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57) ABSTRACT

In a liquid crystal display device having a transmissive
display region and a reflective display region within a unit
pixel, the present invention disposes an optical reflection
layer having an almost rectangular planar shape as extended
in the unit pixel elongate direction at substantially a central
portion midway between two neighboring signal electrodes,
defines almost rectangular regions between the optical
reflection layer and two signal electrodes adjacent thereto as
the transmissive display region in the unit pixel, and forms
a pixel electrode at a level spaced from that of the optical
reflection layer by a dielectric film so as to cover the entire
surface of the unit pixel, so that power consumption of the
liquid crystal display device is reduced while image quality
thereof is improved.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates generally to liquid
crystal display devices and, more particularly to the structure
of a liquid crystal display device of the partial transmission
and partial reflection type having both a transmissive display
region and reflective display region.

[0003]

[0004] Owing to unique features such as thin or slim size,
light weight and low power consumption, liquid crystal
display devices are becoming more widely used as display
devices for display of image and character information in a
variety of types of electronic equipment including but not
limited to information equipment such as personal comput-
ers, portable information terminals, mobile wireless tele-
phone handsets, and visual equipment such as digital cam-
eras and camera-embedded VTR apparatus and others. In
recent years, in accordance with noticeable rapid popular-
ization of mobile telephone handsets and handheld informa-
tion terminals, demands for middle or small size liquid
crystal display devices with extra-low power consumption
are becoming strong more and more.

[0005] Traditionally, for liquid crystal display devices
adaptable for use in personal computers and liquid crystal
monitors, a transmissive display mode is generally used for
controlling a transmission amount of light as emitted from a
back-light unit by a liquid crystal panel. However, electrical
power being consumed by the backlight is ordinarily more
than 50% of total power consumed by the liquid crystal
panel, and is impermissible for small size equipment such as
portable telephones, mobile information terminals or the
like. Due to this, these devices are designed to employ
reflection-mode liquid crystal display devices which elimi-
nate use of the backlight and which include a reflective plate
as provided at a panel surface for permitting reflection of
ambient light rays to thereby visually display images.

[0006] These liquid crystal display device of the reflection
type are faced with a problem as to a decrease in on-screen
image viewability in cases where ambient light is dark. In
the case of certain equipment such as portable telephones
being subject to both outdoor use and indoor use, ambient
light-independent usability is required. A liquid crystal dis-
play device for solving such problem is disclosed in JP-A-
2000-19563, which device comes with a transmissive dis-
play region and a reflective display region within a single
picture element or “pixel” to thereby simultaneously realize
both a transmissive display function and a reflective display
function.

[0007] In addition, as methodology for improvement of
the viewability during reflective displaying, a method is
disclosed in JP-A-2000-162637, wherein an organic resin
film with formation of a convexo-concave configuration
having a circular planar shape and moderate cross-sectional
shape is disposed on a surface beneath a reflective electrode
layer for scattering or dispersing reflected light into an
appropriate direction(s).

[0008] The related art liquid crystal display devices of the
partial transmission/reflection or “transflective” type are

2. Description of the Related Art
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encountered with problems inherent thereto, including an
occasional decrease in respective aperture ratios of reflective
part and transmissive part as compared to display devices of
complete reflection type and complete transmission type.
Due to this, it is very important to enhance the total aperture
ratio of a combination of the reflective and transmissive
parts in order to achieve the required brightness or lumi-
nance of display images. Since pixel aperture ratios are
significantly variable depending upon the planar layout of
wiring lead electrodes and reflective electrode plus pixel
electrodes, such design is important; however, no discus-
sions on this point are found in the related art.

[0009] Alternatively in standard liquid crystal display
devices of the active matrix type, a charge storage capaci-
tance is customarily provided at each pixel in order to
suppress interelectrode parasitic capacitance components
and/or pixel voltage variations otherwise occurring due to
transistor leakage currents to thereby obtain excellent dis-
play quality. While the significance and layout of such
storage capacitance appreciably affects the resultant pixel
aperture ratios, no teachings are involved in the related art
as to how the charge storage capacitance is to be provided
in partial transmissive/reflective pixels.

[0010] Also note that in order to fabricate the intended
convexo-concave configuration having moderate sectional
shapes by use of organic resin material, it should be required
to add one or more extra process steps to prior known TFT
fabrication processes, resulting in an unwanted increase in
manufacturing costs.

SUMMARY OF THE INVENTION

[0011] It is therefore an object of the present invention to
provide a new and improved structure of a partially trans-
missive and partially reflective liquid crystal display device
capable of avoiding the problems stated above and also
having high aperture ratios while enabling achievement of
excellent on-screen display image quality with high produc-
tion yields.

[0012] To attain the object, the present invention employs
the means which follow:

[0013] (1) In a liquid crystal display device having a pair
of substrates at least one of which is transparent and a liquid
crystal layer as interposed between the pair of substrates,
wherein one substrate of the pair of substrates is electrically
insulative at least on its principal surface and comprises a
plurality of scan electrodes which are formed on or over the
insulative principal surface, a plurality of signal electrodes
as formed to intersect the plurality of scan electrodes, a
plurality of common electrodes, a plurality of thin-film
transistors that are formed adjacent to cross points of the
plurality of signal electrodes and the plurality of scan
electrodes, a liquid crystal drive electrode (also called a
pixel electrode) being disposed in a pixel region as defined
by two neighboring scan electrodes and two neighboring
signal electrodes and being connected to a respective one of
the thin-film transistors, and an optical reflective film dis-
posed at part within the pixel region, the liquid crystal
display device having a function of driving the liquid crystal
layer by a voltage as given to the liquid crystal drive
electrode, featured in that the optical reflective layer is
disposed at substantially a central portion midway between
two neighboring signal electrodes while letting it have an



US 2002/0149724 Al

almost rectangular planar shape as extended in a pixel
elongate direction with a region lying between the reflective
display region and two signal electrodes adjacent thereto
being defined as a transmissive display region.

[0014] The term “almost rectangular planar shape” as used
herein refers to the shape of an optical reflective layer within
a principal or main surface (or alternatively within a virtual
plane extending along it) of one of the pair of substrates
opposing the liquid crystal layer, wherein this shape should
not be limited only to rectangles and may also include those
with at least one of four corner edges being rounded or
replaced by curved shapes. For example, when letting the
extension direction (first direction) of one of the pair of
signal electrodes surrounding a pixel region and the exten-
sion direction (second direction) of one of the pair of scan
electrodes be used as references, the optical reflection layer
of the present invention is such that a maximal size along the
first direction is different from a maximal size along the
second direction.

[0015] (2) In the liquid crystal display device of (1), the
optical reflective layer and the liquid crystal drive electrode
are formed at different layers as separated by an insulative
layer. The term “layer” as used herein refers to a hierarchy
(level) with respect to the main surface of the substrate with
the liquid crystal drive electrode and optical reflective
electrode provided thereon, wherein one of these electrodes
is disposed on the lower side of a prespecified insulative
layer (this should not be limited to a single layer) whereas
the other of these electrodes is on the upper side of the
insulative layer. Layout of the two films (here, electrodes) in
this way will be called “different layering” in the descrip-
tion.

[0016] (3) In the liquid crystal display device of (1), the
optical reflective layer and the liquid crystal drive electrode
are connected together, wherein the optical reflective elec-
trode and a common electrode which is disposed on a lower
layer thereof and is made of a material constituting the scan
electrodes are laid out and wherein this common electrode
and the optical reflective layer plus a dielectric layer inter-
posed therebetween make up a charge storage capacitance.

[0017] (4) In the liquid crystal display device of (1), the
optical reflective layer is arranged by use of part of an
electrode material group constituting the signal electrodes,
wherein an insulative film underlying the optical reflective
layer is patterned into a prespecified recess-like shape to
thereby cause the optical reflective layer to have optical
diffuseability.

[0018] (5) In the liquid crystal display device of (4), the
patterning shape of the insulative film underlying the optical
reflective layer satisfies 1.0=A<2.0 in a relational equation
of log S=Axlog L+B, wherein L is the “peripheral” length of
an individual pattern and S is an area thereof.

[0019] (6) In the liquid crystal display device of (5), either
an electrode made of the same material as the scan elec-
trodes or a semiconductor film constituting an active layer of
the thin-film transistor is disposed at a level lower than the
pattern of the insulative film.

[0020] (7) In the liquid crystal display device of (5) or (6),
the optical reflective layer within the individual pixel is
connected to optical reflective layers of two neighboring
pixels in the pixel elongate direction.

Oct. 17,2002

[0021] (8) In the liquid crystal display device of (7), the
mutually connected optical reflective layers are for use as a
common electrode of the charge retaining capacitance,
wherein this optical reflective layer and the liquid crystal
drive electrode plus a dielectric layer sandwiched therebe-
tween are used to form a charge retaining capacitor.

[0022] An effect of a respective one of the above-noted
means will be explained below.

[0023] Firstly, the optical reflective layer is arranged using
part of the electrode material group for constitution of the
signal electrodes. With such an arrangement, it is no longer
required to add any extra processes for provision of the
optical reflective layer, which may contribute to reduction of
manufacturing process steps while reducing production
COSts.

[0024] Further, more than one insulative layer are used to
let the liquid crystal drive electrode and the optical reflective
layer be subject to different layering by placing them at
different levels to thereby separate functions of the electrode
for liquid crystal drive and the optical reflective layer from
each other. With such an arrangement, the area in which the
liquid crystal layer is driven within a pixel is defined by a
pattern of the liquid crystal drive electrode. On the other
hand, the reflective display region within the pixel is defined
by layout of the optical reflective layer causing part in which
an optical reflective electrode is present within the pattern of
the liquid crystal drive electrode when looked planarity to
contribute to reflective display while letting part with the
lack of any optical reflective electrode contribute to trans-
missive display.

[0025] The design for arranging the optical reflective layer
using the same material as that of the signal electrodes while
causing the liquid crystal display electrode to reside at a
different level from the optical reflective layer due to the
presence of more than one insulative film would result in the
liquid crystal display electrode also being made different in
level from the signal electrodes. Due to this, no specific
problems occur in display functions even when designing
the pattern of liquid crystal display electrode so that it
overlaps the pattern of signal electrodes. Thus it is possible
to maximize the area of the liquid crystal drive electrode,
which in turn makes it possible to expand the total aperture
ratio.

[0026] On the other hand, the optical reflective layer and
the signal electrodes are formed on the same layer. In order
to preclude electrical shorting defects therebetween, a need
is felt to let these patterns be spaced apart from each other
by a certain degree. Pixels of liquid crystal display devices
are designed in many cases to have the so-called longitudi-
nal stripe type planar shape with its aspect ratio of 3:1. In
view of this, the optical reflective layer is formed into an
almost rectangular pattern as extended to cover the full
length along the elongate direction of this longitudinal
stripe-shaped pixel while letting it be disposed at substan-
tially a central portion midway between two adjacent signal
electrodes, whereby it is possible to maximize the area of a
reflective display unit while at the same time increasing a
distance between the optical reflective layer and a signal
electrode associated therewith. Since a region between the
optical reflective layer and the signal electrode automatically
becomes a transmissive display region, the resultant ratio of
a reflective area to transmissive area may be freely designed
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through adjustment of a short axis length of the almost
rectangular optical reflective layer.

[0027] In the related art, either a reflective display unit or
transmissive display unit is merely provided at the center of
a pixel, with the lack of any sufficient considerations relative
to maximization of the total aperture ratio. When comparing
such related art to the liquid crystal display device in
accordance with the present invention, major arrangements
of the liquid crystal display device of this invention may also
be described in a way which follows.

[0028]

[0029] (9) In a liquid crystal display device comprising a
pair of substrate and a liquid crystal layer as interposed
between this pair of substrates,

[0030] one of the pair of substrates has on its prin-
cipal surface a plurality of parallel scan electrodes
extending in a first direction and being provided
along a second direction intersecting the first direc-
tion, a plurality of parallel signal electrodes extend-
ing in the second direction and being provided in the
first direction, and a plurality of pixel regions each
surrounded by a pair of neighboring ones of the
plurality of scan electrodes and a pair of neighboring
ones of the plurality of signal electrodes,

[0031] a respective one of the plurality of pixel
regions is provided with a liquid crystal drive elec-
trode for receiving an image signal corresponding to
(to be supplied to) the pixel region from one of the
plurality of signal electrodes and for permitting input
of the image signal from an active element as con-
trolled by one of the plurality of scan electrodes and
at least one optical reflective layer being less in area
than the liquid crystal drive electrode for causing
reflection of incident light from a remaining one of
the pair of substrates, and

[0032] the optical reflective layer (a) extends along a
pair of an increased length along the pixel region of
a pair of ones of the plurality of signal electrodes
surrounding the pixel region with the optical reflec-
tive layer provided therein and a pair of ones of the
plurality of scan electrodes and (b) is spaced apart
from respective ones of the length-increased pair
along the pixel region.

In accordance with one aspect thereof:

[0033]

[0034] (10) In a liquid crystal display device which com-
prises a first substrate and a second substrate along with a
liquid crystal layer interposed between the first and second
substrates,

[0035] the first substrate has on its principal surface
a plurality of parallel scan electrodes extending in a
first direction and being provided along a second
direction intersecting the first direction, a plurality of
parallel signal electrodes extending in the second
direction and being provided in the first direction, a
plurality of pixel regions each surrounded by a pair
of neighboring ones of the plurality of scan elec-
trodes and a pair of neighboring ones of the plurality
of signal electrodes and being elongated in the
second direction to have a length along this direction
greater than that along the first direction (in other

According to another aspect:
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words, its elongate direction is along the extension
direction of the signal electrodes), and a plurality of
active elements receiving an image signal from one
of the plurality of signal electrodes and being con-
trolled by one of the plurality of scan electrodes,

[0036] a respective one of the plurality of pixel
regions is provided with a liquid crystal drive elec-
trode for receiving the image signal from one of the
plurality of active elements and at least one optical
reflective layer for permitting reflection of incident
light from the second substrate, and

[0037] the optical reflective layer is spaced apart
from respective ones of a pair of ones of the plurality
of signal electrodes surrounding the pixel region
with this optical reflective layer provided therein.

[0038] In these liquid crystal display devices of (9) and
(10), it is preferable that the liquid crystal drive electrode is
provided on the liquid crystal layer side than the optical
reflective layer with respect to the substrate main surface
with this electrode provided thereon while letting the liquid
crystal drive electrode extend to overlie at least one of a pair
of signal electrodes and a pair of scan electrodes surround-
ing the pixel region and further letting it extend also at upper
part of either one of these electrodes. Alternatively the liquid
crystal drive electrode may be extended along a direction
crossing the elongate direction of the pixel region to cover
the optical reflective layer, with the pixel region being
divided in this extension direction into portions including a
transmissive display portion, reflective display portion and
transmissive display portion in this order of sequence. Still
alternatively the optical reflective layer may be extended in
the elongate direction of pixel region to go beyond the
contour of a black matrix (an opening of a light shield film
corresponding to the pixel region) by way of example and
further be electrically connected to an optical reflective layer
of another pixel region that neighbors in this elongate
direction. More specifically in a specified pixel region, the
optical reflective layer may be electrically isolated from the
liquid crystal drive electrode for utilization to electrical
charge retaining of the liquid crystal drive electrode, for
example.

[0039] Next, in regard to addition of optical diffuseability,
a specific structure is employed for patterning an underlying
insulative film of the optical reflective layer into a prespeci-
fied recess-like shape. This method is achievable by mere
modification of a photo-mask(s) to be used in the manufac-
ture of the related art TFTs while requiring no increases in
process steps, thus enabling reduction of fabrication process
steps required therefor, which in turn contributes to reduc-
tion of production costs. Traditionally a method is known of
patterning a member constituting a TFT to thereby form a
convexo-concave pattern in a reflective electrode while
letting it be disposed beneath the reflective electrode. Unfor-
tunately, with the convexo-concave configuration as fabri-
cated by such method, the resulting cross-sectional shape
often fails to be sufficiently smooth, resulting in the light
diffuseability being kept deficient. For instance, it is difficult
to fabricate using inorganic films such as SiO, or else any
smooth sectional shape such as obtainable by organic resin
materials. Due to this, a major trend in many cases is to
employ a method of forming smooth convexo-concave
configuration in organic resin material.
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[0040] However, the inventors as named herein have dis-
covered that the cause of the unavailability of any sufficient
light diffusion performance by use of prior known inorganic-
film fabrication patterns lies in the presence of a problem as
to the planar shape. Traditionally the convexo-concave
planar patterns are of a circular shape or other similar shapes
thereto. One example is that in cases where a Si0O, film is
etched to have a recess-like shape, its etched bottom surface
portion and etching-failed film surface become flat surfaces,
causing a reflective electrode as formed thereon to have no
diffuseabilities. On the other hand, an edge portion of such
recess shaped pattern is tapered with a certain angle, per-
mitting a reflective electrode formed at this portion to
contribute to light diffuseability. Accordingly, in order to
obtain sufficient light diffuseability, it should be required
that the pattern’s edge portion be lengthened sufficiently.
Nevertheless, with traditionally used circular pattern shapes
or other similar ones, the peripheral length of a pattern is not
so large with respect to an occupation area of the pattern;
with such shapes, it is hardly possible to sufficiently enlarge
the length of a pattern edge portion(s) for addition of the
diffuseability required.

[0041] With such two-dimensional (2D) patterns, the
peripheral length L and pattern area S typically satisfy a
relation defined by Equation (Eq. 1) which follows.

logL 2-logS @)
[0042] For example, letting the pattern be a circle with its
radius 1, its area S1 may be represented by Equation 2 below.

Sl=mxr? @

[0043] 1In view of the fact that the circumference Pis given
as P=4nr, the relation of Equation 2 may be written into
Equation 3 below.

s1pP? 3)
[0044] 1In this way, Equation 3 satisfies the relationship
defined by the above Equation 1. Although a similar relation
is established with square or polygonal patterns other than
circles, the use of these pattern shapes makes it difficult to
add any satisfiable light deffuseabilities. Then, with the
present invention, the shape of pattern for addition of
diffuseability is set based on Equation 4 which follows.

logS=AxlogL+B €)

[0045] In this Equation 4, a specific pattern shape is
especially desirable which causes a factor “A” to satisfy the
following inequality.

1.024<2.0 )

[0046] Here, “A” is a parameter that indicates how the
peripheral length and pattern area increase, which in turn
shows that a pattern satisfying the above relationship is such
that an increase in pattern occupation area will not so
significantly increase even when the peripheral length
becomes longer. Thus it is possible to enlarge the packing
density of such pattern, which makes it possible to efficiently
add the light diffuseability required.

[0047] Next, either an electrode made of the same material
as that of the scan electrodes or a semiconductor film making
up the active layer of the thin-film transistor was disposed at
a lower layer of the above-noted recess-like pattern. This
electrode layer or semiconductor layer functions as an
etching stopper of insulating layers, which prevents exces-
sive progress of etching up to an underlying film(s). A glass
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substrate containing Ba and/or Ca exists at a lowermost
layer. Upon progressing of etching to reach the glass sub-
strate, these alkali earth metals can undesirably behave to
contaminate TFTs and/or manufacturing apparatus. To avoid
this, the etch stopper layer is required.

[0048] 1In addition, each pixel’s optical reflective layer is
connected to optical reflective layers of two neighboring
pixels in the elongate direction of the pixels while letting the
mutually connected optical reflective layers serve as a
common electrode of charge retaining capacitance, with this
common electrode and the liquid crystal drive electrode plus
a dielectric layer sandwiched therebetween forming a charge
retaining capacitance component.

[0049] Using in this way the optical reflective layer as the
common electrode while letting it be disposed to extend in
a parallel direction to the signal electrodes makes it possible
to lessen a load capacitance per common electrode when
compared to that in the case where the common electrode is
extended in parallel to the scan electrodes.

[0050] This provides significant advantages in low power
consumption LCDs for use in portable or handheld tele-
phone handsets and mobile information equipment. In order
to achieve low power consumption, it is inevitable to poten-
tially reduce the power supply voltage as supplied thereto.
To lower a drive voltage for application to the liquid crystal
layer, it is effective to employ the so-called common inver-
sion drive scheme for performing a drive operation while
letting the voltage of a common electrode on an opposing or
“counter” substrate be synchronized with a voltage wave-
form of the liquid crystal drive electrode, rather than setting
it at a constant value. To supply a right drive voltage to the
liquid crystal layer by such common inversion drive scheme
with respect to LCDs made up of pixels each having a charge
retain capacitance, it is also required to drive the common
electrode of such charge retain capacitances simultaneously
during driving of the common electrode of the counter
substrate.

[0051] When paying attention to a scan line being pres-
ently selected in the common inversion drive by line
sequence scanning techniques, in case the common elec-
trode is extended in parallel to the scan electrodes, the load
capacitance when looking at a common electrode corre-
sponding to the selected scan line from the input side
becomes equal to a sum of a charge retain capacitance of a
single line of pixels being connected to the selected scan line
and a liquid crystal layer capacitance plus a cross-over
capacitance of the common electrode and its associated
signal electrode. Additionally the capacitance per single
common electrode corresponding to a non-selected scan line
is given by zero approximation as a sum of cross capaci-
tances of the common electrode and signal electrode. This
capacitance has an extremely small value when compared to
the capacitance of the common electrode corresponding to
the selected scan line.

[0052] On the other hand, in case the common electrode is
disposed so that it extends in a direction parallel to the signal
electrode, the capacitance per single common electrode
becomes equal to a sum of the cross capacitance of common
electrode and scan electrode and the charge retain capaci-
tance of a single pixel plus the liquid crystal layer capaci-
tance, which is equal with respect to all the common
electrodes concerned.
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[0053] Although a total capacitance of all the common
electrodes is equal irrespective of extension directions of the
common electrodes, in case the common electrodes are
extended in parallel to the scan electrodes, since the com-
mon electrode corresponding to a presently selected scan
line of the capacitances of common electrodes is greater in
capacitance than the remaining common electrodes corre-
sponding to non-selected scan lines, when the common
electrode resistance value is not sufficiently small, there is
the possibility that lateral directional shadowing takes place
due to signal delays, resulting in occurrence of image quality
defects. On the other hand, in case the common electrodes
are disposed and extended in a direction parallel to signal
electrodes, the capacitance per common electrode is equal
relative to all the common electrodes and becomes a small
value. Due to this, the above-noted image quality problems
due to signal delays will no longer occur.

[0054] These and other objects, features and advantages of
the invention will be apparent from the following more
particular description of preferred embodiments of the
invention, as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] FIG. 1 is a pixel plan view of the liquid crystal
display device related to a first embodiment of the present
invention;

[0056] FIGS. 2A to 2C are pixel cross-sections of the
liquid crystal display device related to the first embodiment
of the present invention, wherein FIG. 2A illustrates a
cross-section as taken along a line A-A' of FIG. 1, FIG. 2B
illustrates a cross-section as taken along a line B-B' of FIG.
1 and FIG. 2C illustrates a cross-section as taken along line
C-C of FIG. 1, respectively;

[0057] FIG. 3 is a pixel plan view of the liquid crystal
display device related to a second embodiment of the present
invention;

[0058] FIGS. 4A to 4C are pixel cross-sections of the
liquid crystal display device related to the second embodi-
ment of the present invention, wherein FIG. 4A illustrates a
cross-section as taken along a line D-D' of FIG. 3, FIG. 4B
illustrates a cross-section as taken along a line E-E' of FIG.
3 and FIG. 4C illustrates a cross-section as taken along line
F-F' of FIG. 3, respectively;

[0059] FIG. 5 is a pixel plan view of the liquid crystal
display device related to a third embodiment of the present
invention;

[0060] FIGS. 6A to 6C are pixel cross-sections of the
liquid crystal display device related to the third embodiment
of the present invention, wherein FIG. 6A illustrates a
cross-section as taken along a line G-G' of FIG. 5, FIG. 6B
illustrates a cross-section as taken along a line H-H' of FIG.
5 and FIG. 6C illustrates a cross-section as taken along line
I-I' of FIG. §, respectively;

[0061] FIG. 7 is a plan view illustrating a planar structure
for light diffusion (recess-like pattern) used in the third
embodiment of the present invention;

[0062] FIG. 8 is a cross-section explaining a cross-sec-
tional shape of the pattern for the light diffusion used in the
third embodiment of the present invention and a function
thereof;
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[0063] FIG. 9 is a drawing (graphic chart) showing a
relationship between a peripheral length of the pattern for
the light diffusion used in the third embodiment of the
present invention and a pattern area thereof;

[0064] FIG. 10 is a pixel plan view of the liquid crystal
display device related to a fourth embodiment of the present
invention;

[0065] FIGS. 11A to 11C are pixel cross-sections of the
liquid crystal display device related to the fourth embodi-
ment of the present invention, wherein FIG. 11A illustrates
a cross-section as taken along a line J-J' of FIG. 10, FIG.
11B illustrates a cross-section as taken along a line K-K' of
FIG. 10 and FIG. 11C illustrates a cross-section as taken
along line L-L' of FIG. 10, respectively;

[0066] FIG. 12 is a pixel plan view of the liquid crystal
display device related to a fifth embodiment of the present
invention;

[0067] FIGS. 13A to 13C are pixel cross-sections of the
liquid crystal display device related to the fifth embodiment
of the present invention, wherein FIG. 13A illustrates a
cross-section as taken along a line M-M' of FIG. 12, FIG.
13B illustrates a cross-section as taken along a line N-N' of
FIG. 12 and FIG. 13C illustrates a cross-section as taken
along line O-O' of FIG. 12, respectively;

[0068] FIG. 14 is a diagram showing a structure of a
built-in driver circuit-type liquid crystal display device
related to a sixth embodiment of the present invention;

[0069] FIG. 15 is a diagram showing a structure of a
built-in driver circuit-type liquid crystal display device
related to a seventh embodiment of the present invention;

[0070] FIG. 16 is an overall plan view of a built-in driver
circuit-type liquid crystal display device (liquid crystal
display module) related to a seventh embodiment of the
present invention,

[0071] FIG. 17 is a diagram showing a cell cross-section
of the liquid crystal display device related to the seventh
embodiment of the present invention;

[0072] FIG. 18 is an overall squint view of the built-in
driver circuit-type liquid crystal display device related to the
seventh embodiment of the present invention,

[0073] FIG. 19 is a cross-section of the built-in NMOS
driver circuit-type liquid crystal display device related to the
seventh embodiment of the present invention in a step 1;

[0074] FIG. 20 is a cross-section of the built-in NMOS
driver circuit-type liquid crystal display device related to the
seventh embodiment of the present invention in a step 2;

[0075] FIG. 21 is a cross-section of the built-in NMOS
driver circuit-type liquid crystal display device related to the
seventh embodiment of the present invention in a step 3;

[0076] FIG. 22 is a cross-section of the built-in NMOS
driver circuit-type liquid crystal display device related to the
seventh embodiment of the present invention in a step 4;

[0077] FIG. 23 is a cross-section of the built-in NMOS
driver circuit-type liquid crystal display device related to the
seventh embodiment of the present invention in a step §;
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[0078] FIG. 24 is a cross-section of the built-in NMOS
driver circuit-type liquid crystal display device related to the
seventh embodiment of the present invention in a step 6; and

[0079] FIG. 25 is a cross-section of the built-in NMOS
driver circuit-type liquid crystal display device related to the
seventh embodiment of the present invention in a step 7.

DETAILED DESCRIPTION

[0080] Several embodiments of the present invention will
now be explained in detail with reference to the accompa-
nying drawings below. In the description, like parts and parts
performing similar functions are referenced with like refer-
ence characters, with any repetitive explanations eliminated.

[0081]

[0082] FIG. 1 is a diagram showing a plan view of a
unitary picture element or “pixel” of a liquid crystal display
device in accordance with a first embodiment of the instant
invention, and FIGS. 2A to 2C are diagrams each depicting
a cross-sectional view of the pixel. FIGS. 2A to 2C illustrate
sectional structures (i.e. sectional views resulted from cut-
away along lines each having arrows at its both ends) as
taken along lines A-A'B-B' and C-C'of FIG. 1, respectively.
Note here that the plan view of FIG. 1 (planar structures of
pixel regions at four locations are shown so that these are
disposed into an array) and each sectional view of FIGS. 2A
to 2C illustrate only one substrate, called a TFT substrate, of
a pair of substrates with a layer of liquid crystal material
interposed therebetween, on which active elements (here,
thin-film transistors or alternatively field effect transistors
known as FETs) are formed for control of a display opera-
tion of each pixel, with the liquid crystal layer and the
remaining one of the paired substrates eliminated from the
illustration. Also note that in the sectional views of the TFT
substrate, depiction of an optical polarization plates or the
like to be multilayered on or over one of its two principal or
main surfaces (upper and lower surfaces)—namely, a main
surface on the opposite side to the liquid crystal layer—is
omitted therein.

[0083] An entirety is formed on an insulating film for use
as a buffer layer which is constituted from a Si;N,, film 200
with a film thickness of 50 nm and a SiO, film 2 of 120 nm
thick over a no-alkali glass substrate 1 with a distortion point
of about 670° C. The buffer insulating film serves to prevent
unwanted diffusion of impurities such as Na or else from the
glass substrate 1.

[0084] On the buffer insulating film 21 is formed a poly-
crystalline silicon (referred to as “poly-Si” hereinafter) film
30 with a film thickness of 50 nm for constituting thin-film
transistors (TFTs), wherein a scan wiring lead electrode
(also called “scan signal line” or “gate signal ling”) 10 made
of molybdenum (Mo) with a film thickness of 200 nm is
formed over each poly-Si 30 through a 100-nm thick gate
insulation film 20 made of SiO,. In addition, common
electrodes (also known as opposing or “counter” electrodes
in case each opposes either a pixel electrode to be described
later or an electrode conducted thereto) 11 of charge storage
capacitances are formed by use of the same Mo as the scan
lead electrodes 10. In the plan view diagram of FIG. 1,
contour lines of the common electrodes 11 are indicated by
dotted lines. An interlayer dielectric film 21 made of 400-nm
thick Si0O, is formed to cover all of the above-noted mem-

<Embodiment 1>
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bers. Via contact through-holes TH1, TH2 as provided in the
interlayer dielectric film 21, a signal lead electrode (also
called an “image signal line” or “data signal line”) consist-
ing essentially of a three-layered metal films of Mo (desig-
nated by 124)/Al (aluminum, denoted by 12b)/Mo (denoted
by 12¢) and a reflective electrode 13 also for use as a source
electrode are connected to source/drain layers which are
provided at part of the poly-Si layer. Of the Mo/Al/Mo
three-layer metal film making up the reflective electrode 13,
the Mo film 134 underlying the Al film 13 is provided for
decreasing a contact resistance between the poly-Si film 30
and Al whereas the Mo film 13¢ overlying the Al is for
reduction of a contact resistance between a source electrode
15 (a three-layer metal film of Mo/Al/Mo formed as part of
the reflective electrode 13) and a pixel electrode 14.

[0085] Tt should be noted that the indication of “Mo/Al/
Mo” in the description is a representation which shows a
material profile of a layer formed of a lamination of more
than two kinds of films on or over the substrate main surface
in such a manner that a slash (“/”) mark is used to sequen-
tially separate between adjacent ones of respective stacked
layer materials from the substrate main surface. One
example is that a layer having a material profile of Mo/Al is
formed by sequential lamination of a Mo film and an Al film
in this order of sequence from the substrate main surface.
Such a representation will be applied not only to this
embodiment but also to other embodiments as will be later
described.

[0086] Although in the TFTs having the field-effect tran-
sistor structure shown in FIG. 1 and FIG. 2A the above-
noted source layer and drain layer are such that their
functions are interexchangeable in accordance with voltage
potentials of the both, a specific side which receives a signal
voltage from a signal electrode will be called the drain layer
or alternatively drain electrode for explanation purposes
only whereas a side for receipt of such signal voltage
through the channel of a TFT (a portion placed on the lower
side of a scan electrode 10 of a poly-Si layer (semiconductor
layer) 30 shown in FIG. 2A) will be called the source layer
or source electrode in the description, not only in this
embodiment but also in the other embodiments. Although in
this embodiment the channel was formed as the poly-Si
(polycrystalline silicon), this may be replaced by a-Si (amor-
phous silicon); the scan lead electrode may be provided on
the lower side of the semiconductor layer 30 or alternatively
a film made of insulative material or dielectric material may
be provided between the scan lead electrode 10 and the
semiconductor layer 30 as far as its voltage change is
capable of modulating the strength distribution of an electric
field within the poly-Si layer, that is, the semiconductor
layer 30. In FIG. 2A, two scan lead electrodes 10 are formed
over the semiconductor layer 30. It would be apparent from
the part along line A-A' of FIG. 1 that one of these two scan
lead electrodes 10 acts as the so-called main line which
extends along a plurality of parallel-provided pixel regions,
and the other of them becomes a branch line projecting from
this main line into a certain one pixel region. However, in
view of the fact that the same voltage is applied to these two
signal lead electrodes, both of them contribute to control of
the behavior of carriers (electrons and holes) within the
semiconductor layer 30 that is provided beneath them. To be
brief, it is possible to assume the thin-film transistor that is
employed in this embodiment as a field effect transistor
having two gate electrodes. Additionally this field effect
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transistor’s channel is defined as two portions which are
placed on the lower side of the two signal lead electrodes 10
of the semiconductor layer 30, wherein in FIG. 2A the
portion neighboring upon the left of a left-side channel of the
semiconductor layer 30 (left-side edge of semiconductor
layer 30) corresponds to the drain layer whereas part neigh-
boring upon the right of a right-side channel of the semi-
conductor layer 30 (right edge of semiconductor layer 30)
corresponds to the drain layer, respectively.

[0087] The upper layer Mo film 13c of the reflective
electrode 13 which can also do double-duty as the source
electrode 15 is such that it is left only at a contact portion
with an ITO film forming a pixel electrode 14 to be later
described and its peripheral portion(s) while letting it be
removed away at large part of the remaining portions. With
such an arrangement, it was possible to achieve high light
reflectivity. In the illustrative embodiment the reflective
electrode 13 is constituted from the so-called multilayer
structure with a first conductive film made of appropriate
material for reduction of contact resistance relative to the
semiconductor layer being formed on the main surface side
of the substrate and a second conductive film higher in
reflectivity than the first conductive film on the upper side
(the liquid crystal layer side than the first conductive layer)
of this first conductive film respectively. Accordingly, as
long as the material of this first conductive film exhibits
excellent ohmic contact with respect to the semiconductor
layer, Mo is replaceable with Mo-containing alloys, high-
melting-point metals other than Mo or the alloys thereof
(refractory metals or refractory alloys), metals such as
tantalum (Ta), niobium (Nb), tungsten (W) and the like, or
chromium (Cr) or its alloys. The second conductive film is
not necessary in the degree that in accordance with speci-
fications of the liquid crystal display device, the first con-
ductive film performs its functions—that is, it allows inci-
dent light onto the TFT substrate main surface through the
liquid crystal layer to reflect toward the liquid crystal layer
causing this reflected light to radiate toward the outside of
the liquid crystal display device from the other substrate (the
so-called transparent substrate having sufficient optical
transmissivity) opposing the TFT substrate with an intensity
large enough to enable users to visually recognize resultant
on-screen display images. However, in case this output light
intensity is deficient, the second conductive film made of a
chosen material higher than the material of the first conduc-
tive film in ratio (reflection factor) for reflection of incident
light onto its surface is multilayered on or over the first
conductive film. This multilayer form is advantageous in
particular in cases where the first conductive film is made of
the material with the so-called light shielding properties.

[0088] The second conductive film is such that no prob-
lems occur even when the contact resistance relative to the
semiconductor layer for example is higher than the above-
noted first conductive film as far as the prescribed reflection
factor conditions are satisfied. For instance, it should not be
limited only to the Al and may alternatively be made of Al
alloys, copper (Cu) or its alloys. It must be noted that in case
part of the reflective electrode 13 functions also as the source
electrode 15 and is formed at the same level (upper surface
of the interlayer dielectric film 21) as the signal lead
electrodes 12 as in this embodiment, these electrodes are
formed of the above-stated first conductive film and second
conductive film; further, in the signal lead electrode 12 and
source electrode 15, a third conductive film of different
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material from the second conductive film is multilayered on
or over the second conductive film when the need arises. In
particular in the source electrode 15, it is desirable that the
third conductive film be formed using certain materials
having physical properties near to the first conductive film
when compared to the second conductive film—in view of
process technologies, the same material as the first conduc-
tive film—in order to take electrical contact with the semi-
conductor layer of oxides such as the ITO and/or indium-
zinc oxides. Further, depending upon process conditions,
each of the signal lead electrode 12, reflective electrode 13
and source electrode 15 may be formed of a film of copper
(Cu) or its alloys. The selection conditions of these materials
are applied not only to this embodiment but also to the
remaining embodiments to be later described, on a case-by-
case basis.

[0089] In the process described above, more than one
element thus formed on the TFT substrate main surface has
an upper surface which is almost entirely coated by a
protective insulating film 22 made of Si;N, with a film
thickness of 200 nm and an organic protective film 23
mainly comprised of acrylic resin material with a film
thickness of 2 um. Further a pixel electrode 14 made of
indium tin oxide (ITO) is connected to the source electrode
13 of the TFT through a contact through-hole TH3 that is
provided in the protective insulating film 22 and organic
insulating film 23 (a contact portion between the above-
stated Mo film 13 and ITO film).

[0090] The reflective electrode 13 which also functions as
the source electrode is disposed substantially at a central
portion lying midway between two neighboring signal elec-
trodes 12 to thereby define a reflective display region as an
almost rectangular planar shape that is extended in the
elongate direction of a pixel(s), thus providing a planar
arrangement which defines the reflective display region and
a transmissive display region corresponding to a region
between two signal lead electrodes neighboring thereto (for
example, the region for permitting penetration of light from
a back-light unit as equipped to the liquid crystal display
device). Additionally a charge storage capacitor is formed by
the reflective electrode 13 and a charge storage capacitance
common electrode 11 plus the interlayer dielectric film 21
sandwiched therebetween.

[0091] In addition, the pixel electrode 14 is so formed as
to cover almost an entire surface of the pixel region as
surrounded by two signal lead electrodes 12 and two scan
lead electrodes 10. In any one of FIG. 1 (plan view of this
embodiment) and plan view diagrams (FIGS. 3, 5, 10 and
12) in respective embodiments as will be described later,
contour lines of the pixel electrode 14 are indicated by
dotted lines.

[0092] By arranging the reflective electrode 13 using the
same material as the signal lead electrodes 12, it is possible
to simplify the manufacturing process. It is also possible to
prevent electrical shorting between the optical reflective
layer and signal electrode(s) by designing the optical reflec-
tive layer to have an almost rectangular pattern that is
extended along the entire part of the elongate direction of
this longitudinal stripe type pixel and then disposing this
reflective layer at substantially a central portion between two
signal electrodes. In addition, by forming the pixel electrode
14 for driving liquid crystals in such a way as to cover
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almost the entire surface of a pixel region surrounded by two
signal lead electrodes and two scan lead electrodes, it is
possible to permit the region between the optical reflective
layer and a signal electrode to function as a transmissive
display region, which in turn makes it possible to enlarge the
total aperture ratio. Note here that an area ratio of reflection
to transmission may be freely designed by mere adjustment
of a short axis length of the optical reflective layer with
almost rectangular shape.

[0093] These advantages are obtainable by letting in the
pixel region the reflection electrode 13 (optical reflective
layer) be spaced apart from a pair of signal electrodes with
this pixel region being interposed between them and by
using a region interposed between this reflection electrode
13 and a respective one of the pair of signal electrodes as an
optical transmissive region. It is desirable that a width for
letting the individual one of the pair of signal lead electrodes
12 and the reflection electrode 13 interposed between them
be set at least identical to the width of a signal lead electrode
or greater than it. In another point of view, the above
advantages are achievable by establishing in a single pixel
region the parallel provision of a transmissive display region
and a reflective display region plus a transmissive display
region from one of a pair of signal electrodes 12 surrounding
this pixel region along at least one of a pair of scan
electrodes 10 surrounding this region. Insofar as transmis-
sive display regions (two per pixel region) are provided
along respective ones of the pair of signal electrodes 12
surrounding this single pixel region in such a manner that
they neighbor upon the electrodes, it is permissible to
provide therebetween a plurality of reflective display regions
and transmissive display regions (in addition to the above-
noted two regions) for letting them be spaced apart from
each other. Note here that although in this embodiment a
discussion was made as to the scan electrode 10 neighboring
upon a single pixel region in relation to the case where the
signal electrode 12 adjacent thereto is made longer, in the
event that this scan electrode is lengthened to an extent that
it is longer than this signal electrode, it will be recommend-
able that the reflection electrode 13 is spaced apart from this
scan electrode 10 on the contrary to the above-stated case
while establishing parallel provision of a transmissive dis-
play region and a reflective display region plus a transmis-
sive display region in this order along this signal electrode
12. Additionally, in a viewpoint of prevention of interference
and interaction between the reflection electrode 13 that is
provided in the pixel region and a pair of signal electrodes
12 with this pixel region interposed therebetween or alter-
natively arrangement of a capacitive element using this
reflection electrode 13 and a scan electrode 10 used for
display control of a pixel region adjacent thereto, it is
desirable that as in this embodiment the pair of signal
electrodes 12 surrounding the pixel region be longer than the
pair of scan electrodes 10 surrounding the same while letting
the size of the reflection electrode 13 along the extension
direction (“x” axis of FIG. 1) of signal electrode 12 be
longer than the size thereof along the extension direction (y
axis of FIG. 1) of such scan electrode.

[0094] Although in this embodiment the reflection elec-
trode 13 (optical reflective layer) is designed to have an
almost rectangular shape, this shape may be replaced by a
rectangle with its four corners rounded for example—or
alternatively, other shapes may be used in place of curved
shapes, including but not limited to octagonal shapes or
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shapes resembling ellipses by way of example. In this case,
the size of the reflection electrode 13 in a long axis direction
is replaced for example with a maximal value of the length
along the extension direction (x axis) of the signal electrode
12 of FIG. 1 (for example, its long axis in case the
rectangular reflection electrode 13 of FIG. 1 is replaced by
an ellipse) whereas the size in a short axis direction is
replaced with a maximal value of the length along the
extension direction (y axis) of the scan electrode 10 of FIG.
1 (e.g., its short axis when the rectangular reflection elec-
trode 13 of FIG. 1 is replaced by an ellipse).

[0095] When compared to the optical reflective layer
structure of a pixel region of the related art reflection type
liquid crystal display device with an annular optical reflec-
tive layer provided at the periphery of the pixel region, the
optical reflective layer structure of the illustrative embodi-
ment with this being spaced apart from at least its neigh-
boring signal lead electrode is such that the possibility of
capacitive coupling between the reflection electrode and
signal lead electrode is reduced resulting in longitudinal
smear (shadowing) being hardly generated on a display
screen.

[0096] On the other hand, disposing the common electrode
11 at a lower layer of the reflection electrode 13 makes it
possible to form the required charge storage capacitance
having a relatively large capacitance value without accom-
panying risks of bad influence upon the aperture ratio. In a
pixel region(s) of the liquid crystal display device, in order
to maintain the pixel electrode—namely the electrode for
application of a predefined voltage to the liquid crystal layer
in accordance with an output from the aforesaid active
element—at a desired potential level (including a variation
in an allowable error range) within a predetermined length
of time period (for example, a period spanning from start-up
of display of a single image up to switching to display of the
next image: say, one frame period), the pixel electrode or an
electrode conducted thereto and an electrode having a poten-
tial level different therefrom (desirably, less in potential
variation within the above-defined time period) are used to
form a capacitive element or the one similar thereto. This
capacitive element is also called the charge storage capacitor
or additional capacitor, an example of which is a capacitive
element as formed using the above-stated reflection elec-
trode 13 and a scan electrode 10 used to control a capacitive
element of another pixel region adjacent to the pixel region
in which this reflection electrode is provided. The charge
storage capacitor functions to suppress pixel voltage fluc-
tuation otherwise occurring due to leakage currents of TFTs
and/or liquid crystal layer and pixel voltage variation due to
cross-talk from scan and image signals, and contributes to
improvements in image quality. Since in this embodiment
the pixel electrode 14 is provided on the upper side (the
liquid crystal layer side which is not illustrated) of the
reflection electrode 13, it is also possible in the so-called
reflective display region also to permit the pixel electrode 14
to offer an ability to control the alignment or orientation
direction of liquid crystal molecules in the liquid crystal
layer while letting the reflection electrode 13 function to
retain the potential of this pixel electrode 14.

[0097] With the advantage stated above, it was possible to
arrange the intended partial transmissive/reflective or “trans-
flective” liquid crystal display device with increased aper-
ture ratios and enhanced brightness.
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[0098] <Embodiment 2>

[0099] FIG. 3 and FIGS. 4A to 4C are diagrams showing
a plan view and cross-sectional views of a unitary pixel of
a liquid crystal display device in accordance with a second
embodiment of the present invention. FIGS. 4A to 4C show
sectional structures taken along lines D-D' E-E' and F-F' of
FIG. 3, respectively. It should be noted that in a similar
manner to FIGS. 1 and 2A to 2C, the plan view diagram of
FIG. 3 and respective sectional views of FIGS. 4A to 4C
only show the so-called TFT substrate of a pair of substrates
of the liquid crystal display device with a liquid crystal layer
sandwiched therebetween, wherein a polarizer plate or the
like which is multilayered on a main surface on the opposite
side to the liquid crystal layer in the sectional diagram of the
TFT substrate is eliminated from the illustration.

[0100] Tt is formed on an insulating film for use as a buffer
layer which is constituted from a SizN,, film 200 with a film
thickness of 50 nm and a SiO,, film 2 of 120 nm thick over
a no-alkali glass substrate 1 with a distortion point of about
670° C.

[0101] On the buffer insulating film 21 is formed a poly-
crystalline Si (referred to hereinafter as “poly-Si”) film 30
with a film thickness of 50 nm for constituting TFTs,
wherein a scan wiring lead electrode 10 made of Mo with a
film thickness of 200 nm is formed over each poly-Si 30
through a 100-nm thick gate insulation film 20 made of
Sio

2.

[0102] An interlayer dielectric film 21 made of 400-nm
thick Si0, is formed to cover all of the above-noted mem-
bers; via contact through-holes TH1, TH2 as provided in the
interlayer dielectric film 21, a signal lead electrode 12 which
consists essentially of a three-layered metal films of Mo/Al/
Mo (124/12b/12¢ and 15a/15b/15c¢) and a source electrode
15 are connected to source/drain layers being provided at
part of the poly-Si layer 30.

[0103] A reflection electrode 13 formed of Mo/Al multi-
layer electrode (13a/13b) is formed so that it is separated
from the source electrode 15. These elements are entirely
coated by a protective insulating film 22 made of Si;N, with
a film thickness of 200 nm and an organic protective film 23
mainly comprised of acrylic resin material with a film
thickness of 2 um. Further a pixel electrode 14 made of
indium tin oxide (ITO) is connected to the source electrode
15 of a TFT through a contact through-hole TH3 that is
provided in the protective insulating film 22 and organic
insulating film 23, and is formed to cover almost the entire
surface of a pixel region which is surrounded by two signal
lead electrodes and two scan lead electrodes.

[0104] The reflection electrode 13 is disposed substan-
tially at a central portion lying midway between two neigh-
boring signal electrodes 12 to thereby define a reflective
display region as an almost rectangular planar shape being
extended in a pixel elongate direction (the extension direc-
tion of signal lead electrode 12). A single pixel region in this
embodiment has a planar structure which consists essentially
of the reflective display region and a transmissive display
region that is spaced apart from this reflective display region
and is defined as a region residing between two neighboring
signal lead electrodes. In addition, the reflection electrode 13
is connected to reflection electrodes 13 of two neighboring
pixels in the pixel elongate direction (lateral direction in
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FIG. 3) with the mutually connected reflection electrodes
being used as a charge storage capacitance common elec-
trode, resulting in formation of a charge storage capacitor
using this common electrode and the pixel electrode along
with the protective insulating film 22 and organic insulating
film 23 interposed therebetween.

[0105] 1In accordance with this embodiment, in addition to
the effects brought by the first embodiment stated supra, the
load capacitance being added to a single common electrode
becomes smaller so that any possible waveform distortion of
a common electrode voltage is reduced, resulting in an
improvement in image quality. This is caused by electrical
isolation of the reflection electrode 13 from the pixel elec-
trode 14 while letting this have a potential to be applied to
the common electrode(s) 11 of the embodiment 1. Addition-
ally, when compared to the charge storage capacitor of the
embodiment 1 in which the conductive layer having a
potential of the pixel electrode and the layer having a
potential of the common electrode are spaced apart from
each other by mere use of the interlayer dielectric film 21,
these conductive layer are separated by use of a multilayer
structure of the protective insulating film 22 which is thicker
than the interlayer dielectric film 21 and the organic insu-
lating film 23; thus, it is possible to rapidly release or
discharge the charge stored at the pixel electrode 14 out of
the pixel electrode 14 toward the signal lead electrode 12
side in an event of replacement of image information (the
possibility that the charge being temporarily stored at the
pixel electrode continues to reside after replacement of
image information becomes extremely lower).

[0106] <Embodiment 3>

[0107] FIG. 5 and FIGS. 6A to 6C arc diagrams showing
a plan view and cross-sectional views of a unitary pixel of
a liquid crystal display device in accordance with a third
embodiment of the instant invention. FIGS. 6A to 6C show
cross-sections of G-G' H-H' and I-I' portions of FIG. 5,
respectively. It should be noted that in a similar manner to
FIGS. 1 and 2A to 2C, the plan view diagram of FIG. 5 and
respective sectional views of FIG. 6A to 6C only show the
so-called TFT substrate of a pair of substrates of the liquid
crystal display device with a liquid crystal layer sandwiched
therebetween, wherein a polarizer plate or the like to be
multilayered on a main surface on the opposite side to the
liquid crystal layer in the sectional diagram of the TFT
substrate is eliminated from the illustration.

[0108] Tt is formed on an insulating film for use as a buffer
layer which is constituted from a Si;N, film 200 with a film
thickness of 50 nm and a SiO, film 2 of 120 nm thick over
a no-alkali glass substrate 1 with a distortion point of about
670° C.

[0109] On the buffer insulating film 21 is formed a poly-
crystalline Si (referred to hereinafter as “poly-Si”) film 30
with a film thickness of 50 nm for constituting TFTs,
wherein a scan wiring lead electrode 10 made of Mo with a
film thickness of 200 nm is formed over each poly-Si 30
through a 100-nm thick gate insulation film 20 made of
Si0,

[0110] In addition, a common electrode 11 of charge
storage capacitance is formed using the same Mo as the scan
lead electrodes 10.

[0111] An interlayer dielectric film 21 made of 400-nm
thick Si0O, is formed to cover all of the above-noted mem-
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bers; via more than one contact through-hole as provided in
the interlayer dielectric film 21, a signal lead electrode
which consists essentially of a three-layered metal films of
Mo/Al/Mo (12a/12b/12¢ and 15a/15b/15¢) and a source
electrode 15 are connected to source/drain layers that are
provided at part of the poly-Si layer 30.

[0112] A reflection electrode 13 formed of Mo/Al multi-
layer electrode (134/13b) is formed so that it is separated
from the source electrode 15. These elements are entirely
coated by a protective insulating film 22 made of Si;N, with
a film thickness of 200 nm and an organic protective film 23
mainly comprised of acrylic resin material with a film
thickness of 2 um. Further a pixel electrode 14 made of
indium tin oxide (ITO) is connected to the source electrode
13 of a TFT through a contact through-hole that is provided
in the protective insulating film 22 and organic insulating
film 23, and is formed to cover almost the entire surface of
a pixel region which is surrounded by two signal lead
electrodes and two scan lead electrodes.

[0113] The reflection electrode 13 is disposed substan-
tially at a central portion midway between two neighboring
signal electrodes 12 to thereby define a reflective display
region as an almost rectangular planar shape being extended
in a pixel elongate direction, resulting in establishment of a
planar arrangement including the reflective display region
and a region between two signal lead electrodes adjacent
thereto which is defined as a transmissive display region.
Additionally the reflection electrode 13 is connected to
reflection electrodes 13 of two neighboring pixels in the
pixel elongate direction with the mutually connected reflec-
tion electrodes being used as a charge storage capacitance
common electrode, resulting in formation of a charge stor-
age capacitor using this common electrode and the pixel
electrode along with the protective insulating film 22 and
organic insulating film 22 as interposed therebetween.

[0114] Additionally this embodiment is featured in that a
recess-like pattern 21a having a predefined shape is formed
in the interlayer dielectric film 21 underlying the reflective
electrode 13 while letting a convexo-concave configuration
be formed in a surface of reflective electrode 13 in accor-
dance with this pattern to thereby cause it to have light
diffuseability. FIG. 7 shows an example in which the
recess-like pattern 214 as formed at interlayer dielectric film
21 was formed. FIG. 7 shows a plan view of the interlayer
dielectric film 21, wherein portions with hatching added
thereto in this image indicate regions 21a which are pro-
cessed into recess-like shape. A real pattern on pixels is the
one that utilizes part of the pattern of FIG. 7.

[0115] FIG. 8 shows a sectional view of this recess-like
processed pattern. The interlayer dielectric film 21 made of
Si0, is processed or “machined” by wet etching methods
into a cross-sectional shape with a taper angle of about 45°,
with the reflective electrode 13 being formed thereon. A
common electrode 11 is disposed under the interlayer dielec-
tric film 21 for playing a role as an etch stopper of the Si0,
film. Tapered surfaces at pattern edge portions contribute to
optical diffusion. Accordingly, in order to obtain sufficient
optical diffuseability, it is required to sufficiently lengthen
the length of an edge portion (contour) of the pattern.

[0116] FIG. 9 shows a relationship of a peripheral length
of the recess-like pattern shown in FIG. 7 versus a pattern
area. In order to increase the length of a pattern edge portion,
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it is required to let it have an intricate and complicated
pattern which is represented also as “J” type, “U” type, “W”
type, or “Y” type, rather than circular or square shapes. Such
intricate contours will not necessarily be applied to all the
recess-like patterns: similar optical diffusion effects may be
expected even in cases where part of the recess-like pattern
has such type of complicated contours. Practically the pat-
tern shape is determinable in such a way that the pattern’s
peripheral length L and the pattern area S satisfy the
above-presented relationship of Equation 5 (ie.,
1.0£A<2.0) in the relation of Equation 4 (log S=Axlog
L+B) stated supra.

[0117] In the example of FIG. 9, the value of “A” mea-
sures 1.1 within a region in which L is greater than about 20
4#m and measures about 1.91n a region with L being less than
about 20 um. When L gets smaller, the pattern shape
becomes closer to simple shapes such as circles or squares;
thus, “A” is coming closer to 2. In other words, it is apparent
from viewing FIG. 9 that a pattern which satisfies the
relations of Equations 4 and Equation 5 is such that an
increase in pattern occupation area stays relatively less even
when its peripheral length becomes longer. Hence, by form-
ing in the interlayer dielectric film 21 a pattern of recess
portions or openings in the way as has been stated in this
embodiment and then forming thereon a thin film made of a
metal or its alloys for later use as either the reflection
electrode or optical reflective layer, it becomes possible to
enlarge the packing density (density of a reflective plane as
given by recesses) of the recess-like pattern at this reflection
electrode or the optical reflective layer, which in turn enables
addition of the required optical diffuseability with increased
efficiency. It must be noted that although in this embodiment
the recess-like pattern is formed at an upper surface of the
interlayer dielectric film 21 on which the reflection electrode
13 is to be formed, this may be replaced by a recess-like
pattern that is formed at another dielectric film placed on the
lower side of the interlayer dielectric film 21 or alternatively
at the reflection electrode 13 per se (for example, the first
conductive layer made of Mo in this embodiment). Also note
that although the explanation using FIG. 8 is specifically
directed to the formation of slant faces (tapers) of 45° on the
upper surface of the reflective electrode 13 owing to the
edges of recess portions 21a of the interlayer dielectric film
21, the invention should not be limited only to the signifi-
cance of the angle of such slant faces; for example, even in
cases where a recess portion that was appeared at the upper
surface of the reflection electrode 13 has its side wall
crossing the substrate main surface at substantially right
angles thereto, this embodiment’s intended diffusion of
incident light (indicated by “hv” in FIG. 8) may be realized
although there is a little degree of differences.

[0118] Additionally in this embodiment, the reflection
electrode 13 and the common electrode 11 are connected
together while at the same time letting the reflection elec-
trode 13 be connected to reflection electrodes 13 of two
neighboring pixels in the pixel elongate direction to thereby
enable electrical power to be supplied from both directions
of a direction in parallel to scan lead electrodes and a vertical
direction. Due to this, a distortion of the waveform of a
common electrode voltage is suppressed, thus improving the
resultant image quality.
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[0119] <Embodiment 4>

[0120] FIG. 10 and FIGS. 11A to 11C are diagrams
showing a plan view and sectional views of a unitary pixel
of a liquid crystal display device in accordance with a fourth
embodiment of the present invention. FIGS. 11A to 11C
show cross-sections of J-J', K-K' and L-L' portions of FIG.
10, respectively. It should be noted that in a similar manner
to FIGS. 1 and 2A to 2C, the plan view diagram of FIG. 10
and respective sectional views of FIGS. 11A to 11C only
show the so-called TFT substrate of a pair of substrates of
the liquid crystal display device with a liquid crystal layer
sandwiched therebetween, wherein a polarizer plate or the
like to be multilayered on a main surface on the opposite
side to the liquid crystal layer in the sectional diagram of the
TFT substrate is eliminated from the illustration.

[0121] Although the fourth embodiment is substantially
the same as the aforesaid third embodiment, the former is
different from the latter in that a semiconductor later 30
making up a TFT rather than a common electrode 11 is
disposed at a lower layer of reflective electrode 13.

[0122] The reflection electrode 13 is connected to reflec-
tion electrodes 13 of two adjacent pixels in the pixel
elongate direction and is used as a charge storage capaci-
tance common electrode, resulting in a charge storage
capacitor being made up of the reflection electrode 13 and
pixel electrode 14 along with a protective insulating film 22
and organic insulating film 23 as interposed between these
electrodes.

[0123] With this embodiment, the common electrode 11
that was disposed in parallel to the scan lead electrodes 10
in the third embodiment is excluded thereby enabling
improvement of aperture ratios at transmissive portions.
Additionally, replacing the common electrode 11 by the
semiconductor layer 30 (its contour is indicated by broken
lines in FIG. 10) at part underlying the reflection electrode
13 makes it possible to allow slantwise incident light
through a lower side of the reflection electrode 13 from the
substrate 1 to radiate outwardly while letting it diffuse
toward lateral directions, which in turn makes it possible to
permit incoming radiation of an increased amount of light
from a backlight unit to the liquid crystal layer.

[0124] <Embodiment 5>

[0125] FIG. 12 and FIGS. 13A to 13C are diagrams
showing a plan view and sectional views of a unitary pixel
of a liquid crystal display device in accordance with a fourth
embodiment of this invention. FIGS. 13A to 13C show
cross-sectional views of M-M', N-N' and O-O' portions of
FIG. 12, respectively. Note here that in a similar manner to
FIGS. 1 and 2A to 2C, the plan view diagram of FIG. 12
and respective sectional views of FIGS. 13A to 13C only
show the so-called TFT substrate of a pair of substrates of
the liquid crystal display device with a liquid crystal layer
sandwiched therebetween, wherein a polarizer plate or the
like to be multilayered on a main surface on the opposite
side to the liquid crystal layer in the sectional diagram of the
TET substrate is eliminated from the illustration.

[0126] Tt is formed on an insulating film for use as a buffer
layer which is constituted from a SizN,, film 200 with a film
thickness of 50 nm and a SiO, film 2 of 120 nm thick over
a no-alkali glass substrate 1 with a distortion point of about
670° C.
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[0127] On the buffer insulating film 21 is formed a poly-
crystalline Si (referred to hereinafter as “poly-Si”) film 30
with a film thickness of 50 nm for constituting TFTs,
wherein a scan wiring lead electrode 10 made of Mo with a
film thickness of 200 nm is formed over each poly-Si 30
through a 100-nm thick gate insulation film 20 made of
Si0,.

[0128] An interlayer dielectric film 21 made of 400-nm
thick Si0, is formed to cover all of the above-noted mem-
bers; via contact through-holes TH1, TH2 as provided in the
interlayer dielectric film 21, a signal lead electrode 12 which
consists essentially of a three-layered metal films of Mo/Al/
Mo (12a/12b/12¢ and 15a/15b/15¢) and a source electrode
15 are connected to source/drain layers being provided at
part of the poly-Si layer 30.

[0129] A common electrode 11 formed of Mo/Al/Mo
multilayer electrode (11a/115/11c) is formed so that it is
separated from the source electrode 15. These elements are
entirely coated by a protective insulating film 22 made of
SN, with a film thickness of 200 nm and an organic
protective film 23 mainly comprised of acrylic resin material
with a film thickness of 2 um. Further a pixel electrode 14
made of indium tin oxide (ITO) is connected to the source
electrode 13 of a TFT through more than one contact
through-hole as provided in the protective insulating film 22
and organic insulating film 23, and is formed to cover almost
the entire surface of a pixel region which is surrounded by
two signal lead electrodes and two scan lead electrodes.

[0130] A reflective electrode 16 made of AI—Nd alloy is
disposed at a lower layer of the pixel electrode in such a
manner as to almost cover the common electrode 11; an
organic insulating film 23 underlying the reflective electrode
16 is processed into a recess-like shape, causing the reflec-
tive electrode to have light diffuseability (see a recess-like
portion 23a formed on the upper surface of the organic
insulating film). A planar shape with the recess-machined
pattern is designed to resemble the shape shown in FIG. 7.
It is possible to efficiently add the light diffuseability
required.

[0131]

[0132] FIG. 14 shows an equivalent circuit of an overall
liquid crystal display device with peripheral circuitry and a
TFT active matrix integrated together on the same substrate.
For example, it is constituted from a TFT active matrix array
50 including pixels similar in structure to those shown in
FIGS. 1 and 2, scan lead electrodes 10 of Y1 to Yend and
first signal lead electrodes 12 of X1R, X1G and X1B-XendB
and second signal lead electrodes 15 of C1-Cend, a vertical
scanning circuit 51 for driving this, a first signal side drive
circuit (horizontal scan circuit) 52, and a second signal side
drive circuit (not shown) for supplying a signal Veom to a
second signal lead electrode(s). In this embodiment, 600
scan wiring lines and 2,400 signal transfer lines are pro-
vided, with the diagonal size of a display section being set
at approximately 5 inches.

[0133] The vertical scan circuit 51 consists essentially of
a shift register circuit SRV which is driven by a vertical
clock signal and a level shifter DRV to which a row select
signal is supplied, for output of a row select pulse or pulses
to a scan lead electrode(s) 10.

[0134] The horizontal scan circuit 52 is configured from a
shift register circuit SRH as driven by a horizontal clock

<Embodiment 6>
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signal, a latch circuit L1 for latching 6-bit digitized image
data DATA, a digital to analog converter circuit DAC for
decoding the latched digital data into analog data, a line
memory LM for temporal storage of an output from a DAC
portion corresponding to one line, and an analog switch SW
for supplying image data being stored at the line memory to
a signal lead electrode(s) 12. Note that a reference voltage
signal Vref that is weighted in a way corresponding to each
bit is being supplied to the DAC.

[0135] These drive circuits are formed of either poly-Si
TFTs of the complementary metal oxide semiconductor
(CMOS) type (thin-film transistors having a channel made
of polycrystalline silicon) or N-type poly-Si TFTs.

[0136] As the drive circuits including digital-to-analog
converters have been integrated on the substrate using
Poly-Si TFTs, it was possible to significantly reduce in
number external connection terminals and external compo-
nents. In addition, the use of the pixels of the present
invention made it possible to improve light utilization effi-
ciency thereby enabling reduction of electrical power con-
sumption of a LCD module as a whole.

[0137]

[0138] FIG. 15 shows an equivalent circuit of an overall
liquid crystal display device with part of peripheral circuitry
and a TFT active matrix integrated together on the same
substrate. For example, it is constituted from a TFT active
matrix array 50 including pixels similar in structure to those
shown in FIGS. 3 and 4A to 4C, scan lead electrodes 10 of
Y1 to Yend and first signal lead electrodes 12 of X1R, X1G
and X1B-XendB and second signal lead electrodes 15 of
C1-Cend, a vertical scan circuit 51 for driving this, a
horizontal side large-scale integrated (LSI) driver circuit
DRV, and a switch circuit SW for distribution of an output
of the driver LSI to a plurality of first signal lead electrodes.
In this embodiment, 176 scan lines and 432 signal lines are
employed, with the diagonal size of a display section mea-
suring about 2 inches. Additionally in this embodiment, the
poly-Si TFT-based drive circuits are all arranged using
N-type TFTs only.

[0139] FIG. 16 is a plan-view diagram showing an outer
appearance of a liquid crystal display device in accordance
with this embodiment.

[0140] There are formed on a glass substrate 1 the TFT
active matrix 50 and vertical scan circuit 51 plus switch
circuit SW, to which a flexible printed circuit (FPC) 300
board with a horizontal side driver LSI Drv and a power
supply integrated circuit (IC) 53 being surface-mounted
thereon is connected.

[0141] FIG. 17 is a diagram showing a pictorial represen-
tation of a liquid crystal cell cross-section of a liquid crystal
display device in accordance with this embodiment. Scan
lead electrodes and signal lead electrodes 12 are formed into
a matrix form on a lower glass substrate 1 with a liquid
crystal layer 506 as a reference, for driving pixel electrodes
14 via TFTs as formed adjacent to the cross points thereof,
wherein the pixel electrodes are made of ITO. On a glass
substrate 503 opposing the substrate with a liquid crystal
layer LC sandwiched therebetween are formed a color filter
CF, a color filter protective film OC and a counter elec-
trode(s) 508. Optical polarizer plates 501, 505 are formed on
outside surfaces of the pair of glass substrates 1, 503,

<Embodiment 7>
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respectively. The liquid crystal layer LC is sealed between
upper and lower orientation or alignment films ORI1, ORI2
for setup of directions of liquid crystal molecules and is
sealed by sealing material SL (not shown). This liquid
crystal display device is assembled by a process including
the steps of separately fabricating layers on the glass sub-
strate 1 side and on the opposite glass substrate 503 side, and
thereafter overlapping the upper and lower glass substrates
1, 503, and then sealing liquid crystal LC between the both.
A TFT-driven color liquid crystal display device is arranged
by adjustment of pass-through or transmission of light (hv)
coming from a backlight unit 506 by pixel electrodes 14.

[0142] FIG. 18 is a diagram showing an overall structure
of this liquid crystal display element. The glass substrate 1
with the TFT active matrix and peripheral drive circuitry or
the like formed thereon and the counter substrate 503 having
its inner surface on which the color filter CF is formed are
adhered together with a liquid crystal composition sealed
therebetween and with polarization films 505, 501 disposed
on respective outer surfaces of the glass substrate 1 and
counter substrate 503. Connected to the glass substrate 1 is
a flexible printed circuit (FPC) board with a horizontal-side
driver LSI Drv and power supply IC 53 mounted thereon.

[0143] Further, a phase difference film 504 is disposed
between the lower side polarizer film 505 and the glass
substrate with a diffusion adhesive layer 502 and a phase
difference film 509 laid out between the upper side polarizer
film and the counter substrate, thereby making up a partial
transmissive/reflective display device. Disposed at lower
part of the lower side polarizer film is a backlight unit 506
(see FIG. 17) employing more than one light-emitting diode
(LED), all of the above components being supported by a
case (upper side frame) 500 and a case (lower side case) 507.

[0144] The liquid crystal display device thus arranged is
adaptable for use as an image display apparatus in portable
wireless telephone handsets and mobile terminals.

[0145]

[0146] An explanation will next be given of a fabrication
process of one exemplary TFT active matrix substrate for
use as a liquid crystal display element designed using the
N-type TFTs only such as shown in FIG. 15, with reference
to FIGS. 19 through 25 below.

[0147] <<Process Step 1 (see FIG. 19)>>

[0148] After having cleaned the surface of a no-alkali
glass substrate 1 having a distortion point of about 670° C.
with a thickness of 500 ym, a width of 750 mm and a width
of 950 mm, a plasma CVD method using a mixture gas of
SiH, and NH; plus N, is used to fabricate a Si;N, film 200
to a film thickness of 50 nm. Subsequently a plasma CVD
method using a mixture gas of tetracthoxysilane and O, is
used to form a SiO, film 2 with a film thickness of 120 nm.
Both Si;N, and SiO, are fabricated at a temperature of 400°
C.

[0149] Next, form a hydrogenated amorphous silicon film
30 on the SiO, film 2 by plasma CVD methods using a
mixture gas of SiH, and Ar to a thickness of 50 nm. A film
fabrication temperature was set at 400° C., and a hydrogen
amount immediately after film fabrication was about 5 at %.
Next, anneal the substrate at 450° C. for about 30 minutes,
thereby causing outward release of hvdrogen residing within

<Embodiment 8>
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the hydrogenated amorphous silicon film 300. A hydrogen
amount after the annealing was at about 1 at %.

[0150] Next, irradiate 308-nm wavelength excimer laser
light LASER onto the amorphous silicon film at a fluence
(light beam density) of 400 mJ/cm” to cause the amorphous
silicon film to become melt-recrystallized, thereby obtaining
an almost intrinsic polycrystalline silicon film 30. At this
time the laser beam is of a fine line shape with a width of 0.3
mm and a length of 200 mm, wherein it was irradiated while
letting the substrate move with a pitch of 10 um in a
direction substantially at right angles to the extension direc-
tion of the beam. The laser radiation was done in a nitrogen
atmosphere.

[0151] Thereafter, standard photolithography methods are
used to form a prespecified resist pattern on the polycrys-
talline silicon (poly-Si) film 30 and then process or
“machine” the polycrystalline silicon film 30 into a prede-
termined shape by reactive etching methods using a mixture
gas of CF, and O,.

[0152] <<Step 2 (see FIG. 20)>>

[0153] Next, form on the poly-Si film 30 a SiO, film with
a thickness of 100 nm by plasma CVD methods using a
mixture gas of tetracthoxysilane and oxygen, thus obtaining
a gate insulation film 20. A mixture ratio of tetracthoxysilane
and O, at this time is set at 1:50 with a fabrication tempera-
ture of 400° C.

[0154] Next, after having formed a 200-nm thick Mo film
by sputtering methods, form on the Mo film a predetermined
resist pattern by standard photolithography methods, which
will then be patterned by wet etch methods using mixed acid

into a specified shape, thus obtaining scan lead electrodes
10.

[0155] While leaving the resist pattern used during etch-
ing, let P ions (P*) be injected or doped by ion implantation
methods into the poly-Si film 30 at an acceleration voltage
of 60 KeV with a dose amount of 1x10'* (cm™2), thereby
forming source and drain regions 31 of an N-type TFT.

[0156] <<Step 3 (see FIG. 21)>>

[0157] Next, after having removed away the resist pattern
PR used for etching, again implant P ions P+ by ion implant
methods into the poly-Si films 30, 31 at an acceleration
voltage of 65 KeV with a dose amount of 2x10" (cm™),
thus newly forming N-type TFT’s LDD regions 32 (N-type
impurity containing regions less in impurity concentration
than the source/drain regions 31) along the scan lead elec-
trodes 10.

[0158] An LDD region length is defined by a side etch
amount when the Mo film is subject to wet etching. In the
case of this embodiment, it is about 0.8 um. This length is
controllable by changing an overetching time of Mo. A
variation of the LDD length within the substrate was found
to measure about 0.1 gm—this is a good result. Using such
process makes it possible to omit a mask pattern fabrication
step(s) for forming the LDDs, thus enabling simplification
of the process.

[0159] <<Step 4 (see FIG. 22)>>

[0160] Next, activate the impurity as implanted into the
poly-Si films at the steps 2 and 3 by rapid thermal anneal
(RTA) methods for irradiation of light of an excimer lamp(s)
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or a metal halide(s). Performing annealing by use of light
containing increased ultraviolet light rays of the excimer
lamp(s) or metal halide lamp(s) makes it possible to selec-
tively heat up only the poly-Si layers 31, 32 while avoiding
damages otherwise occurring due to heat-up of glass sub-
strate(s). The impurity activation may alternatively be
achieved by thermal processing at certain temperatures
higher than or equal to 450° C. as far as substrate shrinkage
and curvature deformation cause no specific problems.

[0161] <<Step 5 (see FIG. 23)>>

[0162] Next, form a SiO, film with a thickness of 500 nm
by plasma CVD methods using a mixture gas of tetraethox-
ysilane and oxygen, thus obtaining an interlayer dielectric
film 21. At this time a mixture ratio of tetraethoxysilane and
0, at this time is set at 1:5 with a fabrication temperature of
350° C.

[0163] Next, after having formed a specified resist pattern,
define contact through-holes TH1, TH2 in the interlayer
dielectric film by wet etch methods using mixed acid.
Subsequently, sputter methods are used to sequentially form
and laminate a layer of Mo of 50 nm thick, a 500-nm thick
Al—Si—Cu alloy layer and a 50-nm thick Mo layer; there-
after, form a prespecified resist pattern; then, perform all-
at-once etching by reactive ion etch methods using a mixture
gas of BCl, and Cl,, thus obtaining signal lead electrodes 12
and source electrodes 13 plus common electrodes 11.

[0164] <<Step 6 (See FIG. 24)>>

[0165] Fabricate a 200-nm thick Si;N,, film 22 by plasma
CVD methods using a mixture gas of SiH, and NH, plus N,;
further, deposit a layer of photosensitive acrylic resin by spin
coat techniques to a thickness of about 3.5 um; then, use a
specified mask to perform exposure and development to
thereby form a through-hole TH3 in the acrylic resin. Next,
perform backing at 230° C. for 20 minutes to bake the
acrylic resin, thus obtaining an organic protective film 23
with a thickness of 2.3 um. Subsequently, with a pattern of
the through-hole TH3 as provided in the organic protective
film 23 being used as a mask, let its underlying Si;N, film
22 undergo chemical machining using CF, by reactive ion
etching methods, thereby forming a through-hole(s) in the
SiN, film.

[0166] Processing the underlying dielectric film 22 with
the organic protective film 23 as a mask makes it possible to
pattern the two-layered film by a single photolithography
process step, which in turn enabled simplification of the
process.

[0167]

[0168] Lastly, fabricate an ITO film by sputter methods to
a thickness of 70 nm; then, etch it by wet etch methods using
mixed acids into a prespecified shape to thereby form a pixel
electrode(s), thus completing an active matrix substrate.

[0169] According to the present invention, it is possible to
realize a bright liquid crystal display device which is low in
power consumption while offering excellent on-screen dis-
play image quality.

<<Step 7 (Sece FIG. 25)>>
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What is claimed is:

1. A liquid crystal display device having a pair of sub-
strates at least one of which is transparent and a liquid
crystal layer as interposed between the pair of substrates,
wherein:

one substrate of the pair of substrates is electrically
insulative at least on its principal surface and comprises
a plurality of scan electrodes being formed on or over
the insulative principal surface, a plurality of signal
electrodes as formed to cross the plurality of scan
electrodes, a plurality of common electrodes, a plurality
of thin-film transistors formed adjacent to cross points
of the plurality of signal electrodes and the plurality of
scan electrodes, a liquid crystal drive electrode being
provided in each pixel region as defined by two neigh-
boring ones of the plurality of scan electrodes and two
neighboring ones of the plurality of signal electrodes
and being connected to one of the plurality of thin-film
transistors, and an optical reflective film disposed at
part within the pixel region, the liquid crystal display
device having a function of driving the liquid crystal
layer by a voltage as given to the liquid crystal drive
clectrode,

the optical reflective layer being disposed at substantially
a central portion midway between two neighboring
signal electrodes while letting it have an almost rect-
angular planar shape as extended in a pixel elongate
direction with a region lying between the reflective
display region and two signal electrodes adjacent
thereto being defined as a transmissive display region.

2. The liquid crystal display device according to claim 1,
wherein the optical reflective layer and the liquid crystal
drive electrode are formed at different layers as separated by
an insulative layer.

3. The liquid crystal display device according to claim 1,
wherein the optical reflective layer and the liquid crystal
drive electrode are connected together, that a common
electrode made of a material constituting the scan electrodes
is provided on a lower side of the optical reflective layer, and
that the common electrode and the optical reflective layer
plus a dielectric layer interposed therebetween make up a
charge storage capacitance.

4. The liquid crystal display device according to claim 1,
wherein the optical reflective layer is arranged by use of part
of an electrode material group constituting the signal elec-
trodes and that an insulative film underlying the optical
reflective layer is patterned into a prespecified recess-like
shape to thereby let the optical reflective layer have diffu-
seability.

5. The liquid crystal display device according to claim 4,
wherein the patterning shape of the insulative film underly-
ing the optical reflective layer satisfies 1.0=5A<2.0 in a
relational equation of:

logS=AxlogL+B

wherein L is a peripheral length of an individual pattern
and S is an area.

6. The liquid crystal display device according to claim 5,
wherein any one of an electrode made of the same material
as the scan electrodes and a semiconductor film constituting
an active layer of the thin-film transistor is disposed at a
level lower than the pattern of the insulative film.
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7. The liquid crystal display device according to claim 5
or 6, wherein the optical reflective layer within the indi-
vidual pixel is connected to optical reflective layers of two
neighboring pixels in the pixel elongate direction, that the
optical reflective layers connected to each other are for use
as a common electrode of the charge retaining capacitance,
and that this optical reflective layer and the liquid crystal
drive electrode plus a dielectric layer sandwiched therebe-
tween are used to form a charge retaining capacitor.

8. A liquid crystal display device comprising a pair of
substrates and a liquid crystal layer interposed between the
pair of substrates, wherein:

one of the pair of substrates has on its principal surface a
plurality of parallel scan electrodes extending in a first
direction and being provided along a second direction
intersecting the first direction, a plurality of parallel
signal electrodes extending in the second direction and
being provided in the first direction, and a plurality of
pixel regions each surrounded by a pair of neighboring
ones of the plurality of scan electrodes and a pair of
neighboring ones of the plurality of signal electrodes,

a respective one of the plurality of pixel regions is
provided with a liquid ecrystal drive electrode for
receiving an image signal corresponding to the pixel
region from one of the plurality of signal electrodes and
for permitting input of the image signal from an active
element as controlled by one of the plurality of scan
electrodes and at least one optical reflective layer being
less in area than the liquid crystal drive electrode for
causing reflection of incident light from a remaining
one of the pair of substrates, and

the optical reflective layer extends along a pair of an
increased length along the pixel region of a pair of ones
of the plurality of signal electrodes surrounding the
pixel region with the optical reflective layer provided
therein and a pair of ones of the plurality of scan
electrodes and is spaced apart from respective ones of
the length-increased pair along the pixel region.

9. A liquid crystal display device comprising a first
substrate and a second substrate along with a liquid crystal
layer interposed between the first and second substrates,
wherein:

the first substrate has on its principal surface a plurality of
parallel scan electrodes extending in a first direction
and being provided along a second direction intersect-
ing the first direction, a plurality of parallel signal
electrodes extending in the second direction and being
provided in the first direction, a plurality of pixel
regions each surrounded by a pair of neighboring ones
of the plurality of scan electrodes and a pair of neigh-
boring ones of the plurality of signal electrodes and
being elongated in the second direction to have a length
along this direction greater than that along the first
direction, and a plurality of active elements receiving
an image signal from one of the plurality of signal
electrodes and being controlled by one of the plurality
of scan electrodes,

a respective one of the plurality of pixel regions is
provided with a liquid ecrystal drive electrode for
receiving the image signal from one of the plurality of
active elements and at least one optical reflective layer
for permitting reflection of incident light from the
second substrate, and
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the optical reflective layer is spaced apart from respective
ones of a pair of the plurality of signal electrodes
surrounding the pixel region with this optical reflective
layer provided therein.

10. The liquid crystal display device according to claim 9,
wherein a portion of the pixel region for spatially separating
the optical reflective layer from the pair of the plurality of
signal electrodes has a function of permitting transmission
of incident light onto the first substrate from an opposite side
of the first substrate to the liquid crystal layer with respect
to the optical reflective layer.
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11. The liquid crystal display device according to claim 9,
wherein the liquid crystal drive electrode is provided on the
side of the liquid crystal layer rather than the optical
reflective layer with respect to the principal surface of the
first substrate and is formed to cover the optical reflective
layer along the first direction.

12. The liquid crystal display device according to claim
11, wherein the optical reflective layer is electrically isolated
from the liquid crystal drive electrode.
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