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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2013-
207393, filed Oct. 2, 2013, the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
liquid crystal display device.

BACKGROUND

[0003] Liquid crystaldisplay devices as flat display devices
are now being used in various fields, taking advantage of
features, such as light, thin and low power consumption.
These liquid crystal display devices each have a structure in
which a liquid crystal layer is held between a pair of sub-
strates. Images are displayed by controlling the rate of modu-
lation on the light passing through the liquid crystal layer
between each pixel electrode and a common electrode.

[0004] In accordance with the increase in the resolution of
liquid crystal displays, the number of display pixels is
increasing, and the number of driver lines is also increasing.
When the driver lines are increased, the resultant driving
circuit becomes expensive, which makes it difficult to sup-
press the manufacturing cost of the liquid crystal display
device. As a countermeasure for this, it has been proposed to
lay out pixels using a dual-gate structure in which two gate
lines are provided for each row.

SUMMARY

[0005] In accordance with an embodiment, there is pro-
vided a liquid crystal display device comprising: an array
substrate including a plurality of pixel electrodes arranged in
rows and columns; a opposite substrate including a opposite
electrode opposing the pixel electrodes; and a liquid crystal
layer held between the array substrate and the opposite sub-
strate. The array substrate further includes: a first gate line
provided for pixel electrodes included in the plurality of pixel
electrodes and extending along one of the rows on one side of
adirection of the columns; a second gate line extending along
the one row on another side of the direction of the columns;
source lines extending along every two of the columns
between the plurality of pixel electrodes; a first pixel switch
connected between one of two pixel electrodes included in the
plurality of pixel electrodes and adjacent along the one row,
and one of the source lines adjacent to the one pixel electrode,
the first pixel switch being turned on and off by a gate signal
supplied from the first gate line; a second pixel switch con-
nected between the other of the two pixel electrodes, and one
of the source lines adjacent to the other pixel electrode, the
second pixel switch being turned on and off by a gate signal
supplied from the second gate line; and a auxiliary capacitive
line opposing, via aninsulating film, electrodes of the first and
second pixel switches close to the pixel electrodes, and wind-
ingly extending along three sides of each of the pixel elec-
trodes to extend along the one row.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a schematic view showing a structure
example of a liquid crystal display device according to a first
embodiment;

[0007] FIG. 2 is a schematic view showing a structure
example of display pixels in the liquid crystal display device
of FIG. 1;

[0008] FIG. 3 is a schematic cross-sectional view taken
along line [-I' of FIG. 2;

[0009] FIG. 4 is a view for explaining an example of a
method of driving the liquid crystal display device of FIG. 1,
[0010] FIG. 5 is a schematic view showing a structure
example of display pixels in a liquid crystal display device
according to a second embodiment;

[0011] FIG. 6 is a schematic view showing another struc-
ture example of display pixels in the liquid crystal display
device of the second embodiment; and

[0012] FIG. 7 is a schematic view showing a structure
example of display pixels in a liquid crystal display device
according to a third embodiment.

DETAILED DESCRIPTION

[0013] When laying out pixels using a dual-gate structure,
it is necessary to arrange the TFTs of laterally adjacent two
pixels in upper and lower positions. If the positions of auxil-
lary capacitance areas (Cs) are biased to one side, it is neces-
sary to form auxiliary capacitive electrodes so that pixels
having TFT portions separate from each other will be brought
into contact with pixel electrodes to secure capacitance. In
this case, areas for enabling auxiliary capacitive electrodes to
contact respective pixel electrodes are required, which inevi-
tably increases shaded areas and reduces the aperture ratio.
Further, in IPS pixels, their pixel electrodes are thin, and
therefore adverse influence due to pixel electrode disconnec-
tion may well occur. If disconnection of pixel electrodes has
occurred, the auxiliary capacitance areas (Cs) cannot hold
charges, and such disconnection-occurred portions are
regarded as point defects.

[0014] In light of the above, the embodiments provide a
liquid crystal display device capable of suppressing reduction
of an aperture ratio that will occur when a auxiliary capaci-
tance is formed.

[0015] A liquid crystal display according to embodiments
will be described hereinafter with reference to the drawings.

First Embodiment

[0016] FIG. 1 is a schematic view showing a structure
example of a liquid crystal display device according to a first
embodiment.

[0017] Theliquid crystal display device of the firstembodi-
ment comprises an array substrate SB1, a opposite substrate
SB2 opposing the array substrate SB1, a liquid crystal layer
(see FIG. 3) held between the array substrate SB1 and the
opposite substrate SB2, and a display unit DYP including a
plurality of display pixels PX arranged in a matrix. In the
example of FIG. 1, the display pixels PX are arranged in a
matrix of m rows and 2n columns (m and n are positive
integers).

[0018] On the display unit DYP, the array substrate SB1
comprises pixel electrodes PE provided for the respective
display pixels, gate lines GL. (GL1, GL2, ..., GL2m) extend-
ing along the rows (along an X axis) of the pixel electrodes
PE, sourcelines SL (SL1,SL2, . .., SLn) extending along the



US 2015/0092127 Al

columns (along a'Y axis) of the pixel electrodes PE, and pixel
switches (see FIG. 2) arranged near positions in which the
respective gate lines GL intersect the source lines SL.
[0019] The array substrate SB1 also comprises a driving
circuit provided around the display unit DYP, and a driving IC
chip 2 including a built-in controller. The driving circuit
comprises gate drivers GDL and GDR for driving the gate
lines GL, and a source driver SD for driving the source lines
SL. At least part of the gate drivers GDL and GDR and source
driver SD is formed on, for example, the array substrate SB1
and connected to the driving IC chip 2 including the built-in
controller.

[0020] The gate driver GDL is provided on one side (i.e.,
the left side) of rows of the display unit DYP. The gate driver
GDR is provided on the other side (i.e., the right side) of rows
of the display unit DYP. The gate driver GDL is electrically
connected to gate lines of even numbers, ie., GL2, GL4, . ..
, GL2m. Similarly, the gate driver GDR 1is electrically con-
nected to gate lines of odd numbers, i.e., GL1, GL3, .. .,
GL2m-1.The gate drivers GDL and GDR sequentially output
driving signals to the gate lines GL, based on a clock signal
and a horizontal synchronization signal, etc., received from
the driving IC chip 2.

[0021] The source driver SD is provided on one side of a
direction in which columns of the display unit DYP are
arranged. The source driver SD is electrically connected to
the source lines SL. The source driver SD outputs correspond-
ing video signals to the source lines SL, based on a clock
signal and a vertical synchronization signal, etc., received
from the driving IC chip 2.

[0022] The opposite substrate SB2 comprises a common
electrode (see FIG. 3) provided on the display unit DYP. The
common electrode opposes the pixel electrodes PE.

[0023] FIG. 2 schematically shows a structure example of
display pixels in the liquid crystal display device of FIG. 1.
[0024] As shown in FIG. 2, the gate lines GL extend along
and between the rows of the pixel electrodes PE. In the liquid
crystal display device of the first embodiment, the gate lines
GL are arranged on opposite sides (i.e., the upper and lower
sides), with respect to columns, of the pixel electrodes PE
arranged along the rows. In other words, two gate lines GL are
provided between each pair of adjacent rows of pixel elec-
trodes PE.

[0025] The source lines SL extend along and between the
columns of the pixel electrodes PE. In the liquid crystal dis-
play device of the first embodiment, the source lines SL are
arranged at every two columns.

[0026] FIG. 2 schematically shows an area including the
intersections of the source lines SL1 and SL.2 and the gate
lines GL3 and GL4. In the description below, among the
display pixels arranged in the area surrounded by the source
lines SL.1 and SL2 and the gate lines GL3 and GL4, the
display pixels close to the source line SL1 will be referred to
as PX1, while the display pixels close to the source line SL.2
will be referred to as PX2.

[0027] The pixel electrode PE of the display pixel PX1 is
connected to the source line SL1 via a pixel switch (first pixel
switch) SW provided near the intersections of the gate line
(first gate line) GL3 and the source line SL1. Namely, the
connection, to the source line SL1, of the pixel electrode PE
of the display pixel PX1 can be switched via a pixel switch
SW located in the upper portion of the figure.

[0028] The pixel switch SW is formed of, for example, a
thin film transistor (TFT). The thin film transistor comprises
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a gate electrode GE, a source electrode SE, a drain electrode
DE, and a semiconductor layer SC formed of amorphous
silicon.

[0029] The semiconductor layer SC is provided on the gate
electrode GE via an insulation layer. The gate electrode GE is
formed in the same layer as that containing the gate line GL,
and the source electrode SE and the drain electrode DE are
formed in the same layer as that containing the source line SL.

[0030] In the display pixel PX1, the gate electrode GE is
electrically connected to the gate line GL3 (or the gate elec-
trode GE is formed integral with the gate line GL3). The
source electrode SE is electrically connected to the source
line SL1 (or the source electrode SE is formed integral with
the source line SL1). The drain electrode DE is electrically
connected to the pixel electrode PE (or the drain electrode DE
is formed integral with the pixel electrode PE). The drain
electrode DE is electrically connected to the pixel electrode
PE via a contact hole CH formed in the lower portion of the
pixel electrode PE, and is extended upwardly in the figure
from the lower portion of the pixel electrode PE to the semi-
conductor layer SC.

[0031] The pixel electrode PE of the display pixel PX2 is
connected to the source line SL.2 via a pixel switch (second
pixel switch) SW provided near the intersections of the gate
line (second gate line) GL4 and the source line SL.2. Namely,
the connection, to the source line SL.2, of the pixel electrode
PE ofthe display pixel PX2 can be switched via a pixel switch
SW located in the lower portion of the figure.

[0032] In the display pixel PX2, the gate electrode GE is
electrically connected to the gate line GL4 (or the gate elec-
trode GE is formed integral with the gate line GL4). The
source electrode SE is electrically connected to the source
line SL.2 (or the source electrode SE is formed integral with
the source line SL1). The drain electrode DE is electrically
connected to the pixel electrode PE. The drain electrode DE is
electrically connected to the pixel electrode PE via a contact
hole CH in the lower portion of the pixel electrode PE, and is
extended downwardly in the figure from the lower portion of
the pixel electrode PE to the semiconductor layer SC.

[0033] Namely, in the first embodiment, the pixel electrode
PE of the display pixel PX1 is electrically connected via the
pixel switch SW to the source line SL1 located on the left side.
Further, the pixel electrode PE of the display pixel PX2 is
electrically connected via the pixel switch SW to the source
line SL.2 located on the right side.

[0034] Inotherwords, display pixels having the same struc-
ture as the first display pixel PX1, and display pixels having
the same structure as the second display pixel PX2, are alter-
nately arranged along the row. Further, along the row, the
source lines SL are electrically connected to the respective
pixel electrodes PE of the display pixels PX via the respective
pixel switches SW.

[0035] By virtue of the above structure, the source driver
SD can drive the display pixels PX of the 2n columns, using
n source lines SL1 to SLn. As a result, the liquid crystal
display device of the embodiment can be realized without
using an expensive source driver SD.

[0036] The array substrate SB1 further comprises a auxil-
iary capacitive line CSL that partially overlaps with the pixel
electrodes PE via insulating films (see FIG. 3) along the
thickness of the substrate (i.e., along an axis substantially
perpendicular to the rows and columns). The auxiliary
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capacitive line CSL is electrically connected to a voltage
apply unit (not shown) to which a auxiliary capacitive voltage
is applied.

[0037] In each row, the auxiliary capacitive line CSL is
windingly extended along three ends (sides) of each pixel
electrode PE. Thus, the auxiliary capacitive line CSL
encloses each pixel electrode PE along three sides of the
same. Further, the auxiliary capacitive line CSL overlaps with
three sides of each pixel electrode PE, and has an opening in
a position between adjacent pixel electrodes at which the
auxiliary capacitive line CSL overlaps with a corresponding
source line SL.

[0038] In the display pixel PX1, the pixel electrode PE
opposes the auxiliary capacitive line CSL at ends of the elec-
trode extending substantially parallel to the column, and at an
upper end of the same extending substantially parallel to the
row. The upper end of the display pixel PX1 overlaps with the
drain electrode DE of the pixel switch SW.

[0039] In contrast, in the display pixel PX2, the pixel elec-
trode PE opposes the auxiliary capacitive line CSL at ends of
the electrode extending substantially parallel to the column,
and ata lower end of the same extending substantially parallel
to the row. The lower end of the display pixel PX2 overlaps
with the drain electrode DE of the pixel switch SW.

[0040] Namely, the auxiliary capacitive line CSL opposes a
respective pixel electrode PE at the right and left ends of the
pixel electrode and at the upper or lower end of the same
connected to the corresponding pixel switch SW. This is
equivalent to a structure in which auxiliary capacitance areas
are arranged in upper and lower positions between adjacent
pixel electrodes in accordance with the positions of the
respective TFTs.

[0041] FIG. 3 is a schematic cross-sectional view of the
liquid crystal display device taken along line I-I' of FIG. 2.
FIG. 3 shows only portions needed for the description.
[0042] A backlight (not shown) is provided on the backside
of the array substrate SB1 incorporated in the liquid crystal
display device. Various types of lights may be used as the
backlight. Further, a light emission diode (LED) and a cold-
cathode tube (CCFL) may be used as a light source. No
detailed description will be given of the structure of the back-
light.

[0043] The array substrate SB1 is formed of a first insulat-
ing substrate 10 having a light transmission. The auxiliary
capacitive line CSL is formed on the first insulating substrate
10. The source lines SL are formed on a first interlayer insu-
lating film 11 and covered with a second interlayer insulating
film 12. The gate lines (not shown) are formed, for example,
in the same layer as that containing the auxiliary capacitive
line CSL, and are arranged between the first insulating sub-
strate 10 and the first interlayer insulating film 11. The pixel
electrodes PE are formed on the second interlayer insulating
film 12. End portions of the pixel electrodes PE oppose the
auxiliary capacitive line CSL.

[0044] A first oriented film AL1 is provided on a surface of
the array substrate SB1 opposing the opposite substrate SB2,
and is extended over substantially the entire display unit DYP.
The first oriented film AL1 covers the pixel electrodes PE, the
second interlayer insulating film 12, etc. The first oriented
film AL1 is formed of a material exhibiting a horizontal
orientation.

[0045] The opposite substrate SB2 is formed using a sec-
ond insulating substrate 20 with a light transmission. The
opposite substrate SB2 comprises black matrices BM, color
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filters CF, an overcoat layer OC, a common electrode CE, a
second oriented film AL2, etc.

[0046] The black matrices BM partition the substrate into
the display pixels PX and provide openings opposing the
pixel electrodes PE. Namely, the black matrices BM are
arranged to oppose lines, such as the source lines SL, the gate
lines, the auxiliary capacitive line CSL and switching ele-
ments. Although the figure shows only portions of the black
matrices BM extending along the column, the black matrices
BM may have portions extending along the row. The black
matrices BM are provided on the inner surface 20A of the
second insulating substrate 20 opposing the array substrate
SB1.

[0047] Thecolor filters CF are opposed to the display pixels
PX. More specifically, the color filters CF are provided in the
openings in the inner surface 20A of the second insulating
substrate 20, and have portions extending onto the black
matrices BM. The color filters CF provided for the respective
display pixels PX adjacent along the row have different col-
ors. For instance, the color filters CF are formed of resin
materials colored in three primary colors of red, blue and
green. A red color filter formed of a resin material colored in
red is aligned with a red pixel. Similarly, a blue color filter
formed of a resin material colored in blue is aligned with a
blue pixel. Further, a green color filter formed of a resin
material colored in green is aligned with a green pixel. The
boundaries of these color filters CF overlap with the black
matrices BM.

[0048] The overcoat layer OC covers the color filters CF.
The overcoat layer OC reduces the influence of the uneven
surfaces of the color filters CF.

[0049] The common electrode CE is provided on a surface
of the overcoat layer OC opposing the array substrate SB1.
The common electrode CE opposes a plurality of pixel elec-
trodes PE via the liquid crystal layer LQ.

[0050] The second oriented film AL2 is provided on the
surface of the opposite substrate SB2 opposing the array
substrate SB1, and is extended over substantially the entire
display unit DYP. The second oriented film AL2 covers the
common electrode CE, the overcoat layer OC, etc. The sec-
ond oriented film AL2 is formed of a material exhibiting a
horizontal orientation.

[0051] The first and second oriented films AL1 and AL2 are
beforehand subjected to orientation processing (e.g., rubbing
processing or optical orientation processing) for initially ori-
enting the liquid crystal molecules of the liquid crystal layer
LQ.

[0052] The array substrate SB1 and the opposite substrate
SB2 are positioned such that the first and second oriented
films AL1 and AL2 oppose each other. In this state, columnar
spacers (not shown) formed integral with one of the substrates
are provided between the first oriented film AL1 of the array
substrate SB1 and the second oriented film AL2 of the oppo-
site substrate SB2. As a result, a predetermined cell gap is
formed. The array substrate SB1 and the opposite substrate
SB2 are attached to each other by a seal member (not shown)
outside the display unit DYP, with the predetermined cell gap
formed therebetween.

[0053] The liquid crystal layer LQ is held in the cell gap
defined between the array substrate SB1 and the opposite
substrate SB2, and is positioned between the first and second
oriented films AL1 and AL2. The liquid crystal layer LQ is
formed of a liquid crystal material having, for example, posi-
tive dielectric anisotropy.
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[0054] A first optical device OD1 is attached, by, for
example, an adhesive, to the outer surface of the array sub-
strate SB1, i.e., the outer surface 10B of the first insulating
substrate 10 constituting the array substrate SB1. The first
optical device OD1 is positioned to oppose the backlight of
the liquid crystal display device, and is used to control the
polarization state of the light emitted from the backlight to the
liquid crystal display device. The first optical device OD1
comprises a first polarizing plate (not shown) having a first
polarizing axis (or first absorbing axis).

[0055] A second optical device OD2 is attached, by, for
example, an adhesive, to the outer surface of the opposite
substrate SB2, i.e., the outer surface 20B of the second insu-
lating substrate 20 constituting the opposite substrate SB2.
The second optical device OD2 is positioned at the display
surface side of the liquid crystal display device, and is used to
control the polarization state of the light output from the
liquid crystal display device. The second optical device OD2
comprises a second polarizing plate (not shown) having a
second polarizing axis (or second absorbing axis).

[0056] FIG. 4 is a view for explaining an example of a
method of driving the above-described liquid crystal display
device.

[0057] A description will now be given of a method
example of driving display pixels PX arranged in a matrix of
m rowsx2n columns. The gate drivers GDL and GDR and the
source driver SD drive display pixels PX of each row in one
horizontal period of time TH, and drives display pixels PX of
m rows in one vertical period of time TV.

[0058] The gate driver GDL sequentially drives gate lines
ofeven numbers, i.e., GL2, GL4, .. ., GL2m in the former half
of each horizontal period of time TH. For instance, when the
gate driver GDL drives the gate line GL2, the source elec-
trodes SE and the drain electrodes DE of pixel switches SW
connected to the left sides of source lines SL in a first row
become conductive, whereby video signals are applied by the
source lines SL.

[0059] The gate driver GDR sequentially drives gate lines
of odd numbers, i.e., GL1,GL3,...,GL2m-1 inthe latter half
of each horizontal period of time TH. For instance, when the
gate driver GDR drives the gate line GL1, the source elec-
trodes SE and the drain electrodes DE of pixel switches SW
connected to the right sides of source lines SL in the first row
become conductive, whereby video signals are applied by the
source lines SL.

[0060] In the former half of one horizontal period of time
TH, the source driver SD supplies each source line SL with
video signals to be applied to display pixels PX connected to
the left side of each source line SL. In the latter half of one
horizontal period of time TH, the source driver SD supplies
each source line SL with video signals to be applied to display
pixels PX connected to the right side of each source line SL.

[0061] Inotherwords, in the liquid crystal display device of
the first embodiment, the source driver SD can supply video
signals to display pixels PX of two columns using one source
line SL. Thus, the number of source lines SL driven by the
source driver SD is ¥4, which enables an inexpensive source
driver to be employed.

[0062] Further, since in the first embodiment, each of the
gate drivers GDL and GDR sequentially drives m gate lines
GL, itis not necessary to drive the gatelines GL at high speed.
This enables the liquid crystal display device of the first
embodiment to employ an inexpensive gate driver.
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[0063] As described above, in the first embodiment, the
increase in the manufacturing cost of the liquid crystal display
device can be suppressed. In addition, the embodiment can
also provide the following advantage by devising the arrange-
ment of the auxiliary capacitive line:

[0064] When pixels are laid out using a dual gate structure,
it is necessary to arrange the TFTs of laterally adjacent two
pixels in upper and lower positions. However, when capaci-
tance areas Cs, which are formed between the auxiliary
capacitive line CSL and the drain electrodes, are biased to one
side, they cannot directly be formed of the drain electrodes in
adjacent pixels whose TFTs are separate from each other.
Accordingly, to secure capacitance, it is necessary to form
auxiliary capacitive electrodes in contact with pixel elec-
trodes. In this case, areas for enabling the auxiliary capacitive
electrodes to contact the pixel electrodes are required, which
inevitably increases shaded areas and reduces the aperture
ratio.

[0065] Incontrast, in the first embodiment, the pixel switch
of a pixel is provided in an upper position, that of a pixel
laterally adjacent to the first-mentioned pixel is provided in a
lower position, and a auxiliary capacitive line CLS is
extended windingly so that it overlaps with the drain elec-
trodes of the pixel switches, as is shown in FIG. 2. Further,
since capacitance areas Cs are formed in accordance with the
positions of the TFTs, it is not necessary to provide a contact
area, in which each pixel electrode contacts a corresponding
capacitance area Cs (auxiliary capacitive electrode) and
which is needed when the capacitance areas Cs are biased to
one side. Therefore, reduction of an aperture ratio that will
oceur when a auxiliary capacitance is formed can be con-
trolled.

Second Embodiment

[0066] FIG. 5 is a schematic view showing a structure
example of display pixels in a liquid crystal display device
according to a second embodiment. In FIG. 5, elements simi-
lar to those of FIG. 2 are denoted by corresponding reference
numbers, and no detailed description will be given thereof.
[0067] In the second embodiment, the source lines SL
include first source lines SLA (SLAIL, SLA2, . .., SLAn),
second source lines SLB (SLB1, SLB2, . . ., SLBn), and
connections SLX. Common video signals are supplied from
the source driver SD to the first and second source lines SLA
and SLB.

[0068] The first source lines SLA and the second source
lines SL.B extend along the columns of the display pixels PX.
Further, the first source lines SLA and the second source lines
SLB are arranged on the opposite sides (i.e., the right and left
sides), with respect to rows, of the pixel electrodes PE
arranged in columns.

[0069] The connections SLX extend along rows between
the pixel electrodes PE arranged in columns, and are electri-
cally connected to the first and second source lines SLA and
SLB. More specifically, first and second source lines SLA1
and SLB1 are electrically connected by a plurality of connec-
tions SLX. Similarly, first and second source lines SLA2 and
SLB2 are electrically connected by a plurality of connections
SLX.

[0070] Thus, the firstand second source lines SLA and SL.B
are connected by a plurality of connections SLX. In this case,
even if part of one of the first and second source lines SLA and
SLB is electrically disconnected, video signals can be sup-
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plied via the other source line and the connections SLX to
display pixels PX positioned downstream of the disconnected
portion.

[0071] As described above, the second embodiment can
provide a liquid crystal display device improved in manufac-
turing yield as a result of avoiding occurrence of dark and
bright lines, and excellent in display quality.

[0072] Further, in FIG. 5, although the connections SLX
are arranged on opposite sides (i.e., upper and lower sides) of
columns of pixel electrodes PE, they may be provided on only
one side of a direction in which columns of pixel electrodes
PE are arranged. It is sufficient if the first and second source
lines SLA and SLB are connected by at least one connection
SLX. However, as the number of connections SLX is
increased, display defects due to electrical disconnection can
be more reliably avoided.

[0073] Each pixel switch SW comprises a semiconductor
layer SC, a gate electrode GE, a source electrode SE and a
drain electrode DE. The semiconductor layer SC is provided
on the gate electrode GE via an insulation layer. The gate
electrode GE is formed in the same layer as that containing
the gate line GL, and the source electrode SE and the drain
electrode DE are formed in the same layer as that containing
the source line SL.

[0074] The gate electrodes GE is electrically connected to
the gate line GL (or the gate electrode GE is formed integral
with the gate line GL). In the second embodiment, the gate
electrode GE of a pixel switch SW positioned near the inter-
section of the first source line SLA and the gate line GL
upwardly extends from the gate line GL along the column.
The gate electrode GE of a pixel switch SW positioned near
the intersection of the second source line SLB and the gate
line GL downwardly extends from the gate line GL along the
column.

[0075] The source electrode SE is electrically connected to
the source line SL (or the source electrode SE is formed
integral with the source line SL). The source electrode SE
extends rightward along the row from the first and second
source lines SLA and SLB, and is provided on part of the
semiconductor layer SC. In the example of FIG. 5, the source
electrode SE protrudes from the first and second source lines
SLA and SLB near the intersection of the first and second
source lines SLA and SLB and the gate line GL.

[0076] The drain electrode DE is electrically connected to
the pixel electrode PE (or the drain electrode DE is formed
integral with the pixel electrode PE). The drain electrode DE
extends along the row between the upper portion of the semi-
conductor layer SC and the lower portion of the pixel elec-
trode PE, and is electrically connected to the pixel electrode
PE through a contacthole CH formed in position in which the
drain electrode DE overlaps with the pixel electrode PE via an
insulating layer. In the upper portion of the semiconductor
layer SC, the drain electrode DE is interposed between two
source electrodes SE.

[0077] The liquid crystal display device of the second
embodiment is similar to that of the first embodiment except
for the above-described structure. In the second embodiment,
all display pixels PX are common in the structure of the pixel
switch SW. Namely, in all display pixels PX, the source
electrode SE extends rightward along the row from the source
line SLA or SLB, and the drain electrode DE extends along
the row between the lower portion of the pixel electrode PE
and the upper portion of the semiconductor layer SC. Accord-
ingly, even if the position of a conductor layer is deviated
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during forming the array substrate SB1, a capacitance that
will occur in the pixel switch SW, in particular, a capacitance
Cgd that will occur between the gate electrode GE and the
drain electrode DE, will increase or decrease by the same
ratio in each pixel switch SW.

[0078] For instance, in the above-described liquid crystal
display device of the first embodiment, if a conductive layer
in which the source lines SL are formed is displaced upward
relative to a conductive layer in which the gate lines GL are
formed, the area in which the gate electrode GE and the drain
electrode DE of the pixel switch SW of the first display pixel
PX1 oppose each other becomes greater. Accordingly, the
capacitance Cgd also becomes greater. In this case, however,
in the pixel switch SW of the second display pixel PX2, the
area in which the gate electrode GE and the drain electrode
DE of the pixel switch SW oppose each other becomes
smaller, and accordingly, the capacitance Cgd becomes
smaller. Since in display pixels PX of different Cgd values,
differences will occur in the voltage applied thereto, flicker
and/or burn-in phenomenon may occur.

[0079] In contrast, in the second embodiment, even when
the conductive layers are displaced from each other, the
capacitance Cgd of each pixel switch SW increases or
decreases by the same amount. Therefore, flicker and/or burn-
in phenomenon can be avoided. As a result, a liquid crystal
display device of improved manufacturing yield and display
quality can be provided.

[0080] As described above, in the second embodiment, the
increase in the manufacturing cost of the liquid crystal display
device and the decrease in the aperture ratio of the same can
be suppressed, as in the first embodiment. Further, a liquid
crystal display device of improved manufacturing yield and
display quality can be provided.

[0081] In the liquid crystal display device of the second
embodiment, the structure of the pixel switch SW is not
limited to that shown in FIG. 5.

[0082] FIG. 6 is a schematic view showing another struc-
ture example of display pixels in the liquid crystal display
device of the second embodiment. In this example, the struc-
ture of the pixel switch SW differs from that shown in FIG. 5.
Namely, the source electrode SE of the pixel switch SW
extends from the first and second source lines SLA and SLB
rightward along the row, to an upper portion of the semicon-
ductor layer SC. In the example of FIG. 6, the source elec-
trode SE projects from one portion of each of the first and
second source lines SLA and SLB near the intersections of the
first and second source lines SLA and SLB and the gate line
GL.

[0083] The drain electrode DE extends along the row from
the upper portion of the semiconductor layer SC to the lower
portion of the pixel electrode PE. Further, in the contact hole
CH formed in a position in which the drain electrode DE and
the pixel electrode PE overlap each other via an insulating
layer, the drain electrode DE is electrically connected to the
pixel electrode PE. In the upper portion of the semiconductor
layer SC, the drain electrode DE is located with a predeter-
mined space from the source electrode SE along the row.
[0084] Except for the above-described structure, the liquid
crystal display device of the second embodiment has the same
structure as the device shown in FIG. 5. Also in the example
of FIG. 6, even when the conductive layers are displaced from
each other, the capacitance Cgd of each pixel switch SW
increases or decreases by the same amount. Therefore, flicker
and/or burn-in phenomenon can be avoided, whereby a liquid
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crystal display device of improved manufacturing yield and
display quality can be provided.

[0085] Namely, the increase in the manufacturing cost of
the liquid crystal display device and the decrease in the aper-
ture ratio of'the same can be suppressed, as in the first embodi-
ment. Further, a liquid crystal display device of improved
manufacturing yield and display quality can be provided.

Third Embodiment

[0086] FIG. 7 is a schematic view showing a structure
example of display pixels in a liquid crystal display device
according to a third embodiment. In this figure, elements
similar to those of FIG. 2 are denoted by corresponding
reference numbers, and no detailed description will be given
thereof.

[0087] The third embodiment differs from the above-de-
scribed first embodiment in the structure of the pixel elec-
trode. More specifically, the third embodiment is directed to
an example of an IPS pixel in which pixel electrodes PE and
common electrodes PC are arranged in a shape of a comb. The
number of each of the pixel electrodes PE and the common
electrodes PC included in the comb is not limited to two, but
may be one.

[0088] In the display pixel PX1, the pixel switch SW con-
nected to the source line SL1 is formed in the upper position
in the figure, while in the display pixel PX2, the pixel switch
SW connected to the source line SI.2 is formed in the lower
position in the figure. Further. in the display pixel PX1, the
pixel electrodes PE are connected to the drain electrode DE of
the pixel switch SW in the upper position. Similarly, in the
display pixel PX2, the pixel electrodes PE are connected to
the drain electrode DE of the pixel switch SW in the lower
position.

[0089] As described above, also in the third embodiment, in
one of each pair of adjacent pixels, the pixel switch SW is
located in the upper position, and in the other pixel, the pixel
switch SW is located in the lower position. Further, a auxil-
iary capacitive line SCL is windingly extended along three
ends of each pixel electrode PE, overlaps with the drain
electrode DE of the upper pixel switch SW of the display pixel
PX1, and also overlaps with the drain electrode DE of the
lower pixel switch SW of the display pixel PX2.

[0090] By virtue of the above structure, the increase in the
manufacturing cost of the liquid crystal display device and the
decrease in the aperture ratio can be suppressed, as in the first
embodiment. In addition, the third embodiment can also pro-
vide the following advantage: Since it is not necessary to
connect the Cs-formed portion to the drain DE via the pixel
electrode PE, adverse influence of the disconnection of the
pixel electrode, which may occur in the IPS pixel, can be
eliminated, thereby enhancing the yield of manufacturing
liquid crystal display devices. This is extremely advantageous
in the liquid crystal display device using the IPS pixels.

[0091] (Modification)

[0092] The invention is not limited to the above-described
embodiments.

[0093] The TFT structure of the pixel switch is not limited

to an inversely-staggered type, but may be a staggered type or
other types. Further, the material of the semiconductor layer
is not limited to amorphous Si, but may be polysilicon, or
other semiconductor materials.

[0094] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
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Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A liquid crystal display device comprising:

an array substrate including a plurality of pixel electrodes
arranged in rows and columns;

a opposite substrate including a opposite electrode oppos-
ing the pixel electrodes; and

a liquid crystal layer held between the array substrate and
the opposite substrate,

wherein the array substrate further includes:

a first gate line provided on one side of a column direction
for the pixel electrodes of one row, and extending along
the one row;

a second gate line provided on another side of the column
direction for the pixel electrodes of one row, and extend-
ing along the one row;

source lines extending along every two of the columns
between the plurality of pixel electrodes;

a first pixel switch connected between one of two pixel
electrodes included in the plurality of pixel electrodes
and adjacent along the one row, and one of the source
lines adjacent to the one pixel electrode, the first pixel
switch being turned on and off by a gate signal supplied
from the first gate line;

a second pixel switch connected between the other of the
two pixel electrodes, and one of the source lines adjacent
to the other pixel electrode, the second pixel switch
being turned on and off by a gate signal supplied from
the second gate line; and

a auxiliary capacitive line opposing, via an insulating film,
electrodes of the first and second pixel switches close to
the pixel electrodes, and windingly extending along
three sides of each ofthe pixel electrodes to extend along
the one row.

2. The liquid crystal display device of claim 1, wherein the
pixel electrodes are arranged in a shape of at least one comb,
and include common electrode engaged with the pixel elec-
trodes in the shape of the comb.

3. The liquid crystal display device of claim 1, wherein

the first pixel switch is provided on one side of the column
direction with respect to the two pixel electrodes; and

the second pixel switch is provided on another side of the
column direction with respect to the two pixel elec-
trodes.

4. The liquid crystal display device of claim 1, wherein the
auxiliary capacitive line overlaps with the three sides of each
of the pixel electrodes.

5. The liquid crystal display device of claim 1, wherein the
auxiliary capacitive line is provided to surround each of the
pixel electrodes from three directions.

6. The liquid crystal display device of claim 1, wherein the
auxiliary capacitive line has openings defined between adja-
cent ones of the pixel electrodes to overlap the source lines.

7. A liquid crystal display device comprising:

an array substrate including a plurality of pixel electrodes
arranged in rows and columns;
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a opposite substrate including a opposite electrode oppos-
ing the pixel electrodes; and

aliquid crystal layer held between the array substrate and
the opposite substrate,

wherein the array substrate further includes:

a first gate line provided on one side of a column direction
for the pixel electrodes of one row, and extending along
the one row;

a second gate line provided on another side of the column
direction for the pixel electrodes of one row, and extend-
ing along the one row;

afirst source line and a second source line extending along
the columns on opposite sides of one of two pixel elec-
trodes included in the plurality of pixel electrodes and
adjacent along the one row, the first and second source
lines receiving a common video signal,

a first pixel switch connected between one of the two pixel
electrodes and the first source line to be turned on and off
by a gate signal supplied from the first gate line;

a second pixel switch connected to the other of the two
pixel electrodes and the second source line to be turned
onand off by a gate signal supplied from the second gate
line; and

a auxiliary capacitive line opposing, via an insulating film,
electrodes of the first and second pixel switches close to
the pixel electrodes, and windingly extending along
three sides of each ofthe pixel electrodes to extend along
the one row.

8. The liquid crystal display device of claim 7, wherein the

first and second source lines include a connection by which
the first and second source lines are electrically connected.
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9. The liquid crystal display device of claim 7, wherein

each of the first and second pixel switches includes a semi-

conductor layer provided on one side of a row direction
in which the pixel electrodes are arranged, a gate elec-
trode extending from the first or second gate line along
the columns and provided on a lower portion of the
semiconductor layer, a source electrode provided on an
upper portion of the semiconductor layer and connected
to the first or second source line, and a drain electrode
provided on the upper portion of the semiconductor
layer and connected to a corresponding pixel electrode;
and

the drain electrode extends along the one row between a

lower portion of the corresponding pixel electrode and
the upper portion of the semiconductor layer.
10. The liquid crystal display device of claim 7, wherein
the first pixel switch is provided on one side of the column
direction with respect to the two pixel electrodes; and

the second pixel switch is provided on another side of the
column direction with respect to the two pixel elec-
trodes.

11. The liquid crystal display device of claim 7, wherein
the auxiliary capacitive line overlaps with the three sides of
each of the pixel electrodes.

12. The liquid crystal display device of claim 11, wherein
the auxiliary capacitive line is provided to surround each of
the pixel electrodes from three directions.

13. The liquid crystal display device of claim 7, wherein
the auxiliary capacitive line has openings defined between
adjacent ones of the pixel electrodes to overlap the first and
second source lines.
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