
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

79
3 

26
6

B
1

TEPZZ_79¥ 66B_T
(11) EP 1 793 266 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
08.03.2017 Bulletin 2017/10

(21) Application number: 06024061.1

(22) Date of filing: 20.11.2006

(51) Int Cl.:
G02F 1/1343 (2006.01) G02F 1/1335 (2006.01)

(54) Transflective Liquid Crystal Display with a Horizontal Electric Field Configuration

Transflektive Flüssigkristallanzeige mit horizontaler elektrischer Feldkonfiguration

Système d’affichage à cristaux liquides transflectif avec une configuration horizontale du champ 
électrique

(84) Designated Contracting States: 
DE FI FR GB NL

(30) Priority: 05.12.2005 JP 2005350147

(43) Date of publication of application: 
06.06.2007 Bulletin 2007/23

(60) Divisional application: 
10010385.2 / 2 270 583

(73) Proprietor: Semiconductor Energy Laboratory 
Co., Ltd.
Atsugi-shi, Kanagawa-ken 243-0036 (JP)

(72) Inventors:  
• Kimura, Hajime

Atsugi-shi
Kanagawa-ken 243-0036 (JP)

• Uochi, Hideki
Atsugi-shi
Kanagawa-ken 243-0036 (JP)

(74) Representative: Grünecker Patent- und 
Rechtsanwälte 
PartG mbB
Leopoldstraße 4
80802 München (DE)

(56) References cited:  
US-A1- 2003 103 181 US-A1- 2005 128 390
US-A1- 2005 140 867  



EP 1 793 266 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a liquid crystal
display device. In particular, the present invention relates
to a liquid crystal display device having a wide viewing
angle.

2. Description of the Related Art

[0002] A display device includes a self-light emitting
display device and a light receiving display device. A liq-
uid crystal display decvice is the most typical light receiv-
ing display device. A driving method for liquid crystal in
a liquid crystal display device includes a vertical electrical
field type in which voltage is applied perpendicularly to
a substrate and a horizontal electrical field type in which
voltage is applied approximately parallel to the substrate.
Each of a vertical electrical field type and a horizontal
electrical field type has an advantage and disadvantage.
For example, a horizontal electrical field type has char-
acteristics such as a wide viewing angle, high contrast,
high gradation display, and the like compared with a ver-
tical electrical field type typified by a TN type, and is used
for a monitor or television. These kinds of liquid crystal
display devices coexist in the field of liquid crystal, and
product development has been made. In addition, each
of a liquid crystal material for a horizontal electrical field
type and a liquid crystal material for a vertical electrical
field type is developed and has different material char-
acteristics according to a direction of applied voltage.
[0003] In addition, a horizontal electrical field liquid
crystal display device includes an IPS (In-Plane Switch-
ing) type and an FFS (Fringe Field Switching) type. In an
IPS type, a pixel electrode having a comb-shape or a slit
and a common electrode having a comb-shape or a slit
are alternately arranged and an electrical field approxi-
mately parallel to a substrate is generated between the
pixel electrode and the common electrode, whereby a
liquid crystal display device is driven (see Patent Docu-
ment 1). On the other hand, in an FFS type, a pixel elec-
trode having a comb-shape or a slit is placed over a com-
mon electrode which having a plane-shape that is formed
in a whole pixel portion. An electrical field approximately
parallel to a substrate is generated between the pixel
electrode and the common electrode, whereby a liquid
crystal display device is driven.
[0004] US 2003/103181 A1 discloses a liquid crystal
display device comprising a pixel portion. The pixel por-
tion comprises a common line, a first common electrode
and a protective insulating film provided over the first
common electrode. A pixel electrode and a second com-
mon electrode are provided over the protective insulating
film and a liquid crystal material is provided over the pixel
electrode and the second common electrode.

[0005] US 2005/128390 A1 discloses a transflective
fringe field switching liquid crystal display comprising a
first common electrode below an insulating layer and a
pixel electrode above this insulating layer
[0006] US 2005/140867 A1 disclosestransreflective
in-plane switching mode liquid crystal display (LCD) de-
vice. The LCD device includes first and second sub-
strates including a plurality of pixels, each pixel having a
transmitting unit and a reflecting unit, wherein the first
substrate includes a first electrode and the second sub-
strate includes a second electrode in each of the trans-
mitting unit and the reflecting unit for applying voltages;
first and second passive alignment layers over the first
and second electrodes, respectively; first and second fer-
roelectric liquid crystal alignment layers on the first and
second passive alignment layers, respectively; and a liq-
uid crystal layer between the first and second substrates.
[0007] It is shown that an FFS liquid crystal display
device has high transmittance, a wide viewing angle, low
power consumption, and no crosstalk (see Non-Patent
Document 1).

[Patent Document 1] Japanese Published Patent
Application No. H9-105918

[Non-Patent Document 1] Ultra-FFS TFT-LCD with
Super Image Quality and Fast Response Time, 2001
The Society For Information Display pp. 484-487

[0008] In a horizontal electrical field type liquid crystal
display device which is typified by a conventional hori-
zontal electrical field type liquid crystal display device,
an electrical field applied to a liquid crystal material is not
sufficient. This is because an electrical field is not well
applied to a liquid crystal material which is right above a
common electrode and a pixel electrode.
[0009] In addition, a wide viewing angle technique us-
ing a horizontal electrical field type such as an IPS type
or an FFS type is used mostly for television; therefore,
the technique is applied only to a transmissive type. How-
ever, a reflective type or a semitransmissive type is need-
ed when reducing power consumption or outdoors use
is required. However, a reflective or a semitransmissive
type is realized by using a vertical electrical field type
typified by a TN type.

SUMMARY OF THE INVENTION

[0010] Therefore, it is an object of the present invention
to provide a structure of a horizontal electrical field type
liquid crystal display device, in which a sufficient electrical
field is applied to a liquid crystal material.
[0011] In addition, it is an object of the present invention
to provide a liquid crystal display device with a wide view-
ing angle and less color-shift, and which can display an
image favorably recognized both indoors and outdoors.
[0012] Please note that the invention is set forth in in-
dependent claim 1. Consequently, only Embodiment
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Mode 1, as illustrated in fig.78, represents an embodi-
ment of the invention as presently claimed. All other oc-
currences of the word "embodiment", the phrase "accord-
ing to the invention" or their equivalents refer to examples
which were originally filed but which are no longer em-
bodiments of the invention as presently claimed. These
examples have been retained for illustrative purposes
only.
[0013] In view of the foregoing problems, in the present
invention, an electrical field is applied to a liquid crystal
material using plural pairs of electrodes rather than one
pair of electrodes. The one pair of electrodes includes a
comb-shaped common electrode and a comb-shaped
pixel electrode. Another pair of electrodes includes a
common electrode formed in a pixel portion and a comb-
shaped pixel electrode. The common electrode provided
in the pixel portion can be provided in a region except
the thin film transistor. In addition, the common electrode
provided in the pixel portion may be comb-shaped. In
such a liquid crystal display device, an electrical field ap-
plied to a liquid crystal material can be controlled by using
another pair of electrodes, as well as the one pair of elec-
trodes.
[0014] A liquid crystal display device of the present in-
vention includes a first region in which display is conduct-
ed by light transmission and a second region in which a
display is conducted by light reflection. In addition, a liquid
crystal layer includes a liquid crystal molecule rotating in
a plane parallel to an electrode surface, that is, parallel
to a substrate, when an electric potential difference is
generated between two electrodes in a liquid crystal el-
ement which are provided below the liquid crystal layer.
[0015] Note that in the present invention, the phrase
"rotation parallel to an electrode surface" means that a
parallel rotation which includes a deviation unrecogniz-
able by human eyes. In other words, the phrase "rotation
parallel to an electrode surface" means that a rotation
which mainly includes a vector component parallel to the
electrode surface but also includes a few vector compo-
nent normal to the electrode surface.
[0016] When an electric potential difference is gener-
ated between electrodes 803 and 804 provided below a
liquid crystal layer 801, a liquid crystal molecule 802 con-
tained in the liquid crystal layer 801 rotates by an effect
of a horizontal electrical field. A state shown in FIG. 77A
changes into that shown in FIG. 77B or the state shown
in FIG. 77B changes into that shown in FIG 77A, as the
liquid crystal molecule 802 rotates. FIGS. 77A and 77B
are cross-sectional views. The rotation seen from above
is shown by an arrow in FIG 77C.
[0017] In a similar manner, when an electric potential
difference is generated between electrodes 9803 and
9805 and between electrodes 9804 and 9805 provided
below a liquid crystal layer 9801, a liquid crystal molecule
9802 contained in the liquid crystal layer 9801 rotates by
an effect of a horizontal electrical field and a state shown
in FIG 112A changes into that shown in FIG 112B or the
state shown in FIG 112B changes into that shown in FIG

112A as the liquid crystal molecule 9802 rotates. FIGS.
112A and 112B show cross-sectional views. The rotation
seen from above is shown by an arrow in FIG 112C.
[0018] Note that a positional relationship or the like of
the electrodes 803 and 804 is not limited to those shown
in FIGS. 77A to 77C.
[0019] In a similar manner, a positional relationship or
the like of the electrodes 9803, 9804, and 9805 is not
limited to those shown in FIGS. 112A to 112C.
[0020] In the first region described above, one pair of
electrodes provided below a liquid crystal layer includes
electrodes provided in different layers. In the first region,
two electrodes in a liquid crystal element are provided
below the liquid crystal layer and the electrodes are pro-
vided in different layers. One of the electrodes serves as
a reflector or a reflector is provided so as to overlap with
the electrodes, whereby light is reflected. In the second
region, two electrodes in a liquid crystal element are
formed below the liquid crystal layer. Both of the elec-
trodes are transparent and provided over one layer or
over different layers with an insulating layer interposed
therebetween.
[0021] A specific structure of the present invention is
shown below.
[0022] The present invention provides a display device
according to claim 1
[0023] According to the present invention, an electrical
field can be applied sufficiently to a liquid crystal material
using two or more pairs of electrodes. Then, tilting of the
liquid crystal material can be controlled by electrical fields
generated by two pairs of electrodes, whereby gray-scale
display can be conducted.
[0024] In addition, according to the present invention,
an image with a wide viewing angle and less color-shift
due to the angle at which the display screen is watched,
and which is favorably recognized outdoors in the sun
and dark indoors (or outdoors at night) can be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0025]

Figs.1 to 77A-C are mainly cross-sectional views of
illustrative liquid crystal display devices which do not
fall under the invention as claimed.
FIG. 78 is a cross-sectional view of a liquid crystal
display device of the present invention as claimed.
FIG 79 is a further cross-sectional view of a liquid
crystal display device of the present invention as
claimed. Figs. 80 to 112A-C are mainly cross-sec-
tional views of illustrative liquid crystal display devic-
es which do not fall under the invention as claimed.

DETAILED DESCRIPTION OF THE INVENTION

[0026] Hereinafter, the embodiment modes of the
present invention is described with reference to the ac-
companying drawings. The present invention should not
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be interpreted as being limited to the description of the
embodiment modes to be given below. Note that like por-
tions in the different drawings are denoted by the like
reference numerals when describing embodiment
modes with reference to the drawings, and repeated ex-
planations thereof are omitted.
[0027] In the present invention, a type of applicable
transistor is not limited. It is thus possible to apply a thin
film transistor (TFT) using a non-single crystalline sem-
iconductor film typified by amorphous silicon or polycrys-
talline silicon, a MOS transistor, a junction type transistor,
a bipolar transistor, which are formed using a semicon-
ductor substrate or an SOI substrate a transistor using
an organic semiconductor or a carbon nanotube, or the
like. In addition, the type of transparent substrate over
which a transistor is provided is not limited and the tran-
sistor can be formed over a single crystalline substrate,
an SOI substrate, a glass substrate, or the like.
[0028] In the present invention, a connection is synon-
ymous to an electrical connection. Accordingly, in a struc-
ture disclosed in the present invention, another element
which enables electrical connection (such as different
element, a switch, a transistor, a capacitor, a resistor, or
a diode) may be interposed between elements having a
predetermined connection relationship.
[0029] A switch shown in the present invention may be
any switch such as an electrical switch or a mechanical
switch. It may be anything as long as it can control current
flow. It may be a transistor, a diode, or a logic circuit that
is a combination thereof. Therefore, in the case of using
a transistor as a switch, a polarity (conductivity) thereof
is not particularly limited because it operates as a mere
switch. However, when an off current is preferred to be
small, a transistor of a polarity with small off current is
desirably used. A transistor having an LDD region, a tran-
sistor having a multiage structure, and the like are given
as a transistor with small off current. Further, it is desir-
able that an N-channel transistor is employed when a
potential of a source terminal of the transistor serving as
a switch is closer to the low potential side power source
(Vss, Vgnd, 0 V or the like), and a P-channel transistor
is desirably employed when the potential of the source
terminal is closer to the high potential side power source
(Vdd or the like). This helps a transistor to easily serve
as a switch as the absolute value of the gate-source volt-
age can be increased. Note that a CMOS switch can also
be applied by using both N-channel and P-channel tran-
sistors.
[0030] As described above, a transistor of the present
invention may be any type of transistors and may be
formed over any type of transparent substrate. Therefore,
all circuits driving a pixel may be formed over a glass
substrate, a plastic substrate, a single crystalline sub-
strate, an SOI substrate, or any other transparent sub-
strates. Alternatively, some of the circuits driving the pixel
may be formed over one substrate while other circuits
may be formed over another substrate. That is, not all of
the circuits are required to be formed over the same sub-

strate. For example, a pixel portion and a gate line driver
circuit may be formed with a TFT over a glass substrate
while a signal line driver circuit (or a part thereof) may be
formed over a single crystalline substrate, then, an IC
chip thereof is connected to the glass substrate by COG
(Chip On Glass). Alternatively, the IC chip may be con-
nected to the glass substrate using TAB (Tape Automat-
ed Bonding) or a printed board.
[0031] Note that a semiconductor device referes to a
device having a semiconductor element such as a tran-
sistor or a diode. A display device refers to a device hav-
ing a display element such as a liquid crystal element.

[Embodiment Mode 1]

[0032] An example of a liquid crystal display device of
the present invention is described with reference to FIG.
78. In a liquid crystal display device, a plurality of pixels
is provided in matrix. An example of a cross-sectional
structure of one pixel is shown in FIG. 78.
[0033] As shown in FIG 78, a pixel includes a portion
which conducts display by reflecting light (reflective por-
tion) 1001 and a portion which conducts display by having
light pass therethrough (transmissive portion) 1002. In
each region, an electrode serving as a pixel electrode
and an electrode serving as a common electrode are
provided.
[0034] The electrode serving as a pixel electrode has
a comb-shape. On the other hand, the electrode serving
as a common electrode includes a portion which has a
plain-shape and a portion having a comb-shape.
[0035] When voltage is supplied to the electrode serv-
ing as a pixel electrode and the electrode serving as a
common electrode, an electrical field is generated. The
electrical field has many components parallel to a sub-
strate. A liquid crystal molecule rotates in a plane parallel
to the substrate according to the electrical field. Thus,
transmittance and reflectance of light can be controlled,
thereby displaying a gray-scale.
[0036] When the electrode serving as a common elec-
trode is provided in plural, it is desirably to form an open-
ing (contact hole) in an insulating layer or overlap the
electrodes in order to electrically connect the electrodes
to each other.
[0037] When the electrode serving as a pixel electrode
and the electrode serving as a common electrode are
provided with an insulating layer therebetween, the over-
lapped portion can serve as a capacitor. The capacitor
can serve as a holding capacitor for holding an image
signal.
[0038] In the portion which conducts display by reflect-
ing light (reflective portion) 1001, a reflective electrode
is provided. A display is conducted by reflecting light by
the reflective electrode. The reflective electrode serves
as the common electrode as well.
[0039] In the portion which conducts display by having
light pass therethrough (transmissive portion) 1002, a
transparent electrode is provided. A display is conducted
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by having light pass therethrough or through an aperture
in the transparent electrode. The transparent electrode
serves as the common electrode as well.
[0040] A structure shown in FIG 78 is described. In the
reflective portion 1001, an electrode 9103 in a liquid crys-
tal element and an electrode 9305 in a liquid crystal el-
ement are overlapped with insulating layers 9204 and
9304 therebetween. In the transmissive portion 1002, the
electrode 9103 in a liquid crystal element and an elec-
trode 9104 in a liquid crystal element are overlapped with
an insulating layer 9304 therebetween.
[0041] In the reflective portion 1001 and the transmis-
sive portion 1002, the electrode 9103 in a liquid crystal
element and an electrode 9105 in a liquid crystal element
are alternately arranged.
[0042] The electrodes 9103 and 9105 in a liquid crystal
element are formed to be comb-shaped and the elec-
trodes 9305 and 9104 in a liquid crystal element are plain-
shaped. The electrodes 9305 and 9104 in a liquid crystal
element may each have a slit-like aperture, a hole or may
be comb-shaped.
[0043] The electrode 9103 in a liquid crystal element
serves as the pixel electrode and the electrodes 9305,
9104, and 9105 in a liquid crystal element serve as the
common electrodes.
[0044] It is desirable that each of the common elec-
trodes be connected electrically by forming a contact hole
in the insulating layer or overlapping the electrodes each
other.
[0045] The electrode 9305 in a liquid crystal element
is formed of a conductive material which reflects light.
Therefore, the electrode 9305 in a liquid crystal element
serves as the reflective electrode. In addition, the elec-
trode 9104 in a liquid crystal element is formed of a trans-
parent material which has light pass therethrough. There-
fore the electrode 9104 in a liquid crystal element serves
as the transparent electrode.
[0046] The electrodes 9103 and 9105 in a liquid crystal
element are desirably formed of a material which is con-
ductive as well as transparent. This is because they can
contribute to a portion which displays an image when
they can have light pass therethrough. Note that the elec-
trodes 9103 and 9105 in a liquid crystal element may be
formed of a material which reflects light.
[0047] Note that the electrodes 9103 and 9105 in a
liquid crystal element are desirably formed at the same
time. It is because when the electrodes 9103 and 9105
in a liquid crystal element are formed at the same time,
the process can be simplified, the number of masks (ret-
icles) can be reduced, and cost can be reduced. Howev-
er, it is not limited thereto and the electrodes 9103 and
9105 in a liquid crystal element may be separately
formed. In such a case, it is possible that one of the elec-
trodes 9103 and 9105 in a liquid crystal element is trans-
parent and the other reflects light.
[0048] When the electrode serving as the pixel elec-
trode (the electrode 9103 in a liquid crystal element) and
the electrodes serving as the common electrodes (the

electrodes 9305, 9104, and 9105 in a liquid crystal ele-
ment) are provided with the insulating layer therebe-
tween, the overlapped portion can serve as a capacitor.
The capacitor can serve as a holding capacitor for holding
an image signal.
[0049] As shown in FIGS. 78 and 79, when an electric
potential difference is generated between the electrodes
9103 and 9305 in a liquid crystal display, and between
the electrodes 9103 and 9105 in a liquid crystal element,
liquid crystal molecules (9303a and 9303b) in a liquid
crystal layer 9303 rotate in a direction parallel to surfaces
of the electrodes 9103, 9305, and 9104 in a liquid crystal
element (that is, in a plane parallel to the substrate).
Therefore, an amount of light which passes the liquid
crystal layer 9303 can be controlled. That is, a polariza-
tion state of light can be controlled and an amount of light
which passes a polarizing plate which is provided over
an outer side of the substrate can be controlled. FIG 79
corresponds to FIGS. 77A and 112A. The liquid crystal
molecules (9303a and 9303b) shown in FIG 79 rotate in
a similar manner to liquid crystal molecules shown in
FIGS. 77A, 77B, 112A, and 112B. Light enters the liquid
crystal display device from outside and passes the liquid
crystal layer 9303, passes the electrode 9103 in a liquid
crystal element and the insulating layers 9204 and 9304,
reflects off the electrode 9305 in a liquid crystal element,
passes the insulating layers 9204 and 9304 and the elec-
trode 9103 in a liquid crystal element, and exits from the
liquid crystal display device, in this order.
[0050] Note that an electrode 9004 in FIG 79 corre-
sponds to the electrodes 9305 and 9104 in a liquid crystal
element in FIG 78. An insulating layer 9005 in FIG 79
corresponds to the insulating layers 9204 and 9304 in
FIG 78.
[0051] As shown in FIG 79, since an electrode serving
as a common electrode is provided below an electrode
serving as a pixel electrode, in a crosswise direction, or
in an oblique direction (including an upper oblique direc-
tion and a lower oblique direction) of the electrode serving
as a pixel electrode, more electrical field component par-
allel to the substrate is generated, in regions 9002 and
9003. As a result, a viewing angle characteristic is further
improved.
[0052] Note that since the insulating layers 9204 and
9304 hardly have refractive index anisotropy, when light
passes therethrough, the polarization state does not
change.
[0053] Note that in the portion which conducts display
by reflecting light (reflective portion) 1001 and the portion
which conducts display by having light pass therethrough
(transmissive portion) 1002, a color filter is provided in a
light path, thereby making light having a desired color.
Light emitted from each pixel is mixed to display an im-
age.
[0054] The color filter may be provided over a counter
substrate which is provided over the liquid crystal layer
9303 or over the electrode 9103 in a liquid crystal ele-
ment. Alternatively, the color filter may be provided over
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the insulating layer 9304 or as a part thereof.
[0055] Note that a black matrix may be provided as
well as the color filter.
[0056] Note that in the portion which conducts display
by reflecting light (reflective portion) 1001, light passes
the liquid crystal layer 9303 twice. That is, external light
enters the liquid crystal layer 9303 from the counter sub-
strate side, reflects off the electrode 9305 in a liquid crys-
tal element, enters the liquid crystal layer 9303 again,
and then exits through the counter substrate side. In this
manner, light passes the liquid crystal layer 9303 twice.
[0057] On the other hand, in the portion which conducts
display by having light pass therethrough (transmissive
portion) 1002, light passes the electrode 9104 in a liquid
crystal element, enters the liquid crystal layer 9303, and
then exits through the counter substrate. That is, light
passes the liquid crystal layer 9303 once.
[0058] The liquid crystal layer 9303 has refractive index
anisotropy, therefore, a polarization state of light changes
depending on the distance traveled by the light in the
liquid crystal layer 9303, which leads to inaccurate image
display. Therefore, the polarization state of light needs
to be adjusted. The thickness of the liquid crystal layer
9303 (so-called cell gap) in the portion which conducts
display by reflecting light (reflective portion) 1001 is
thinned so that the distance traveled by light in the liquid
crystal layer 9303 can be prevented from being too long
even when the light passes therethrough twice.
[0059] Note that the insulating layers 9204 and 9304
hardly have refractive index anisotropy; therefore, a po-
larization state of light passing therethrough does not
change. Accordingly, presence and thickness of the in-
sulating layers 9204 and 9304 do not have much influ-
ence.
[0060] To make the thickness of the liquid crystal layer
9303 (so-called cell gap) thin, a film for adjusting the thick-
ness thereof may be provided. In FIG. 78, the insulating
layer 9204 corresponds to such a film. That is, in the
portion which conducts display by reflecting light (reflec-
tive portion) 1001, the insulating layer 9204 is a layer
provided for adjusting the thickness of the liquid crystal
layer. Providing the insulating layer 9204 can make the
liquid crystal layer in the reflective portion 1001 thinner
than that in the transmissive portion 1002.
[0061] Note that the thickness of the liquid crystal layer
9303 in the reflective portion 1001 is desirably half of that
of the transmissive portion 1002. Here, the half may in-
clude a deviation unrecognizable by human eyes.
[0062] Note that light is not always emitted in a direction
perpendicular, that is, in a direction normal to the sub-
strate. Light is often emitted obliquely. Therefore, with all
cases considered, the distance traveled by light needs
to be approximately the same in the reflective portion
1001 and the transmissive portion 1002. Therefore, the
thickness of the liquid crystal layer 9303 in the reflective
portion 1001 is desirably approximately one-third to two-
thirds of that of the transmissive portion 1002.
[0063] Thus, if a film for adjusting the thickness of the

liquid crystal layer 9303 is placed over the substrate side
where the electrode 9103 in a liquid crystal element is
provided, the formation thereof becomes easier. That is,
on the substrate side where the electrode 9103 in a liquid
crystal element is provided, various wires, electrodes,
and films are formed. The film for adjusting the thickness
of the liquid crystal layer 9303 can be formed by using
such wires, electrodes, and films; therefore, the film can
be formed with few difficulties. Besides, a film having
another function can be formed in the same step, there-
fore, the process can be simplified and the cost can be
reduced.
[0064] A liquid crystal display device of the present in-
vention with the foregoing structure has a wide viewing
angle and less color-shift due to the angle at which its
display screen is watched. In addition, a liquid crystal
display device of the present invention can provide an
image which is favorably recognized outdoors in the sun
and dark indoors (or outdoors at night).
[0065] Although the electrodes 9305 and 9104 in a liq-
uid crystal element are arranged in the same plane in
FIG 78, it is not limited thereto. They may be formed in
different planes.
[0066] Note that in FIG 78 the electrodes 9305 and
9104 in a liquid crystal element are arranged apart from
each other. However, it is not limited thereto. The elec-
trodes 9305 and 9104 in a liquid crystal element may be
arranged in contact with each other, or they may be
formed of one electrode. The electrodes 9305 and 9104
in a liquid crystal element are electrically connected to
each other. In addition, the electrodes 9105 and 9104 in
a liquid crystal element are electrically connected to each
other.
[0067] In FIG. 78, the insulating layer 9204 is placed
as a film for adjusting the thickness of the liquid crystal
layer 9303. However, it is not limited thereto and the film
for adjusting the thickness of the liquid crystal layer 9303
may be provided on the counter substrate side.
[0068] Although the film is provided to thin the liquid
crystal layer 9303, the film may be removed in a prede-
termined portion so as to thicken the liquid crystal layer
9303.
[0069] The reflective electrode may have an even sur-
face, but desirably has an uneven surface. With the un-
even surface, it is possible to diffuse and reflect light. As
a result, light can be scattered and luminance can be
improved.
[0070] A shown in FIG. 80, which is not an embodiment
of the claimed invention, in the transmissive portion 1002,
the electrode 9104 in a liquid crystal element is not pro-
vided.
[0071] In that case, as shown in FIG 81, voltage is ap-
plied between the electrodes 9105 and 9103 in a liquid
crystal element to control the liquid crystal molecules
(9303a and 9303b).
[0072] As described above, since the electrode 9104
in a liquid crystal element is not provided in the transmis-
sive portion 1002 of fig.80, not according to the invention
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the process can be simplified, the number of masks (ret-
icles) can be reduced, and the cost can be reduced.

[Embodiment Mode 2]

[0073] An example of a liquid crystal display device of
the present invention having a structure different from
that of Embodiment Mode 1 is described. A portion having
the same function as that of Embodiment Mode 1 is de-
noted by the same reference numeral.
[0074] FIG 82 shows an example of a liquid crystal
display device which is different from that shown in FIG.
78 in that the electrodes 9305 and 9104 in a liquid crystal
element are stacked. When the electrodes 9305 and
9104 in a liquid crystal element are required to have the
same electric potential, they may be stacked to be con-
nected electrically to each other.
[0075] Although the electrode 9104 in a liquid crystal
element is placed below the electrode 9305 in a liquid
crystal element, it is not limited thereto. The electrode
9104 in a liquid crystal element may be placed over the
electrode 9305 in a liquid crystal element.
[0076] Although the electrode 9104 in a liquid crystal
element is placed in the whole region below the electrode
9305 in a liquid crystal element, it is not limited thereto.
The electrode 9104 in a liquid crystal element may be
placed over and below a part of the electrode 9305 in a
liquid crystal element.
[0077] In a case where the electrode 9104 in a liquid
crystal element is placed in the whole region below the
electrode 9305 in a liquid crystal element, both the elec-
trodes 9305 and 9104 in a liquid crystal element can be
formed using one mask. In general, the electrodes 9305
and 9104 in a liquid crystal element are each formed
using different masks. However, in this case, a mask such
as a halftone or graytone is used and by changing thick-
ness of a resist by region, the electrodes 9305 and 9104
in a liquid crystal element can be formed with one mask.
As a result, the process can be simplified, the number of
steps can be reduced, and the number of masks (the
number of reticles) can be reduced, so that the cost can
be reduced.
[0078] In FIG. 83, a liquid crystal display device is
shown in which the electrodes 9305 and 9104 in a liquid
crystal element are electrically connected by being par-
tially overlapped with each other. The electrodes 9305
and 9104 in a liquid crystal element may be electrically
connected in such a structure.
[0079] Although the electrode 9104 in a liquid crystal
element is placed over electrode 9305 in a liquid crystal
element to be in contact with each other, it is not limited
thereto. The electrode 9305 in a liquid crystal element
may be placed over the electrode 9104 in a liquid crystal
element to be in contact with each other.
[0080] In this manner, by not arranging the electrode
9104 in a liquid crystal element in a wide region over the
electrode 9305 in a liquid crystal element, loss of light
therein can be reduced.

[0081] In FIG 84, the electrodes 9305 and 9104 in a
liquid crystal element are provided in different layers with
an insulating layer 9306 therebetween. As in FIG 85, the
electrodes 9305 and 9104 in a liquid crystal element may
be provided in different layers.
[0082] When the electrodes 9305 and 9104 in a liquid
crystal element are formed in different layers, the dis-
tance between the electrodes 9305 and 9104 in a liquid
crystal element in the reflective portion 1001 is approxi-
mately the same as that in the transmissive portion 1002.
Therefore, the gap between the electrodes in the reflec-
tive portion 1001 and that in the transmissive portion 1002
can be approximately the same. Since application and
intensity of electrical filed change according to the gap
between electrodes, when the gaps between the elec-
trodes are approximately the same in the reflective por-
tion 1001 and the transmissive portion 1002, approxi-
mately the same level of electrical fields can be applied
thereto. Therefore, liquid crystal molecules can be con-
trolled with accuracy. In addition, since the liquid crystal
molecules rotate in approximately the same manner in
the reflective portion 1001 and the transmissive portion
1002, an image with approximately the same gray-scale
can be viewed whether the image is displayed or viewed
by the liquid crystal display device used as a transmissive
type or as a reflective type.
[0083] Although the electrode 9104 in a liquid crystal
element is placed in the whole region below the electrode
9305 in a liquid crystal element, it is not limited thereto.
The electrode 9104 in a liquid crystal element needs to
be provided at least in the transmissive portion 1002.
[0084] Note that a contact hole may be formed in the
insulating layer 9306 to connect the electrodes 9104 and
9305 in a liquid crystal element.
[0085] FIG 85 shows an example of a liquid crystal
display device which is different from that shown in FIG.
84 in that the electrode 9305 in a liquid crystal element
is provided in a layer lower than the electrode 9104 (a
layer further away from the liquid crystal layer 9303) in a
liquid crystal element.
[0086] Although the electrode 9104 in a liquid crystal
element is also formed in the reflective portion 1001, it
is not limited thereto. The electrode 9104 in a liquid crystal
element needs to be provided at least in the transmissive
portion 1002.
[0087] Note that in the case where the electrode 9104
in a liquid crystal element is also formed in the reflective
portion 1001, the liquid crystal layer 9303 is controlled
according to the voltage between the electrodes 9104
and 9103 in a liquid crystal element. In that case, the
electrode 9305 in a liquid crystal element serves only as
the reflective electrode and the electrode 9104 in a liquid
crystal element serves as the common electrode in the
reflective portion 1001.
[0088] Therefore, in that case, voltage supplied to the
electrode 9305 in a liquid crystal element is arbitrary. The
same voltage as the electrode 9104 in a liquid crystal
element or the electrode 9103 in a liquid crystal element
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may be supplied to the electrode 9305 in a liquid crystal
element. In that case, a capacitor is formed between the
electrodes 9305 and 9104 in a liquid crystal element,
which may serve as a holding capacitor for holding an
image signal.
[0089] Note that a contact hole may be formed in the
insulating layer 9306 to connect the electrodes 9104 and
9305 in a liquid crystal element to each other.
[0090] In FIG 86, the electrode 9305 in a liquid crystal
element in the reflective portion 1001 and the electrodes
9103 and 9105 in a liquid crystal element in the trans-
missive portion 1002 are formed over the insulating layer
9304. In addition, the insulating layer 9204 is formed over
the electrode 9305 in a liquid crystal element and the
electrodes 9103 and 9105 in a liquid crystal element in
the reflective portion are formed thereover. The electrode
9104 in a liquid crystal element is formed below the in-
sulating layer 9304.
[0091] Although the electrode 9104 in a liquid crystal
element is also formed in the reflective portion 1001, it
is not limited thereto. The electrode 9104 in a liquid crystal
element needs to be provided at least in the transmissive
portion 1002.
[0092] Note that a contact hole may be formed in the
insulating layer 9304 to connect the electrodes 9104 and
9305 in a liquid crystal element to each other.
[0093] Note that as shown in FIG 93, the electrode
9104 in a liquid crystal element is not necessarily provid-
ed in the transmissive portion 1002.
[0094] In such a case, as shown in FIG 81, voltage is
applied between the electrodes 9105 and 9103 in a liquid
crystal element to control the liquid crystal molecules
(9303a and 9303b).
[0095] As described above, since the electrode 9104
in a liquid crystal element is not provided in the transmis-
sive portion 1002, the process can be simplified, the
number of masks (reticles) can be reduced, and the cost
can be reduced.
[0096] Note that in FIGS. 78 to 86 and 93, although
unevenness of surfaces of the electrodes are not shown,
the surfaces of the electrodes 9103, 9305, 9104, and
9105 in a liquid crystal element are not limited to be flat.
Their surfaces may be uneven.
[0097] Note that in FIGS. 78 to 86 and 93, although
unevenness of surfaces of the insulating layers 9204,
9304, and 9306 are not shown, the surfaces of the insu-
lating layers 9204, 9304, and 9306 are not limited to be
flat. Their surfaces may be uneven.
[0098] Note that by making the surface of the reflective
electrode be very uneven, light can be diffused. As a
result, luminance of the display device can be improved.
Therefore, the reflective electrode and the transparent
electrode (the electrodes 9305 and 9104 in a liquid crystal
element) shown in FIGS. 78 to 86 and 93 may have un-
even surfaces.
[0099] Note that the uneven surface preferably has a
shape with which light can be diffused as easily as pos-
sible.

[0100] In the transmissive portion 1002, the transpar-
ent electrode desirably does not have unevenness so as
not to affect application of an electrical field. Note that
even if there is unevenness, there is no problem if display
is not affected.
[0101] FIG. 87 shows a case where the surface of the
reflective electrode in FIG 78 is uneven. Each of FIGS.
88 and 89 shows a case where the surface of the reflec-
tive electrode in FIG 82 is uneven. FIG 90 shows a case
where the surface of the reflective electrode in FIG 83 is
uneven. FIG 91 shows a case where the surface of the
reflective electrode in FIG 84 is uneven. FIG. 92 shows
a case where the surface of the reflective electrode in
FIG 85 is uneven.
[0102] The description of FIGS. 78 to 86 and 93 where
the surface of the reflective electrode is not uneven can
be applied to FIGS. 86 to 92.
[0103] FIG 87 shows an example of a liquid crystal
display device which is different from that shown in FIG
78 in that a convex-shaped scatterer 9307 is provided
below the electrode 9305 in a liquid crystal element. By
providing the convex-shaped scatterer, the electrode
9305 in a liquid crystal element has an uneven surface,
and light is scattered and degradation of contrast and
glare due to reflection of light can be prevented; thereby
improving luminance.
[0104] Note that the shape of the scatterer 9307 desir-
ably has a shape with which light is diffused as easily as
possible. However, since an electrode and a wire may
be formed thereover, a smooth shape is desirable so as
to prevent breaking of the electrodes and wires.
[0105] FIG 89 shows an example of a liquid crystal
display device which is different from that shown in FIG.
88 in that the electrodes 9305 and 9104 in a liquid crystal
element are stacked.
[0106] Since the electrodes 9104 and 9305 in a liquid
crystal element stick together in a large area, contact
resistance can be reduced.
[0107] FIG. 90 shows an example of a liquid crystal
display device which is different from that shown in FIG
89 in that a scatterer 9203 is provided between the elec-
trodes 9305 and 9104 in a liquid crystal element.
[0108] Since the scatterer 9203 is formed after forming
the electrode 9104 in a liquid crystal element, the elec-
trode 9104 in a liquid crystal element can be flattened in
the reflective portion 1001.
[0109] FIG 90 shows an example of a liquid crystal
display device which is different from that shown in FIG.
83 in that the convex-shaped scatterer 9203 is provided
below the electrode 9305 in a liquid crystal element.
[0110] FIG 91 shows an example of a liquid crystal
display device which is different from that shown in FIG
84 in that the surface of the insulating layer 9306 is par-
tially uneven. The surface of the electrode 9305 in a liquid
crystal element becomes uneven, reflecting such the
shape of the insulating layer 9306.
[0111] FIG. 92 shows an example of a liquid crystal
display device which is different from that shown in FIG
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85 in that the surface of the electrode 9305 in a liquid
crystal element becomes uneven by providing an insu-
lating layer 9308 having a partially uneven surface below
the electrode 9305 in a liquid crystal element.
[0112] Although in FIGS. 78 to 93, the film for adjusting
the thickness of the liquid crystal layer 9303 is formed
below the electrode 9103 in a liquid crystal element, it is
not limited thereto. As shown in FIG 94, the insulating
layer 9204 for adjusting the thickness of the liquid crystal
layer 9303 may be placed over the electrodes 9103 and
9105 in a liquid crystal element.
[0113] In that case, as shown in FIG 95, the electrode
9104 in a liquid crystal element is not necessarily provid-
ed in the transmissive portion 1002.
[0114] In such a case, as shown in FIG 81, voltage is
applied between the electrodes 9105 and 9103 in a liquid
crystal element to control the liquid crystal molecules
(9303a and 9303b).
[0115] As described above, since the electrode 9104
in a liquid crystal element is not provided in the transmis-
sive portion 1002, the process can be simplified, the
number of masks (reticles) can be reduced, and the cost
can be reduced.
[0116] FIG 94 corresponds to FIG. 78. In FIGS. 82 to
92, as in the case of FIG. 94, the insulating layer 9204
for adjusting the thickness of the liquid crystal layer 9303
can be placed over the electrode 9103 in a liquid crystal
element.
[0117] Although in many drawings in FIGS. 78 to 94,
the film for adjusting the thickness of the liquid crystal
layer 9303 is provided on the substrate side where the
electrode 9103 in a liquid crystal element is formed, it is
not limited thereto. The film for adjusting the thickness
of the liquid crystal layer 9303 may be placed over a
counter substrate side.
[0118] By placing the film for adjusting the thickness
of the liquid crystal layer 9303 on the counter substrate
side, the electrode 9103 in a liquid crystal element can
be arranged in the same plane in the reflective portion
1001 and that in the transmissive portion 1002. There-
fore, the distances between the electrodes in the reflec-
tive portion 1001 and the transmissive portion 1002 can
be approximately the same. Since application and inten-
sity of electrical filed change according to a distance be-
tween electrodes, when the gaps between the electrodes
are approximately the same in the reflective portion 1001
and the transmissive portion 1002, approximately the
same level of electrical fields can be applied thereto.
Therefore, liquid crystal molecules can be controlled with
accuracy. In addition since the liquid crystal molecules
rotate in approximately the same manner in the reflective
portion 1001 and the transmissive portion 1002, an image
with approximately the same gray-scale can be viewed
whether the image is displayed or viewed by the liquid
crystal display device used as a transmissive type or as
a reflective type.
[0119] When the film for adjusting the thickness of the
liquid crystal layer 9303 is provided, there is a possibility

that an alignment state of the liquid crystal molecules
becomes disordered and a defect such as disclination
may be caused. However, placement of the film for ad-
justing the thickness of the liquid crystal layer 9303 over
a counter substrate 9202 can set the counter substrate
9202 apart from the electrode 9103 in a liquid crystal
element and therefore, an electrical field applied to the
liquid crystal layer is not weakened, the alignment state
of the liquid crystal molecules is hardly disordered, and
an image can be prevented from being hardly recogniz-
able.
[0120] Note that the number of steps for forming the
counter substrate is small since only the color filter, the
black matrix, and the like are provided thereto. Therefore,
even if the film for adjusting the thickness of the liquid
crystal layer 9303 is provided to the counter substrate
9202, a yield is not easily reduced. Even if a defect is
generated, since the number of steps is small and the
cost is low, waste of the manufacturing cost can be sup-
pressed.
[0121] Note that in a case where the film for adjusting
the thickness of the liquid crystal layer 9303 is provided
to the counter substrate 9202, particles serving as a scat-
tering material may be contained in the film for adjusting
the thickness of the liquid crystal layer 9303 so that light
is diffused and luminance is improved. The particles are
formed of a transparent resin material which has a re-
fractive index different from a base material (such as an
acrylic resin) forming a film for adjusting a gap. When the
particles are contained, light can be scattered and con-
trast and luminance of a displayed image can be im-
proved.
[0122] FIG 96 shows a case where the film for adjusting
the thickness of the liquid crystal layer is provided to the
counter substrate in FIG 78. FIG 97 shows a case where
the film for adjusting the thickness of the liquid crystal
layer is provided to the counter substrate in FIG 82. FIG
98 shows a case where the film for adjusting the thickness
of the liquid crystal layer is provided to the counter sub-
strate in FIG 83. FIG 99 shows a case where the film for
adjusting the thickness of the liquid crystal layer is pro-
vided to the counter substrate in FIG 84. FIG. 100 shows
a case where the film for adjusting the thickness of the
liquid crystal layer is provided to the counter substrate in
FIG 85. FIG 101 shows a case where the film for adjusting
the thickness of the liquid crystal layer is provided to the
counter substrate in FIG 80.
[0123] Therefore, the description on FIGS. 78 to 86
can be applied to FIGS. 96 to 101.
[0124] FIG 96 shows an example of a liquid crystal
display device which is different from that shown in FIG
78 in that an insulating layer 9201 for adjusting the thick-
ness of the liquid crystal layer 9303 is provided on another
side of the liquid crystal layer 9303 than a side of which
the electrode 9103 in a liquid crystal element is provided,
and the electrode 9103 in a liquid crystal element is pro-
vided over the insulating layer 9304.
[0125] FIG 97 shows an example of a liquid crystal
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display device which is different from that shown in FIG
82 in that the insulating layer 9201 for adjusting the thick-
ness of the liquid crystal layer 9303 is provided on another
side of the liquid crystal layer 9303 than a side of which
the electrode 9103 in a liquid crystal element is provided,
and the electrode 9103 in a liquid crystal element is
formed over the insulating layer 9304.
[0126] FIG. 98 shows an example of a liquid crystal
display device which is different from that shown in FIG
83 in that the insulating layer 9201 for adjusting the thick-
ness of the liquid crystal layer 9303 is provided on another
side of the liquid crystal layer 9303 than a side of which
the electrode 9103 in a liquid crystal element is provided,
and the electrode 9103 in a liquid crystal element is
formed over the insulating layer 9304.
[0127] FIG. 99 shows an example of a liquid crystal
display device which is different from that shown in FIG.
84 in that the insulating layer 9201 for adjusting the thick-
ness of the liquid crystal layer 9303 is provided on another
side of the liquid crystal layer 9303 than a side of which
the electrode 9103 in a liquid crystal element is provided,
and the electrode 9103 in a liquid crystal element is
formed over the insulating layer 9304.
[0128] FIG 100 shows an example of a liquid crystal
display device which is different from that shown in FIG.
87 in that the insulating layer 9201 for adjusting the thick-
ness of the liquid crystal layer 9303 is provided on another
side of the liquid crystal layer 9303 than a side of which
the electrode 9103 in a liquid crystal element is provided,
and the electrode 9103 in a liquid crystal element is
formed over the insulating layer 9304.
[0129] FIG 101 shows an example of a liquid crystal
display device which is different from that shown in FIG
80 in that the insulating layer 9201 for adjusting the thick-
ness of the liquid crystal layer 9303 is provided on another
side of the liquid crystal layer 9303 than a side of which
the electrode 9103 in a liquid crystal element is provided,
and the electrode 9103 in a liquid crystal element is
formed over the insulating layer 9304.
[0130] Note that in FIGS. 96 to 101, although uneven-
ness of surfaces of the electrodes are not shown, the
surfaces of the electrodes 9103, 9305, 9104, and 9105
in a liquid crystal element are not limited to be flat. Their
surfaces may be uneven.
[0131] Note that in FIGS. 96 to 101, although uneven-
ness of surfaces of the insulating layers 9204, 9304, and
9306 are not shown, the surfaces of the insulating layers
9204, 9304, and 9306 are not limited to be flat. Their
surfaces may be uneven.
[0132] Note that by making the surface of the reflective
electrode be very uneven, light can be diffused. As a
result, luminance of the display device can be improved.
Therefore, the reflective electrode and the transparent
electrode (the electrode 9305 in a liquid crystal element
and the electrode 9104 in a liquid crystal element) shown
in FIGS. 96 to 101 may have uneven surfaces.
[0133] Note that the uneven surface preferably has a
shape with which light can be diffused as easily as pos-

sible.
[0134] In the transmissive portion 1002, the transpar-
ent electrode desirably does not have unevenness so as
not to affect application of an electrical field to the liquid
crystal layer. Note that even if there is unevenness, there
is no problem if display is not affected.
[0135] Note that as in the case of FIGS. 78 to 86, in
which the reflective electrode may have an uneven sur-
face as shown in FIGS. 87 to 92, the reflective electrode
in FIGS. 96 to 101 may have an uneven surface. FIG.
102 shows a case where the reflective electrode in FIG.
96 has unevenness. Similarly, the reflective electrode in
FIGS. 97 to 101 may have unevenness.
[0136] The description of FIGS. 96 where the surface
of the reflective electrode is not uneven can be applied
to FIG 102.
[0137] FIG 102 shows an example of a liquid crystal
display device which is different from that shown in FIG
96 in that the insulating layer 9201 for adjusting the thick-
ness of the liquid crystal layer 9303 is provided on another
side of the liquid crystal layer 9303 than a side of which
the electrode 9103 in a liquid crystal element is provided,
and the electrode 9103 in a liquid crystal element is
formed over the insulating layer 9304.
[0138] In FIGS. 78 to 102, there are cases where the
film for adjusting the thickness of the liquid crystal layer
9303 is placed on the substrate side where the electrode
9103 in a liquid crystal element is provided or the counter
substrate side, but it is not limited thereto. The film for
adjusting the thickness of the liquid crystal layer 9303
itself is not necessarily formed, as shown in FIG 103.
FIG. 103 corresponds to FIGS. 78 and 96. Besides in the
cases shown in FIGS. 78 and 96, the film for adjusting
the thickness of the liquid crystal layer 9303 itself is not
necessarily formed in the cases shown in FIGS. 79 to 95
and 97 to 102.
[0139] When the film for adjusting the thickness of the
liquid crystal layer 9303 itself is not provided, a distance
traveled by light in the liquid crystal layer in the reflective
portion is different from that in the transmissive portion.
Therefore, it is desirable to provide, for example, a retar-
dation film (such as a quarter-wave plate) or a material
with refractive index anisotropy (such as liquid crystal) in
a light path so as to change a polarization state of light.
For example, if a retardation film is provided between the
counter substrate and the polarizing plate on the side of
the counter substrate on which the liquid crystal layer is
not provided, the light transmission state can be the same
in the reflective portion and the transmissive portion.
[0140] Although the electrodes 9103 in a liquid crystal
element may be formed in the same plane in the trans-
missive portion 1002 in FIGS. 78 to 103 and the foregoing
description, it is not limited thereto. The 9103 electrodes
in a liquid crystal element may be formed on different
planes.
[0141] Although the electrodes 9105 in a liquid crystal
element may be formed in the same plane in the trans-
missive portion 1002 in FIGS. 78 to 103 and the foregoing
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description, it is not limited thereto. The electrodes 9105
in a liquid crystal element may be formed on different
planes.
[0142] Although the electrodes 9103 in a liquid crystal
element may be formed in the same plane in the reflective
portion 1001, in FIGS. 78 to 103 and the foregoing de-
scription it is not limited thereto. The electrodes 9103 in
a liquid crystal element may be formed on different
planes.
[0143] Although the electrodes 9105 in a liquid crystal
element may be formed in the same plane in the reflective
portion 1001, in FIGS. 78 to 103 and the foregoing de-
scription it is not limited thereto. The electrodes 9105 in
a liquid crystal element may be formed on different
planes.
[0144] Although the electrodes 9305 and 9104 in a liq-
uid crystal element in the reflective portion 1001 may be
formed to be plain-shaped in FIGS. 78 to 103 and the
foregoing description, it is not limited thereto. The elec-
trodes 9305 and 9104 in a liquid crystal element may be
formed to have a comb-shape, a slit, or an aperture.
[0145] Although the electrode 9104 in a liquid crystal
element in the transmissive portion 1002 may be formed
to be plain-shaped in FIGS. 78 to 103 and the foregoing
description, it is not limited thereto. The electrode 9104
in a liquid crystal element may be formed to have a comb-
shape, a slit, or an aperture.
[0146] Although the electrodes 9305 and 9104 in a liq-
uid crystal element may be formed below the electrode
9103 in a liquid crystal element in the reflective portion
1001 in FIGS. 79 to 104 and the foregoing description,
it is not limited thereto. If the electrodes 9305 and 9104
in a liquid crystal have a comb-shape, a slit, or an aper-
ture, they may be formed in the same level as the elec-
trode 9103 in a liquid crystal element or over the electrode
9103 in a liquid crystal element.
[0147] Although the electrodes 9305 and 9104 in a liq-
uid crystal element may be formed below the electrode
9105 in a liquid crystal element in the reflective portion
1001 in FIGS. 78 to 103 and the foregoing description,
it is not limited thereto. If the electrodes 9305 and 9104
in a liquid crystal element have a comb-shape, a slit, or
an aperture, they may be formed in the same level as
the electrode 9105 in a liquid crystal element or over the
electrode 9105 in a liquid crystal element.
[0148] Although the electrodes 9305 and 9104 in a liq-
uid crystal element may be formed below the electrode
9103 in a liquid crystal element in the transmissive portion
1002 in FIGS. 78 to 103 and the foregoing description,
it is not limited thereto. If the electrodes 9305 and 9104
in a liquid crystal element have a comb-shape, a slit, or
an aperture, they may be formed in the same level as
the electrode 9103 in a liquid crystal element or over the
electrode 9103 in a liquid crystal element.
[0149] Although the electrodes 9305 and 9104 in a liq-
uid crystal element may be formed below the electrode
9105 in a liquid crystal element in the transmissive portion
1002 in FIGS. 78 to 103 and the foregoing description,

it is not limited thereto. If the electrodes 9305 and 9104
in a liquid crystal element have a comb-shape, a slit, or
an aperture, they may be formed in the same level as
the electrode 9105 in a liquid crystal element or over the
electrode 9105 in a liquid crystal element.
[0150] Note that in the foregoing structure such as
structures shown in FIGS. 78 to 103 and combination
thereof, a color filter may be provided over the counter
substrate which is provided over the liquid crystal layer
9303 or may be provided over the substrate over which
the electrode 9103 in a liquid crystal element is provided.
[0151] For example, a color filter may be provided in
the insulating layers 9304, 9204, 9306, and 9308 or as
a part thereof.
[0152] Note that a black matrix may be provided in a
similar manner to a color filter. Needless to say, both a
color filter and a black matrix may be provided.
[0153] Thus, if the insulating layer serves as the color
filter or the black matrix, a material cost can be reduced.
[0154] When the color filter or the black matrix is placed
over the substrate over which the electrode 9103 in a
liquid crystal element is provided, a margin of arrange-
ment of the counter substrate is enhanced.
[0155] Note that a variety of positions, kinds, and
shapes of the electrode in a liquid crystal element, and
positions and shapes of the insulating layer can be em-
ployed. That is, a position of the electrode in a liquid crys-
tal element in one drawing and a position of the insulating
layer in another drawing can be combined so as to make
many variations. For example, the example shown in
FIG. 88 is formed by changing the shape of the electrode
9305 in a liquid crystal element in FIG 79 to have an
uneven shape. For another example, the position and
the shape of the electrode 9104 in a liquid crystal element
in FIG. 79 are changed, so that the example shown in
FIG 87 is formed. In the foregoing drawings, each part
in each drawing can be combined with the corresponding
part in another drawing; therefore, enormous numbers
of variations can be formed.

[Embodiment Mode 3]

[0156] In Embodiment Modes 1 and 2, a description is
made of a case where the reflective portion and the trans-
missive portion are provided, that is, the case where a
semi transmissive liquid crystal display device is provid-
ed, but it is not limited thereto.
[0157] When one of the electrodes 9305 and 9104 in
a liquid crystal element is removed and the other is pro-
vided over the whole surface, a reflective or a transmis-
sive liquid crystal display device can be formed.
[0158] When the electrode 9305 in a liquid crystal el-
ement is removed and the electrode 9104 in a liquid crys-
tal element is provided over the whole surface, a trans-
missive liquid crystal element is formed. When the trans-
missive liquid crystal display device is used indoors,
bright and beautiful display can be conducted since an
aperture ratio thereof is high.
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[0159] When the electrode 9104 in a liquid crystal el-
ement is removed and the electrode 9305 in a liquid crys-
tal element is provided over the whole surface, a reflec-
tive liquid crystal display device is formed. When the re-
flective liquid crystal display device is used outdoors,
clear display can be conducted since reflectance thereof
is high; therefore, a display device with low power con-
sumption can be realized. When the reflective liquid crys-
tal display device is used indoors, display can be con-
ducted by providing a front light over a display portion.
[0160] When the liquid crystal display device is used
as a reflective liquid crystal display device or transmissive
liquid crystal display device, a distance traveled by light
does not vary in one pixel. Therefore, the insulating layer
9204 for adjusting the thickness of the liquid crystal layer
(cell gap) is not required.
[0161] FIG 104 shows an example where the liquid
crystal display device shown in FIG. 78 is transmissive.
FIG. 105 shows an example where the liquid crystal dis-
play device shown in FIG 87 is reflective.
[0162] As shown in FIGS. 104 and 105, a contact hole
may be formed in the insulating layer 9304 so that the
electrodes 9305, 9104, and 9105 in a liquid crystal ele-
ment are connected. Since those electrodes serve as the
common electrodes, they are desirably connected elec-
trically.
[0163] Note that the drawings and descriptions on
FIGS. 77 to 103 can be applied to a transmissive or re-
flective liquid crystal display device, in a similar manner
to FIGS. 104 and 105.
[0164] Note that the description in Embodiment Modes
1 and 2 can be applied to or combined with this embod-
iment mode.

[Embodiment Mode 4]

[0165] An example of an active matrix liquid crystal dis-
play device of the present invention is described.
[0166] In this embodiment mode, an example is de-
scribed, where a structure described in Embodiment
Modes 1 to 3 or a structure realized by combination of
portions shown in the drawings therein is formed with a
transistor.
[0167] Note that in the present invention, a transistor
is not always required; therefore, the present invention
can be applied to a display device without a transistor,
that is, a so-called passive matrix display device.
[0168] In this embodiment mode, a case is described
where a liquid crystal display device is transmissive and
is controlled using a top gate transistor.
[0169] However, it is not limited thereto, and a bottom
gate transistor may be used.
[0170] FIG. 1 shows a liquid crystal display device in-
cluding a substrate 100 having an insulating surface
(hereinafter referred to as an insulating substrate), over
which a thin film transistor 102, a first electrode 103, a
second electrode 104, and a third electrode 105 connect-
ed to the thin film transistor are formed. The first electrode

103 serves as a pixel electrode. The second electrode
104 serves as a common electrode. The third electrode
105 serves as a common electrode.
[0171] Note that a gate electrode is a part of a gate
line. A portion of the gate line which serves as an elec-
trode for switching the thin film transistor 102 is the gate
electrode.
[0172] A common wire is a wire electrically connected
to electrodes provided in a liquid crystal element and
which is led so that electrodes in a liquid crystal element
in a plurality of pixels provided in a liquid crystal display
device have the same electric potential. The electrode in
a liquid crystal element electrically connected to the com-
mon wire is called a common electrode in general. On
the other hand, an electrode in a liquid crystal element
whose electric potential changes as needed according
to electric potential from a source line is called a pixel
electrode in general.
[0173] The thin film transistor 102 is preferably formed
over the insulating substrate 100 with a base layer 101
therebetween. By providing the base layer 101, entry of
impurity elements from the insulating substrate 100 to
the thin film transistor 102, especially to a semiconductor
layer can be prevented. Silicon oxide, silicon nitride, or
a stacked layer thereof can be used for the base layer
101. Silicon nitride is preferable because it can prevent
the entry of the impurity effectively. On the other hand,
silicon oxide is preferable because it does not cause trap-
ping of electric charge or hysteresis of electric charac-
teristics even if it is in contact with the semiconductor
layer directly.
[0174] Although the thin film transistor 102 is a top gate
type, it is not limited thereto. The thin film transistor 102
may be a bottom gate type.
[0175] The thin film transistor 102 includes the semi-
conductor layer 111 processed into a predetermined
shape, a gate insulating layer 112 covering the semicon-
ductor layer or provided over the semiconductor layer, a
gate electrode 113 povided over the semiconductor layer
with the gate insulating layer therebetween, and source
and drain electrodes 116.
[0176] The gate insulating layer formed covering the
semiconductor layer can prevent attachment or entry of
an impurity to the semiconductor layer even if the semi-
conductor layer is exposed to atmosphere in a process.
In addition, the gate insulating layer provided over the
semiconductor layer can be processed using the gate
electrode as a mask; therefore, the number of masks can
be reduced. Thus, a shape of the gate insulating layer
112 can be decided according to the process or the like,
and it may be that the gate insulating layer 112 is only
formed below the gate electrode or may be formed over
the whole surface. Alternatively, the gate insulating layer
112 may be provided so as to be thick below or in a vicinity
of the gate electrode and be thin in another region.
[0177] In the semiconductor layer, an impurity region
114 is provided. The thin film transistor becomes an N-
type or a P-type depending on conductivity of the impurity

21 22 



EP 1 793 266 B1

13

5

10

15

20

25

30

35

40

45

50

55

region. The impurity region can be formed by adding the
impurity elements in a self-aligned manner using the gate
electrode 113 as a mask. Note that another mask may
be prepared and used.
[0178] In the impurity region, its concentration can be
varied. For example, a low-concentration impurity region
and a high-concentration impurity region can be provid-
ed. The low-concentration impurity region can be formed
by making the gate electrode 113 have a tapered shape
and by adding an impurity element in a self-aligned man-
ner using such a gate electrode. Alternatively, the low-
concentration impurity region can be formed by varying
the thickness of the gate insulating layer 112 or making
the gate electrode have a tapered shape. In addition, the
concentration of the impurity region can be varied by
forming a sidewall structure in the side surfaces of the
gate electrode 113. A structure in which a low-concen-
tration impurity region and a high-concentration impurity
region are provided is called an LDD (Lightly Doped
Drain) structure. A structure where low-concentration im-
purity region and a gate electrode are overlapped is
called a GOLD (Gate-drain Overlapped LDD) structure.
In such a thin film transistor including a low-concentration
impurity region, short-channel effect which is generated
as a gate length is shortened can be prevented. In addi-
tion, off-current can be reduced and concentration of an
electrical field in the drain region can be suppressed;
thereby improving reliability of the transistor.
[0179] The insulating layer 106 is provided to cover the
semiconductor layer 111 and the gate electrode 113. The
insulating layer 106 can have a single-layer structure or
a stacked-layer structure. An inorganic material or an or-
ganic material can be used for the insulating layer 106.
As an inorganic material, silicon oxide or silicon nitride
can be used. As an organic material, polyimide, acrylic,
polyamide, polyimide amide, a resist, benzocyclobutene,
siloxane, or polysilazane can be used. Siloxane includes
a skeleton structure formed by a bond of silicon (Si) and
oxygen (O). An organic group containing at least hydro-
gen (such as an alkyl group or aromatic hydrocarbon) is
used as a substituent. Alternatively, a fluoro group may
be used as the substituent. Further alternatively, a fluoro
group and an organic group including at least hydrogen
may be used as the substituent. Note that polysilazane
is formed using a polymer material having a bond of sil-
icon (Si) and nitrogen (N) as a starting material. It is pref-
erable to use an organic material for the insulating layer
106 since flatness of the surface thereof can be improved.
When an inorganic material is used for the insulating layer
106, the surface thereof follows the shapes of the sem-
iconductor layer or the gate electrode. In this case, the
insulating layer 106 can be flat by being thickened.
[0180] An opening is formed in the insulating layer 106
to expose the impurity region. A conductive layer is
formed in the opening to form source and drain electrodes
116. The conductive layer for the source and drain elec-
trodes is formed of an element selected from tantalum
(Ta), tungsten (W), titanium (Ti), molybdenum (Mo), alu-

minium (Al), chromium (Cr), silver (Ag), copper (Cu), neo-
dymium (Nd), or the like; an alloy material containing the
element as a main component; or a conductive material
such as metal nitride such as titanium nitride, tantalum
nitride, or molybdenum nitride. The conductive layer can
have a single-layer structure or a stacked-layer structure
of those materials. The stacked-layer structure can re-
duce resistance thereof. Another electrode 117 or the
like can be formed using the same conductive layer as
the source and drain electrode.
[0181] An insulating layer 107 is formed covering the
source and drain electrodes 116. The insulating layer
107 can be formed in a similar manner to the insulating
layer 106. That is, if the insulating layer 107 is formed
using an organic material, flatness thereof can be im-
proved. Since the first electrode 103 and the third elec-
trode 105 are formed over the insulating layer 107, it is
desirable that flatness of the insulating layer 107 be high.
The first electrode 103 and the third electrode 105 are
provided for applying voltage to a liquid crystal material,
and they need to be flat; therefore, the flatness of the
insulating layer 107 is desirably high.
[0182] The first electrode 103 and the third electrode
105 are processed into a comb-shaped or processed to
have a slit. The first electrode 103 and the third electrode
105 are alternately arranged. In other words, the first
electrode 103 and the third electrode 105 may be proc-
essed so as to be able to be alternately arranged. A gap
between the first electrode 103 and the third electrode
105 is 2 to 8 mm, preferably, 3 to 4 mm. Application of
voltage to thus arranged first electrode 103 and third elec-
trode 105 generates an electrical field therebetween. Ac-
cordingly, orientation of the liquid crystal material can be
controlled. Thus generated electrical field has many com-
ponents parallel to the substrate. Therefore, a liquid crys-
tal molecule rotates in a plane approximately parallel to
the substrate. Thus, transmission of light can be control-
led.
[0183] The first electrode 103 and the third electrode
105 formed over the insulating layer 107 are formed of
a conductive martial such as an element selected from
tantalum (Ta), tungsten (W), titanium (Ti), molybdenum
(Mo), aluminium (Al), chromium (Cr), silver (Ag), or the
like; or an alloy material containing the element as a main
component. When the first electrode 103 and the third
electrode 105 need to be transparent, a transparent con-
ductive material such as indium tin oxide (ITO), indium
zinc oxide (IZO), indium tin oxide containing silicon oxide
(ITSO), zinc oxide (ZnO), or silicon (Si) containing phos-
phorus or boron can be used.
[0184] Then, the second electrode 104 is described.
The second electrode 104 is provided over the base layer
101 or the gate insulating layer 112. The second elec-
trode 104 is formed over one pixel region. Specifically,
the second electrode 104 is formed over one pixel region
except a thin film transistor forming region. In other
words, unlike the comb-shaped third electrode 105, the
second electrode 104 is provided over one pixel region,
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in other words, a region below the comb-shaped third
electrode 105 and the first electrode 103. That is, the
second electrode 104 is provided to be plain-shaped. The
second electrode 104 is formed over one pixel region
and the shape thereof is not limited. For example, the
second electrode 104 may be formed over the whole sur-
face of one pixel region, or may be formed over one pixel
region to be comb-shaped or may include a slit or hole.
[0185] The second electrode 104 is formed of a con-
ductive martial such as tantalum (Ta), tungsten (W), ti-
tanium (Ti), molybdenum (Mo), aluminium (Al), chromi-
um (Cr), silver (Ag), indium tin oxide (ITO), indium zinc
oxide (IZO), indium tin oxide containing silicon oxide (IT-
SO), zinc oxide (ZnO), or silicon (Si) containing phos-
phorus or boron. The second electrode 104 can be
formed in the same layer as the semiconductor layer 111;
therefore the semiconductor layer may be used for the
second electrode 104. However, note that since the sec-
ond electrode 104 needs to be conductive, a crystallized
semiconductor layer, a semiconductor layer doped with
an impurity element, or crystallized semiconductor layer
doped with an impurity element is used.
[0186] In that case, the semiconductor layer in the thin
film transistor 102 and the second electrode 104 formed
by the semiconductor layer are desirably formed at the
same time. As a result, the process can be simplified and
the cost can be reduced.
[0187] The second electrode 104 is electrically con-
nected to the third electrode 105 with the electrode 117
therebetween.
[0188] When a transmissive liquid crystal display de-
vice is formed, the second electrode 104 and the third
electrode 105 are formed of a transparent conductive
material such as indium tin oxide (ITO), indium zinc oxide
(IZO), indium tin oxide containing silicon oxide (ITSO),
zinc oxide (ZnO), or silicon (Si) containing phosphorus
or boron. Those transparent materials have high resist-
ance compared with another conductive material such
as Al. Therefore, the electrode 117 formed of a conduc-
tive material with low resistance such as tantalum (Ta),
tungsten (W), titanium (Ti), molybdenum (Mo), alumini-
um (Al), chromium (Cr), or silver (Ag); or a wire formed
at the same time as the gate electrode 113 can be used
for connecting the second electrode 104 and the third
electrode 105, whereby the electrode 117 and the wire
can serve as an auxiliary electrode or auxiliary wire of
the second electrode 104 and the third electrode 105. As
a result, uniform voltage can be applied to the second
electrode 104 and the third electrode 105, which means
that voltage drop caused by resistance of the electrodes
can be prevented in the second electrode 104 and the
third electrode 105.
[0189] At this time, it is desirable to use a conductive
layer formed at the same time as the gate electrode 113
as the auxiliary wire. In that case, the auxiliary wire is
desirably placed so as to be approximately parallel to the
gate wire, whereby an efficient layout can be achieved.
[0190] When voltage is applied to such second elec-

trode 104 and the comb-shaped first electrode 103, an
electrical field is also generated therebetween. That is,
electrical fields generate between the second electrode
104 and the first electrode 103 and between the comb-
shaped third electrode 105 and the first electrode 103.
Tilting and rotation angle of the liquid crystal material are
controlled according to the electrical field between the
two pair of electrodes, whereby the gray-scale display
can be conducted. As a result, in a part of the liquid crystal
material, whose tilting has not been sufficiently controlled
by an electrical field generated by one pair of electrodes
of the comb-shaped third electrode 105 and the comb-
shaped first electrode 103, tilting of the liquid crystal ma-
terial can be sufficiently controlled by electrical fields gen-
erated by two pairs of electrodes. Specifically, by provid-
ing the second electrode 104, the tilting of the liquid crys-
tal material right above the comb-shaped third electrode
105 or comb-shaped first electrode 103 can be sufficient-
ly controlled, though it has not been possible to sufficient-
ly control the tilting thereof. This is because in addition
to the direction of the electrical field generated between
the comb-shaped third electrode 105 and the comb-
shaped first electrode 103, an electrical field is generated
between the second electrode 104 and the comb-shaped
first electrode 103. Thus, the tilting of the liquid crystal
material can be sufficiently controlled by providing plural
pairs of electrodes so as to generate plural directions of
electrical fields therebetween.
[0191] Note that the substrate provided so as to face
the insulating substrate 100 may have a light-shielding
layer which is overlapped with a transistor. The light-
shielding layer is formed of, for example, a conductive
material such as tungsten, chromium, or molybdenum;
silicide such as tungsten silicide; or a resin material con-
taining black pigment or carbon black. In addition, a color
filter is provided so as to overlap with the comb-shaped
first electrode 103 and the comb-shaped third electrode
105. An alignment film is further provided over the color
filter
[0192] The liquid crystal layer is provided between the
insulating substrate 100 and the counter substrate. A po-
larizing plate is provided over each of the insulating sub-
strate 100 and the counter substrate. Each of the polar-
izing plates are provided over another side of the insu-
lating substrate 100 and the counter substrate which is
different from the side where the liquid crystal layer is
provided.
[0193] Note that this embodiment mode shows an ex-
ample where the descriptions in Embodiment Modes 1
to 3 are realized together with a transistor. Therefore, the
descriptions in Embodiment Modes 1 to 3 can be applied
to or combined with this embodiment mode.

[Embodiment Mode 5]

[0194] In this embodiment mode, a structure of the liq-
uid crystal display device which is different from that de-
scribed in the foregoing embodiment modes in that the
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common electrode is provided in the same layer as the
source and drain electrode in the thin film transistor is
described.
[0195] Note that a bottom gate transistor may be em-
ployed.
[0196] As shown in FIG 2, a common electrode 122 is
provided over the insulating layer 106 to be in contact
with a wire 121. The common electroThde 122 can be
formed similarly to the second electrode 104 in the fore-
going Embodiment Mode 4.
[0197] As in FIG 1, the comb-shaped third electrodes
105 and the comb-shaped first 103 are provided over the
insulating layer 107 and the third electrode 105 is con-
nected to the common electrode 122 through an opening
provided in the insulating layer 107.
[0198] The common electrode 122 is provided in con-
tact with the wire 121 and the third electrode 105 is elec-
trically connected to the wire 121 as well. Therefore,
when the common electrode 122 and the third electrode
105 are formed of a conductive material with high resist-
ance compared to Al or the like, such as indium tin oxide
(ITO), indium zinc oxide (IZO), indium tin oxide containing
silicon oxide (ITSO), zinc oxide (ZnO), or silicon (Si) con-
taining phosphorus or boron, the wire 121 formed of Al
or the like or a wire formed at the same time as the gate
electrode 113 can serve as an auxiliary wire of the com-
mon electrode 122 and the third electrode 105. As a re-
sult, as described above, voltage drop caused by wire
resistance of the common electrode 122 and the third
electrode 105 can be prevented.
[0199] At this time, it is desirable to use a conductive
layer formed at the same time as the gate electrode 113
as the auxiliary wire. In that case, the auxiliary wire is
desirably placed so as to be approximately parallel to the
gate wire, whereby an efficient layout can be achieved.
[0200] The description of other structures is omitted
because it is similar to that of FIG 1.
[0201] When voltage is applied to such common elec-
trode 122 and the comb-shaped first electrode 103, an
electrical field is also generated therebetween. That is,
electrical fields generate between the common electrode
122 and the first electrode 103 and between the comb-
shaped third electrode 105 and the first electrode 103.
Tilting of the liquid crystal material is controlled according
to the electrical field between the two pair of electrodes,
whereby the gray-scale display can be conducted. As a
result, in a part of the liquid crystal material, whose tilting
has not been sufficiently controlled by an electrical field
generated by one pair of electrodes of the comb-shaped
third electrode 105 and the comb-shaped first electrode
103, tilting of the liquid crystal material can be sufficiently
controlled by electrical fields generated by two pairs of
electrodes. Specifically, by providing the common elec-
trode 122, the tilting of the liquid crystal material right
above the comb-shaped third electrode 105 or comb-
shaped first electrode 103 can be sufficiently controlled,
though it has not been possible to sufficiently control the
tilting thereof.

[0202] Thus, the tilting of the liquid crystal material can
be sufficiently controlled by providing plural pairs of elec-
trodes so as to generate plural directions of electrical
fields therebetween. In addition, in this embodiment
mode, since the common electrode 122 is formed over
the insulating layer 106, the distance between the com-
mon electrode 122 and the first electrode 103 becomes
shorter, whereby voltage to be applied can be reduced.
[0203] Note that this embodiment mode shows an ex-
ample where the descriptions in Embodiment Modes 1
to 3 are realized together with a transistor and which is
a modification of that in Embodiment Mode 4. Therefore,
the descriptions in Embodiment Modes 1 to 4 can be
applied to or combined with this embodiment mode.

[Embodiment Mode 6]

[0204] In this embodiment mode, a structure of the liq-
uid crystal display device which is different from that de-
scribed the foregoing embodiment mode in that the com-
mon electrode is provided over the base layer 101 is de-
scribed.
[0205] As shown in FIG 3, the base layer 101 is pro-
vided over the insulating substrate 100 and a common
electrode 132 is formed thereover. The common elec-
trode 132 can be formed similarly to the second electrode
104 in the foregoing Embodiment Mode. The insulating
layer 106 is provided over the common electrode 132
and the common electrode 132 is connected to the third
electrode 105 through an opening provided in the insu-
lating layer 106. Therefore, when the common electrode
132 and the third electrode 105 are formed of a conduc-
tive material with high resistance compared to Al or the
like, such as indium tin oxide (ITO), indium zinc oxide
(IZO), indium tin oxide containing silicon oxide (ITSO),
zinc oxide (ZnO), or silicon (Si) containing phosphorus
or boron, a wire 131 formed of Al or the like can serve
as an auxiliary wire or wire. As a result, as described
above, voltage drop caused by wire resistance of the
common electrode 132 and the third electrode 105 can
be prevented. The wire 131 can be formed by the same
conductive layer as the gate electrode 113. In that case,
the auxiliary wire is desirably placed so as to be approx-
imately parallel to the gate wire, whereby an efficient lay-
out can be achieved.
[0206] Note that a bottom gate transistor may be em-
ployed in this embodiment mode.
[0207] The description of other structures is omitted
because it is similar to that of FIG 1.
[0208] When voltage is applied to such common elec-
trode 132 and the comb-shaped first electrode 103, an
electrical field is also generated therebetween. That is,
electrical fields generate between the common electrode
132 and the first electrode 103 and between the comb-
shaped third electrode 105 and the first electrode 103.
Tilting of the liquid crystal material is controlled according
to the electrical field between the two pair of electrodes,
whereby the gray-scale display can be conducted. As a

27 28 



EP 1 793 266 B1

16

5

10

15

20

25

30

35

40

45

50

55

result, in a part of the liquid crystal material, whose tilting
has not been sufficiently controlled by an electrical field
generated by one pair of electrodes of the comb-shaped
third electrode 105 and the comb-shaped first electrode
103, tilting of the liquid crystal material can be sufficiently
controlled by electrical fields generated by two pairs of
electrodes. Specifically, by providing the common elec-
trode 132, the tilting of the liquid crystal material right
above the comb-shaped third electrode 105 or comb-
shaped first electrode 103 can be sufficiently controlled,
though it has not been possible to sufficiently control the
tilting thereof.
[0209] Thus, the tilting of the liquid crystal material can
be sufficiently controlled by providing plural pairs of elec-
trodes so as to generate plural directions of electrical
fields therebetween. In addition, in this embodiment
mode, since the common electrode 122 is formed over
the base layer 101, the insulating layer 106 can serve as
a single-layer structure as it is. As a result, the distance
between the common electrode 132 and the first elec-
trode 103 becomes shorter, whereby voltage to be ap-
plied can be reduced.
[0210] Note that this embodiment mode shows an ex-
ample where the descriptions in Embodiment Modes 1
to 3 are realized together with a transistor and which is
a modification of that in Embodiment Mode 4 or 5. There-
fore, the descriptions in Embodiment Modes 1 to 5 can
be applied to or combined with this embodiment mode.

[Embodiment Mode 7]

[0211] In this embodiment mode, a structure of the liq-
uid crystal display device which is different from that de-
scribed in the foregoing embodiment mode in that an
amorphous semiconductor layer is used as the semicon-
ductor layer in the thin film transistor is described.
[0212] As shown in FIG 4, a thin film transistor 160
including an amorphous semiconductor layer is formed
over the base layer 101. The thin film transistor 160 is a
so-called bottom gate type in which a semiconductor lay-
er is provided below a gate electrode.
[0213] The gate electrode 113 is formed over the base
layer 101 and the gate insulating layer 112 is formed so
as to cover the gate electrode 113. An amorphous sem-
iconductor layer 411 is formed over the gate electrode
with the gate insulating layer 112 therebetween. The
amorphous semiconductor layer 411 can be formed of a
material containing silicon.
[0214] The source and drain electrodes 116 are formed
to cover both edges of the amorphous semiconductor
layer 411. In order to reduce wire resistance, an N-type
impurity region is preferably formed in a region in the
amorphous semiconductor layer, which is in contact with
the source and drain electrodes. The N-type impurity re-
gion can be formed by adding an impurity to the surface
of the amorphous semiconductor layer 411.
[0215] After that, the amorphous semiconductor layer
411 is processed into a predetermined shape using the

source and drain electrodes. At this time, a portion over
a channel forming region in the semiconductor layer in
the thin film transistor 160 is removed by etching. A thin
film transistor with such a structure is called a channel
etched thin film transistor.
[0216] The insulating layer 106 is formed to cover the
thin film transistor 160 formed in this manner. The use
of an organic material for the insulating layer 106 can
improve flatness of the surface thereof. Needles to say,
an inorganic material can be used for the insulating layer
106 or a stacked-layer structure including an inorganic
material and an organic material can be used. An opening
is formed in the insulating layer 106 to expose the source
and drain electrodes 116, whereby the first electrode 103
formed over the insulating layer 106 and the source and
drain electrodes 116 are electrically connected. The first
electrode 103 is formed to be comb-shaped over the in-
sulating layer 106 as in the foregoing embodiment mode.
[0217] Then, description is made of a structure of a
common electrode 401. The common electrode 401 is
formed over the base layer 101. The common electrode
401 can be formed like the second electrode 104 shown
in the foregoing embodiment mode. The common elec-
trode 401 has its shape processed so as to be formed
over the pixel region. A conductive layer 402 is formed
in a part of the processed common electrode 401. The
conductive layer 402 can be obtained by processing the
same conductive layer as the gate electrode 113 in the
thin film transistor 160. The common electrode 401 and
the conductive layer 402 are covered with the gate insu-
lating layer 112.
[0218] An opening is provided in the insulating layer
106 and the gate insulating layer 112 to expose the con-
ductive layer 402. Then, the comb-shaped third electrode
105 formed over the insulating layer 106 and the con-
ductive layer 402 are electrically connected. As a result,
the third electrode 105 and the common electrode 401
are connected. Here, the conductive layer 402 is con-
nected to the common electrode 401 and the third elec-
trode 105; therefore, the conductive layer 402 can serve
as the auxiliary wire. Then, as described above, voltage
drop caused by wire resistance of the common electrode
401 and the third electrode 105 can be prevented.
[0219] In this embodiment mode, since a bottom gate
thin film transistor using an amorphous semiconductor
layer is used, the whole thickness can be reduced com-
pared to a top gate thin film transistor in the foregoing
embodiment mode. In particular, compared with a struc-
ture including the stacked insulating layers 106 and 107,
the whole thickness of the structure in this embodiment
mode is thin since only the insulating layer 106 is em-
ployed. As a result, the liquid crystal display device can
be thin and light weight.
[0220] Although the channel etched type is employed
in this embodiment mode, a channel protective type may
be employed. In the channel protective type, a protective
layer is provided over the semiconductor layer and the
source and drain electrodes are provided on both sides
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of the protective layer, in which the surface of the semi-
conductor layer is not removed when processing the
semiconductor layer.
[0221] Note that a top gate transistor may be employed
in this embodiment mode.
[0222] Note that this embodiment mode shows an ex-
ample where the descriptions in Embodiment Modes 1
to 3 are realized together with a transistor and which is
a modification of those in Embodiment Mode 4 to 6.
Therefore, the descriptions in Embodiment Modes 1 to
6 can be applied to or combined with this embodiment
mode.

[Embodiment Mode 8]

[0223] In this embodiment mode, a structure of the liq-
uid crystal display device which is different from that de-
scribed in the foregoing embodiment mode in that he
conductive layer serving as the auxiliary wire is provided
below the common electrode is described.
[0224] As shown in FIG 5, a conductive layer 502 is
formed over the base layer 101 in advance. After that, a
common electrode 501 is formed to be in contact with
the conductive layer 502. The common electrode 501
can be formed similarly to the second electrode 104 in
the foregoing embodiment mode. The conductive layer
502 can be obtained by processing the same conductive
layer as the gate electrode 113 in the thin film transistor
160 or the same conductive layer as the source and drain
electrodes 116. The conductive layer 502 and the com-
mon electrode 501 are covered with the insulating layer
106.
[0225] An opening is provided in the insulating layer
106 and the gate insulating layer 112 to expose the com-
mon electrode 501. Then, the comb-shaped third elec-
trode 105 formed over the insulating layer 106 and the
common electrode 501 are electrically connected. Here,
the conductive layer 502 is connected to the common
electrode 401 and the third electrode 105; therefore, the
conductive layer 502 can serve as the auxiliary wire.
Then, as described above, voltage drop caused by wire
resistance of the common electrode 501 and the third
electrodes 105 can be prevented.
[0226] Description of other structures is omitted be-
cause it is similar to that of FIG 4.
[0227] In this embodiment mode, a structure in which
only the insulating layer 106 is employed, therefore, the
whole thickness of the structure is thin compared to a
structure including the stacked insulating layers 106 and
107. As a result, the liquid crystal display device can be
thin and light weight.
[0228] Although the channel etched type thin film tran-
sistor is employed in this embodiment mode, a channel
protective type thin film transistor may be employed as
described in the foregoing embodiment mode.
[0229] Note that this embodiment mode shows an ex-
ample where the descriptions in Embodiment Modes 1
to 3 are realized together with a transistor and which is

a modification of those in Embodiment Modes 4 to 7.
Therefore, the descriptions in Embodiment Modes 1 to
7 can be applied to or combined with this embodiment
mode.

[Embodiment Mode 9]

[0230] In this embodiment mode, a structure of the liq-
uid crystal display device which is different from that in
foregoing Embodiment Mode 1 in that a color filter and
a black matrix are provided is described.
[0231] As shown in FIG 6A, in the structure of the liquid
crystal display device shown in Embodiment Mode 1
(FIG. 1), a color filter 150 and a black matrix 151 are
provided instead of the insulating layer 107. The color
filter 150 and the black matrix 151 are provided so as to
be partially overlapped with each other.
[0232] The color filter 150 is formed of a material with
which predetermined colors can be exhibited. Red,
green, and blue are generally used as the predetermined
colors. Combination of these colors realizes full color dis-
play. On the other hand when conducting single color
display, the color filter can be formed of a material with
which one color of red, green, or blue, alternatively, or-
ange or yellow can be exhibited. Single color display is
suitable for displaying simple letters and figure and may
be used for a display screen of a car audio or portable
audio device.
[0233] The black matrix 151 is provided to prevent the
thin film transistor 102 from being irradiated with light,
suppress reflection of an electrode included in the thin
film transistor 102, prevent light from leaking in a portion
where the liquid crystal molecule is not controlled by an
image signal, and divide one pixel. The black matrix 151
is acceptable as long as it exhibits black and may be
formed using a conductive layer containing chromium or
an organic material containing pigment or black carbon.
In addition, the black matrix 151 can be formed of a dyed
organic material such as acrylic or polyimide can be used.
[0234] Note that the black matrix 151 is desirably
formed of a nonconductive material so as not to affect
application of an electrical field.
[0235] When providing the color filter 150 and the black
matrix 151, it is desirable that the insulating layer 106
have a stacked-layer structure and an insulating layer be
formed of an inorganic material and an organic material
formed as an upper layer thereof. The color filter 150 and
the black matrix black matrix 151 are often formed of an
organic material and these materials contain impurity el-
ements which is not favorable to electric characteristics
of the thin film transistor. It is desirable to form the insu-
lating layer to prevent entry of the impurity elements to
the semiconductor layer 111 in the thin film transistor.
[0236] Therefore, silicon nitride is preferable as an in-
organic material for forming the insulating layer. Such an
insulating layer is also called a passivation layer. The
passivation layer is not limited to be provided over the
insulating layer 106 having a stacked-layer structure. It
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is acceptable as long as the passivation layer is provided
between the semiconductor layer 111, and the color filter
150 and the black matrix 151. For example, the passiva-
tion layer may be provided as a lower layer of the insu-
lating layer 106 having a stacked-layer structure.
[0237] Note that an inorganic material such as silicon
nitride may be deposited before forming the color filter
150 and the black matrix 151.
[0238] After that, an insulating layer 152 is formed to
cover the color filter 150 and the black matrix 151. The
insulating layer 152 flattens the surface. In particular, in
a region where the color filter 150 and the black matrix
151 are overlapped with each other, a step formed be-
cause of the thickness of the black matrix 151 can be
flattened by the insulating layer 152.
[0239] Description of other structures is omitted be-
cause it is similar to that of FIG 1.
[0240] A structure shown in FIG 6B is different from
that shown in FIG 6A in that the color filter 150 and the
black matrix 151 are provided so as not to overlap with
each other. The color filter 150 is provided proactively in
a region where light is transmitted and the black matrix
151 is proactively provided in a region including the thin
film transistor 102. As a result, with a boundary of a
boundary region of the thin film transistor 102 and the
second electrode 104, the color filter 150 is formed in a
region in which the second electrode 104 is formed and
the black matrix 151 is formed in a region in which the
thin film transistor 102 is formed. Then, the insulating
layer 152 is formed to cover the color filter 150 and the
black matrix 151.
[0241] It is preferable to provide the color filter 150 and
the black matrix 151 without them overlapping with each
other since the whole thickness is increased in the region
where they are overlapped.
[0242] Description of other structures is omitted be-
cause it is similar to that of FIG 6A.
[0243] A structure shown in FIG 6C is different from
those in FIGS. 6A and 6B in that the black matrix 151 is
provided on the counter substrate 155. A region where
the black matrix 151 is provided is not limited as long as
it is over the thin film transistor 102.
[0244] In this case, color filters of different colors in
neighboring pixels may be arranged to overlap with each
other. In a region where the color filters are stacked can
serve as the black matrix since its transmittance is re-
duced.
[0245] When the black matrix 151 is provided to the
counter substrate 155, the color filter 150 can be formed
over the thin film transistor 102 and the second electrode
104. As described above, the color filter 150 is formed
using an organic material; therefore, the color filter 150
also serves as a flattening film. That is, the color filter
150 can be provided instead of an insulating layer 107,
and the surface of the color filter 150 can be flattened.
[0246] Note that the black matrix 151 may be provided
on a rear surface side of the insulating substrate 100.
[0247] Note that the black matrix may be provided on

the insulating substrate 100 side and the color filter is
formed on the counter substrate side. By providing the
black matrix on the insulating substrate 100 side, margin
of arrangement in substrates can be improved.
[0248] Description of other structures is omitted be-
cause it is similar to that of FIG 6A.
[0249] In this embodiment mode, as in Embodiment
Mode 1, when voltage is applied to the second electrode
104 and the comb-shaped first electrode 103, an electri-
cal field is generated therebetween. Therefore, tilting of
the liquid crystal material can be controlled, whereby
gray-scale display can be conducted. As a result, in a
part of the liquid crystal material, whose tilting has not
been sufficiently controlled by an electrical field generat-
ed by one pair of electrodes of the comb-shaped third
electrode 105 and the comb-shaped first electrode 103,
tilting of the liquid crystal material can be sufficiently con-
trolled by electrical fields generated by two pairs of elec-
trodes.
[0250] Note that this embodiment mode shows an ex-
ample where the descriptions in Embodiment Modes 1
to 3 are realized together with a transistor and which is
a modification of those in Embodiment Modes 4 to 8.
Therefore, the descriptions in Embodiment Modes 1 to
8 can be applied to or combined with this embodiment
mode.

[Embodiment Mode 10]

[0251] In this embodiment mode, a structure of the liq-
uid crystal display device which is different from that in
foregoing Embodiment Mode 1 in that the color filter 150
and the black matrix 151 are provided instead of the in-
sulating layer 106 is described.
[0252] As shown in FIG 7A, in the structure of the liquid
crystal display device shown in Embodiment Mode 1 (FIG
1), the color filter 150 and the black matrix 151 are pro-
vided instead of the insulating layer 106. The color filter
150 and the black matrix 151 are provided so as to be
partially overlapped with each other. The color filter 150
and the black matrix 151 can be formed similarly to those
in the foregoing embodiment mode. The insulating layer
152 is formed to cover the color filter 150 and the black
matrix 151. The surface can be flattened by the insulating
layer 152.
[0253] In the case of providing the color filter 150 and
the black matrix 151, a passivation layer is desirably pro-
vided between the color filter 150 and the black matrix
151, and the semiconductor layer 111 in the thin film tran-
sistor 102. In this embodiment mode, a passivation layer
154 is formed to cover the gate electrode 113 and the
second electrode 104.
[0254] In such a structure where the color filter 150 and
the black matrix 151 are provided instead of the insulating
layer 106, the black matrix 151 is formed in a vicinity of
the thin film transistor 102. Therefore, the structure is
preferable since light emitted to the thin film transistor
102 is shielded effectively.
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[0255] Description of other structures is omitted be-
cause it is similar to that of FIG 6A.
[0256] A structure shown in FIG 7B is different from
that in FIG 7A in that the color filter 150 and the black
matrix 151 are provided so as not to overlap with each
other.
[0257] Description of other structures is omitted be-
cause it is similar to that of FIG 6B.
[0258] A structure shown in FIG 7C is different from
those in FIGS. 7A and 7B in that the black matrix 151 is
provided on the counter substrate 155 side.
[0259] Description of other structures is omitted be-
cause it is similar to that of FIG 7B.
[0260] In this embodiment mode, as in Embodiment
Mode 1, when voltage is applied to the second electrode
104 and the comb-shaped first electrode 103, an electri-
cal field is generated therebetween. Therefore, tilting of
the liquid crystal material can be controlled, whereby
gray-scale display can be conducted. As a result, in a
part of the liquid crystal material, whose tilting has not
been sufficiently controlled by an electrical field generat-
ed by one pair of electrodes of the comb-shaped third
electrode 105 and the comb-shaped first electrode 103,
tilting of the liquid crystal material can be sufficiently con-
trolled by electrical fields generated by two pairs of elec-
trodes.
[0261] Note that this embodiment mode shows an ex-
ample where the descriptions in Embodiment Modes 1
to 3 are realized together with a transistor and which is
a modification of those in Embodiment Modes 4 to 9.
Therefore, the descriptions in Embodiment Modes 1 to
9 can be applied to or combined with this embodiment
mode.

[Embodiment Mode 11]

[0262] In this embodiment mode, a structure of the liq-
uid crystal display device which is different from that in
foregoing Embodiment Mode 2 in that the color filter and
the black matrix are provided is described.
[0263] As shown in FIG 8A, in the structure of the liquid
crystal display device shown in Embodiment Mode 2 (FIG
2), the color filter 150 and the black matrix 151 are pro-
vided instead of the insulating layer 107. The color filter
150 and the black matrix 151 are provided so as to be
partially overlapped with each other. The color filter 150
and the black matrix 151 can be formed similarly to those
in the foregoing embodiment mode. The insulating layer
152 is formed to cover the color filter 150 and the black
matrix 151. The surface can be flattened by the insulating
layer 152.
[0264] In the case of providing the color filter 150 and
the black matrix 151, a passivation layer is desirably pro-
vided between the color filter 150 and the black matrix
151, and the semiconductor layer 111 in the thin film tran-
sistor 102. In this embodiment mode, the insulating layer
106 has a stacked-layer structure and an upper layer
thereof is a passivation layer 153 formed of an inorganic

material. The passivation layer is not limited to be pro-
vided as the upper layer of the insulating layer 106 having
a stacked-layer structure. It is acceptable as long as the
passivation layer is provided between the semiconductor
layer 111, and the color filter 150 and the black matrix
151. For example, the passivation layer may be provided
as a lower layer of the insulating layer 106 having a
stacked-layer structure.
[0265] Those structures of the color filter 150, the black
matrix 151, the insulating layer 152, and the passivation
layer 153 are similar to those shown in FIG. 6A. Descrip-
tion of other structures is omitted because it is similar to
that of FIG. 2.
[0266] A structure shown in FIG 8B is different from
that in FIG 8A in that the color filter 150 and the black
matrix 151 are provided so as not to overlap with each
other. Structures of the color filter 150 and the black ma-
trix 151 which are not overlapped with each other is sim-
ilar to those shown in FIG 6B.
[0267] Description of other structures is omitted be-
cause it is similar to that of FIG. 8A.
[0268] A structure shown in FIG 8C is different from
those shown in FIGS. 8A and 8B in that the black matrix
151 is provided on the counter substrate 155 side. A re-
gion where the black matrix 151 is provided is not limited
as long as is over the thin film transistor 102.
[0269] When the black matrix 151 is provided to the
counter substrate 155, the color filter 150 can be formed
over the thin film transistor 102 and the second electrode
104. As described above, the color filter 150 is formed
using an organic material; therefore, the color filter 150
also serves as a flattening film. That is, the color filter
150 can be provided instead of the insulating layer 107,
and the surface of the color filter 150 can be flattened.
Such a structure in which the black matrix 151 is provided
on the counter substrate 155 side is similar to that shown
in FIG 6C.
[0270] Note that the black matrix 151 may be provided
on the rear surface side of the insulating substrate 100.
[0271] Description of other structures is omitted be-
cause it is similar to that of FIG 8A.
[0272] In this embodiment mode, as in Embodiment
Mode 2, when voltage is applied to the common electrode
122 and the comb-shaped first electrode 103, an electri-
cal field is generated therebetween. Therefore, tilting of
the liquid crystal material can be controlled, whereby
gray-scale display can be conducted. As a result, in a
part of the liquid crystal material, whose tilting has not
been sufficiently controlled by an electrical field generat-
ed by one pair of electrodes of the comb-shaped third
electrode 105 and the comb-shaped first electrode 103,
tilting of the liquid crystal material can be sufficiently con-
trolled by electrical fields generated by two pairs of elec-
trodes.
[0273] Note that this embodiment mode shows an ex-
ample where the descriptions in Embodiment Modes 1
to 3 are realized together with a transistor and which is
a modification of those in Embodiment Modes 4 to 10.
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Therefore, the descriptions in Embodiment Modes 1 to
10 can be applied to or combined with this embodiment
mode.

[Embodiment Mode 12]

[0274] In this embodiment mode, a structure of the liq-
uid crystal display device which is different from that in
foregoing Embodiment Mode 2 in that the color filter and
the black matrix are provided instead of the insulating
layer 106 is described.
[0275] As shown in FIG. 9A, in the structure of the liquid
crystal display device shown in Embodiment Mode 2
(FIG. 2), the color filter 150 and the black matrix 151 are
provided instead of the insulating layer 106. The color
filter 150 and the black matrix 151 are provided so as to
be partially overlapped with each other. The color filter
150 and the black matrix 151 can be formed similarly to
those in the foregoing embodiment mode. The insulating
layer 152 is formed to cover the color filter 150 and the
black matrix 151. The surface can be flattened by the
insulating layer 152.
[0276] In the case of providing the color filter 150 and
the black matrix 151, a passivation layer is desirably pro-
vided between the color filter 150 and the black matrix
151, and the semiconductor layer 111 in the thin film tran-
sistor 102. In this embodiment mode, the passivation lay-
er 154 is formed to cover the gate electrode 113 and the
second electrode 104.
[0277] Such a structure of providing the color filter 150
and the black matrix 151 is similar to that shown in FIG
7A. Description of other structures is omitted because it
is similar to that of FIG 2.
[0278] A structure shown in FIG 9B is different from
that in FIG 9A in that the color filter 150 and the black
matrix 151 are provided so as not to overlap with each
other. Structures of the color filter 150 and the black ma-
trix 151 which are not overlapped with each other is sim-
ilar to those shown in FIG 7B.
[0279] Description of other structures is omitted be-
cause it is similar to that of FIG 9A.
[0280] A structure shown in FIG 9C is different from
those in FIGS. 9A and 9B in that the black matrix 151 is
provided on the counter substrate 155 side. A region
where the black matrix 151 is provided is not limited as
long as it is over the thin film transistor 102.
[0281] When the black matrix 151 is provided to the
counter substrate 155, the color filter 150 can be formed
over the thin film transistor 102 and the second electrode
104. As described above, the color filter 150 is formed
using an organic material; therefore, the color filter 150
also serves as a flattening film. That is, the color filter
150 can be provided instead of the insulating layer 107,
and the surface of the color filter 150 can be flattened.
Such a structure in which the black matrix 151 is provided
on the counter substrate 155 side is similar to that shown
in FIG 7C.
[0282] Note that the black matrix 151 may be provided

on the rear surface side of the insulating substrate 100.
[0283] Description of other structures is omitted be-
cause it is similar to that of FIG 9A.
[0284] In this embodiment mode, as in Embodiment
Mode 2, when voltage is applied to the common electrode
122 and the comb-shaped first electrode 103, an electri-
cal field is generated therebetween. Therefore, tilting of
the liquid crystal material can be controlled so as to con-
duct gray-scale display. As a result, in a part of the liquid
crystal material, whose tilting has not been sufficiently
controlled by an electrical field generated by one pair of
electrodes of the comb-shaped third electrode 105 and
the comb-shaped first electrode 103, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0285] Note that this embodiment mode shows an ex-
ample where the descriptions in Embodiment Modes 1
to 3 are realized together with a transistor and which is
a modification of those in Embodiment Modes 4 to 11.
Therefore, the descriptions in Embodiment Modes 1 to
11 can be applied to or combined with this embodiment
mode.

[Embodiment Mode 13]

[0286] In this embodiment mode, a structure of the liq-
uid crystal display device which is different from that in
foregoing Embodiment Mode 3 in that the color filter and
the black matrix are provided instead of the insulating
layer 106 is described.
[0287] As shown in FIG 10A, in the structure of the
liquid crystal display device shown in Embodiment Mode
3 (FIG 3), the color filter 150 and the black matrix 151
are provided instead of the insulating layer 106. The color
filter 150 and the black matrix 151 are provided so as to
be partially overlapped with each other. The color filter
150 and the black matrix 151 can be formed similarly to
those in the foregoing embodiment mode. The insulating
layer 152 is formed to cover the color filter 150 and the
black matrix 151. The surface can be flattened by the
insulating layer 152.
[0288] In the case of providing the color filter 150 and
the black matrix 151, a passivation layer is desirably pro-
vided between the color filter 150 and the black matrix
151, and the semiconductor layer 111 in the thin film tran-
sistor 102. In this embodiment mode, the passivation lay-
er 154 is formed to cover the gate electrode 113 and the
second electrode 104.
[0289] Such a structure of providing the color filter 150
and the black matrix 151 is similar to that shown in FIG.
7A. Description of other structures is omitted because it
is similar to that of FIG 3.
[0290] A structure shown in FIG 10B is different from
that in FIG 10A in that the color filter 150 and the black
matrix 151 are provided so as not to overlap with each
other. Structures of the color filter 150 and the black ma-
trix 151 which are not overlapped with each other is sim-
ilar to those shown in FIG 7B.
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[0291] Description of other structures is omitted be-
cause it is similar to that of FIG 10A.
[0292] A structure shown in FIG 10C is different from
those in FIGS. 10A and 10B in that the black matrix 151
is provided on the counter substrate 155 side. A region
where the black matrix 151 is provided is not limited as
long as it is over the thin film transistor 102.
[0293] When the black matrix 151 is provided to the
counter substrate 155, the color filter 150 can be formed
over the thin film transistor 102 and the second electrode
104. As described above, the color filter 150 is formed
using an organic material; therefore, the color filter 150
also serves as a flattening film. That is, the color filter
150 can be provided instead of the insulating layer 107,
and the surface of the color filter 150 can be flattened.
Such a structure in which the black matrix 151 is provided
on the counter substrate 155 side is similar to that shown
in FIG 7C.
[0294] Note that the black matrix 151 may be provided
on the rear surface side of the insulating substrate 100.
[0295] The description of other structures is omitted
because it is similar to that of FIG 10A.
[0296] In this embodiment mode, as in Embodiment
Mode 3, when voltage is applied to the common electrode
122 and the comb-shaped first electrode 103, an electri-
cal field is generated therebetween. Therefore, tilting of
the liquid crystal material can be controlled so as to con-
duct gray-scale display. As a result, in a part of the liquid
crystal material, whose tilting has not been sufficiently
controlled by an electrical field generated by one pair of
electrodes of the comb-shaped third electrode 105 and
the comb-shaped first electrode 103, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0297] Note that this embodiment mode shows an ex-
ample where the descriptions in Embodiment Modes 1
to 3 are realized together with a transistor and which is
a modification of those in Embodiment Modes 4 to 12.
Therefore, the descriptions in Embodiment Modes 1 to
12 can be applied to or combined with this embodiment
mode.

[Embodiment Mode 14]

[0298] In this embodiment mode, a structure of the liq-
uid crystal display device which is different from that in
foregoing Embodiment Mode 4 in that the color filter and
the black matrix are provided instead of the insulating
layer 106 is described.
[0299] As shown in FIG. 11A, in the structure of the
liquid crystal display device shown in Embodiment Mode
4 (FIG 4), the color filter 150 and the black matrix 151
are provided instead of the insulating layer 106. The color
filter 150 and the black matrix 151 are provided so as to
be partially overlapped with each other. The color filter
150 and the black matrix 151 can be formed similarly to
those in the foregoing embodiment mode. The insulating
layer 152 is formed to cover the color filter 150 and the

black matrix 151. The surface can be flattened by the
insulating layer 152.
[0300] In this embodiment mode, the thin film transistor
160 is preferably a channel protective type in which an
insulating layer 403 is provided over the amorphous sem-
iconductor layer 411. The source and drain electrodes
116 are provided so as to cover both edges of the insu-
lating layer 403 for protecting a channel. The insulating
layer 403 prevents the amorphous semiconductor layer
411 from being exposed. Accordingly, when the black
matrix 151 is provided to cover the thin film transistor
160, entry of impurity elements from the black matrix to
the amorphous semiconductor layer 411 can be prevent-
ed. Needles to say, the thin film transistor 160 may be a
channel etched type as shown in Embodiment Mode 4;
in that case, the insulating layer 403 is desirably provided
so that the amorphous semiconductor layer 411 and the
black matrix 151 are not in contact with each other.
[0301] In the case of providing the color filter 150 and
the black matrix 151, a passivation layer is desirably pro-
vided between the color filter 150 and the black matrix
151, and the amorphous semiconductor layer 411 in the
thin film transistor 160. In this embodiment mode, the
passivation layer 154 is formed to cover the gate elec-
trode 113, the common electrode 401, and the conduc-
tive layer 402.
[0302] Such a structure of providing the color filter 150
and the black matrix 151 is similar to that shown in FIG
7A. Description of other structures is omitted because it
is similar to that of FIG 4.
[0303] A structure shown in FIG 11B is different from
that in FIG 11A in that the color filter 150 and the black
matrix 151 are provided so as not to overlap with each
other. Structures of the color filter 150 and the black ma-
trix 151 which are not overlapped with each other is sim-
ilar to those shown in FIG 7B.
[0304] Description of other structures is omitted be-
cause it is similar to that of FIG 11A.
[0305] A structure shown in FIG 11C is different from
those in FIGS. 11A and 11B in that the black matrix 151
is provided on the counter substrate 155 side. A region
where the black matrix 151 is provided is not limited as
long as it is over the thin film transistor 160.
[0306] When the black matrix 151 is provided to the
counter substrate 155, the color filter 150 can be formed
over the thin film transistor 160, the common electrode
401, and the conductive layer 402.
[0307] In this embodiment mode, the thin film transistor
160 is preferably a channel protective type in which the
insulating layer 403 is provided over the amorphous sem-
iconductor layer 411. The source and drain electrodes
116 are provided so as to cover both edges of the insu-
lating layer 403 for protecting a channel. The insulating
layer 403 prevents the amorphous semiconductor layer
411 from being exposed. Accordingly, when the color
filter 150 is provided to cover the thin film transistor 160,
entry of impurity elements from the color filter to the amor-
phous semiconductor layer 411 can be prevented. Nee-
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dles to say, the thin film transistor 160 may be a channel
etched type as shown in Embodiment Mode 4; in that
case, the insulating layer 403 is desirably provided so
that the amorphous semiconductor layer 411 and the
color filter 150 are not in contact with each other.
[0308] As described above, the color filter 150 is
formed of an organic material; therefore, the color filter
150 also serves as a flattening film. That is, the color filter
150 can be provided instead of the insulating layer 106,
and the surface of the color filter 150 can be flattened.
The structure of providing the black matrix 151 on the
counter substrate 155 side is similar to that shown in FIG
7C.
[0309] Note that the black matrix 151 may be provided
on the rear surface side of the insulating substrate 100.
[0310] Description of other structures is omitted be-
cause it is similar to that of FIG 11A.
[0311] In this embodiment mode, as in Embodiment
Mode 3, when voltage is applied to the common electrode
401 and the comb-shaped first electrode 103, an electri-
cal field is generated therebetween. Therefore, tilting of
the liquid crystal material can be controlled so as to con-
duct gray-scale display. As a result, in a part of the liquid
crystal material, whose tilting has not been sufficiently
controlled by an electrical field generated by one pair of
electrodes of the comb-shaped third electrode 105 and
the comb-shaped first electrode 103, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0312] Note that this embodiment mode shows an ex-
ample where the descriptions in Embodiment Modes 1
to 3 are realized together with a transistor and which is
a modification of those in Embodiment Modes 4 to 13.
Therefore, the descriptions in Embodiment Modes 1 to
13 can be applied to or combined with this embodiment
mode.

[Embodiment Mode 15]

[0313] In this embodiment mode, a structure of the liq-
uid crystal display device which is different from that in
foregoing Embodiment Mode 5 in that the color filter and
the black matrix are provided instead of the insulating
layer 106 is described.
[0314] As shown in FIG 12A, in the structure of the
liquid crystal display device shown in Embodiment Mode
5 (FIG 5), the color filter 150 and the black matrix 151
are provided instead of the insulating layer 106. The color
filter 150 and the black matrix 151 are provided so as to
be partially overlapped with each other. The color filter
150 and the black matrix 151 can be formed similarly to
those in the foregoing embodiment mode. The insulating
layer 152 is formed to cover the color filter 150 and the
black matrix 151. The surface can be flattened by the
insulating layer 152.
[0315] In this embodiment mode, the thin film transistor
160 is preferably a channel protective type in which the
insulating layer 403 is provided over the amorphous sem-

iconductor layer 411. The source and drain electrodes
116 are provided so as to cover both edges of the insu-
lating layer 403 for protecting a channel. The insulating
layer 403 prevents the amorphous semiconductor layer
411 from being exposed. Accordingly, when the black
matrix 151 is provided to cover the thin film transistor
160, entry of impurity elements from the black matrix to
the amorphous semiconductor layer 411 can be prevent-
ed. Needles to say, the thin film transistor 160 may be a
channel etched type as shown in Embodiment Mode 4;
in that case, the insulating layer 403 is desirably provided
so that the amorphous semiconductor layer 411 and the
black matrix 151 are not in contact with each other.
[0316] In the case of providing the color filter 150 and
the black matrix 151, a passivation layer is desirably pro-
vided between the color filter 150 and the black matrix
151, and the amorphous semiconductor layer 411 in the
thin film transistor 160. In this embodiment mode, the
passivation layer 154 is formed to cover the gate elec-
trode 113, the common electrode 401, and the conduc-
tive layer 402.
[0317] Such a structure of providing the color filter 150
and the black matrix 151 is similar to that shown in FIG
7A. The description of other structures is omitted be-
cause it is similar to that of FIG 5
[0318] A structure shown in FIG 12B is different from
that in FIG 12A in that the color filter 150 and the black
matrix 151 are provided so as not to overlap with each
other. Structures of the color filter 150 and the black ma-
trix 151 which are not overlapped with each other is sim-
ilar to those shown in FIG 7B.
[0319] The description of other structures is omitted
because it is similar to that of FIG 12A.
[0320] A structure shown in FIG 12C is different from
those in FIGS. 12A and 12B in that the black matrix 151
is provided on the counter substrate 155 side. A region
where the black matrix 151 is provided is not limited as
long as it is over the thin film transistor 160.
[0321] When the black matrix 151 is provided to the
counter substrate 155, the color filter 150 can be formed
over the thin film transistor 160, the common electrode
401, and the conductive layer 402.
[0322] In this embodiment mode, the thin film transistor
160 is preferably a channel protective type in which the
insulating layer 403 is provided over the amorphous sem-
iconductor layer 411. The source and drain electrodes
116 are provided so as to cover both edges of the insu-
lating layer 403 for protecting a channel. The insulating
layer 403 prevents the amorphous semiconductor layer
411 from being exposed. Accordingly, when the color
filter 150 is provided to cover the thin film transistor 160,
entry of impurity elements from the color filter to the amor-
phous semiconductor layer 411 can be prevented. Nee-
dles to say, the thin film transistor 160 may be a channel
etched type as shown in Embodiment Mode 4; in that
case, the insulating layer 403 is desirably provided so
that the amorphous semiconductor layer 411 and the
color filter 150 are not in contact with each other.
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[0323] As described above, the color filter 150 is
formed of an organic material; therefore, the color filter
150 also serves as a flattening film. That is, the color filter
150 can be provided instead of the insulating layer 106,
and the surface of the color filter 150 can be flattened.
The structure of providing the black matrix 151 on the
counter substrate 155 side is similar to that shown in FIG
7C.
[0324] Note that the black matrix 151 may be provided
on the rear surface side of the insulating substrate 100.
[0325] The description of other structures is omitted
because it is similar to that of FIG 12A.
[0326] In this embodiment mode, as in Embodiment
Mode 3, when voltage is applied to the common electrode
401 and the comb-shaped first electrode 103, an electri-
cal field is generated therebetween. Therefore, tilting of
the liquid crystal material can be controlled so as to con-
duct gray-scale display. As a result, in a part of the liquid
crystal material, whose tilting has not been sufficiently
controlled by an electrical field generated by one pair of
electrodes of the comb-shaped third electrode 105 and
the comb-shaped first electrode 103, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0327] Note that this embodiment mode shows an ex-
ample where the descriptions in Embodiment Modes 1
to 3 are realized together with a transistor and which is
a modification of those in Embodiment Modes 4 to 14.
Therefore, the descriptions in Embodiment Modes 1 to
14 can be applied to or combined with this embodiment
mode.

[Embodiment Mode 16]

[0328] In this embodiment mode, a top view of a pixel
portion in a liquid crystal display device is described.
[0329] FIG 13 shows a top view corresponding to the
cross-sectional structure shown in Embodiment Mode 4
(FIG 4). The thin film transistor (also referred to as TFT)
160 includes the amorphous semiconductor layer 411
and has a bottom gate structure in which the gate elec-
trode 113 is provided below. A scan line 413 can be
formed in the same layer as the gate electrode 113.
[0330] The amorphous semiconductor layer 411 is
formed to cover the gate electrode 113. The common
electrode 401 can be formed using the amorphous sem-
iconductor layer 411. Note that since the common elec-
trode 401 is desirably formed of a material with high con-
ductivity, an impurity element is preferably added to the
semiconductor layer. The common electrode 401 may
be formed of a conductive material without using the
amorphous semiconductor layer 411.
[0331] The source and drain electrodes 116 are formed
so as to cover both edges of the amorphous semicon-
ductor layer 411. A signal line 416 can be formed in the
same layer as the source and drain electrodes 116.
[0332] The first electrode 103 and the third electrode
105 are formed in the same layer. The first electrode 103

and the third electrode 105 are processed into comb-
shapes and are arranged alternately. The first electrode
103 is connected to either the source and drain elec-
trodes 116 through an opening. The third electrode 105
is connected to the common electrode 401 through an
opening.
[0333] In the same layer as the third electrode 105 (a
region denoted by A in FIG 13), the common electrodes
401 provided in one pixel are electrically connected to
one another.
[0334] Note that this embodiment mode shows an ex-
ample where the descriptions in Embodiment Modes 1
to 3 are realized together with a transistor and which is
a modification of those in Embodiment Modes 4 to 15.
Therefore, the descriptions in Embodiment Modes 1 to
15 can be applied to or combined with this embodiment
mode.
[0335] The structure of the pixel portion of this embod-
iment mode can be freely combined with the foregoing
embodiment modes.

[Embodiment Mode 17]

[0336] In this embodiment mode, a top view of a pixel
portion different from that described in the foregoing em-
bodiment mode is described.
[0337] FIG 14 is different from FIG 13 in that the comb-
shaped first electrode 103 and the comb-shaped third
electrode 105 are bent at the center point of the long side.
The electrodes may be bent at another point instead of
the center point. In addition, they may have a plurality of
bends. Such the bent first electrode 103 and the bent
third electrode 105 are preferable since they can widen
a viewing angle. It is because some of the liquid crystal
molecules follow a first direction of the bent first electrode
103 and the third electrode 105, and some of the liquid
crystal molecules follow a second direction thereof.
[0338] Alternatively, in order to obtain the same effect,
one pixel may be divided into two regions by the center
line, and in a first region, the straight first electrode 103
and the straight third electrode 105 are arranged with a
certain angle, and in a second region, the straight first
electrode 103 and the straight third electrode 105 are
arranged so as to be symmetric with respect to the central
line.
[0339] Note that this embodiment mode shows an ex-
ample where the descriptions in Embodiment Modes 1
to 3 are realized together with a transistor and which is
a modification of those in Embodiment Modes 4 to 16.
Therefore, the descriptions in Embodiment Modes 1 to
16 can be applied to or combined with this embodiment
mode.

[Embodiment Mode 18]

[0340] In this embodiment mode, a structure of the liq-
uid crystal display device which is different from that
shown in FIG 1 in that a reflective region A and a trans-
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missive region B are provided is described.
[0341] As shown in FIG 15, a reflective electrode 652
is provided in the reflective region. In the transmissive
region, a transparent electrode 654 connected to the re-
flective electrode 652 is provided. The transparent elec-
trode 654 also serves as a common electrode. In addition,
the counter substrate 155 is provided thereover with a
liquid crystal material 653 interposed therebetween.
[0342] In addition, a retardation film 650 is placed over
an outer side of the counter substrate 155 provided over
the liquid crystal material 653. That is, the retardation film
650 is placed between the counter substrate 155 and the
polarizing plate. A quarter-wave plate and a half-wave
plate are given as a retardation film. With the retardation
film, an amount of light which passes the reflective region
and the transmissive region can be appropriately con-
trolled. Therefore, approximately the same image can be
displayed whether the liquid crystal display device is
transmissive or reflective.
[0343] The description of other structures is omitted
because it is similar to that of FIG 1.
[0344] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0345] Note that the description in Embodiment Modes
1 to 17 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 19]

[0346] In this embodiment mode, a structure which is
different from that described in the foregoing embodiment
mode in that the retardation film is provided inside the
counter substrate is described.
[0347] As shown in FIG 16, the retardation film 650 is
formed inside the counter substrate 155, that is, the side
of the liquid crystal material 653. With such a structure,
an amount of light which passes the reflective region and
the transmissive region can be appropriately controlled.
Therefore, approximately the same image can be dis-
played whether the liquid crystal display device is trans-
missive or reflective.
[0348] Description of other structures is omitted be-
cause it is similar to that of FIG 15.
[0349] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0350] Note that the description in Embodiment Modes
1 to 18 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 20]

[0351] In this embodiment mode, a structure in which
a cell gap in the reflective region and the transmissive
region is controlled is described.
[0352] As shown in FIG 17, a film 657 for adjusting a
cell gap is provided on the counter substrate 155 side.

An alignment film is formed over the film 657 (on the side
closer to the liquid crystal). Such a film 657 is formed of
an organic material such as acrylic. The cell gap is set
so that the cell gap in the reflective region is shorter than
that in the transmissive region. With such a structure, an
amount of light which passes the reflective region and
the transmissive region can be appropriately controlled.
Therefore, approximately the same image can be dis-
played whether the liquid crystal display device is trans-
missive or reflective.
[0353] The description of other structures is omitted
because it is similar to that of FIG 15.
[0354] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0355] Note that the description in Embodiment Modes
1 to 19 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 21]

[0356] In this embodiment mode, a structure which is
different from that described in the foregoing embodiment
mode in that light scattering particles are contained in
the film for adjusting a cell gap.
[0357] As shown in FIG 18, light scattering particles
658 are contained in the film 657 for adjusting a cell gap.
The light scattering particle 658 is formed of a material
with a refractive index different from that of the film for
adjusting a cell gap. The film for adjusting a cell gap may
be formed so as to contain such light scattering particles.
[0358] With such a structure, light can be diffused and
luminance can be improved.
[0359] The description of other structures is omitted
because it is similar to that of FIG 15.
[0360] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0361] Note that the description in Embodiment Modes
1 to 20 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 22]

[0362] In this embodiment mode, a structure which is
different from that shown in FIG 1 in that a reflective re-
gion is provided is described.
[0363] As shown in FIG 19, in this embodiment mode,
a reflective liquid crystal display device is shown in which
an electrode formed at the same time as the gate elec-
trode 113 is used as the reflective electrode 652. The
reflective electrode 652 is placed so as to be approxi-
mately parallel to the gate wire, whereby an efficient lay-
out can be achieved. In addition, since the reflective elec-
trode 652 can be formed at the same time as the gate
wire, the number of steps can be reduced and the cost
can be reduced.
[0364] Note that description in Embodiment Modes 1
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to 21 can be applied to or combined with this embodiment
mode.

[Embodiment Mode 23]

[0365] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 22 in
that the reflective region and a transmissive region are
provided is described.
[0366] As shown in FIG 20, in this embodiment mode,
a structure of the semi-transmissive liquid crystal display
device is shown in which an electrode formed at the same
time as the gate electrode 113 is used as the reflective
electrode 652. The reflective electrode 652 can serve as
a common wire. The reflective electrode 652 is placed
so as to be approximately parallel to the gate wire, where-
by an efficient layout can be achieved. In addition, since
the reflective electrode 652 can be formed at the same
time as the gate wire, the number of steps can be reduced
and the cost can be reduced.
[0367] Note that the description in Embodiment Modes
1 to 22 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 24]

[0368] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 23 in
that a manufacturing order of the reflective electrode and
the transparent electrode is changed is described.
[0369] As shown in FIG 21, the transparent electrode
654 is formed first and the reflective electrode 652 is
formed over a part of the transparent electrode 654.
Then, the electrode 117 is connected to the reflective
electrode 652.
[0370] With such a structure, the reflective electrode
652 can be formed at the same time as the gate electrode
113. The reflective electrode 652 can be used as the
common wire. The reflective electrode 652 is placed so
as to be approximately parallel to the gate wire, whereby
an efficient layout can be achieved. In addition, since the
reflective electrode 652 can be formed at the same time
as the gate wire, the number of steps can be reduced
and the cost can be reduced.
[0371] Description of other structures is omitted be-
cause it is similar to that of FIG 20.
[0372] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0373] Note that the description in Embodiment Modes
1 to 23 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 25]

[0374] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 24 in
that the transparent electrode is not provided is de-

scribed.
[0375] As shown in FIG 22, the reflective electrode 652
is formed in the reflective region but not in the transmis-
sive region. The electrode 117 is connected to the reflec-
tive electrode 652.
[0376] With such a structure, the reflective electrode
652 can be formed at the same time as the gate electrode
113. The reflective electrode 652 can be used as the
common wire. The reflective electrode 652 is placed so
as to be approximately parallel to the gate wire, whereby
an efficient layout can be achieved. In addition, since the
reflective electrode 652 can be formed at the same time
as the gate wire, the number of steps can be reduced
and the cost can be reduced.
[0377] The description of other structures is omitted
because it is similar to that of FIG 21.
[0378] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0379] Note that the description in Embodiment Modes
1 to 24 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 26]

[0380] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 22 in
that a conductive layer 659 serving as the common wire
is provided is described.
[0381] As shown in FIG 23, the conductive layer 659
is formed over the base layer 101 in the reflective region.
The conductive layer 659 can be formed at the same time
as the gate electrode. The electrode 117 serving as the
reflective electrode connected to the conductive layer
659 is formed.
[0382] With such a structure, the conductive layer 659
can be used as the common wire. The conductive layer
659 is placed so as to be approximately parallel to the
gate wire, whereby an efficient layout can be achieved.
In addition, since the conductive layer 659 can be formed
at the same time as the gate wire, the number of steps
can be reduced and the cost can be reduced.
[0383] The description of other structures is omitted
because it is similar to that of FIG. 19.
[0384] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0385] Note that the description in Embodiment Modes
1 to 25 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 27]

[0386] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 26 in
that the conductive layer 659 serving as the common
wire is provided in the reflective region and a transmissive
region is provided is described.
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[0387] As shown in FIG 24, the conductive layer 659
is formed over the base layer 101 in the reflective region,
and the electrode 117 serving as the reflective electrode
connected to the conductive layer 659 is formed. In the
transmissive region, the transparent electrode 654 con-
nected to the electrode 117 is formed.
[0388] With such a structure, the conductive layer 659
can be used as the common wire. The conductive layer
659 is placed so as to be approximately parallel to the
gate wire, whereby an efficient layout can be achieved.
In addition, since the conductive layer 659 can be formed
at the same time as the gate wire, the number of steps
can be reduced and the cost can be reduced.
[0389] The description of other structures is omitted
because it is similar to that of FIG 23.
[0390] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0391] Note that the description in Embodiment Modes
1 to 26 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 28]

[0392] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 27 in
that a manufacturing order of the reflective electrode and
the transparent electrode is changed is described.
[0393] As shown in FIG 25, the transparent electrode
654 is formed first and the electrode 117 serving as the
reflective electrode is formed over a part of the transpar-
ent electrode 654.
[0394] With such a structure, the conductive layer 659
can be used as the common wire. The conductive layer
659 is placed so as to be approximately parallel to the
gate wire, whereby an efficient layout can be achieved.
In addition, since the conductive layer 659 can be formed
at the same time as the gate wire, the number of steps
can be reduced and the cost can be reduced.
[0395] The description of other structures is omitted
because it is similar to that of FIG 24.
[0396] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0397] Note that the description in Embodiment Modes
1 to 27 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 29]

[0398] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 28 in
that the conductive layer 659 serving as the common
wire is formed in the reflective region and the transparent
electrode is not provided is described.
[0399] As shown in FIG 26, the conductive layer 659
is formed in the reflective region while an electrode is not
formed in the transmissive region. The electrode 117

serving as the reflective electrode is connected to the
conductive layer 659.
[0400] With such a structure, the conductive layer 659
can be used as the common wire. The conductive layer
659 is placed so as to be approximately parallel to the
gate wire, whereby an efficient layout can be achieved.
In addition, since the conductive layer 659 can be formed
at the same time as the gate wire, the number of steps
can be reduced and the cost can be reduced.
[0401] The description of other structures is omitted
because it is similar to that of FIG. 25.
[0402] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0403] Note that the description in Embodiment Modes
1 to 28 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 30]

[0404] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 29 in
that a transparent electrode is formed in the transmissive
region is described.
[0405] As shown in FIG 27, the conductive layer 659
is formed in the reflective region while the transparent
electrode 654 connected to the conductive layer 659 is
formed in the transmissive region. The electrode 117 is
connected to the conductive layer 659. The conductive
layer 659 serves as the reflective electrode and as the
common wire.
[0406] With such a structure, the conductive layer 659
can be used as the common wire. The conductive layer
659 is placed so as to be approximately parallel to the
gate wire, whereby an efficient layout can be achieved.
In addition, since the conductive layer 659 can be formed
at the same time as the gate wire, the number of steps
can be reduced and the cost can be reduced.
[0407] The description of other structures is omitted
because it is similar to that of FIG 25.
[0408] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0409] Note that the description in Embodiment Modes
1 to 29 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 31]

[0410] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 30 in
that a projection and a depression are formed in the in-
sulating layer in the reflective region is described.
[0411] As shown in FIG 28, a projection and a depres-
sion are formed in the insulating layer 106 in the reflective
region.
[0412] A conductive layer 660 is formed along the pro-
jection and the depression in the insulating layer 106.
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The conductive layer 660 is formed of a highly reflective
material. The conductive layer 660 may be formed of the
same material as the electrode 117. Reflectance can be
improved with the conductive layer 660 formed along the
projection and the depression in the insulating layer 106..
[0413] The projection and the depression can be
formed at the same time as forming a contact hole in the
insulating layer 106. Therefore, the projection and the
depression can be formed in the reflective region without
additional steps being required.
[0414] In the transmissive region, the transparent elec-
trode 654 connected to the conductive layer 659 is
formed. The transparent electrode 654 is also connected
to the conductive layer 660. The conductive layer 659
serves as the reflective electrode.
[0415] The description of other structures is omitted
because it is similar to that of FIG 27.
[0416] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0417] Note that the description in Embodiment Modes
1 to 30 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 32]

[0418] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 31 in
that a manufacturing order of the reflective electrode and
the transparent electrode is changed is described.
[0419] As shown in FIG 29, the transparent electrode
654 is formed first. Then, the conductive layer 659 con-
nected to the transparent electrode 654 is formed only
in the reflective region. The conductive layer 659 serves
as the reflective electrode. After that, the projection and
the depression are provided in the insulating layer 106.
The conductive layer 660 is formed along the projection
and the depression. The conductive layer 660 is connect-
ed to the conductive layer 659.
[0420] The projection and the depression can be
formed at the same time as forming the contact hole in
the insulating layer 106. Therefore, the projection and
the depression can be formed in the reflective region with-
out additional steps being required.
[0421] The description of other structures is omitted
because it is similar to that of FIG. 28.
[0422] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0423] Note that description in Embodiment Modes 1
to 31 can be applied to or combined with this embodiment
mode.

[Embodiment Mode 33]

[0424] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 32 in
that the transparent electrode is not formed is described.

[0425] As shown in FIG. 30, the conductive layer 659
is formed in the reflective region. The conductive layer
659 serves as the reflective electrode. The transparent
electrode is not formed in the transmissive region. After
that, the projection and the depression are provided in
the insulating layer 106. The conductive layer 660 is pro-
vided along the projection and the depression and is con-
nected to the conductive layer 659. At this time, a lower
surface of the conductive layer 660, that is, a bottom sur-
face of the conductive layer 660 in the depression is en-
tirely in contact with the conductive layer 659.
[0426] The projection and the depression can be
formed at the same time as forming the contact hole in
the insulating layer 106. Therefore, the projection and
the depression can be formed in the reflective region with-
out additional steps being required.
[0427] The description of other structures is omitted
because it is similar to that of FIG. 29.
[0428] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0429] Note that the description in Embodiment Modes
1 to 32 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 34]

[0430] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 33 in
that the bottom surface of the conductive layer 660 in the
depression is partially in contact with the conductive layer
659 is described.
[0431] As shown in FIG. 31, a part of the lower surface
of the conductive layer 660, that is, a part of the bottom
surface of the conductive layer 660 in the depression is
partially in contact with the conductive layer 659. The
other part of the bottom surface of the conductive layer
660 is in contact with the base layer 101.
[0432] The projection and the depression can be
formed at the same time as forming the contact hole in
the insulating layer 106. Therefore, the projection and
the depression can be formed in the reflective region with-
out additional steps being required.
[0433] Description of other structures is omitted be-
cause it is similar to that of FIG 31.
[0434] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0435] Note that description in Embodiment Modes 1
to 33 can be applied to or combined with this embodiment
mode.

[Embodiment Mode 35]

[0436] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 25 in
that an opening is provided in the insulating layer 107 is
described.
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[0437] As shown in FIG 32, an opening is formed in
the insulating layer 107. A region in which the opening
is formed is the transmissive region.
[0438] With such a structure, a cell gap in the trans-
missive region can be thickened.
[0439] In addition, the conductive layer 659 provided
in the reflective region serves as the reflective electrode
and is connected to the third electrode 105 through the
electrode 117.
[0440] The description of other structures is omitted
because it is similar to that of FIG. 22.
[0441] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0442] Note that the description in Embodiment Modes
1 to 34 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 36]

[0443] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 35 in
that a transparent electrode is formed in the transmissive
region is described.
[0444] As shown in FIG 33, the transparent electrode
654 is formed in the transmissive region. The transparent
electrode 654 is connected to the conductive layer 659
provided in the reflective region.
[0445] With such a structure, a cell gap in the trans-
missive region can be thickened.
[0446] The description of other structures is omitted
because it is similar to that of FIG. 32.
[0447] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0448] Note that description in Embodiment Modes 1
to 35 can be applied to or combined with this embodiment
mode.

[Embodiment Mode 37]

[0449] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 36 in
that a manufacturing order of the reflective electrode and
the transparent electrode is changed is described.
[0450] As shown in FIG 34, the transparent electrode
654 is formed over the base layer 101. After that, the
conductive layer 659 is formed only in the reflective re-
gion. The conductive layer 659 serves as the reflective
electrode.
[0451] With such a structure, a cell gap in the trans-
missive region can be thickened.
[0452] The description of other structures is omitted
because it is similar to that of FIG 33.
[0453] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0454] Note that the description in Embodiment Modes

1 to 36 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 38]

[0455] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 37 in
that the reflective electrode is formed over the insulating
layer 106 is described.
[0456] As shown in FIG. 35, an opening is formed in
the insulating layer 106 and the electrode 117 connected
to the conductive layer 659 is formed. The electrode 117
is formed only in the reflective region so as to serve as
the reflective electrode. After that, the insulating layer
107 is formed to cover the electrode 117 and the opening
is formed in the insulating layer 107 in the transmissive
region.
[0457] With such a structure, a cell gap in the trans-
missive region can be thickened.
[0458] The description of other structures is omitted
because it is similar to that of FIG. 34.
[0459] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0460] Note that the description in Embodiment Modes
1 to 37 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 39]

[0461] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 38 in
that the projection and the depression are provided in
the insulating layer 106 is described.
[0462] As shown in FIG 36, the conductive layer 659
is provided over the base layer 101 and the insulating
layer 106 is formed to cover the conductive layer 659.
The projection and the depression are formed in the in-
sulating layer 106 above the conductive layer 659. The
conductive layer 660 is formed along the projection and
the depression. The conductive layer 660 is connected
to the conductive layer 659. The conductive layer 660
may be formed of the same material as the electrode
117. At this time, the lower surface of the conductive layer
660, that is, the bottom surface of the conductive layer
660 in the depression is entirely in contact with the con-
ductive layer 659.
[0463] With such a structure, a cell gap in the trans-
missive region can be thickened.
[0464] The description of other structures is omitted
because it is similar to that of FIG 35.
[0465] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0466] Note that the description in Embodiment Modes
1 to 38 can be applied to or combined with this embodi-
ment mode.
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[Embodiment Mode 40]

[0467] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 39 in
that the bottom surface of the conductive layer 660 is
partially in contact with the conductive layer 659 is de-
scribed.
[0468] As shown in FIG 37, the projection and the de-
pression are formed in the insulating layer 106 above the
conductive layer 659. The conductive layer 660 is formed
along the projection and the depression. A part of the
lower surface of the conductive layer 660, that is, a part
of the bottom surface of the conductive layer 660 in the
depression is in contact with the conductive layer 659.
The transparent electrode 654 is provided to be in contact
with the conductive layer 659 and the other part of the
bottom surface of the conductive layer 660 is in contact
with the transparent electrode 654.
[0469] With such a structure, a cell gap in the trans-
missive region can be thickened.
[0470] Description of other structures is omitted be-
cause it is similar to that of FIG. 36.
[0471] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0472] Note that description in Embodiment Modes 1
to 39 can be applied to or combined with this embodiment
mode.

[Embodiment Mode 41]

[0473] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 30 in
that the conductive layer 660 is in contact with the con-
ductive layer 659 and the transparent electrode 654
which are formed over one insulating layer is described.
[0474] As shown in FIG. 38, the insulating layer 106 is
formed to cover the conductive layer 659 and the trans-
parent electrode 654 which are formed over the base
layer 101. The opening is formed in the insulating layer
106 so as to expose the conductive layer 659 and the
transparent electrode 654. The conductive layer 660 is
formed in the opening so as to be in contact with the
conductive layer 659 and the transparent electrode 654.
[0475] With such a structure, the conductive layer 659
can be used as the common wire.
[0476] The description of other structures is omitted
because it is similar to that of FIG 27.
[0477] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0478] Note that the description in Embodiment Modes
1 to 40 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 42]

[0479] In this embodiment mode, a structure which is

different from that in foregoing Embodiment Mode 41 in
that the opening is formed in the insulating layer 107 is
described.
[0480] As shown in FIG 39, the opening is provided in
the insulating layer 107 in the transmissive region. The
first electrode 103 and the third electrode 105 are partially
formed over the insulating layer 106.
[0481] With such a structure, the conductive layer 659
can be used as the common wire.
[0482] The description of other structures is omitted
because it is similar to that of FIG. 38.
[0483] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0484] Note that the description in Embodiment Modes
1 to 41 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 43]

[0485] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 42 in
that the projection and the depression are formed in the
insulating layer 106 is described.
[0486] As shown in FIG. 40, the projection and the de-
pression are formed in the insulating layer 106 in the
reflective region. The conductive layer 660 is formed
along the projection and the depression. A part of the
conductive layer 660 is connected to the third electrode
105 and another part of the conductive layer 660 is con-
nected to the conductive layer 659 and the transparent
electrode 654.
[0487] With such a structure, the conductive layer 659
can be used as the common wire.
[0488] The description of other structures is omitted
because it is similar to that of FIG 39.
[0489] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0490] Note that the description in Embodiment Modes
1 to 42 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 44]

[0491] In this embodiment mode, a structure which is
different from that shown in FIG 2 in that the reflective
region and the transmissive region is provided and the
reflective electrode 652 is formed only in the reflective
region is described.
[0492] As shown in FIG. 41, the reflective electrode
652 is formed over the insulating layer 106 in the reflec-
tive region. Then, the reflective electrode 652 and the
third electrode 105 are connected.
[0493] The description of other structures is omitted
because it is similar to that of FIG. 2.
[0494] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
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fields generated by two pairs of electrodes.
[0495] Note that the description in Embodiment Modes
1 to 43 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 45]

[0496] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 44 in
that the reflective electrode is formed in the insulating
layer 106 having the projection and the depression is
described.
[0497] As shown in FIG. 42, the projection and the de-
pression are formed in the insulating layer 106 in the
reflective region. The reflective electrode 652 is formed
along the projection and the depression. The reflective
electrode 652 and the third electrode 105 are connected.
[0498] The projection and the depression can be
formed at the same time as forming the contact hole in
the insulating layer 106. Therefore, the reflective elec-
trode with the projection and the depression can be
formed without additional steps being required.
[0499] The description of other structures is omitted
because it is similar to that of FIG. 41.
[0500] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0501] Note that the description in Embodiment Modes
1 to 44 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 46]

[0502] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 44 in
that the opening is formed in the insulating layer 107 is
described.
[0503] As shown in FIG 43, the opening is formed in
the insulating layer 107 in the transmissive region. The
reflective electrode 652 is formed over the insulating lay-
er 106.
[0504] The description of other structures is omitted
because it is similar to that of FIG 41.
[0505] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0506] Note that the description in Embodiment Modes
1 to 45 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 47]

[0507] In this embodiment mode, a structure which is
different from that shown in FIG 2 in that only the reflective
region is provided is described.
[0508] As shown in FIG 44, the wire 121 shown in FIG
2 is not formed and the reflective electrode 652 is formed
over the insulating layer 106 in the reflective region.

[0509] The description of other structures is omitted
because it is similar to that of FIG 2.
[0510] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0511] Note that the description in Embodiment Modes
1 to 46 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 48]

[0512] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 47 in
that the projection and the depression are provided in
the insulating layer 106 and the reflective electrode is
formed along the projection and the depression is de-
scribed.
[0513] As shown in FIG 45, the projection and the de-
pression are provided on the surface of the insulating
layer 106 in the reflective region. The reflective electrode
652 is formed along the projection and the depression.
A shape of the projection and the depression formed in
the insulating layer 106 is not necessarily an opening. In
addition, the projection and the depression can be formed
at the same time as forming openings for a source elec-
trode and a drain electrode of a thin film transistor. Note
that the projection and the depression are formed for en-
hancing reflectance and any shape may be employed.
[0514] The projection and the depression can be
formed at the same time as forming the contact hole in
the insulating layer 106. Therefore, the reflective elec-
trode with the projection and the depression can be
formed without additional steps being required.
[0515] The description of other structures is omitted
because it is similar to that of FIG. 44.
[0516] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0517] Note that the description in Embodiment Modes
1 to 47 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 49]

[0518] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 47 in
that a projection is formed over the insulating layer 106
is described.
[0519] As shown in FIG 46, a conductive layer 602 is
formed over the insulating layer 106 in the reflective re-
gion. The conductive layer 602 can be formed in the same
layer as the source and drain electrodes 116.
[0520] A projection 603 is formed over the conductive
layer 602 to form a projection and a depression. The pro-
jection 603 is formed by patterning an organic layer. A
conductive layer 604 is formed to cover the projection
603. The conductive layer 602 and the conductive layer
604 are connected between the projections 603. The
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conductive layer 604 serves as the reflective electrode.
[0521] The conductive layer 604 is connected to the
third electrode 105 through the opening provided in the
insulating layer 107.
[0522] The description of other structures is omitted
because it is similar to that of FIG. 44.
[0523] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0524] Note that the description in Embodiment Modes
1 to 48 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 50]

[0525] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 49 in
that the conductive layer 602 is not formed is described.
[0526] As shown in FIG. 47, the projection 603 is
formed over the insulating layer 106. The conductive lay-
er 604 is formed to cover the projection 603. The con-
ductive layer 604 serves as the reflective electrode.
[0527] The description of other structures is omitted
because it is similar to that of FIG 46.
[0528] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0529] Note that the description in Embodiment Modes
1 to 49 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 51]

[0530] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 47 in
that the reflective region and the transmissive region are
provided is described.
[0531] As shown in FIG 48, the reflective electrode 652
is formed over the insulating layer 106 in the reflective
region. The transparent electrode 654 connected to the
reflective electrode 652 is formed in the transmissive re-
gion.
[0532] The description of other structures is omitted
because it is similar to that of FIG 44.
[0533] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0534] Note that the description in Embodiment Modes
1 to 50 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 52]

[0535] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 51 in
that a manufacturing order of the reflective electrode and
the transparent electrode is changed is described.
[0536] As shown in FIG. 49, the transparent electrode

654 is formed in the reflective region and the transmissive
region. Then, the reflective electrode 652 connected to
the transparent electrode 654 is formed in the reflective
region
[0537] The description of other structures is omitted
because it is similar to that of FIG 48.
[0538] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0539] Note that the description in Embodiment Modes
1 to 51 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 53]

[0540] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 51 in
that openings are provided in the insulating layers 106
and 107 in the transmissive region is described.
[0541] As shown in FIG. 50, the opening is formed in
the insulating layer 106 in the transmissive region. In the
reflective region, the reflective electrode 652 is formed
over the insulating layer 106. The transparent electrode
654 connected to the reflective electrode 652 is formed
in the opening in the insulating layer 106.
[0542] After that, the opening is also formed in the in-
sulating layer 107 in the transmissive region so as to
expose the transparent electrode 654. Parts of the first
electrode 103 and the third electrode 105 are formed
over the exposed transparent electrode 654.
[0543] The description of other structures is omitted
because it is similar to that of FIG 48.
[0544] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0545] Note that the description in Embodiment Modes
1 to 52 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 54]

[0546] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 51 in
that the projection and the depression are provided in
the insulating layer 106 is described.
[0547] As shown in FIG. 51, the projection and the de-
pression are provided in the insulating layer 106 in the
reflective region. The reflective electrode 652 is formed
along the projection and the depression. Reflectance of
the reflective electrode 652 can be enhanced with the
projection and the depression provided.
[0548] The projection and the depression can be
formed at the same time as forming the contact hole in
the insulating layer 106. Therefore, the reflective elec-
trode with the projection and the depression can be
formed without additional steps being required.
[0549] Then, the transparent electrode 654 is formed
in the reflective region and the transmissive region. The
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transparent electrode 654 is connected to the reflective
electrode 652 provided in the reflective region. The trans-
parent electrode 654 is connected to the third electrode
105.
[0550] The description of other structures is omitted
because it is similar to that of FIG. 48.
[0551] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0552] Note that the description in Embodiment Modes
1 to 53 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 55]

[0553] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 51 in
that a projection is formed in the reflective region is de-
scribed.
[0554] As shown in FIG 52, the projection 603 is formed
over the insulating layer 106 in the reflective region. The
conductive layer 604 is formed to cover the projection
603. The conductive layer 604 serves as the reflective
electrode.
[0555] The transparent electrode 654 is formed in the
transmissive region. The transparent electrode 654 is
connected to the conductive layer 604 formed in the re-
flective region.
[0556] The description of other structures is omitted
because it is similar to that of FIG. 48.
[0557] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0558] Note that the description in Embodiment Modes
1 to 54 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 56]

[0559] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 55 in
that a manufacturing order of the reflective electrode 652
and the transparent electrode 654 is changed is de-
scribed.
[0560] As shown in FIG 53, the transparent electrode
654 is formed over the reflective region and the trans-
missive region. The reflective electrode 652 is formed so
as to be connected to the transparent electrode 654 in
the reflective region. In this embodiment mode, the re-
flective electrode 652 is formed to be overlapped with a
part of the transparent electrode 654.
[0561] The projection 603 is formed over the reflective
electrode 652 in the reflective region. The conductive lay-
er 604 is formed to cover the projection 603. The con-
ductive layer 604 and the reflective electrode 652 are
connected between the projections 603.
[0562] The description of other structures is omitted
because it is similar to that of FIG 52.

[0563] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0564] Note that the description in Embodiment Modes
1 to 55 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 57]

[0565] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 56 in
that the reflective electrode 652 is not provided is de-
scribed.
[0566] As shown in FIG 54, the transparent electrode
654 is formed over the reflective region and the trans-
missive region. The projection 603 is formed in the re-
flective region. A part of the projection 603 is formed over
the transparent electrode 654.
[0567] The conductive layer 604 is formed to cover the
projection 603. The conductive layer 604 serves as the
reflective electrode.
[0568] The description of other structures is omitted
because it is similar to that of FIG 53.
[0569] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0570] Note that the description in Embodiment Modes
1 to 56 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 58]

[0571] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 51 in
that the projection 603 is formed over the insulating layer
106 in the reflective region is described.
[0572] As shown in FIG 55, the reflective electrode 652
is formed over the insulating layer 106 in the reflective
region. The projection 603 is formed over the reflective
electrode 652. The conductive layer 604 is formed to cov-
er the projection 603.
[0573] The description of other structures is omitted
because it is similar to that of FIG 48.
[0574] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0575] Note that the description in Embodiment Modes
1 to 57 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 59]

[0576] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 58 in
that the reflective electrode 652 is not provided is de-
scribed.
[0577] As shown in FIG 56, the projection 603 is formed
in the reflective region. The conductive layer 604 is
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formed to cover the projection 603. The conductive layer
604 serves as the reflective electrode.
[0578] The description of other structures is omitted
because it is similar to that of FIG. 55.
[0579] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0580] Note that the description in Embodiment Modes
1 to 58 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 60]

[0581] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 59 in
that only reflective region is provided is described.
[0582] As shown in FIG 57, only the reflective region
is provided and the projection 603 is formed in the reflec-
tive region. The conductive layer 604 is formed to cover
the projection 603. The conductive layer 604 can be
formed of the same layer as the source and drain elec-
trodes 116.
[0583] The description of other structures is omitted
because it is similar to that of FIG 56.
[0584] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0585] Note that the description in Embodiment Modes
1 to 59 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 61]

[0586] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 59 in
that a conductive layer is formed in the transmissive re-
gion after the projection and the conductive layer is
formed in the reflective region is described.
[0587] As shown in FIG 58, the projection 603 is formed
in the reflective region. The conductive layer 604 is
formed to cover the projection 603. The conductive layer
604 serves as the reflective electrode.
[0588] The transparent electrode 654 is formed over
the reflective region and the transmissive region. The
transparent electrode 654 is connected to the conductive
layer 604.
[0589] The description of other structures is omitted
because it is similar to that of FIG 56.
[0590] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0591] Note that the description in Embodiment Modes
1 to 60 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 62]

[0592] In this embodiment mode, a structure which is

different from that in foregoing Embodiment Mode 61 in
that a manufacturing order of the conductive layer 604
and the transparent electrode 654 is changed is de-
scribed.
[0593] As shown in FIG. 59, the projection 603 is
formed in the reflective region. The transparent electrode
654 is formed in the transmissive region, covering the
projection 603 partially. After that, the conductive layer
604 connected to the transparent electrode 654 is formed
in the reflective region. The conductive layer 604 serves
as the reflective electrode.
[0594] The description of other structures is omitted
because it is similar to that of FIG. 58.
[0595] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0596] Note that the description in Embodiment Modes
1 to 61 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 63]

[0597] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 59 in
that the projection 603 is formed in the reflective region
and a conductive layer covering the projection 603 is
formed in the same layer as the source and drain elec-
trodes is described.
[0598] As shown in FIG 60, the projection 603 is formed
in the reflective region. The conductive layer 604 is
formed to cover the projection 603. The conductive layer
604 can be formed of the same layer as the source and
drain electrodes and serves as the reflective electrode.
[0599] The description of other structures is omitted
because it is similar to that of FIG 56.
[0600] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0601] Note that the description in Embodiment Modes
1 to 62 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 64]

[0602] In this embodiment mode, a structure which is
different from that shown in FIG 3 in that the reflective
region is provided is described.
[0603] As shown in FIG 61, the wire 131 shown in FIG
3 is not formed and the reflective electrode 652 is formed
over the base layer 101.
[0604] The description of other structures is omitted
because it is similar to that of FIG. 3.
[0605] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0606] Note that the description in Embodiment Modes
1 to 63 can be applied to or combined with this embodi-
ment mode.
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[Embodiment Mode 65]

[0607] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 64 in
that the reflective region and the transmissive region are
provided is described.
[0608] As shown in FIG. 62, the reflective electrode
652 is formed in the reflective region. After that, the trans-
parent electrode 654 is formed in the reflective region
and the transmissive region.
[0609] The description of other structures is omitted
because it is similar to that of FIG. 61.
[0610] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0611] Note that the description in Embodiment Modes
1 to 64 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 66]

[0612] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 65 in
that a manufacturing order of the reflective electrode and
the transparent electrode is changed is described.
[0613] As shown in FIG. 63, the transparent electrode
654 is formed in the reflective region and the transmissive
region. Then, the reflective electrode 652 is formed only
in the reflective region.
[0614] The description of other structures is omitted
because it is similar to that of FIG 62.
[0615] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0616] Note that the description in Embodiment Modes
1 to 65 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 67]

[0617] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 65 in
that the reflective electrode is selectively formed only in
the reflective region is described.
[0618] As shown in FIG. 64, the reflective electrode
652 is formed only in the reflective region.
[0619] The description of other structures is omitted
because it is similar to that of FIG 61.
[0620] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0621] Note that description in Embodiment Modes 1
to 66 can be applied to or combined with this embodiment
mode.

[Embodiment Mode 68]

[0622] In this embodiment mode, a structure which is

different from that shown in FIG. 4 in that the reflective
region is provided is described.
[0623] As shown in FIG. 65, the conductive layer 402
shown in FIG 4 is not formed and the reflective electrode
652 is formed in the reflective region. After that, the re-
flective electrode 652 is covered with a gate insulating
layer 412 of the thin film transistor 160. An opening is
formed in the gate insulating layer 412 and the insulating
layer 106, and the reflective electrode 652 and the third
electrode 105 are connected through the opening.
[0624] With such a structure, the reflective electrode
652 can be used as the common wire.
[0625] The description of other structures is omitted
because it is similar to that of FIG. 4.
[0626] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0627] Note that the description in Embodiment Modes
1 to 67 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 69]

[0628] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 68 in
that the reflective region and the transmissive region are
provided is described.
[0629] As shown in FIG 66, the transparent electrode
654 is formed in the reflective region and the transmissive
region. Then, the reflective electrode 652 connected to
the transparent electrode 654 is formed only in the re-
flective region. The transparent electrode 654 and the
reflective electrode 652 are covered with the gate insu-
lating layer 412. The opening is provided in the gate in-
sulating layer 412 and the insulating layer 106, and the
reflective electrode 652 and the third electrode 105 are
connected through the opening.
[0630] With such a structure, the reflective electrode
652 can be used as the common wire.
[0631] The description of other structures is omitted
because it is similar to that of FIG 65.
[0632] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0633] Note that the description in Embodiment Modes
1 to 68 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 70]

[0634] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 68 in
that the reflective electrode is selectively formed only in
the reflective region is described.
[0635] As shown in FIG 67, the reflective electrode 652
is formed selectively formed only in the reflective region.
The reflective electrode 652 is covered with the gate in-
sulating layer 412. The opening is provided in the gate
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insulating layer 412 and the insulating layer 106, and the
reflective electrode 652 and the third electrode 105 are
connected through the opening.
[0636] With such a structure, the reflective electrode
652 can be used as the common wire.
[0637] The description of other structures is omitted
because it is similar to that of FIG 65.
[0638] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0639] Note that the description in Embodiment Modes
1 to 69 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 71]

[0640] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 69 in
that the opening is formed in the insulating layer 106 in
the transmissive region is described.
[0641] As shown in FIG 68, the transparent electrode
654 is formed in the transmissive region and the reflective
region. Then, the reflective electrode 652 is selectively
formed only in the reflective region. The transparent elec-
trode 654 and the reflective electrode 652 are covered
with the gate insulating layer 412.
[0642] The opening is formed in the insulating layer
106 in the transmissive region. In the opening, parts of
the first electrode 103 and the third electrode 105 are
formed over the gate insulating layer 412.
[0643] With such a structure, the reflective electrode
652 can be used as the common wire.
[0644] The description of other structures is omitted
because it is similar to that of FIG. 66.
[0645] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0646] Note that the description in Embodiment Modes
1 to 70 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 72]

[0647] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 69 in
that the opening is formed in the insulating layer 106 in
the transmissive region and the transparent electrode is
not formed is described.
[0648] As shown in FIG 69, the reflective electrode 652
is formed only in the reflective region. The reflective elec-
trode 652 is covered with the gate insulating layer 412.
[0649] The opening is formed in the insulating layer
106 in the transmissive region. In the opening, parts of
the first electrode 103 and the third electrode 105 are
formed over the gate insulating layer 412. In this embod-
iment mode, the transparent electrode is not formed in
the transmissive region.
[0650] With such a structure, the reflective electrode

652 can be used as the common wire.
[0651] The description of other structures is omitted
because it is similar to that of FIG. 66.
[0652] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0653] Note that the description in Embodiment Modes
1 to 71 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 73]

[0654] In this embodiment mode, a structure which is
different from that shown in FIG. 5 in that the reflective
region is provided is described.
[0655] As shown in FIG 70, the conductive layer 502
shown in FIG 5 is not formed and the reflective electrode
652 is formed in the reflective region. The reflective elec-
trode 652 is provided over the gate insulating layer 412
of the thin film transistor 160. The opening is formed in
the insulating layer 106, and the reflective electrode 652
and the third electrode 105 are connected through the
opening.
[0656] The conductive layer 601 is formed as a com-
mon wire. The conductive layer 601 is connected to the
third electrode 105 through the opening in the gate insu-
lating layer 412 and the insulating layer 106.
[0657] The description of other structures is omitted
because it is similar to that of FIG 5.
[0658] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0659] Note that the description in Embodiment Modes
1 to 72 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 74]

[0660] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 73 in
that a projection is provided in the reflective region is
described.
[0661] As shown in FIG 71, a conductive layer 661 is
formed in the reflective region. The conductive layer 661
can be formed of the same layer as the source and drain
electrodes 116.
[0662] The projection 603 is formed over the conduc-
tive layer 661. The conductive layer 604 is formed to cov-
er the projection 603. The conductive layer 604 serves
as the reflective electrode. The conductive layer 604 and
the conductive layer 661 are connected between the pro-
jections 603.
[0663] The opening is formed in the insulating layer
106 provided to cover the conductive layer 604. The con-
ductive layer 604 and the third electrode 105 are con-
nected through the opening.
[0664] The description of other structures is omitted
because it is similar to that of FIG 70.
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[0665] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0666] Note that the description in Embodiment Modes
1 to 73 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 75]

[0667] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 74 in
that the conductive layer 661 is not formed is described.
[0668] As shown in FIG 72, the projection 603 is formed
over the gate insulating layer 412 in the reflective region.
The conductive layer 604 is formed to cover the projection
603. The opening is formed in the insulating layer 106
provided to cover the conductive layer 604. The conduc-
tive layer 604 and the third electrode 105 are connected
through the opening.
[0669] The description of other structures is omitted
because it is similar to that of FIG 71.
[0670] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0671] Note that the description in Embodiment Modes
1 to 74 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 76]

[0672] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 73 in
that the transmissive region and the reflective region are
provided and the reflective electrode is formed only in
the reflective region is described.
[0673] As shown in FIG 73, the reflective electrode 652
is selectively formed over the gate insulating layer 412
only in the reflective region. Then, the transparent elec-
trode 654 is formed in the reflective region and the trans-
missive region.
[0674] With such a structure, the conductive layer 601
formed at the same time as the gate electrode 113 can
be used as the common wire.
[0675] The description of other structures is omitted
because it is similar to that of FIG 70.
[0676] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0677] Note that the description in Embodiment Modes
1 to 75 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 77]

[0678] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 76 in
that the reflective electrode is formed only in the reflective
region and the transparent electrode is not formed is de-

scribed.
[0679] As shown in FIG 74, the reflective electrode 652
is selectively formed over the gate insulating layer 412
only in the reflective region. The transparent electrode
654 is not formed in the transmissive region.
[0680] With such a structure, the conductive layer 601
formed at the same time as the gate electrode 113 can
be used as the common wire.
[0681] The description of other structures is omitted
because it is similar to that of FIG 73.
[0682] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0683] Note that the description in Embodiment Modes
1 to 76 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 78]

[0684] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 77 in
that the reflective electrode is formed only in the reflective
region and the projection is formed over the reflective
electrode is described.
[0685] As shown in FIG 75, the reflective electrode 652
is selectively formed over the gate insulating layer 412
only in the reflective region. The projection 603 is formed
over the reflective electrode 652. The conductive layer
604 is formed to cover the projection 603. The conductive
layer 604 is connected to the third electrode 105.
[0686] With such a structure, the conductive layer 601
formed at the same time as the gate electrode 113 can
be used as the common wire.
[0687] The description of other structures is omitted
because it is similar to that of FIG 74.
[0688] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0689] Note that the description in Embodiment Modes
1 to 77 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 79]

[0690] In this embodiment mode, a structure which is
different from that in foregoing Embodiment Mode 78 in
that the reflective electrode 652 is not formed is de-
scribed.
[0691] As shown in FIG 76, the projection 603 is formed
over the gate insulating layer 412 in the reflective region.
The conductive layer 604 is formed to cover the projection
603. The conductive layer 604 serves as the reflective
electrode.
[0692] With such a structure, the conductive layer 601
formed at the same time as the gate electrode 113 can
be used as the common wire.
[0693] The description of other structures is omitted
because it is similar to that of FIG 75.
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[0694] In this embodiment mode, tilting of the liquid
crystal material can be sufficiently controlled by electrical
fields generated by two pairs of electrodes.
[0695] Note that the description in Embodiment Modes
1 to 78 can be applied to or combined with this embodi-
ment mode.

[Embodiment Mode 80]

[0696] The top views shown in FIGS. 13 and 14 show
examples where at least one of the electrode (the first
electrode 103) of a liquid crystal element to which an
electric potential is transmitted from the source line and
the electrode (the third electrode 105) of the liquid crystal
element to which an electric potential is transmitted from
the common line is comb-shaped. However, the shapes
of the first electrode and the third electrode are not limited
to those shown in FIGS. 13 and 14. For example, they
may be zigzag shaped or wavy shaped. This embodiment
mode shows an example of a liquid crystal display device
which includes a different electrode shape from those
shown in FIGS. 13 and 14 with reference to FIGS. 106
and 107.
[0697] FIG 106 shows an example of a liquid crystal
display device in which both an electrode 204 of a liquid
crystal element to which an electric potential is transmit-
ted from the source line and an electrode 203 of the liquid
crystal element to which an electric potential is transmit-
ted from the common wire are zigzag shaped. Note that
although the shape of the electrode of the liquid crystal
element in the liquid crystal display device in FIG 106 are
different from those in the liquid crystal display device
shown in FIGS. 13 and 14, other structures are similar
thereto.
[0698] In addition, as shown in FIG 107A, each of the
first electrode 103 and the third electrode 105 may be
comb-shaped. Alternatively, as shown in FIG 107B, ei-
ther the first electrode 103 or the third electrode 105 may
be comb-shaped and one end of a tooth thereof may be
connected to one end of a neighboring tooth. Further
alternatively, as shown in FIG 107C, either the first elec-
trode or the third electrode may be comb-shaped and
one end of a tooth may be connected to one end of a
neighboring tooth and the other end thereof may be con-
nected to the other neighboring tooth. Still further alter-
natively, the shape shown in 107C may be changed to
that in FIG 107D by connecting one end of the first tooth
and one end of the last tooth.
[0699] With such an arrangement, a rotation direction
or the like of the liquid crystal molecule can be varied by
regions in one pixel. That is, a multi-domain liquid crystal
display device can be manufactured. The multi-domain
liquid crystal display device can reduce the possibility
that an image cannot be recognized accurately when
seen at a certain angle.
[0700] Note that description in Embodiment Modes 1
to 79 can be applied to or combined with this embodiment
mode.

[Embodiment Mode 81]

[0701] A pixel structure included in a liquid crystal dis-
play device of the present invention is described with
reference to the top views of FIGS. 13 and 14. A method
for leading a wire in the pixel portion may be modified as
long as a circuit shown in FIG. 108 is included therein. A
pixel circuit of a liquid crystal display device of the present
invention is described with reference to FIG 108.
[0702] In FIG 108, a gate line 7001 and a source line
7002 intersect. In addition, a common wire 7003a and a
common wire 7003b are led vertically and horizontally.
The gate line 7001 is connected to a gate electrode of a
transistor 7004. In addition, the source line 7002 is con-
nected to either source or drain electrodes of the tran-
sistor 7004. Note that when the liquid crystal display de-
vice is an AC driving liquid crystal display device, the
source electrode and the drain electrode of the transistor
7004 are switched according to an electric potential
transmitted from the source line 7002; therefore, the elec-
trodes are referred to as the source and drain electrodes
in this embodiment mode. A liquid crystal element CLC
is provided between the source and drain electrode of
the transistor 7004 and the common wire 7003a. When
the transistor 7004 is in an on state, the electric potential
from the source line 7002 is transmitted to the liquid crys-
tal element CLC, while when the transistor 7004 is in an
off state, the electric potential from the source line 7002
is not transmitted to the liquid crystal element CLC. In the
case where light needs to pass the liquid crystal layer
although the transistor 7004 is in the off state and the
electric potential from the source line 7002 is not trans-
mitted to the liquid crystal element CLC; a capacitor CS
is desirably provided in parallel with the liquid crystal el-
ement CLC. When the capacitor holds voltage, light can
pass through the liquid crystal layer even if the transistor
7004 is in the off state.
[0703] FIG 109A shows a top view of the display device
described in this embodiment mode. FIG 109B shows a
cross-sectional view corresponding to a line K-L in FIG
109A. The display device shown in FIGS. 109A and 109B
includes an external terminal connecting region 852, a
sealing region 853, and a scan line driver circuit 854 in-
cluding a signal line driver circuit.
[0704] The display device shown in FIGS. 109A and
109B in this embodiment mode includes a substrate 851,
a thin film transistor 827, a thin film transistor 829, a thin
film transistor 825, a sealant 834, a counter substrate
830, an alignment film 831, a counter electrode 832, a
spacer 833, a polarizing plate 835a, a polarizing plate
835b, a first terminal electrode layer 838a, a second ter-
minal electrode layer 838b, an anisotropic conductive
layer 836, and an FPC 837. The display device includes
the external terminal connecting region 852, the sealing
region 853, the scan line driver circuit 854, a pixel region
856, and a signal line driver circuit 857.
[0705] The sealant 834 is provided to surround the pix-
el region 856 and the scan line driver circuit 854 provided
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over the substrate 851. The counter substrate 830 is pro-
vided over the pixel region 856 and the scan line driver
circuit 854. Therefore, the pixel region 856 and the scan
line driver circuit 854 are sealed as well as the liquid
crystal material by the substrate 851, the sealant 834,
and the counter substrate 830.
[0706] The pixel region 856 and the scan line driver
circuit 854 provided over the substrate 851 include a plu-
rality of thin film transistors. In FIG 109B, the thin film
transistor 825 in the pixel region 856 is shown as an ex-
ample.
[0707] Note that description in Embodiment Modes 1
to 80 can be applied to or combined with this embodiment
mode.

[Embodiment Mode 82]

[0708] FIGS. 110A and 110B show an example of a
module including a liquid crystal display device of the
present invention described in Embodiment Modes 1 to
81. A pixel portion 930, a gate driver 920, and a source
driver 940 are provided over a substrate 900. A signal is
inputted to the gate driver 920 and the source driver 940
from an integrated circuit 950 through a flexible printed
circuit 960. An image is displayed by the pixel portion
930 according to the inputted signal.

[Embodiment Mode 83]

[0709] An electronic appliance including a liquid crystal
display device of the present invention in its display por-
tion is described with reference to FIGS. 111A to 111H.
[0710] FIG. 111A shows a display which has a housing
2001, a support base 2002, a display portion 2003, a
speaker portion 2004, a video input terminal 2005, and
the like. The display portion 2003 includes a liquid crystal
display device of the present invention described in Em-
bodiment Modes 1 to 82.
[0711] FIG 111B shows a camera which has a main
body 2101, a display portion 2102, an image receiving
portion 2103, an operating key 2104, an external con-
necting port 2105, a shutter 2106, and the like. The dis-
play portion 2102 includes a liquid crystal display device
of the present invention described in Embodiment Modes
1 to 82.
[0712] FIG 111C shows a computer which has a main
body 2201, a housing 2202, a display portion 2203, a
keyboard 2204, an external connecting port 2205, a
pointing mouse 2206, and the like. The display portion
2203 includes a liquid crystal display device of the
present invention described in Embodiment Modes 1 to
82.
[0713] FIG. 111D shows a mobile computer which has
a main body 2301, a display portion 2302, a switch 2303,
an operation key 2304, an infrared port 2305, and the
like. The display portion 2302 includes a liquid crystal
display device of the present invention described in Em-
bodiment Modes 1 to 82.

[0714] FIG 111E shows a portable image reproducing
device provided with a recording medium (specifically, a
DVD reproducing device), which has a main body 2401,
a housing 2402, a display portion A 2403, a display por-
tion B 2404, a recording medium (e.g., DVD) reading
portion 2405, an operating key 2406, a speaker portion
2407, and the like. The display portion A 2403 includes
a liquid crystal display device of the present invention
described in Embodiment Modes 1 to 82.
[0715] FIG 111F shows an electronic book which has
a main body 2501, a display portions 2502, an operation
key 2503, and the like. The display portion 2502 includes
a liquid crystal display device of the present invention
described in Embodiment Modes 1 to 82.
[0716] FIG. 111G shows a video camera which has a
main body 2601, a display portion 2602, a housing 2603,
an external connecting port 2604, a remote control re-
ceiving portion 2605, an image receiving portion 2606, a
battery 2607, an audio input portion 2608, an operation
key 2609, and the like. The display portion 2602 includes
a liquid crystal display device of the present invention
described in Embodiment Modes 1 to 82.
[0717] FIG 111H shows a mobile phone which has a
main body 2701, a housing 2702, a display portion 2703,
an audio input portion 2704, an audio output portion 2705,
an operation key 2706, an external connecting port 2707,
an antenna 2708, and the like. The display portion 2703
includes a liquid crystal display device of the present in-
vention described in Embodiment Modes 1 to 82.
[0718] As described above, an electronic appliance of
the present invention is completed by incorporating a liq-
uid crystal display device of the present invention in a
display portion. Such an electronic appliance of the
present invention can display an image favorably both
indoors and outdoors. In particular, an electronic appli-
ance such as a camera, an image taking device, or the
like which is often used both outdoors and indoors makes
the most of advantages that a wide viewing angle and
less color-shift due to change in an angle at which a dis-
play screen is seen can be achieved both indoors and
outdoors.
[0719] This application is based on Japanese Patent
Application serial no. 2005-350147 filed in Japan Patent
Office on December 5, 2005.

Claims

1. A transflective active matrix liquid crystal display de-
vice of the horizontal electric field type, comprising
a transparent substrate;
a liquid crystal layer (9303);
a plurality of pixels arranged on the substrate;
wherein each of the plurality of pixels comprises:

a reflective pixel region (1001) and a transmis-
sive pixel region (1002);
a reflective first common electrode (9305) ar-
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ranged in the reflective pixel region (1001) on
the substrate;
a transparent second common electrode (9104)
arranged in the transmissive pixel region (1002)
on the substrate;
first insulating layer (9304) arranged on the first
and second common electrodes (9305, 9104);
a comb-shaped pixel electrode (9103) arranged
on the insulating layer (9304), the pixel electrode
comprising a first portion in the reflective pixel
region (1001) and a second portion in the trans-
missive pixel region (1002);
wherein in the reflective pixel region (1001) the
pixel electrode (9103) and the reflective first
common electrode (9305) are overlapped; and
in the transmissive pixel region (1002) the pixel
electrode (9103) and the transparent second
common electrode (9104) are overlapped;

characterised in that :

a third comb-shaped common electrode (9105)
arranged on the insulating layer (9304) and com-
prising a first portion in the reflective pixel region
(1001) and a second portion in the transmissive
pixel region (1002), wherein fingers of the third
comb-shaped common electrode (9105) are ar-
ranged alternately with fingers of the comb-
shaped pixel electrode;
the liquid crystal layer (9303) is arranged on the
pixel electrode and the third common electrode
(9105) in each of the plurality of pixels;
a second insulating layer (9204) is arranged on
the first insulating layer (9304) in the reflective
pixel region (1001), such that in the reflective
pixel region (1001), the first and second insulat-
ing layers (9304,9204) are arranged between
the pixel electrode (9103) and the reflective first
common electrode (9305); and, in the transmis-
sive pixel region (1002), only the first insulating
layer (9304) is arranged between the pixel elec-
trode (9103) and the transparent second com-
mon electrode (9104);
the first, second and third common electrodes
(9105, 9305, 9104) are electrically connected to
each other; and
the orientation of the directors of the liquid crys-
tal molecules in the liquid crystal layer (9303) is
determined in each of the plurality of pixels by
a first electric field applied between the pixel
electrode and the first and second common elec-
trodes (9305, 9104) and by a second electric
field applied between the pixel electrode and the
third common electrode (9105).

2. The liquid crystal display device, according to claim
1, wherein the first reflective common electrode
(9305) has an uneven surface.

3. The liquid crystal display device according to one of
the preceding claims, wherein the pixel electrode
(9103) is formed of a transparent material.

Patentansprüche

1. Transflektive Aktivmatrix-Flüssigkristallanzeigevor-
richtung der Art mit horizontal angelegtem elektri-
schem Feld, die umfasst:

ein durchsichtiges Substrat;
eine Flüssigkristallschicht (9303);
eine Vielzahl von Pixeln, die auf dem Substrat
angeordnet sind;

wobei jedes der Vielzahl von Pixeln umfasst:

einen reflektierenden Pixelbereich (1001) und
einen durchlässigen Pixelbereich (1002);
eine reflektierende erste gemeinsame Elektro-
de (9305), die in dem reflektierenden Pixelbe-
reich (1001) auf dem Substrat angeordnet ist;
eine durchsichtige zweite gemeinsame Elektro-
de (9104), die in dem durchlässigen Pixelbe-
reich (1002) auf dem Substrat angeordnet ist;
eine erste isolierende Schicht (9304), die auf der
ersten und zweiten gemeinsamen Elektrode
(9305, 9104) angeordnet ist;
eine kammförmige Pixelelektrode (9103), die
auf der isolierenden Schicht (9304) angeordnet
ist, wobei die Pixelelektrode einen ersten Ab-
schnitt in dem reflektierenden Pixelbereich
(1001) und einen zweiten Abschnitt in dem
durchlässigen Pixelbereich (1002) umfasst;
wobei sich die Pixelelektrode (9103) und die re-
flektierende erste gemeinsame Elektrode
(9305) in dem reflektierenden Pixelbereich
(1001) überlappen; und sich die Pixelelektrode
(9103) und die durchsichtige zweite gemeinsa-
me Elektrode (9104) in dem durchlässigen Pi-
xelbereich (1002) überlappen;
dadurch gekennzeichnet, dass
eine dritte kammförmige gemeinsame Elektro-
de (9105) auf der isolierenden Schicht (9304)
angeordnet ist und einen ersten Abschnitt in
dem reflektierenden Pixelbereich (1001) und ei-
nen zweiten Abschnitt in dem durchlässigen Pi-
xelbereich (1002) umfasst, wobei Zinken der
dritten kammförmigen gemeinsamen Elektrode
(9105) alternierend mit Zinken der kammförmi-
gen Pixelelektrode angeordnet sind;
die Flüssigkristallschicht (9303) auf der Pixele-
lektrode und der dritten gemeinsamen Elektrode
(9105) in jedem der Vielzahl von Pixeln ange-
ordnet ist;
eine zweite isolierende Schicht (9204) auf der
ersten isolierenden Schicht (9304) in dem re-
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flektierenden Pixelbereich (1001) angeordnet
ist, so dass die erste und zweite isolierende
Schicht (9304, 9204) in dem reflektierenden Pi-
xelbereich (1001) zwischen der Pixelelektrode
(9103) und der reflektierenden ersten gemein-
samen Elektrode (9305) angeordnet sind; und
lediglich die erste isolierende Schicht (9304) in
dem durchlässigen Pixelbereich (1002) zwi-
schen der Pixelelektrode (9103) und der durch-
sichtigen zweiten gemeinsamen Elektrode
(9104) angeordnet ist;
die erste, zweite und dritte gemeinsame Elek-
trode (9105, 9305, 9104) elektrisch miteinander
verbunden sind; und
die Ausrichtung der Direktoren der Flüssigkris-
tallmoleküle in der Flüssigkristallschicht (9303)
in jedem der Vielzahl von Pixeln durch ein erstes
elektrisches Feld, das zwischen der Pixelelekt-
rode und der ersten und zweiten gemeinsamen
Elektrode (9305, 9104) angelegt wird, und durch
ein zweites elektrisches Feld, das zwischen der
Pixelelektrode und der dritten gemeinsamen
Elektrode (9105) angelegt wird, bestimmt wird.

2. Flüssigkristallanzeigevorrichtung nach Anspruch 1,
wobei die erste reflektierende gemeinsame Elektro-
de (9305) eine unebene Oberfläche aufweist.

3. Flüssigkristallanzeigevorrichtung nach einem der
vorstehenden Ansprüche, wobei die Pixelelektrode
(9103) aus einem durchsichtigen Material ausgebil-
det ist.

Revendications

1. Dispositif d’affichage à cristaux liquides à matrice
active transflectif du type de champ électrique hori-
zontal, le dispositif comprenant
un substrat transparent;
une couche à cristaux liquides (9303);
une pluralité de pixels arrangés sur le substrat;
dans lequel chacun de la pluralité de pixels com-
prend:

une région de pixel réfléchissant (1001) et une
région de pixel de transmission (1002);
une première électrode commune réfléchissan-
te (9305) arrangée dans la région de pixel réflé-
chissant (1001) sur le substrat;
une seconde électrode commune transparente
(9104) arrangée dans la région de pixel de trans-
mission (1002) sur le substrat;
une première couche isolante (9304) arrangée
sur la première et la seconde électrode commu-
ne (9305, 9104);
une électrode de pixel en forme de peigne
(9103) arrangée sur la couche isolante (9304),

l’électrode de pixel comprenant une première
portion dans la région de pixel réfléchissant
(1001) et une seconde portion dans la région de
pixel de transmission (1002);
dans lequel dans la région de pixel réfléchissant
(1001), l’électrode de pixel (9103) et la première
électrode commune réfléchissante (9305) se
superposent; et dans la région de pixel de trans-
mission (1002), l’électrode de pixel (9103) et la
seconde électrode commune transparente
(9104) se superposent;
caractérisé en ce que
une troisième électrode commune en forme de
peigne (9105) est arrangée sur la couche iso-
lante (9304) et comprend une première portion
dans la région de pixel réfléchissante (1001) et
une seconde portion dans la région de pixel de
transmission (1002), dans laquelle des doigts
de la troisième électrode commune en forme de
peigne (9105) et des doigts de l’électrode de
pixel en forme de peigne sont arrangés alterna-
tivement;
la couche à cristaux liquides (9303) est arrangée
sur l’électrode de pixel et sur la troisième élec-
trode commune (9105) dans chacun de la plu-
ralité de pixels;
une seconde couche isolante (9204) est arran-
gée sur la première couche isolante (9304) dans
la région de pixel réfléchissant (1001), afin que
dans la région de pixel réfléchissant (1001), la
première et la seconde couche isolante (9304,
9204) soient arrangées entre l’électrode de pixel
(9103) et la première électrode commune réflé-
chissante (9305); et dans la région de pixel de
transmission (1002), la seule première couche
isolante (9304) soit arrangée entre l’électrode
de pixel (9103) et la seconde électrode commu-
ne transparente (9104);
la première électrode commune (9105), la se-
cond électrode commune (9305), et la troisième
électrode commune (9104) sont connectées
électriquement l’une à l’autre; et
l’orientation des directeurs des molécules de
cristaux liquides dans la couche à cristaux liqui-
des (9303) est déterminée dans chacun de la
pluralité de pixels par un premier champ électri-
que appliqué entre l’électrode de pixel et la pre-
mière et la seconde électrode commune (9305,
9104) et par un second champ électrique appli-
qué entre l’électrode de pixel et la troisième élec-
trode commune (9105).

2. Dispositif d’affichage à cristaux liquides, selon la re-
vendication 1, dans lequel la première électrode
commune réfléchissante (9305) a une surface iné-
gale.

3. Dispositif d’affichage à cristaux liquides selon l’une
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des revendications précédentes, dans lequel l’élec-
trode de pixel (9103) est formée d’un matériau trans-
parent.
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