US 20090115950A1

12y Patent Application Publication (o) Pub. No.: US 2009/0115950 A1

a9y United States

Toyota et al.

(43) Pub, Date: May 7, 2009

(54) LIQUID CRYSTAL DISPLAY DEVICE

(75) Inventors: Yoshiaki Toyota, Hachioji (JP);
Shinya Yamaguchi, Mitaka (JP);
Kyoko Kojima, Kunitachi (JP);
Takeshi Ishida, Kodaira (JP)

Correspondence Address:

Stanley P. Fisher

REED SMITH LLP

Suite 1400, 3110 Fairview Park Drive
Falls Church, VA 22042 (US)

(73) Assignee: Hitachi Displays, Ltd.
(21) Appl. No.: 12/289,671
(22) Filed: Oct. 31, 2008
(30) Foreign Application Priority Data
Nov.1,2007  (JP) oo 2007-284670
TR

|
=
|

PX(t)

Publication Classification

(51) Int.CL
GO2F 1/1333 (2006.01)
GO2F 1/13 (2006.01)

SRR 349/114; 349/187
(57) ABSTRACT

A liquid crystal display device is provided having a transmis-
sive region and a reflective region in a pixel region in which a
protective film is formed covering a thin film transistor over a
substrate, wherein in the reflective region, an uneven surface
is formed on a surface of the protective film, and a capacitor
electrode which comprises a transparent conductive film and
which is electrically connected to a source electrode of the
thin film transistor, a first capacitor insulating film, and a
reflective plate which also functions as an opposing electrode
and in which the uneven surface formed on the protective film
surfaces and appears with the capacitor electrode and the first
capacitor insulating film therebetween are formed over the
surface of the protective film, a second capacitor insulating
film and a pixel electrode are formed covering the reflective
region and the transmissive region.
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LIQUID CRYSTAL DISPLAY DEVICE

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese application JP 2007-284670 filed on Nov. 1, 2007, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and in particular, to a transflective liquid crystal
display device having a reflective region in a pixel.

[0004] 2. Description of the Related Art

[0005] A transflective liquid crystal display device has a
transmissive region and a reflective region in a region of each
pixel.

[0006] The transflective liquid crystal display device is

formed such that transmitting light transmitting from a back-
light through the liquid crystal in each pixel is irradiated to an
observer in the transmissive region and reflected light trans-
mitting from external light such as sunlight through the liquid
crystal in each pixel is irradiated to the observer in the reflec-
tive region.

[0007] Withsucha structure, for example, an advantage can
be obtained in which a liquid crystal display device can be
obtained in which, for example, the backlight can be switched
off and the displayed image can be recognized in outdoors so
that the power consumption can be reduced.

[0008] In addition, in the liquid crystal display device hav-
ing sucha structure, a reflective plate whichis made of a metal
and which also functions as one electrode of a pair of elec-
trodes for creating an electric field in the liquid crystal is
placed in the reflective region of the pixel.

[0009] Because the display quality can be improved by
scattering the reflected light in the reflective region and irra-
diating the scattered light to the observer, a structure is known
in which, in the reflective plate, an uneven surface is formed
on a surface of an insulating film over which the reflective
plate is formed, and the uneven surface surfaces and appears
on the surface of the reflective plate formed covering the
uneven surface.

[0010] The liquid crystal display device having such a
structure is disclosed in, for example, JP 2007-121587 A.
[0011] The liquid crystal display device disclosed in JP
2007-121587 A also has a structure in which a storage capaci-
tor is formed in the reflective region of the pixel between the
reflective plate and the other electrode with a capacitor insu-
lating film therebetween, the capacitor insulating film being
formed over an upper surface of the reflective plate and the
other electrode being formed over an upper surface of the
capacitor insulating film and forming a pair with the reflective
plate.

SUMMARY OF THE INVENTION

[0012] In the liquid crystal display device, however, it has
been pointed out that a sufficient capacity cannot be secured
with the storage capacitor having the above-described struc-
ture and the contrast is reduced.

[0013] Because of this, in order to improve the capacity of
the storage capacitor, attempts have been made to form the
capacitor insulating film with a thin thickness or to form a
separate storage capacitor in a part of the region of the pixel.
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[0014] Inthiscase,inthe former configuration, itis difficult
to secure the flatness of the surface of the capacitor insulating
film, and in the latter configuration, a disadvantage must be
tolerated that reduction in the aperture ratio of the pixel can-
not be avoided.

[0015] In addition, when a separate storage capacitor is
formed in addition to an already-existing storage capacitor,
there is a disadvantage that the number of manufacturing
steps is increased accordingly.

[0016] An advantage ofthe present invention is that a liquid
crystal display device is provided having a large storage
capacity without a loss of flatness of the insulating film.
[0017] Another advantage of the present invention is that a
liquid crystal display device is provided having a large stor-
age capacity without a reduction of an aperture ratio of the
pixel.

[0018] Yet another advantage of the present invention is
that a manufacturing method of a liquid crystal display device
is provided in which the number of manufacturing steps is
reduced.

[0019] Of various forms of the present invention disclosed
herein, the representative configurations are the following.
[0020] According to one aspect of the present invention,
there is provided a liquid crystal display device having a
transmissive region and a reflective region in a pixel region in
which a protective film is formed covering a thin film tran-
sistor over a substrate, wherein, in the reflective region, an
uneven surface is formed on a surface of the protective film,
and a capacitor electrode which comprises a transparent con-
ductive film and which is electrically connected to a source
electrode of the thin film transistor through a first through
hole formed through the protective film, a first capacitor
insulating film, and a reflective plate which also functions as
an opposing electrode and in which the uneven surface
formed on the protective film surfaces and appears with the
capacitor electrode and the first capacitor insulating film ther-
ebetween are formed over the surface of the protective film on
which the uneven surface is formed, in the transmissive
region, an opposing electrode which comprises a transparent
conductive film is formed over the surface of the protective
film, a second capacitor insulating film is formed covering the
reflective region and the transmissive region, and a pixel
electrode which comprises a transparent conductive film and
which is electrically connected to the source electrode of the
thin film transistor through a second through hole formed
through the second capacitor insulating film is provided over
an upper surface of the second capacitor insulating film in the
reflective region and the transmissive region.

[0021] According to another aspect of the present inven-
tion, it is preferable that, in the liquid crystal display device,
the reflective plate formed in the reflective region and the
opposing electrode formed in the transmissive region are
electrically connected to each other.

[0022] According to another aspect of the present inven-
tion, it is preferable that, in the liquid crystal display device,
the reflective plate formed in the reflective region forms a
surface-shaped electrode, and the pixel electrode formed in
the reflective region with the second capacitor insulating film
therebetween forms a plurality of aligned line-shaped elec-
trodes.

[0023] According to another aspect of the present inven-
tion, it is preferable that, in the liquid crystal display device,
the opposing electrode formed in the transmissive region
forms a surface-shaped electrode, and the pixel electrode
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formed in the transmissive region with the second capacitor
insulating film therebetween forms a plurality of aligned line-
shaped electrodes.

[0024] According to another aspect of the present inven-
tion, it is preferable that, in the liquid crystal display device,
the first through hole formed through the protective film and
the second through hole formed through the second capacitor
insulating film are coaxially formed.

[0025] According to another aspect of the present inven-
tion, it is preferable that, in the liquid crystal display device,
an opposing voltage common signal line is placed at least at a
part of a periphery of an image display region in which a
plurality of pixels are placed, the reflective plate is commonly
connected to areflective plate of a pixel whichis adjacent over
a drain signal line which is connected to a drain electrode of
the thin film transistor, and the commonly connected reflec-
tive plate is electrically connected to the opposing voltage
common signal line.

[0026] According to another aspect of the present inven-
tion, it is preferable that, in the liquid crystal display device,
an opposing voltage common signal line is placed at least at a
part of a periphery of an image display region in which a
plurality of pixels are placed, the opposing electrode is com-
monly connected to an opposing electrode of a pixel which is
adjacent over a drain signal line which is connected to a drain
electrode of the thin film transistor, and the commonly con-
nected opposing electrode is electrically connected to the
opposing voltage common signal line.

[0027] According to another aspect of the present inven-
tion, it is preferable that, in the liquid crystal display device,
the substrate comprises one of glass, quartz glass, and plastic.
[0028] According to another aspect of the present inven-
tion, it is preferable that, in the liquid crystal display device,
the thin film transistor is of a bottom-gate type or a top-gate
type.

[0029] According to another aspect of the present inven-
tion, there is provided a liquid crystal display device having a
first substrate and a second substrate which are placed oppos-
ing each other with liquid crystal therebetween, wherein an
opposing electrode is formed over a surface of the second
substrate on the side near the liquid crystal, a transmissive
region and a reflective region are provided in a pixel region in
which a protective film is formed covering a thin film tran-
sistor over a surface of the first substrate on the side near the
liquid crystal, in the reflective region, an uneven surface is
formed on a surface of the protective film, and a capacitor
electrode which comprises a transparent conductive film and
which is maintained at a same potential as the opposing
electrode, a first capacitor insulating film, and a reflective
plate which is electrically connected to a source electrode of
the thin film transistor through a through hole formed through
the protective film and in which the uneven surface formed on
the protective film surfaces and appears with the capacitor
electrode and the first capacitor insulating film therebetween
are formed overthe surface of the protective film on which the
uneven surface is formed, and, in the transmissive region, a
pixel electrode which comprises a transparent conductive
film and which is electrically connected to the source elec-
trode of the thin film transistor through the through hole is
formed over the surface of the protective film.

[0030] According to another aspect of the present inven-
tion, it is preferable that, in the liquid crystal display device,
a second capacitor insulating film which is formed covering
the reflective plate is provided in the reflective region.
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[0031] According to another aspect of the present inven-
tion, it is preferable that, in the liquid crystal display device,
an opposing voltage common signal line is placed at leastat a
part of a periphery of an image display region in which a
plurality of pixels are placed, the capacitor electrode is com-
monly connected to a capacitor electrode of a pixel which is
adjacent over a drain signal line which is connected to a drain
electrode of the thin film transistor, and the commonly con-
nected capacitor electrode is electrically connected to the
opposing voltage common signal line.

[0032] According to another aspect of the present inven-
tion, it is preferable that, in the liquid crystal display device,
the substrate comprises one of glass, quartz glass, and plastic.
[0033] According to another aspect of the present inven-
tion, it is preferable that, in the liquid crystal display device,
the thin film transistor is of a bottom-gate type or a top-gate
type.

[0034] According to another aspect of the present inven-
tion, there is provided a method of manufacturing a liquid
crystal display device, wherein a capacitor electrode which is
formed over an insulating film, a capacitor insulating film
which is formed over the capacitor electrode, and a reflective
plate which is formed over the capacitor insulating film are
sequentially formed in a reflective region of a pixel, wherein
astorage capacitor is formed with the capacitor electrode, the
capacitor insulating film, and the reflective plate, and the
capacitor insulating film and the reflective plate are formed by
sequentially forming a material layer for forming the capaci-
tor insulating film and a material layer for forming the reflec-
tive plate, and simultaneously patterning the material layers.
[0035] According to another aspect of the present inven-
tion, it is preferable that, in the manufacturing method, an
uneven surface is formed on a surface of the insulating film,
and the capacitor electrode, the capacitor insulating film, and
the reflective plate are layered over the surface of the insulat-
ing film on which the uneven surface is formed, and, in the
reflective plate, the uneven surface which is formed on the
insulating film surfaces and appears with the capacitor elec-
trode and the capacitor insulating film therebetween.

[0036] The present invention is not limited to the above-
described configurations, and various modifications may be
made within the scope and spirit of the present invention.
[0037] A liquid crystal display device having such a struc-
ture has a large storage capacity without a loss of the flatness
of the insulating film.

[0038] Inaddition, a large storage capacity can be obtained
without a reduction in the aperture ratio of the pixel.

[0039] Moreover, according to the method of manufactur-
ing the liquid crystal display device, the number of manufac-
turing steps can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG. 1 is an important-part cross sectional view
showing a liquid crystal display device according to a first
preferred embodiment of the present invention and is a cross
sectional view along a C-C' line of FIG. 3.

[0041] FIG. 2 is an equivalent circuit diagram showing a
liquid crystal display device according to a first preferred
embodiment of the present invention.

[0042] FIG. 3 is a plan view showing a pixel of a liquid
crystal display device according to a first preferred embodi-
ment of the present invention.

[0043] FIG. 4 s a cross sectional view showing a pixel of a
liquid crystal display device according to a first preferred
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embodiment of the present invention and is a cross sectional
view along a D-D' line of FIG. 3.

[0044] FIG. 5A is a step diagram showing an example of a
manufacturing method of a liquid crystal display device
according to a first preferred embodiment of the present
invention.

[0045] FIG. 5B is a step diagram showing an example of a
manufacturing method of a liquid crystal display device
according to a first preferred embodiment of the present
invention.

[0046] FIG. 5C is a step diagram showing an example of a
manufacturing method of a liquid crystal display device
according to a first preferred embodiment of the present
invention.

[0047] FIG. 5D is a step diagram showing an example of a
manufacturing method of a liquid crystal display device
according to a first preferred embodiment of the present
invention.

[0048] FIG. 5E is a step diagram showing an example of a
manufacturing method of a liquid crystal display device
according to a first preferred embodiment of the present
invention.

[0049] FIG. 6 is an equivalent circuit diagram showing an
example of a liquid crystal display device of related art.
[0050] FIG.7A is a structural diagram showing an example
pixel of a liquid crystal display device of related art.

[0051] FIG. 7B is a cross sectional view along C-C' line of
FIG. 7A.
[0052]
FIG. 7A.
[0053] FIG. 8 is an equivalent circuit diagram showing a
liquid crystal display device according to a second preferred
embodiment of the present invention.

[0054] FIG. 9 is a plan view showing a pixel of a liquid
crystal display device according to a second preferred
embodiment of the present invention.

[0055] FIG. 10 is a cross sectional view along E-E' line of
FIG. 9.

FIG. 7C is a cross sectional view along D-D' line of

DETAILED DESCRIPTION OF THE INVENTION

[0056] Preferred embodiments of a liquid crystal display
device according to the present invention will now be
described with reference to drawings.

First Preferred Embodiment

[Overall Equivalent Circuit]

[0057] FIG. 2 is an equivalent circuit diagram of a liquid
crystal display device according to various aspects of the
present embodiment, which is called an IPS (In Plane Switch-
ing) liquid crystal display device. FIG. 2 is an equivalent
circuit diagram formed over a surface, on the side near liquid
crystal, of one substrate (shown with a reference SUB1) of a
pair of substrates which are placed opposing each other with
the liquid crystal therebetween. Although FIG. 2 is an equiva-
lent circuit diagram, FIG. 2 also is drawn to correspond to the
actual geometric placement.

[0058] In FIG. 2, first, gate signal lines GL. which are
formed extending in an x direction in FIG. 2 are formed
aligned in a y direction in FIG. 2. Each of the gate signal lines
GL is connected at the left end of FIG. 2 to a gate driver GDV.
A scan signal is supplied to each gate signal line GL in a
sequentially repeating manner by the gate driver GDV in the
order, for example, from a gate signal line GL at an upper side
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to a gate signal line GL at a lower side, and returning to the
gate signal line GL at the upper side.

[0059] Drain signal lines DL which are formed extending
in the y direction in FIG. 2 are formed aligned in the x
direction. Each of the drain signal lines DL is connected to a
drain driver DDV at an upper end of FIG. 2. An image signal
is supplied by the drain driver DDV to each drain signal line
DL in a timing which matches the timing of supply of each
scan signal from the gate driver GDV.

[0060] A regionofa rectangular shape surrounded by a pair
of adjacent gate signal lines GL and a pair of adjacent drain
signal lines DL is a region in which a pixel is formed (pixel
region: within a dotted line frame A in FIG. 2), and an image
display region AR is formed by a group of the pixel regions.
[0061] As will become apparent from the later description
of a structure of the pixel, each pixel regionhas a transmissive
region TR and a reflective region RR which are region-wise
separated.

[0062] Inthe pixel region, a thin film transistor TFT which
is switched ON by a scanning signal from one of the gate
signal lines GL adjacent to the pixel region, a pixel electrode
PX to which an image signal from one of the drain signal lines
DL adjacent to the pixel region is supplied through the thin
film transistor TFT when the thin film transistor TFT is
switched ON, and an opposing electrode CT to which a signal
(voltage) which forms a reference with respect to the image
signal (voltage) supplied to the pixel electrode PX is supplied
are provided.

[0063] The pixel electrode PX is formed both in the trans-
missive region TR and the reflective region RR, and the pixel
electrode PX in these regions are distinguished in this
description by referring to the pixel electrode PX formed in
the transmissive region TR as PX(t) and the pixel electrode
PX formed in the reflective region RR as PX(r).

[0064] In the present embodiment, one capacitor electrode
CTM of a storage capacitor C3 to be described later which is
electrically connected to the pixel electrodes PX(t) and PX(r)
is provided in the reflective region RR.

[0065] The other capacitor electrode of the storage capaci-
tor C3 is an opposing electrode CT(r) in the reflective region
RR.

[0066] Thepixel electrodes PX(t) and PX(r) are electrically
connected to each other within the pixel so that they have the
same potential during driving of the pixel.

[0067] The opposing electrode CT is also formed both in
the transmissive region TR and the reflective region RR, and
the opposing electrode CT in these regions are distinguished
in this description by referring to the opposing electrode CT
formed in the transmissive region TR as CT(t) and the oppos-
ing electrode CT formed in the reflective region RR as CT(r).
[0068] As described above, the opposing electrode CT(r) in
the reflective region RR is configured to function as a reflec-
tive plate, and also function as the other capacitor electrode of
the storage capacitor C3 to be described later.

[0069] The opposing electrodes CT(t) and CT(r) are elec-
trically connected to each other within the pixel so that they
have the same potential during display of a pixel.

[0070] To the opposing electrodes CT(t) and CT(r), a ref-
erence signal is supplied through an opposing voltage com-
mon signal line CCL which is connected to, for example, the
drain driver DDV and which is placed, for example, on theleft
side of FIG. 2 of the image display region AR, and an oppos-
ing voltage signal line CL which is connected to the opposing
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voltage common signal line CCL and which is placed, for
example, in parallel to the gate signal line GL.

[0071] Inaddition, a storage capacitor Cl and a liquid crys-
tal capacity C (L1) are formed between the pixel electrode
PX(t) and the opposing electrode CT(t) in the transmissive
region TR, and a storage capacitor C2, a liquid crystal capac-
ity C (L2), and the storage capacitor C3 are formed between
the pixel electrode PX(r) and the opposing electrode CT(r) in
the reflective region RR.

[0072] FIG. 6 is an overall equivalent circuit diagram of a
liquid crystal display device of related art, and is drawn cor-
responding to FIG. 2. Members shown with the same refer-
ence numerals are members having the same function.
[0073] As is clear from a comparison of FIGS. 2 and 6, in
FIG. 2, the storage capacitor C3 is provided in the reflective
region RR, one of the capacitor electrodes is connected to the
pixel electrodes PX(t) and PX(r), and the other capacitor
electrode is the opposing electrode CT(r) which also func-
tions as the reflective plate, while in FIG. 6, the storage
capacitor C3 is not provided.

[0074] In addition, in the pixel of the liquid crystal display
device of related art shown in FIG. 6, the opposing electrode
CT in the transmissive region TR and the reflective region RR
is commonly formed with a transparent conductive layer, and
the reflective plate RS which is required in the reflective
region RR is formed directly overlapping the opposing elec-
trode CT.

[Structure of Pixel]

[0075] FIG. 3 is a plan view showing an example structure
of a pixel in the dotted line frame A of FIG. 2. FIG. 3 shows
the opposing voltage common signal line CCL, and also a
connection form between the opposing voltage common sig-
nal line CCL and the opposing electrodes CT(t) and CT(r) of
the pixel. A cross sectional view along C-C' line in FIG. 3 is
shown in FIG. 1 and a cross sectional view along D-D' line in
FIG. 3 is shown in FIG. 4.

[0076] FIG. 3 shows the substrate SUB1 (refer to FIGS. 1
and 4), and the gate signal lines GL which extend in the x
direction in FIG. 3 are formed aligned in the y direction in
FIG. 3 over a surface of the substrate SUB1 on the side near
the liquid crystal.

[0077] A pairofadjacent gate signal lines GL define a pixel
region with a pair of adjacent drain signal lines DL which will
be described later.

[0078] Here, the pixel region comprises the transmissive
region TR and the reflective region RR which are region-wise
separated, and, in the present embodiment, for example, of
the two regions separated by a line parallel to the gate signal
line GL, the lower region on the figure is set as the reflective
region RR and the upper region is set as the transmissive
region TR.

[0079] Of the gate signal lines GL, the gate signal line GL
on the side adjacent to the reflective region RR has an exten-
sion portion which protrudes toward the side of the reflective
region RR at a part of the gate signal line GL, and the exten-
sion portion forms a gate electrode GT of the thin film tran-
sistor TFT to be described later.

[0080] Over the surface of the substrate SUB1, an insulat-
ing film GI (refer to FIGS. 1 and 4) is formed covering the gate
signal line GL (gate electrode GT). The insulating film GI
functions as a gate insulating film of the thin film transistor
TFT in the formation region of the thin film transistor TFT.
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[0081] Over a surface of the insulating film GI, an island-
shaped semiconductor layer AS is formed in a manner to
straddle over the gate electrode GT. The semiconductor layer
AS functions as a semiconductor layer of the thin film tran-
sistor TFT, and a reverse stagger structure (bottom-gate type)
MIS transistor is formed by forming, over an upper surface of
the semiconductor layer AS, a drain electrode DT and a
source electrode ST which are placed to oppose each other.
[0082] Inthe MIS transistor, the drain electrode DT and the
source electrode ST are switched depending on the state of
application of the bias. In this description, for the purpose of
ease of the description, the electrode connected to the drain
signal line DL to be described later is referred to as the drain
electrode DT and the electrode connected to the pixel elec-
trode PX to be described later is referred to as the source
electrode ST.

[0083] Over the upper surface of the insulating film GI, the
drain signal lines DL which extend in the y direction in FIG.
3 are formed aligned in the x direction in FIG. 3.

[0084] The drain signal line DL has, at a part of the drain
signal line DL, a protruding portion which is formed extend-
ing to the upper surface of the semiconductor layer AS. The
protruding portion forms the drain electrode DT of the thin
film transistor TFT.

[0085] The source electrode ST of the thin film transistor
TFT is formed at the same time as, for example, the formation
of the drain signal line DL, and extends to reach from the
upper surface of the semiconductor layer AS to a pixel region
in which the semiconductor layer AS is not formed and to
have an end approximately at the center of the pixel region.
[0086] The end of the source electrode ST forms a pad
portion PD which achieves an electrical connection with the
pixel electrode PX to be described later, and is formed with a
relatively large area.

[0087] The opposing voltage common signal line CCL
which extends in the y direction in FIG. 3 is formed on the left
side of the image display region AR. The opposing voltage
common signal line CCL is formed at the same time as, for
example, the formation of the drain signal line DL (drain
electrode DT) and the source electrode ST (pad portion PD).
[0088] Over the upper surface of the substrate SUB1, a first
insulating film IN1 (refer to FIGS. 1 and 4) comprising an
inorganic material such as, for example, a silicon nitride film,
and a second insulating film IN2 (refer to FIGS. 1 and 4)
comprising an organic material such as, for example, an
acrylic film are layered and formed covering the thin film
transistor TFT and the opposing voltage common signal line
CCL which are formed as described above.

[0089] In this structure, the second insulating film IN2 is
formed by coating, and has a flattened surface in the trans-
missive region TR.

[0090] The layered film of the first insulating film IN1 and
the second insulating film IN2 functions, for example, as a
protective film for avoiding direct contact between the thin
film transistor TFT and the liquid crystal and for preventing
characteristic degradation of the thin film transistor TFT.

[0091] In the second insulating film IN2, a plurality of
distributed projection surfaces (depression surfaces) are
formed on the surface of the reflective region RR. The uneven
surface is provided in order that the uneven surface surfaces
and appears on the surface of the reflective plate RS when the
reflective plate RS to be described later is formed in the
reflective region RR.
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[0092] With the formation of the uneven surface on the
reflective plate RS, it is possible to cause scattering in the
reflected light by the reflective plate RS.

[0093] A coaxial contact hole TH1 is formed through the
second insulating film IN2 and the first insulating film IN1, so
that the center portion of the pad portion PD is exposed by the
contact hole TH1, in order to achieve an electrical connection
through the contact hole TH1 between the pixel electrode PX
to be described later and the source electrode ST of the thin
film transistor TFT.

[0094] At aportion overlapping the opposing voltage com-
mon signal line CCL, a contact hole TH2 for exposing a part
of the opposing voltage common signal line CCL is formed at
the portion on the side of the transmissive region TR and a
contact hole TH3 for exposing a part of the opposing voltage
common signal line CCL is formed on the portion on the side
of the reflective region RR.

[0095] This configuration is employed in order to connect
the opposing electrode CT(t) in the transmissive region TR to
the opposing voltage common signal line CCL through the
contact hole TH2 and connect the opposing electrode CT(r) in
the reflective region RR to the opposing voltage common
signal line CCL through the contact hole TH3.

[0096] The contact holes TH2 and TH3 are formed at the
same time as, for example, the formation of the contact hole
THI.

[0097] Over a surface of the second insulating film IN2, a
transparent conductive film comprising, for example, ITO

(Indium Tin Oxide) is formed covering the contact holes TH1,
TH2, and TH3.

[0098] The transparent conductive film is physically sepa-
rated to a portion formed in the transmissive region TR and a
portion formed in the reflective region RR, and the transpar-
ent conductive film formed in the transmissive region TR and
the transparent conductive film formed in the reflective region
RR have different electrical functions.

[0099] More specifically, the transparent conductive film
formed in the reflective region RR is electrically connected to
the pad portion PD through the contact hole TH1, is formed in
an island-shape only in the reflective region RR, and forms
one electrode CTM of the storage capacitor C3.

[0100] The transparent conductive film forming one of the
electrodes of the storage capacitor CTM is formed covering
the surface of the second insulating film IN2 on which the
uneven surface is formed, and, thus, the uneven surface sur-
faces and appears on the surface of the transparent conductive
film.

[0101] The transparent conductive film formed in the trans-
missive region TR is formed not being connected to the pad
portion PD, and functions as the opposing electrode CT in the
transmissive region TR.

[0102] The opposing electrode CT is formed connected to
the opposing electrode CT in the transmissive region TR of
another adjacent pixel in the x direction in FIG. 3, in a strad-
dling manner over the drain signal line DL.

[0103] Because ofthis structure, the opposing electrode CT
corresponding to another adjacent pixel in the x direction
functions as an opposing electrode in that pixel, and also as
the opposing voltage signal line CL shown in FIG. 2.

[0104] Thetransparent conductive film formed in this man-
ner has a function as the opposing voltage signal line CL as
described above. Therefore, the transparent conductive film is
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electrically connected to the opposing voltage common sig-
nal line CCL, for example, at the portion of the through hole
TH2 at the left end.

[0105] At the through hole TH3 on the side of the reflective
region RR, the transparent conductive film is left and formed
only in the region of the through hole TH3 and a region
around the through hole TH3, and a first joint structure JL1 is
formed by the transparent conductive film. As will be
described later, the first joint structure JL.1 is a constituent
element when the opposing electrode CT(r) in the reflective
region RR is connected to the opposing voltage common
signal line CCL.

[0106] In the reflective region RR, a first capacitor insulat-
ing film CIN1 (refer to FIG. 1) is formed in an island shape
above the transparent conductive film which is formed as one
capacitor electrode CTM of the storage capacitor C3.

[0107] The first capacitor insulating film CIN1 comprises,
for example, a silicon nitride film, and is formed covering the
surface of the capacitor electrode CTM on which the uneven
surface is formed. Because of this, the uneven surface sur-
faces and appears on a surface of the first capacitor insulating
film CINT.

[0108] Over an upper surface of the first capacitor insulat-
ing film CINI, a reflective plate RS is formed covering the
first capacitor insulating film CIN1. The reflective plate RS
comprises, for example, aluminum, and because the reflective
plate RS is formed covering the surface of the first capacitor
insulating film CIN1 on which the uneven surface is formed,
the uneven surface surfaces and appears on the surface of the
reflective plate RS.

[0109] The reflective plate RS is formed connected to the
reflective plate RS in the reflective region RR of another pixel
adjacent in the x direction in FIG. 3 in a straddling manner
over the drain signal line DL.

[0110] The reflective plate RS functions as the opposing
electrode CT(r) in the reflective region, and also forms the
other capacitor electrode of the storage capacitor C3 having
the first capacitor insulating film CIN1 as a dielectric film,
and a voltage which forms a reference for the image signal is
applied.

[0111] Because of this structure, the reflective plates RS
(opposing electrodes CT(r)) commonly connected in the pix-
els aligned in the x direction in FIG. 3 are formed at the left
end to extend, along with the first capacitor insulating film
CIN1 which is present below the reflective plate RS, to a
region near the position of formation of the opposing voltage
common signal line CCL. As will be described later, this
configuration is employed in order to electrically connect the
opposing electrode CT(r) to the opposing voltage common
signal line CCL.

[0112] Over an upper surface of the substrate SUBI, a
second capacitor insulating film CIN2 (refer to FIGS. 1 and 4)
is formed covering the reflective plate RS or the like. The
second capacitor insulating film CIN2 comprises an organic
insulating film such as, for example, an acrylic film, and is
formed with a flattened surface.

[0113] In the second capacitor insulating film CIN2 thus
formed, a contact hole TH4 for exposing a center portion of
the pad portion PD is formed. Because of this, the contact hole
TH4 in the second capacitor insulating film CIN2 is formed
approximately coaxially with the contact hole TH1 formed
through the layered film of the first insulating film IN1 and the
second insulating film IN2.
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[0114] In addition, in the second capacitor insulating film
CIN2, a contact hole THS for exposing the contact hole TH3
formed through the layered film of the first insulating film IN1
and the second insulating film IN2 and a contact hole TH6
(refer to FIG. 4) for exposing a part of the reflective plate RS
(opposing electrode CT(r)) formed extending to a region near
the opposing voltage common signal line CCL are formed.
The contact hole THS is formed in order to electrically con-
nect the opposing electrode CT(r) in the reflective region RR
to the opposing voltage common signal line CCL.

[0115] Over a surface of the second capacitor insulating
film CIN2, a transparent conductive film which comprises,
for exanmiple, ITO (Indium Tin Oxide) is formed covering the
contact holes TH4, THS, and THS.

[0116] The transparent conductive film functions, in the
reflective region RR and the transmissive region TR, as the
pixel electrode PX electrically connected to the source elec-
trode ST (pad portion PD) of the thin film transistor TFT
through the contact holes TH1 and TH4.

[0117] More specifically, the pixel electrode PX(t) is
formed in the transmissive region TR and the pixel electrode
PX(r) is formed in the reflective region RR. The pixel elec-
trodes PX(t) and PX(r) form, for example, a group of elec-
trodes of line-shaped electrodes which extend in the y direc-
tion in FIG. 3 and which are aligned in the x direction, and are
formed in a pattern connected to a conductive layer CND
formed connected to the pad portion PD through the contact
holes TH4 and TH1 at a boundary of the reflective region RR
and the transmissive region TR.

[0118] In this case, the pixel electrode PX(t) is formed
overlapping the opposing electrode CT(t) and a storage
capacitor C1 having, as the dielectric film, the second capaci-
tor insulating film CIN2 interposed between the pixel elec-
trode PX(t) and the opposing electrode CT(t) is formed. The
pixel electrode PX(r) is formed overlapping the opposing
electrode CT(r), and a storage capacitor C2 having, as the
dielectric film, the second capacitor insulating film CIN2
interposed between the pixel electrode PX(r) and the oppos-
ing electrode CT(r) is formed.

[0119] The transparent conductive film formed over the
upper surface of the second capacitor insulating film CIN2
covers the through hole TH5 and the through hole TH6 at a
region near the opposing voltage signal line CCL at the side of
the reflective region RR, to form a second joint structure JL.2.
[0120] With this structure, the opposing electrode CT(r) in
the reflective region RR is electrically connected to the
opposing voltage signal line CCL through the second joint
structure JL.2 and the first joint structure JT.1.

[0121] FIGS. 7A-7C are structural diagrams showing an
example pixel in a liquid crystal display device of related art.
FIG. 7A1s aplan view, FIG. 7B is a cross sectional view along
C-C' line of FIG. 7A, and FIG. 7C is a cross sectional view
along D-D' line of FIG. 7A.

[0122] FIG. 7A corresponds to FIG. 3, FIG. 7B corre-
sponds to FIG. 1, and FIG. 7C corresponds to FIG. 4, and
members shown with the same reference numerals are mem-
bers having the same functions.

[0123] As is clear from a comparison with the structure of
the pixel of the liquid crystal display device of related art, in
the pixel of the present embodiment, the first capacitor insu-
lating film CINT1 is newly provided in the reflective region.
[0124] The first capacitor insulating film CIN1 is formed
over an upper surface of the capacitor electrode CTM, which
is a transparent conductive film formed at the same time as the
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opposing electrode CT(t) in the transmissive region TR and
which s physically and electrically separated from the oppos-
ing electrode CT(t), and which is formed in electrical con-
nection to the source electrode ST (pad portion PD) of the thin
film transistor TFT.

[0125] Over an upper surface of the first capacitor insulat-
ing film CIN1, the opposing electrode CT(r) which also func-
tions as the reflective plate RS is formed, and the opposing
electrode CT(r) functions as the other capacitor electrode
forming a pair with the capacitor electrode CTM, so that the
storage capacitor C3 having the first capacitor insulating film
CIN1 as a dielectric film is formed.

[0126] Because of this, according to the structure of the
pixel in the present embodiment, the new storage capacitor
C3 can be formed without an increase in an occupied area of
the pixel, and the storage capacity can consequently be
increased.

[0127] The storage capacitor C3 comprising the sequen-
tially layered structure of the capacitor electrode CTM, the
first capacitor insulating film CIN1, and the opposing elec-
trode CT(r) which functions as the other capacitor electrode
has a structure in which the uneven surface formed in the
opposing electrode CT(r) surfaces and appears on the first
capacitor insulating film CIN1 and the capacitor electrode
CTM.

[0128] Because of this, the storage capacitor C3 actually
has a larger area than the area projected on a plane, and the
capacity value of the storage capacitor C3 can be increased.

[Manufacturing Method]

[0129] FIGS.5A-5E are step diagrams showing an example
method of manufacturing the liquid crystal display device of
the present embodiment, and show steps at a location corre-
sponding to the cross section shown in FIG. 1. The steps will
now be described in order.

Step 1 (refer to FIG. 5A)

[0130] A substrate SUB1 is prepared, a gate signal line GL
is formed over a surface of the substrate SUB1 on the side
near the liquid crystal, and an insulating film GI is formed
covering the gate signal line GL. In FIG. 5A, a gate electrode
GT which 1s integrally formed with the gate signal line GL is
shown.

[0131] Over an upper surface of the insulating film GI, an
island-shaped semiconductor layer AS is formed in a manner
to straddle over the gate electrode GT. The semiconductor
layer AS comprises, for example, amorphous Si, but is not
limited to such a structure. For example, the semiconductor
layer AS may alternatively be poly-Si.

[0132] A drain signal line DL, a drain electrode DT which
is integral with the drain signalline DL, a source electrode ST,
and a pad portion PD which is integral with the source elec-
trode ST are formed.

Step 2 (refer to FIG. 5B) Over the upper surface of the sub-
strate SUB1, a first insulating film IN1 is formed with, for
example, a silicon nitride film, and a second insulating film
IN2 is then formed with, for example, an acrylic film.
[0133] Over a surface of the second insulating film IN2 in
the reflective region RR, an uneven surface DP in which
projections (depressions) are distributed is formed through a
selective etching method using, for example, photolithogra-
phy techniques using a halfione mask.

[0134] In addition, a coaxial through hole TH1 passing
through the second insulating film IN2 and the first insulating
film IN1 is formed, and a center portion of the pad section PD
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is exposed. In this case, the through holes TH2 and TH3
shown in FIG. 4 are also formed at the same time.

[0135] Over an upper surface of the second insulating film
IN2, a transparent conductive film comprising, for example,

ITO (Indium Tin Oxide) is formed covering the uneven sut-
face DP and the through holes TH1, TH2, and TH3.

[0136] The transparent conductive film is formed in a pre-
determined pattern so that one capacitor electrode CTM of
the storage capacitor C3 connected to the pad portion PD
through the through hole TH1 is formed in the reflective
region RR and the opposing electrode CT(t) is formed in the
transmissive region TR.

[0137] In this case, during the formation of the predeter-
mined pattern of the transparent conductive film, as shown in
FIG. 4, the first joint structure JL1 which covers the through
hole TH3 and which is electrically connected to the opposing
voltage common signal line is formed. In addition, the oppos-
ing electrode CT(t) is set to be electrically connected to the
opposing voltage common signal line CCL through the
through hole TH2 as shown in FIG. 4.

Step 3 (refer to FIG. 5C)

[0138] Over an upper surface of the substrate SUB1, a first
capacitor insulating film CIN1 comprising, for example, a
silicon nitride film, and an aluminum film are sequentially
formed covering the transparent conductive film, and the
aluminum film and the first capacitor insulating film CIN1 are
simultaneously patterned by selective etching using photoli-
thography techniques.

[0139] Because of this, in this manufacturing method, it is
not necessary to separately pattern the first capacitor insulat-
ing film, and the number of manufacturing steps can be
reduced.

[0140] The first capacitor insulating film CIN1 is formed as
the dielectric film of the storage capacitor C3, the aluminum
film 1s formed as the opposing electrode CT(r) in the reflec-
tive region RR, and the opposing electrode CT(r) is formed
also as the reflective plate RS and the other capacitor elec-
trode of the storage capacitor C3.

[0141] Inthe opposing electrode CT(r), the uneven surface
DP formed on the surface of the second insulating film IN2
surfaces and appears on the surface with the first capacitor
insulating film CIN1 therebetween.

Step 4 (refer to FIG. 5D)

[0142] Over an upper surface of the substrate SUBI, a
second capacitor insulating film CIN2 comprising, for
example, an acrylic film is formed covering the opposing
electrodes CT(t) and CT(r).

[0143] A through hole TH2 is formed through the second
capacitor insulating film CIN2 for exposing the center portion
of the pad portion PD. With this configuration, the through
hole TH2 is formed approximately coaxially with the through
hole TH1 formed through the layered structure of the first
insulating film IN1 and the second insulating film IN2. Dur-
ing this process, a through hole TH5 shown in FIG. 4 is
formed at the same time.

[0144] Over an upper surface of the second capacitor insu-
lating film CIN2, a transparent conductive film comprising,
for example, ITO (Indium Tin Oxide) is formed covering the
through hole TH4, and the transparent conductive film is
patterned so that a pixel electrode PX(r) in the reflective
region RR and a pixel electrode PX(t) in the transmissive
region TR are formed.
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[0145] These pixel electrodes PX(r) and PX(t) are formed
electrically connected to the source electrode ST (pad portion
PD) of the thin film transistor TFT through the through holes
TH4 and TH1.

[0146] During this process, the second joint structure JI.2
shown in FIG. 4 is formed at the same time, so that the
opposing electrode CT(r) in the reflective region RR is con-
nected to the opposing voltage common signal line CCL
through the second joint structure JL2 and the first joint
structure JL1.

Step 5 (refer to FIG. 5E)

[0147] Over an upper surface of the substrate SUBI, an
orientation film ORI1 is formed covering the pixel electrodes
PX(t) and PX(r) The orientation film ORI1 is a film which
directly contacts the liquid crystal LC, and sets an initial
orientation direction of molecules of the liquid crystal LC.
[0148] A polarizer plate POL1 is placed over a surface of
the substrate SUB1 on the side opposite to the liquid crystal.
The polarizer plate POL1 is provided in order to visualize the
behavior of the liquid crystal LC by the electric field.

[0149] FIG. SE also shows a substrate SUB2 to be placed
opposing the substrate SUB1, which is formed through the
above-described processes, with the liquid crystal LC ther-
ebetween.

[0150] On the substrate SUB2, a color filter FIL is formed
over a surface on the side near the liquid crystal, and an
orientation film ORI2 is formed covering the color filter FIL.
The orientation film ORI2 has a function similar to the ori-
entation film ORIL.

[0151] A polarizer plate POL2 is placed over the surface of
the substrate SUB2 on the side opposite to the liquid crystal.
The polarizer plate POL2 has a function similar to the polar-
izer plate POL1.

Second Preferred Embodiment

(Overall Equivalent Circuit)

[0152] FIG. 8 is an equivalent circuit diagram of a liquid
crystal display device whichis called a TN (Twisted Nematic)
type or a VA (Vertical Alignment) type, and is drawn corre-
sponding to FIG. 2. In FIG. 8, the members having the same
reference numeral as FIG. 2 have the same functions.

[0153] TheTN type or VA type liquid crystal display device
has a structure in which an opposing electrode CT is provided
over a surface of the substrate SUB2, which is placed oppos-
ing the substrate SUB1 with the liquid crystal therebetween,
on the side near the liquid crystal. In FIG. 8, in addition to the
circuits formed on the side of the substrate SUB1, the oppos-
ing electrode CT is also shown.

[0154] InFIG. 8, a structure different from the structure of
FIG. 2 is that the pixel electrode PX connected to the source
electrode ST of the thin film transistor TFT is formed with a
transparent conductive film in the pixel electrode PX(t)
formed in the transmissive region TR and is formed with the
reflective plate RS in the pixel electrode PX(r) formed in the
reflective region RR.

[0155] Anopposing electrode CT which creates an electric
field with the pixel electrode PX is formed over a surface of
the other substrate SUB2, which is placed opposing the sub-
strate SUB1 with the liquid crystal LC therebetween, on the
side near the liquid crystal LC.

[0156] The opposing electrode CT is electrically connected
to the opposing voltage common signal line CCL through a
conductive layer (not shown) which is provided between the
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substrates SUB1 and SUB2, and an opposing voltage signal is
supplied to the opposing electrode CT through the opposing
voltage common signal line CCL.

[0157] A liquid crystal capacity C (L1) is formed between
the pixel electrode PX(t) and the opposing electrode CT, and
a liquid crystal capacity C (L2) is formed between the pixel
electrode PX(r) and the opposing electrode CT.

[0158] In addition, in the reflective region RR of the pixel
on the side of the substrate SUB1, a capacitor electrode CTM
which is electrically connected to the opposing voltage com-
mon signal line CCL is formed, and the capacitor electrode
CTM forms a storage capacitor C with the pixel electrode
PX(r) in the reflective region RR.

[Structure of Pixel]

[0159] FIG. 9 is a plan view showing an example structure
of a pixel in a dotted line frame B of FIG. 8. FIG. 9 shows the
opposing voltage common signal line CCL and the connec-
tion form between the opposing voltage common signal line
CCL and the capacitor electrode CTM of the pixel. FIG. 10
shows a cross sectional view along E-E' line of FIG. 9.
[0160] FIG. 9 corresponds to FIG. 3 and FIG. 10 corre-
sponds to FIG. 1. In FIGS. 9 and 10, members with the same
reference numerals as FIGS. 3 and 1 have the same functions.
[0161] InFIGS. 9 and 10, a first insulating film IN1 and a
second insulating film IN2 are formed over an upper surface
of the substrate SUB1 covering a thin film transistor TFT, an
uneven surface DP is formed on a surface of the second
insulating film IN2 in a reflective region RR, and a through
hole TH1 for exposing the center portion of the pad portion
PD is formed through the layered structure of the first insu-
lating film IN1 and the second insulating film IN2. This
structure is similar to the structure shown in FIGS. 3 and 1.
[0162] Because of this structure, the drain signal line DL
which is integrally formed with the drain electrode of the thin
film transistor TFT, and the opposing voltage signal line CCL
which is formed at the same time as the formation of the drain
signal line DL are also formed below the layered structure of
the first insulating film IN1 and the second insulating film
IN2, similar to FIGS. 3 and 1.

[0163] Over the upper surface of the second insulating film
IN2, a transparent conductive film comprising, for example,
ITO (Indium Tin Oxide) is formed, and the transparent con-
ductive film forms a pixel electrode PX(t) in the transmissive
region TR and forms the capacitor electrode CTM in the
reflective region RR. The pixel electrode PX(t) is electrically
connected to the pad portion PD through the through hole TH,
and is physically separated from the capacitor electrode CTM
so that an electrical insulation is achieved.

[0164] The capacitor electrode CTM is formed common
with the capacitor electrode CTM in the pixel adjacent in the
x direction in F1G. 9 straddling over the drain signal line DL.
The left end in FIG. 9 of the capacitor electrode CTM is
electrically connected to the opposing voltage signal line
CCL through the through hole TH3 formed through the lay-
ered structure of the first insulating film IN1 and the second
insulating film IN2. The through hole TH3 is formed, for
example, at the same time as the formation of the through hole
THI.

[0165] Inthe capacitor electrode CTM, the uneven surface
DP formed on the surface of the second insulating film IN2
surfaces and appears on the surface.

[0166] Over an upper surface of the capacitor electrode
CTM, a first capacitor insulating film CIN1 (refer to FIG. 10)
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comprising, for example, a silicon nitride film, is formed in at
least a region in which the reflective plate RS to be described
later is formed in an overlapping manner. The first capacitor
insulating film CIN1 functions as a dielectric film of the
storage capacitor C. In the first capacitor insulating film
CIN1, the uneven surface DP formed on the surface of the
second insulating film IN2 surfaces and appears on the sur-
face with the capacitor electrode CTM therebetween.

[0167] In the reflective region RR, the reflective plate RS
comprising, for example, aluminum is formed. The reflective
plate RS is formed covering the through hole TH1 so that the
reflective plate RS is electrically connected to the source
electrode ST of the thin film transistor TFT and functions as
the pixel electrode PX(r) in the reflective region RR.

[0168] In the reflective plate RS, the uneven surface DP
formed on the surfaced of the second insulating film IN2
surfaces and appears on the surface with the capacitor elec-
trode CTM and the first capacitor insulating film CIN1 ther-
ebetween. With this structure, the light incident on the reflec-
tive plate RS is reflected in a scattered manner.

[0169] In addition, in the reflective region RR, a second
capacitor insulating film CIN2 comprising, for example, an
acrylic film is formed covering the pixel electrode PX(r)
(reflective plate RS).

[0170] The second capacitor insulating film CIN2 is placed
between the pixel electrode PX(r) and the opposing electrode
CT formed over the surface of the substrate SUB2 on the side
near the liquid crystal to be described later, and forms a
storage capacity C (L2) between the pixel electrode PX(r) and
the opposing electrode CT along with the liquid crystal LC.
[0171] The second capacitor insulating film CIN2 also has
a function to set the thickness of the liquid crystal LC in the
reflective region RR to be approximately ' of the thickness
of the liquid crystal LC in the transmissive region TR so that
the optical path length required for the round-trip travel of the
light within the liquid crystal LC in the reflective region RR is
approximately the same as the optical path length of the light
within the liquid crystal LC in the transmissive region TR.
[0172] Anorientation film ORI1 is formed over a surface of
the substrate SUB1 having such a structure. The orientation
film ORI1 is a film which directly contacts the liquid crystal
LC, and determines an initial orientation direction of mol-
ecules of the liquid crystal LC.

[0173] In a liquid crystal display device having such a
structure also, the new storage capacitor C can be formed
without increasing the occupied area of the pixel, and, con-
sequently, the storage capacity can be increased.

[0174] In addition, the storage capacitor C formed by the
sequentially layered structure of the capacitor electrode
CTM, the first capacitor insulating film CIN1, and the pixel
electrode PX (r) forming the other capacitor electrode has a
structure in which the uneven surface formed in the capacitor
electrode CTM surfaces and appears on the pixel electrode
PX(r) with the first capacitor insulating film CIN1 therebe-
tween.

[0175] Because ofthis, the storage capacitor C actually has
a larger area than the area projected onto a plane, and, thus,
the capacity value of the storage capacitor C canbe increased.
FIG. 10 also shows the substrate SUB2 which is placed
opposing the substrate SUB1 with the liquid crystal LC ther-
ebetween.

[0176] On the substrate SUB2, a color filter FIL is formed
over a surface on the side near the liquid crystal, and an
opposing electrode CT comprising, for example, ITO is
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formed covering the color filter FIL. As already described, the
opposing electrode CT is connected to the opposing voltage
common signal line CCL through a conductive layer which is
provided between the substrate SUB1 and the substrate SUB2
outside of the pixel display region AR.

[0177] Over the surface of the substrate SUB2 near the
liquid crystal, an orientation film ORI2 is formed covering the
opposing electrode CT. In addition, a polarizer plate POL2 is
placed over a surface of the substrate SUB2 opposite of the
liquid crystal.

[Alternative Configuration]

[0178] Inthe above-described embodiments, the substrates
SUB1 and SUB2 comprise glass, but the present invention is
not limited to such a configuration, and the substrates may
comprise other insulating substrates such as, for example,
quartz glass and plastic.

[0179] When quartz glass is used for the substrate, the
process temperature can be increased and the density of the
gate insulating film of the thin film transistor can be
increased, and, thus, there is an advantage that the reliability
ofthe thin film transistor can be improved. When, on the other
hand, plastic is used for the substrate, there is an advantage
that a liquid crystal display device having a light weight and
a superior shock resistance can be obtained.

[0180] In the embodiments described above, the bottom-
gate type transistor TF'T is shown, but the present invention is
not limited to such a configuration, and a top-gate type thin
film transistor TFT may be employed.

[0181] The semiconductor layer of the thin film transistor
TFT 1s not limited to the amorphous silicon, and may be, for
example, poly-silicon or the like.

[0182] The embodiments and the alternative configuration
may be used alone or in combination to each other. The
advantage can be achieved alone or in a synergetic manner.
[0183] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:
1. A liquid crystal display device having a transmissive
region and a reflective region in a pixel region in which a
protective film is formed covering a thin film transistor over a
substrate, wherein
in the reflective region, an uneven surface is formed on a
surface of the protective film, and a capacitor electrode
which comprises a transparent conductive film and
which is electrically connected to a source electrode of
the thin film transistor through a first through hole
formed through the protective film, a first capacitor insu-
lating film, and a reflective plate which also functions as
an opposing electrode and in which the uneven surface
formed on the protective film surfaces and appears with
the capacitor electrode and the first capacitor insulating
film therebetween are formed over the surface of the
protective film on which the uneven surface is formed,

in the transmissive region, an opposing electrode which
comprises a transparent conductive film is formed over
the surface of the protective film,

a second capacitor insulating film is formed covering the

reflective region and the transmissive region, and
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apixel electrode which comprises a transparent conductive
film and which is electrically connected to the source
electrode of the thin film transistor through a second
through hole formed through the second capacitor insu-
lating film is provided over an upper surface of the
second capacitor insulating film in the reflective region
and the transmissive region.
2. The liquid crystal display device according to claim 1,
wherein
the reflective plate formed in the reflective region and the
opposing electrode formed in the transmissive region are
electrically connected to each other.
3. The liquid crystal display device according to claim 1,
wherein
the reflective plate formed in the reflective region forms a
surface-shaped electrode, and the pixel electrode formed
in the reflective region with the second capacitor insu-
lating film therebetween forms a plurality of aligned
line-shaped electrodes.
4. The liquid crystal display device according to claim 1,
wherein
the opposing electrode formed in the transmissive region
forms a surface-shaped electrode, and the pixel elec-
trode formed in the transmissive region with the second
capacitor insulating film therebetween forms a plurality
of aligned line-shaped electrodes.
5. The liquid crystal display device according to claim 1,
wherein
the first through hole formed through the protective film
and the second through hole formed through the second
capacitor insulating film are coaxially formed.
6. The liquid crystal display device according to claim 1,
wherein
an opposing voltage common signal line is placed at least
at a part of a periphery of an image display region in
which a plurality of pixels are placed, the reflective plate
is commonly connected to a reflective plate of a pixel
which is adjacent over a drain signal line which is con-
nected to a drain electrode of the thin film transistor, and
the commonly connected reflective plate is electrically
connected to the opposing voltage common signal line.
7. The liquid crystal display device according to claim 1,
wherein
an opposing voltage common signal line is placed at least
at a part of a periphery of an image display region in
which a plurality of pixels are placed, the opposing
electrode is commonly connected to an opposing elec-
trode of'a pixel which is adjacent over a drain signal line
which is connected to a drain electrode of the thin film
transistor, and the commonly connected opposing elec-
trode is electrically connected to the opposing voltage
common signal line.
8. The liquid crystal display device according to claim 1,
wherein
the substrate comprises one of glass, quartz glass, and
plastic.
9. The liquid crystal display device according to claim 1,
wherein
the thin film transistor is of a bottom-gate type or a top-gate
type.
10. A Tiquid crystal display device having a first substrate
and a second substrate which are placed opposing each other
with liquid crystal therebetween, wherein
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an opposing electrode is formed over a surface of the sec-
ond substrate on the side near the liquid crystal,

atransmissive region and a reflective region are provided in
a pixel region in which a protective film is formed cov-
ering a thin film transistor over a surface of the first
substrate on the side near the liquid crystal,

in the reflective region, an uneven surface is formed on a
surface of the protective film, and a capacitor electrode
which comprises a transparent conductive film and
which is maintained at a same potential as the opposing
electrode, a first capacitor insulating film, and a reflec-
tive plate which is electrically connected to a source
electrode of the thin film transistor through a through
hole formed through the protective film and in which the
uneven surface formed on the protective film surfaces
and appears with the capacitor electrode and the first
capacitor insulating film therebetween are formed over
the surface of the protective film on which the uneven
surface is formed, and

in the transmissive region, a pixel electrode which com-
prises a transparent conductive film and which is elec-
trically connected to the source electrode of the thin film
transistor through the through hole is formed over the
surface of the protective film.

11. The liquid erystal display device according to claim 10,

wherein

a second capacitor insulating film which is formed cover-
ing the reflective plate is provided in the reflective
region.

12. The liquid crystal display device according to claim 10,

wherein

an opposing voltage common signal line is placed at least
at a part of a periphery of an image display region in
which a plurality of pixels are placed, the capacitor
electrode is commonly connected to a capacitor elec-
trode of a pixel which is adjacent over a drain signal line
which is connected to a drain electrode of the thin film
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transistor, and the commonly connected capacitor elec-
trode is electrically connected to the opposing voltage
common signal line.
13. The liquid crystal display device according to claim 10,
wherein
the substrate comprises one of glass, quartz glass, and
plastic.
14. The liquid crystal display device according to claim 10,
wherein
the thin film transistor is of a bottom-gate type or of a
top-gate type.
15. A method of manufacturing a liquid crystal display
device, wherein
a capacitor electrode which is formed over an insulating
film, a capacitor insulating film which is formed over the
capacitor electrode, and a reflective plate which is
formed over the capacitor insulating film are sequen-
tially formed in a reflective region of a pixel, wherein a
storage capacitor is formed with the capacitor electrode,
the capacitor insulating film, and the reflective plate, and
the capacitor insulating film and the reflective plate are
formed by sequentially forming a material layer for
forming the capacitor insulating film and a material
layer for forming the reflective plate, and simulta-
neously patterning the material layers.
16. The method of manufacturing a liquid crystal display
device according to claim 15, wherein
an uneven surface is formed on a surface of the insulating
film, and the capacitor electrode, the capacitor insulating
film, and the reflective plate are layered over the surface
of the insulating film on which the uneven surface is
formed, and
in the reflective plate, the uneven surface which is formed
on the insulating film surfaces and appears with the
capacitor electrode and the capacitor insulating film
therebetween.
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