid
crystal layer 50. By applying an electric field to the liquid
crystal layer 50 through a common transparent electrode (not
illustrated) of the opposing electrode 40, it is possible to vary
alignment of liquid crystal in the liquid crystal layer 50 for
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causing an incident light to be reflected at the light-reflection
electrode 25 in different manners, resulting in that an inten-
sity of a light reaching a user is varied, and hence, desired
images are displayed on a liquid crystal panel.

[0127] In the first embodiment, the first 2nd retardation
plate 42 and the second 2nd retardation plate 43 may be
composed of polycarbonate family high polymer, polysul-
fone family high polymer, norbornene family high polymer or
polyvinyl alcohol family high polymer.

[0128] As mentioned above, the second area B in the liquid
crystal display device in accordance with the first embodi-
ment makes it possible to display full-colored images without
unevenness which images are bright, have a high contrast
ratio, and do not become yellowish, even ifa viewing angle is
varied in bright display condition.

[0129] Inthe second step in the third example, the first 1st
retardation plate 27 is designed to have retardation in the
range of 125 to 155 nm in order to cause the first 1st retarda-
tion plate 27 to compensate for residual retardation in the first
area A. The second Ist retardation plate 28 is designed to have
the same retardation as that of the second 2nd retardation
plate 43. The first 1st retardation plate 27, the second 1st
retardation plate 28 and the first polarizer 29 are designed to
have arrangement angles which are deviated by 90 degrees
from arrangement angles of the corresponding first 2nd retar-
dation plate 42, the second 2nd retardation plate 43 and the
second polarizer 44, respectively.

[0130] As illustrated in FIG. 6A, in the third example, the
first polarizer 29 has an absorption axis inclining by 163
degrees relative to the reference direction, and the second
polarizer 44 has an absorption axis inclining by 73 degrees
relative to the reference direction.

[0131] Theactive matrix substrate 20 has a rubbing angle of
126 degrees, and the opposing substrate 40 has a rubbing
angle of 54 degrees.

[0132] Similarly to the above-mentioned first and second
examples, in the first example, the first 1st retardation plate 27
and the first 2nd retardation plate 42 are comprised of a
retardation plate having retardation of about a quarter wave-
length (2./4), whereas the second 1st retardation plate 28 and
the second 2nd retardation plate 43 are comprised of a retar-
dation plate having retardation of about a half wavelength
N2).

[0133] Thefirst 1st retardation plate 27 has an arrangement
angle of 90 degrees. The first 2nd retardation plate 42 corre-
sponding to the first 1st retardation plate 27 has an arrange-
ment angle of 0 degrees. Thus, the arrangement angles
between the first 1st retardation plate 27 and the first 2nd
retardation plate 42 are deviated from each other by 90
degrees.

[0134] The second 1st retardation plate 28 has an arrange-
ment angle of 149 degrees. The second 2nd retardation plate
43 corresponding to the second 1st retardation plate 28 has an
arrangement angle of 59 degrees. Thus, the arrangement
angles between the second 1st retardation plate 28 and the
second 2nd retardation plate 43 are deviated from each other
by about 90 degrees.

[0135] There was fabricated a liquid crystal display device
including the first 1st retardation plate 27, the second 1st
retardation plate 28, the first 2nd retardation plate 42 and the
second 2nd retardation plate 43 all having the above-men-
tioned relation with respect to the arrangement angle, and a
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contrast ratio was measured when images were displayed
through transmission lights having passed through the first
area A.

[0136] The measured contrast ratio was 800.

[0137] The measured contrast ratio is significantly
improved in comparison with a contrast ratio in a conven-
tional liquid crystal display device which contrast ratio is
equal to or smaller than 100.

[0138] Whereas the residual retardation is compensated for
by the first 1st retardation plate 27 of the active matrix sub-
strate 20 in the second example, the residual retardation is
compensated for by the first 2nd retardation plate 42 of the
opposing substrate 40 in the third example. Thus, the residual
retardation may be compensated for by either the first 1st
retardation plate 27 or the first 2nd retardation plate 42. As an
alternative, the residual retardation may be compensated for
both of the first 1st retardation plate 27 and the first 2nd
retardation plate 42.

[0139] FIG. 7A illustrates the fourth example showing a
relation between the arrangement angles of the first 1st retar-
dation plate 27 and the first 2nd retardation plate 42 and
further between the arrangement angles of the second 1st
retardation plate 28 and the second 2nd retardation plate 43.
[0140] FIG. 7B is a graph showing a relation between a
voltage to be applied to liquid crystal and a light transmission
rate (or a light reflection rate) in the fourth example.

[0141] The second Ist retardation plate 28 and the first
polarizer 29 are designed to have the same retardation and
arrangement angles as those of the third example.

[0142] The first 2nd retardation plate 42 is designed to have
retardation deviated from that of the third example by 6 nm at
a center thereof in order to compensate for residual retarda-
tion by means of the first 2nd retardation plate 42. However,
it can be considered that the first 2nd retardation plate 42 has
substantially the same retardation as that of the third example.
In contrast, the first 1st retardation plate 27 are designed to
have arrangement angles different from that of the third
example, and the deviation in the arrangement angle between
the first 1st retardation plate 27 and the first 2nd retardation
plate 42 corresponding to the first 1st retardation plate 27 is
determined to be out of 90 degrees.

[0143] Asillustrated in FIG. 7A, in the fourth example, the
first polarizer 29 has an absorption axis inclining by 163
degrees relative to the reference direction, and the second
polarizer 44 has an absorption axis inclining by 73 degrees
relative to the reference direction.

[0144] Theactive matrix substrate 20 has a rubbing angle of
126 degrees, and the opposing substrate 40 has a rubbing
angle of 54 degrees.

[0145] Similarly to the first to third examples, in the fourth
example, the first 1st retardation plate 27 and the first 2nd
retardation plate 42 are comprised of a retardation plate hav-
ing retardation of about a quarter wavelength (A/4), whereas
the second 1st retardation plate 28 and the second 2nd retar-
dation plate 43 are comprised of a retardation plate having
retardation of about a half wavelength (A/2).

[0146] The first 1st retardation plate 27 has an arrangement
angle of 105 degrees. The first 2nd retardation plate 42 cor-
responding to the first 1st retardation plate 27 has an arrange-
ment angle of 0 degrees. Thus, the arrangement angles
between the first 1st retardation plate 27 and the first 2nd
retardation plate 42 are deviated from each other by 90
degrees.
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[0147] The second 1st retardation plate 28 has an arrange-
ment angle of 149 degrees, and the second 2nd retardation
plate 43 corresponding to the second 1st retardation plate 28
has an arrangement angle of 59 degrees. Thus, the arrange-
ment angles between the second 1st retardation plate 28 and
the second 2nd retardation plate 43 are deviated from each
other by 90 degrees.

[0148] There was fabricated a liquid crystal display device
including the first 1st retardation plate 27, the second 1st
retardation plate 28, the first 2nd retardation plate 42 and the
second 2nd retardation plate 43 all having the above-men-
tioned relation with respect to the arrangement angle, and a
contrast ratio was measured when images were displayed
through transmission lights having passed through the first
area A.

[0149] The measured contrast ratio was 330.

[0150] The measured contrast ratio is an improved one in
comparison with a contrast ratio in a conventional liquid
crystal display device which contrast ratio is equal to or
smaller than 100.

[0151] Whereas the residual retardation is compensated for
by the first 1st retardation plate 27 of the active matrix sub-
strate 20 in the second example, the residual retardation is
compensated for by the first 2nd retardation plate 42 of the
opposing substrate 40 in the fourth example, similarly to the
third example.

[0152] As having been explained in the first to fourth
examples, it would be possible to significantly improve a
contrast ratio obtained when images are displayed through
transmission lights passing through the first area A, in com-
parison with a conventional liquid crystal display device, by
designing the first 1st retardation plate 27, the second 1st
retardation plate 28, the first 2nd retardation plate 42 and the
second 2nd retardation plate 43 to have arelation as defined in
any one of the above-mentioned first to fourth examples with
respect to thearrangement angles, namely, such a relation that
arrangement angles between the corresponding retardation
plates are deviated from each other by 90 degrees.

[0153] Though both the active matrix substrate 20 and the
opposing substrate 40 are designed to have two retardation
plates in the first to fourth examples, the number of retarda-
tion plates is not to be limited to two (2). The active matrix
substrate 20 and the opposing substrate 40 may be designed to
have one or three or more retardation plates.

[0154] Intheliquid crystal display device 10 in accordance
with the first embodiment, a cell gap in the second area B, that
is, a thickness Dr of the liquid crystal layer 50 is designed
longer than a cell gap in the first area A, that is, a thickness Df
of the liquid crystal layer 50.

[0155] Since the light-reflection electrode 25 has raised and
recessed portions in the second area B, a cell gap Dr in the
second area B is defined as an average in optical lengths in the
second area B.

[0156] By designing the cell gap Drlonger than the cell gap
Df, it would be possible to improve white color temperature in
displayed images in the liquid crystal display device 10. In a
light transmission and reflection type liquid crystal display
device, the cell gap Dr is selected such that a luminance in the
second area B is maximized. Hence, by designing the cell gap
Dfin the first area A to be equal to the cell gap Dr, aluminance
in the first area A can be also maximized.

[0157] FIG. 8A shows the results of simulating a relation
between a cell gap and a light transmission rate. As is readily
understood in view of FIG. 8A, a luminance is in maximum
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when a cell gap is equal to 3.2 micrometers. However, since
there is a jump in V-T (applied voltage vs. light transmission
rate) characteristic, it is preferable that a cell gap is designed
equal to 3 micrometers. Hence, a cell gap in the firstarea A in
the first embodiment is designed equal to 3 micrometers.
[0158] FIG. 8B shows the results of simulating a relation
between a cell gap and light transmission rates for red, green
and blue. Itis understood in view of FIG. 8B that a luminance
for blue is enhanced, if the cell gap Df in the first area A is
designed smaller than 3 micrometers. That is, by designing
the cell gap Df smaller than a cell gap at which a luminance is
maximized, it would be possible to raise a color temperature
for white.

[0159] Since the light-reflection electrode 25 has raised and
recessed portions in the second area B, the cell gap Dr in the
second area B is determined as an average of optical lengths
in the second area B. When spherical micro-pearls are intro-
duced into the liquid crystal layer 50 for ensuring a cell gap,
such micro-pearls have a diameter smaller than a height of the
raised and recessed portions of the light-reflection electrode
25, and hence, it would be impossible to control a cell gap in
the second area B by means of such micro-pearls. In contrast,
since the transparent electrode 26 has a flat surface, it is
possible to control a cell gap in the first area A by means of
such micro-pearls.

[0160] The cell gap Dr may be designed to be equal to or
almost equal to the cell gap Df. As mentioned earlier, the cell
gap Dr is determined usually such that a luminance in the
second area B is in maximum. Hence, by designing the cell
gap Dfin the first area A to be equal to the cell gap Dr, it would
be possible to maximize a luminance in the first area A, in
which case, the cell gap Df would be readily controlled,
because the transparent electrode 26 is planarized at a surface
in the first area A.

[0161] FIGS. 9A to 9G are cross-sectional views of the
active matrix substrate 20 in the liquid crystal display device
10. A method of fabricating the active matrix substrate 20 in
the liquid crystal display device 10 is explained hereinbelow
with reference to FIGS. 9A to 9G.

[0162] First, as illustrated in FIG. 9A, a chromium (Cr) film
is formed on the first transparent substrate 21 composed of
glass, by sputtering.

[0163] Then, the chromium film is patterned by photoli-
thography and dry etching to thereby form the gate line 1 (see
FIG. 3) and the gate electrode 32.

[0164] Inplace of the chromium film, there may be formed
a film composed of metal having a low resistance and being
able to be readily patterned by photolithography and etching,
such as a molybdenum film, a titanium film, an aluminum
film, or an aluminum alloy film. As an alternative, a multi-
layered film may be formed in place of the chromium film,
such as a film including an aluminum film and a barrier metal,
such as a titanium film, formed on the aluminum film.
[0165] Then, asilicon nitride film is formed all over the first
transparent substrate 21 and the gate electrode 32 by chemical
vapor deposition (CVD).

[0166] Then, a non-doped amorphous silicon film and an
n+ doped amorphous silicon film are formed on the gate
insulating film 22 by CVD, and subsequently, are patterned
into the a-Si layer 33a and the n+ a-Si layer 334. The a-Si
layer 33a acts as an active layer in the thin film transistor 31,
and the n+a-Si layer 335 ensures ohmic contact between the
a-Si layer 33a and both of the drain electrode 34 and the
source electrode 35.
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[0167] A chromium film is formed over the a-Si layer 33a
and the n+ a-Si layer 335 by sputtering, and then, is patterned
into the drain electrode 34 and the source electrode 35.
[0168] Then, the n+ a-Si layer 335 is dry-etched through the
use of etching gas to thereby partially remove the n+ a-Si
layer 335 only in a portion sandwiched between the drain
electrode 34 and the source electrode 35. This is because to
prevent a current from running directly across the drain elec-
trode 34 and the source electrode 35 through the n+ a-Si layer
335

[0169] Then, a silicon nitride film is formed over the first
transparent film 21 by CVD, and then, is patterned into a
passivation film (not illustrated). The passivation film pre-
vents impurities such as ions from diffusing into the a-Si layer
33 to thereby avoid malfunction of the thin film transistor 31.

[0170] By carrying out the above-mentioned steps, the thin
film transistor 31 is formed on the first transparent substrate
21.

[0171] Then, as illustrated in FIG. 9B, a first electrically

insulating film 23a is formed in the second area B, and a first
electrically insulating film 235 higher than the first electri-
cally insulating film 23a is formed in the first area A, in order
to form the light-reflection electrode with raised and recessed
portions.

[0172] Then, as illustrated in FIG. 9C, the first electrically
insulating films 23a and 235 are rounded at their corners to
thereby smooth their summits.

[0173] Then, asillustrated in FIG. 9D, a second electrically
insulating film 24 is formed covering the first electrically
insulating films 23a and 235 therewith, and a contact hole 36
1s formed throughout the second electrically insulating film
24 in order to electrically connect the light-reflection elec-
trode 25 and the source electrode 35 to each other.

[0174] The first electrically insulating films 234 and 235
and the second electrically insulating film 24 are formed
entirely covering a display area therewith, and the second
electrically insulating film 24 is formed extending beyond the
first electrically insulating film 23« in an area (left-side areain
FIG. 9D) outside a pixel located at an outermost boundary of
the display area, in order to prevent the first electrically insu-
lating film 23a and the second electrically insulating film 24
from forming steep steps.

[0175] The first electrically insulating films 23a and 235
may be composed of photosensitive resin or non-photosensi-
tive resin.

[0176] When the first electrically insulating films 23a and
234 are composed of non-photosensitive resin, the first elec-
trically insulating films 23a and 235 are formed by the steps
of forming a non-photosensitive resin film, forming a resist to
be used for patterning the non-photosensitive resin, exposing
the resist to a light, developing the resist, etching the first
electrically insulating films 23a and 234 through the use of
the resist as a mask, and removing the resist.

[0177] When the first electrically insulating films 234 and
23b are composed of photosensitive resin, the first electrically
insulating films 23a¢ and 234 are formed by the steps of
forming a photosensitive resin film, exposing the photosen-
sitive resin film to a light, and developing the photosensitive
resin film. By composing the first electrically insulating films
23a and 235 of photosensitive resin, it is possible to omit the
steps of forming a resist and removing a resist.

[0178] InFIG.9C,the patterned first electrically insulating
films 23a and 235 are annealed at a temperature in the range
0f80to 300 degrees centigrade to thereby melt surfaces of the
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first electrically insulating films 23a and 234 for rounding
them at their corners. In place of annealing the first electri-
cally insulating films 23a and 235, the first electrically insu-
lating films 234 and 235 may be subject to other processes
such as chemical process for rounding them at their corners.
If the second electrically insulating film 24 ensures a suffi-
ciently smooth and rounded surface, it is not necessary to
apply a particular process to the first electrically insulating
films 23a and 235 for rounding them at their corners.

[0179] In the first embodiment, the first electrically insu-
lating films 234 and 236 and the second electrically insulating
film 24 are comprised of a polyimide film. However, it is not
always necessary to compose the first embodiment, the first
electrically insulating films 23a and 236 and the second elec-
trically insulating film 24 ofthe same organic resin. They may
be composed of different resins from each other.

[0180] In addition, they may be composed of a resin other
than polyimide. For instance, they may be composed of a
plurality of resins in combination, such as a combination of
acrylic resin and polyimide resin, a combination of a silicon
nitride film and acrylic resin, or a combination of a silicon
oxide film and polyimide resin.

[0181] Then, as illustrated in FIG. 9E, a transparent film
26a composed of transparent material such as indium tin
oxide (ITO) is formed all over the resultant illustrated in FIG.
9D. Then, a resist film (not illustrated) is formed covering the
transparent film 26a therewith, and thereafter, is patterned
into a such a pattern that only a region in which the transparent
electrode 26 is to be formed is covered therewith.

[0182] Then, the transparent film 26a is etched through the
use of the patterned resist film as a mask. Then, the patterned
resist film is removed. As a result, the transparent electrode 26
is formed, as illustrated in FIG. 9F.

[0183] Then, a molybdenum film 25¢ and an aluminum
film 255 are successively formed all over the resultant illus-
trated in FIG. 9F. Then, a resist film (not illustrated) is formed
covering the aluminum film 254 therewith, and thereafter, is
patterned into a such a pattern that only a region in which the
light-reflection electrode 25 is to be formed is covered there-
with.

[0184] Then, the molybdenum film 254 and the aluminum
film 256 are etched through the use of the patterned resist film
as a mask. Then, the patterned resist film is removed. As a
result, the light-reflection electrode 25 comprised of the
underlying molybdenum film 254 and the overlying alumi-
num film 255 is formed, as illustrated in FIG. 9G.

[0185] As illustrated in FIG. 9G, the aluminum film 255 is
electrically connected to the transparent electrode 26 by
forming the molybdenum film 25a partially overlapping the
transparent electrode 26 at an end thereof, and further form-
ing the aluminum film 254 on the molybdenum film 25a. The
reason of forming the molybdenum film 254 through which
the aluminum film 255 is electrically connected to the trans-
parent electrode 26 is to prevent the battery effect.

[0186] Inorder to surely prevent the battery effect, as illus-
trated in F1G. 9G, the aluminum film 2554 is formed shorter
than the molybdenum film 254 by alength A. Specifically, an
end of the aluminum film 255 located above the transparent
electrode 26 is located closer to the thin film transistor 31 than
an end of the molybdenum film 254 by a length A. It is
preferable that the length A is equal to or longer than 1
micrometer.

[0187] Itispreferable that the underlying molybdenum film
25a has a thickness in the range of 100 to 3000 angstroms
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both inclusive, and the aluminum film 254 has a thickness in
the range of 500 to 5000 angstroms both inclusive. If the
aluminum film 255 has a thickness smaller than 500 ang-
stroms, the aluminum film would be a half light-permeable
film, that is, the aluminum film would not act as a light-
reflection film. On the other hand, if the aluminum film 2556
has a thickness greater than 5000 angstroms, the aluminum
film would be whitish at a surface thereof, resulting in that a
reflection rate of the aluminum filmis reduced, and hence, the
aluminum film does not act as a light-reflection film. The
molybdenum film 254 preferably has a thickness equal to or
greater than 100 angstroms in order to surely ensure the
battery effect.

[0188] In place of the molybdenum film 254, a chromium
film, a titanium film, or a tantalum film may be used as an
underlying film. When the second electrically insulating film
24 is to be composed of organic resin, it would be possible to
increase adhesion between the first electrically insulating film
24 and the underlying film 254 by composing the underlying
film 254 of chromium, titanium or tantalum.

[0189] By carrying out the above-mentioned steps, the
active matrix substrate 20 in the liquid crystal display device
10 in accordance with the first embodiment is fabricated.
[0190] The liquid crystal display device 10 in accordance
with the first embodiment may be applied to an electronic
device. Hereinbelow, some examples are explained.

[0191] FIG. 10 is a block diagram of a portable communi-
cation device 250 to which the liquid crystal display device 10
is applied. In the portable communication device 250, the
liquid crystal display device 10 in accordance with the first
embodiment is used as a part of a later mentioned liquid
crystal panel 265.

[0192] The portable communication terminal 250 is com-
prised of a display unit 268 including a liquid crystal panel
265, a backlight emitter 266, and an image signal processor
267, a controller 269 controlling operation of the parts con-
stituting the portable communication terminal 250, a memory
271 storing a program to be executed by the controller 269
and various data, acommunication unit 272 which makes data
communication, an input device 273 comprised of'a keyboard
or a pointer, and a power source 274 supplying power to the
above-mentioned parts constituting the portable communica-
tion terminal 250.

[0193] The liquid crystal panel 265 including the liquid
crystal display device 10 in accordance with the first embodi-
ment enhances an aperture ratio in the display unit 268, and
further enhances a luminance in the display unit 268.

[0194] The liquid crystal panel 265 including the liquid
crystal display device 10 may be applied to a monitor of a
portable personal computer, a note type personal computer, or
a desktop type personal computer.

[0195] FIG. 11 is ablock diagram of a cellular phone 275 to
which the liquid crystal display device 10 is applied.

[0196] The cellular phone 275 is comprised of a display
unit 276 including a liquid crystal panel 265, a backlight
emitter 266, and an image signal processor 267, a controller
277 controlling operation of the parts constituting the cellular
phone 275, a memory 278 storing a program to be executed by
the controller 277 and various data, a radio signal receiver
279, a radio signal transmitter 281, an input device 282 com-
prised of a keyboard or a pointer, and a power source 283
supplying power to the above-mentioned parts constituting
the cellular phone 275.
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[0197] The liquid crystal panel 265 including the liquid
crystal display device 10 in accordance with the first embodi-
ment enhances an aperture ratio in the display unit 276, and
further enhances a luminance in the display unit 276.

[0198] In the above-mentioned first embodiment, the parts
by which the present invention is characterized are inten-
sively explained, and parts known to those skilled in the art
are not explained in detail. However, it should be noted that
the latter could be readily understood to those skilled in the art
without detailed explanation.

[0199] Though the first transparent substrate 21, the first 1st
retardation plate 27, the second 1st retardation plate 28, the
first polarizer 29 and the backlight source 30 are illustrated to
make contact with adjacent parts in the above-mentioned first
embodiment, it is not always necessary for them to make
contact with adjacent parts. One or more of them may be
arranged independently of others or one another.

[0200] The same can be applied to the second transparent
substrate 41, the first 2nd retardation plate 42, the second 2nd
retardation plate 43 and the second polarizer 44.

[0201] The liquid crystal display device 10 in accordance
with the first embodiment is designed to include two retarda-
tion plates each above and below the liquid crystal layer 50.
However, the number of the retardation plates is not to be
limited to two (2). The liquid crystal display device 10 may be
designed to include N retardation plates each above and
below the liquid crystal layer 50, wherein N is an integer
equal to or greater than one (1).

[0202] While the present invention has been described in
connection with certain preferred embodiments, it is to be
understood that the subject matter encompassed by way of the
present invention is not to be limited to those specific embodi-
ments. On the contrary, it is intended for the subject matter of
the invention to include all alternatives, modifications and
equivalents as can be included within the spirit and scope of
the following claims.

[0203] Theentire disclosure of Japanese Patent Application
No. 2001-132744 filed on Apr. 27, 2001 including specifica-
tion, claims, drawings and summary is incorporated herein by
reference in its entirety.

What is claimed is:

1. A liquid crystal display device comprising:

(a) a first substrate;

(b) a second substrate spaced away from and facing said
first substrate; and

(¢) a liquid crystal layer sandwiched between said first and
second substrates,

said first substrate being comprised of

(al) a first transparent substrate having a first area through
which a light is allowed to pass and a second area in
which a light is reflected;

(a2) first to N-th 1st retardation plates arranged on said first
transparent substrate at the opposite side of said liquid
crystal layer wherein a K-th 1st retardation plate is
closer to said first transparent substrate than a (K+1)-th
Istretardation plate, and wherein N is an integer equal to
or greater than 1, and K is an integer equal to or greater
than 1; and

(a3) a first polarizer arranged on said N-th 1st retardation
plate, said second substrate being comprised of

(b1) a second transparent substrate;

(b2) first to N-th 2nd retardation plates arranged on said
second transparent substrate at the opposite side of said
liquid crystal layer wherein a K-th 2nd retardation plate
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is closer to said second transparent substrate than a
(K+1)-th 2nd retardation plate, and wherein N is an
integer equal to or greater than 1, and K is an integer
equal to or greater than 1; and

(b3) a second polarizer arranged on said N-th 2nd retarda-
tion plate,

wherein a retardation plate arranged closest to said first
transparent substrate among said first to N-th 1st retar-
dation plates has retardation in the range of 125 nm to
155 nm, and a retardation plate arranged remotest from
said second transparent substrate among said first to
N-th 2nd retardation plates has retardation in the range
of 250 nm to 300 nm,

a retardation plate arranged closet to said second transpar-
ent substrate among said first to N-th 2nd retardation
plates has retardation in the range of 140 nm to 170 nm,

a retardation plate among said second to N-th 1st retarda-
tion plates has an optical axis arranged at a first angle
relative to a reference direction and a retardation plate
among said second to N-th 2nd retardation plates, cor-
responding to said retardation plate among said second
to N-th 1st retardation plates, has an optical axis
arranged at a second angle relative to said reference
direction,

said first and second angles being different from each other
by about 90 degrees.

2. The liquid crystal display device as set forth in claim 1,
wherein a thickness of said liquid crystal layer in said first
area is almost equal to a thickness of said liquid crystal layer
in said second area.

3. The liquid crystal display device as set forth in claim 1,
wherein a thickness of said liquid crystal layer in said first
area is smaller than a thickness of said liquid crystal layer in
said second area.

4. A liquid crystal display device comprising:

(a) a first transparent substrate;

(b) a second substrate spaced away from and facing said

first transparent substrate; and

(c) a liquid crystal layer sandwiched between said first
transparent substrate and said second substrate,

wherein said first transparent substrate has a first area
through which a light is allowed to pass and a second
area in which a light is reflected,

a reflection electrode is formed in said second area, said
reflection electrode being comprised of an underlying
film formed on an electrically insulating film and com-
posed of one of molybdenum, chromium, titanium and
tantalum, and an overlying film formed on said under-
lying film and composed of one of aluminum and silver,

atransmission electrode is formed on said electrically insu-
lating film in said first area,

said reflection electrode partially overlaps said transmis-
sion electrode at their ends such that said reflection
electrode is located on said transmission electrode.

5. The liquid crystal display device as set forth in claim 4,
wherein said electrically insulating film is an organic film,
said underlying film has a thickness in the range of 100 to
3000 angstroms, and said overlying film has a thickness in the
range of 500 to 5000 angstroms.

6. The liquid crystal display device as set forth in claim 4,
wherein there is a first portion where said transmission elec-
trode overlaps said underlying film, but does not overlap the
overlying film between a second portion where said transmis-
sion electrode overlaps said reflection electrode and a third
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portion said transmission electrode does not overlap said
underlying film, in a top view of a portion at which said
transmission electrode connects to said reflection electrode.

7. The liquid crystal display device as set forth in claim 4,
wherein said electrically insulating film formed in said sec-
ond area is formed at a surface thereof with raised and
recessed portions.

8. The liquid crystal display device as set forth in claim 4,
wherein said electrically insulating film formed in first area
has a planarized surface.

9. The liquid crystal display device as set forth in claim 6,
wherein said second portion is in a tapered form, and said first
portion has a thickness equal to or greater than 0.5 microme-
ters.

10. The liquid crystal display device as set forth in claim 4,
wherein a thickness of said liquid crystal layer in said first
area is almost equal to a thickness of said liquid crystal layer
in said second area.

11. The liquid crystal display device as set forth in claim 4,
wherein a thickness of said liquid crystal layer in said first
area is smaller than a thickness of said liquid crystal layer in
said second area.

12. An electronic device including a liquid crystal display
device, said liquid crystal display device comprising:

(a) a first substrate;

(b) a second substrate spaced away from and facing said

first substrate; and

(¢) a liquid crystal layer sandwiched between said first and
second substrates,

said first substrate being comprised of

(al) a first transparent substrate having a first area through
which a light is allowed to pass and a second area in
which a light is reflected;

(a2) first to N-th 1st retardation plates arranged on said first
transparent substrate at the opposite side of said liquid
crystal layer wherein a K-th 1st retardation plate is
closer to said first transparent substrate than a (K+1)-th
Istretardation plate, and wherein N is an integer equal to
or greater than 1, and K is an integer equal to or greater
than 1; and

(a3) a first polarizer arranged on said N-th 1st retardation
plate,

said second substrate being comprised of

(b1) a second transparent substrate;

(b2) first to N-th 2nd retardation plates arranged on said
second transparent substrate at the opposite side of said
liquid crystal layer wherein a K-th 2nd retardation plate
is closer to said second transparent substrate than a
(K+1)-th 2nd retardation plate, and wherein N is an
integer equal to or greater than 1, and K is an integer
equal to or greater than 1; and

(b3) a second polarizer arranged on said N-th 2nd retarda-
tion plate,

wherein a retardation plate arranged closest to said first
transparent substrate among said first to N-th 1st retar-
dation plates has retardation in the range of 125 nm to
155 nm, and a retardation plate arranged remotest from
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said second transparent substrate among said first to
N-th 2nd retardation plates has retardation in the range
of 250 nm to 300 nm,

a retardation plate arranged closet to said second transpar-
ent substrate among said first to N-th 2nd retardation
plates has retardation in the range of 140 nm to 170 nm,

a retardation plate among said second to N-th 1st retarda-
tion plates has an optical axis arranged at a first angle
relative to a reference direction and a retardation plate
among said second to N-th 2nd retardation plates, cor-
responding to said retardation plate among said second
to N-th 1st retardation plates, has an optical axis
arranged at a second angle relative to said reference
direction,

said first and second angles being different from each other
by about 90 degrees.

13. An electronic device including a liquid crystal display

device, said liquid crystal display device comprising:

(a) a first transparent substrate;

(b) a second substrate spaced away from and facing said
first transparent substrate; and

(c) a liquid crystal layer sandwiched between said first
transparent substrate and said second substrate,

wherein said first transparent substrate has a first area
through which a light is allowed to pass and a second
area in which a light is reflected,

a reflection electrode is formed in said second area, said
reflection electrode being comprised of an underlying
film formed on an electrically insulating film and com-
posed of one of molybdenum, chromium, titanium and
tantalum, and an overlying film formed on said under-
lying film and composed of one of aluminum and silver,

atransmission electrode is formed on said electrically insu-
lating film in said first area,

said reflection electrode partially overlaps said transmis-
sion electrode at their ends such that said reflection
electrode is located above said transmission electrode.

14. A method of fabricating a liquid crystal display device

comprising:

(a) a first transparent substrate having a first area through
which a light is allowed to pass and a second area in
which a light is reflected;

(b) a second substrate spaced away from and facing said
first transparent substrate; and

(c) a liquid crystal layer sandwiched between said first
transparent substrate and said second substrate,

said method comprising the steps of

(a) forming an electrically insulating film which has raised
and recessed portions at a surface in said second area,
and has a planarized surface in said first area;

(b) forming a transparent electrode on said electrically
insulating film in said first area;

(c) forming an underlying film and an overlying film
entirely over said first transparent substrate, said over-
lying film being composed of aluminum or silver; and

(d) patterning said both underlying and overlying films,

said transparent electrode being electrically connected to
said overlying film through said underlying film.
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