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(57) ABSTRACT

In one embodiment, a liquid crystal display device includes a
first substrate having a pixel electrode and a second substrate
having a counter electrode. The pixel electrode includes a first
pixel electrode portion in a belt-like shape extending in a first
direction and a second pixel electrode portion connected with
one end of the first pixel electrode portion and extending in a
second direction orthogonally crossing the first direction. The
counter electrode includes a first counter electrode portion in
a belt-like shape extending in the first direction to form a
lateral electric field between the first counter electrode por-
tion and the first pixel electrode portion. A liquid crystal layer
is held between the first substrate and the second substrate.
The lateral electric field is applied to the liquid crystal layer.
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1
LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2010-75995,
filed Mar. 29, 2010, the entire contents of which are incorpo-
rated herein by reference.

FIELD

The present invention relates to a liquid crystal display
device and more particularly a liquid crystal display device
using lateral electric field.

BACKGROUND

In recent years, a flat display is actively developed, and
especially the liquid crystal display device attracts attention
from advantages, such as lightness, compactness and low
power consumption. Especially, in an active matrix type lig-
uid crystal display device including a switching element in
each pixel, the structure using lateral electric field, such as
IPS (In-Plane Switching) mode and FFS (Fringe Field
Switching) mode, attracts attention. For example, refer to
Japanese laid open patent application Nos. P2002-131780
and P2005-3802. The liquid crystal display devices in the
lateral electric field modes, such as the IPS, FFS modes etc.,
are equipped with a pixel electrode and a common electrode
formed in an array substrate. A switching transistor formed on
the array substrate switches a liquid crystal molecule by
applying lateral electric field approximately in parallel to the
principal surface of the array substrate. Moreover, a pair of
polarizing plates arranged so that respective polarizing axis
cross orthogonally are formed on the respective external sur-
faces of the array substrate and the counter substrate. By
arrangement of such polarizing plates, a black image is dis-
played, for example, at the time when no voltage is impressed,
and when the voltage corresponding to an image signal is
applied to the pixel electrode, transmissivity (modulation
rate) increases gradually and a white image is displayed. In
such liquid crystal display device, since liquid crystal mol-
ecule rotates within a plane approximately in parallel to the
principal surface of the substrates, the polarized state is not
influenced greatly by the incidence direction of penetrating
light. Furthermore, the liquid crystal display device has fea-
tures that dependency on viewing angle is small, and the
viewing angle is wide.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a portion of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

FIG. 1 is a view schematically showing a liquid crystal
display device according to an embodiment of the present
invention.

FIG. 2 is a view showing a structure and an equivalent
circuit of the liquid crystal display device shown in FIG. 1.

FIG. 3 is a plan view schematically showing a structure of
a pixel in an array substrate shown in FIG. 2.
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FIG. 4 is a cross-sectional view schematically showing a
structure of a liquid crystal panel shown in FIG. 3 taken along
line A-B.

FIG. 5 is a plane view schematically showing a main por-
tion of the pixel of the liquid crystal display panel according
to the embodiment.

FIG. 6 is a view schematically showing a main portion of
the liquid crystal display panel according to one modification
of the embodiment.

DETAILED DESCRIPTION OF THE INVENTION

A liquid display device according to an exemplary embodi-
ment of the present invention will now be described with
reference to the accompanying drawings wherein the same or
like reference numerals designate the same or corresponding
portions throughout the several views.

According to one embodiment, a liquid crystal display
device includes: a first substrate having a pixel electrode
formed thereon, the pixel electrode including a first pixel
electrode portion in a belt-like shape extending in a first
direction and a second pixel electrode portion connected with
one end of the first pixel electrode portion and extending in a
second direction orthogonally crossing the first direction; a
second substrate having a counter electrode formed thereon
and facing the first substrate, the counter electrode including
a first counter electrode portion in a belt-like shape extending
in the first direction to form a lateral electric field between the
first counter electrode portion and the first pixel electrode
portion; and a liquid crystal layer held between the first sub-
strate and the second substrate.

Hereafter, one embodiment of the present invention is
explained in detail referring to drawings. FIG. 1 is a figure
schematically showing the composition of the liquid crystal
display device in the embodiment.

That s, the liquid crystal display device 1 is equipped with
a liquid crystal display panel LPN of an active-matrix type, a
driving IC chip 2 connected to the liquid crystal display panel
LPN, a flexible wiring substrate 3 and a back light 4 to
illuminate the liquid crystal display panel LPN.

The liquid crystal display panel LPN includes an array
substrate AR as a first substrate, a counter substrate CT as a
second substrate arranged opposing to the array substrate AR
and a liquid crystal layer (which is not shown) held between
the array substrate AR and the counter substrate CT. Such
liquid crystal display panel LPN includes an active area ACT
to display an image. The active area ACT is configured by a
plurality of pixels PX arranged in the shape of an (mxn)
matrix (here, “m” and “n” are positive integers).

The back light 4 is arranged at the back side of the array
substrate AR in the illustrated example. Various forms can be
applied as the back light 4, and a light emitting diode (LED)
and a cold cathode pipe (CCFL), etc., are used as a light
source. The explanation regarding the detailed structure of the
back light 4 is omitted.

FIG. 2 is a view showing a structure and an equivalent
circuit of the liquid crystal display panel LPN shown in FIG.
1. The liquid crystal display panel LPN includes n gate lines
G (G1-Gn), n auxiliary capacitance lines C (C1-Cn), m
source lines S (S1-Sm). The gate lines G and the auxiliary
capacitance lines C respectively extend in a X direction, and
the gate lines G and the auxiliary capacitance lines C are
respectively arranged in parallel and in turns in a Y direction
which crosses the X direction. The source lines S extend in the
Y direction which crosses the gate lines G and the auxiliary
capacitance lines C. The source lines S are respectively
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arranged in parallel in the X direction. That is, the gate lines
G and the auxiliary capacitance lines C cross the source lines
orthogonally.

Each gate line G is pulled out to the outside of the active
area ACT and is connected to a gate driver circuit GD. Each
source line S is pulled out to the outside of the active area ACT
and is connected to a source driver circuit SD. At least one of
the gate driver GD and source driver SD is formed in the array
substrate AR and is connected with the driving IC chip 2
which is equipped with a controller, for example.

Each pixel PX includes a switching element SW, a pixel
electrode PE, a counter electrode CE, etc. Retention capaci-
tance Cs is formed, for example, between the auxiliary
capacitance line C and the pixel electrode PE.

In this embodiment, the liquid crystal display panel LPN is
configured so that the pixel electrode PE is formed on the
array substrate AR, while the counter electrode CE is formed
on the counter substrate CT. The liquid crystal molecule
which forms the liquid crystal layer L.Q is switched mainly
using electric field formed between the pixel electrode PE and
the counter electrode CE. The electric field formed between
the pixel electrode PE and the counter electrode CE is lateral
electric field approximately parallel to the principal surface of
the array substrate AR and the principal surface of the counter
substrate CT.

The switching element SW is configured by an n channel
type thin film transistor (TFT), for example. The switching
element SW is electrically connected with the gate line G and
the source line S. The (mxn) switching elements SW are
formed in the active area ACT.

The pixel electrode PE is electrically connected with the
switching element SW. The (mxn) pixel electrodes PE are
formed in the active area ACT. The counter electrode CE is set
to common potential, for example, and is formed in common
to a plurality of pixel electrodes PE through the liquid crystal
layer LQ. The counter electrode CE is electrically connected
with an electric power supply portion VS formed in the array
substrate AR through an electric conductive element which is
not illustrated. The auxiliary capacitance line Cis electrically
connected with a voltage applied portion VCS to which the
auxiliary capacitance voltage is applied.

FIG. 3 is a schematic plan view of the structure of the pixel
PX in the array substrate AR shown in FIG. 2 looked from the
counter substrate CT side.

The gate line G1 and the auxiliary capacitance lines C1, C2
respectively extend in the direction X. The source lines S1 and
S2 are located in the both sides which sandwich the pixel
electrode PE, and extend in the Y direction respectively. In the
illustrated example, the gate line G1 is located between the
auxiliary capacitance line C1 and the auxiliary capacitance
line C2, and a grid portion formed of the auxiliary capacitance
lines C1 and C2 and the source line S1 and S2 corresponds to
an aperture portion of the pixel PX.

The switching element SW is arranged near an intersection
area where the gate line G and source line S cross. The
switching element SW includes a semiconductor layer SC.
The semiconductor layer SC is formed of poly-silicon, an
amorphous silicon, etc. Here, the switching element SW is
formed with poly-silicon.

The gate electrode WG of the switching element SW is
located on the semiconductor layer SC and is electrically
connected with the gate line G1. In the illustrated example,
the gate electrode WG is formed integrally with the gate line
G1. A source electrode WS of the switching element SW is
electrically connected with the source line S1. In the illus-
trated example, the source electrode WS is formed integrally
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with the source line 51. A drain electrode WD of the switching
element SW extends on the auxiliary capacitance line C1.

The pixel electrode PE includes a first pixel electrode por-
tion P1, a second pixel electrode portion P2 and a third pixel
electrode portion P3. Although only the pixel electrode PE
arranged in the pixel PX and a portion ofa pixel electrode PE2
which adjoins the pixel PX in the Y direction (downside in
figure) are illustrated in the illustrated example, the pixel
electrodes of the same pattern are arranged in other pixels
which are omitted to be illustrated.

Namely, the first pixel electrode portion P1 is formed in a
belt-like shape extending linearly in the Y direction. The first
pixel electrode portion P1 is located approximately in the
center between the source line S1 and the adjoining source
line S2. The second pixel electrode portion P2 is connected to
an end portion of the first pixel electrode portion P1 and
extends in a different direction from the first pixel electrode
portion P1. In the illustrated example, the second pixel elec-
trode portion P2 linearly extends in the Y direction forming a
T character shape with the first pixel electrode portion P1. The
third pixel electrode portion P3 is connected with the other
end portion of the first pixel electrode portion P1 and is
formed in an approximately square form. The length of the
third pixel electrode portion P3 in the X direction is shorter
than the length in the X direction of the second pixel electrode
portion P2.

The third pixel electrode portion P3 is located on the aux-
iliary capacitance line C1 through an insulating film which is
not illustrated. The third pixel electrode portion P3 is electri-
cally connected with the drain electrode WD and extending
on the auxiliary capacitance line C1. Thereby, the pixel elec-
trode PE is electrically connected with the switching element
SW. Moreover, a retention capacitance Cs is formed between
the pixel electrode PE and the auxiliary capacitance line C1.

The second pixel electrode portion P2 is located above the
auxiliary capacitance line C2 through an insulating film
which is not illustrated. A third pixel electrode portion P33 of
the pixel electrode PE2 adjoining the pixel PX in the down-
side in the Y direction is also located above the auxiliary
capacitance line C2. The second pixel electrode portion P2 is
arranged apart from the third pixel electrode portion P33
while facing the third pixel electrode portion P33.

FIG. 4 is a cross-sectional figure schematically showing
the structure of the liquid crystal display panel LPN taken
along line A-B of the pixel PX shown in FIG. 3. That is, the
array substrate AR is formed using a first insulating substrate
10 such as a glass substrate with light transmissivity. The
array substrate AR includes the switching element SW in the
inside (namely, surface facing the liquid crystal layer LQ) of
the first insulating substrate 10. The switching element SW
shown here is a thin film transistor of a top gate type.

The semiconductor layer SC of the switching element SW
is formed on the first insulating substrate 10. The semicon-
ductor layer SC has a source region SCS and a drain region
SCD respectively on both sides which sandwich the channel
region SCC. In addition, an under coat layer formed of an
insulating film may be arranged between the first insulating
substrate 10 and the semiconductor layer SC. The semicon-
ductor layer SC is covered with a gate insulating film 11.
Moreover, the gate insulating film 11 is also arranged on the
first insulating substrate 10.

The gate electrode WG is formed on the gate insulating
film 11 and is located above the channel region SCC of the
semiconductor layer SC. The auxiliary capacitance line C1 is
formed on the gate insulating film 11. The gate electrode WG
and the auxiliary capacitance line C1 can be formed in the
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same process using the same material as the gate line G, the
auxiliary capacitance line C2, etc., which are not illustrated.

The gate electrode WG and the auxiliary capacitance line
C1 are covered with the first interlayer insulating film 12.
Moreover, the first interlayer insulating film 12 is arranged
also on the gate insulating film 11. The gate insulating film 11
and first interlayer insulating film 12 are formed of inorganic
system materials, such as oxidization silicon and nitride sili-
con, for example.

The source electrode WS and drain electrode WD of the
switching element SW are formed on the first interlayer insu-
lating film 12. The source electrode WS is a part of the source
line S1. Moreover, in this figure, the source line S2 formed on
the first interlayer insulating film 12 is also illustrated. The
source electrode WS, the drain electrode WD, and the source
lines S1 and S2 can be formed at the same process using the
same material.

The source electrode WS is in contact with the source
region SCS of the semiconductor layer SC through a contact
hole which penetrates the gate insulating film 11 and the first
interlayer insulating film 12. The drain electrode WD is in
contact with the drain region SCD of the semiconductor layer
SC through a contact hole which penetrates the gate insulat-
ing film 11 and the first interlayer insulating film 12. More-
over, the drain electrode WD extends on the auxiliary capaci-
tance line C1. The gate electrodes WG, source electrode WS,
and drain electrode WD are formed of electric conductive
materials, such as molybdenum, aluminum, tungsten, and
titanium, for example.

The switching element SW composed as above is covered
with a second interlayer insulating film 13. That is, the source
electrode WS, the drain electrode WD, and the source lines S1
and S2 are covered with the second interlayer insulating film
13. Moreover, the second interlayer insulating film 13 is also
arranged on the first interlayer insulating film 12. The second
interlayer insulating film 13 is formed of various organic
materials, such as ultraviolet curing type resin and heat hard-
ening type resin, for example.

The pixel electrode PE is formed on the second interlayer
insulating film 13. In the illustrated example, the third pixel
electrode portion P3 of the pixel electrode PE is located above
the auxiliary capacitance line C1 and is connected with the
drain electrode WD through a contact hole which penetrates
the second interlayer insulating film 13. Although such pixel
electrode PE is formed of electrical conductive material with
light transmissivity, for example, Indium Tin Oxide (ITO),
Indium Zinc Oxide (IZO), etc., the pixel electrode PE may be
formed of other metal materials, such as aluminum.

The pixel electrode PE is covered with a first alignment
film 14. The first alignment film 14 is arranged also on the
second interlayer insulating film 13 and is provided in a
surface which contacts with the liquid crystal layer LQ of the
array substrate AR. The first alignment film 14 is formed of
the material which shows a horizontal alignment characteris-
tic, and a rubbing processing is carried out.

On the other hand, the counter substrate CT is formed using
a second insulating substrate 20 with the light transmissivity,
such as a glass substrate. The counter substrate CT includes a
color filter layer 21, the counter electrode CE, etc., in the
inside surface (namely, surface facing the liquid crystal layer
LQ) of the second insulating substrate 20.

The color filter layer 21 is formed on the second insulating
substrate 20. The color filter layer 21 is formed of resin
material colored with several mutually different colors, for
example, three primary colors of red, blue, and green.
Although not explained in full detail, the resin material col-
ored red is arranged corresponding to a red pixel, the resin
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material colored blue is similarly arranged corresponding to a
blue pixel, and the resin material colored green is arranged
corresponding to a green pixel.

The counter electrode CE is formed on the color filter layer
21. The counter electrode CE is arranged so that lateral elec-
tric field is formed between the counter electrode CE and the
pixel electrodes PE. In the illustrated example, the counter
electrode CE is located above the source lines S1 and S2.
Although such counter electrode CE is formed of the electric
conductive material with light transmissive characteristics
such as ITO and 1ZO, the counter electrode CE may be
formed of other metal materials, such as aluminum.

The surface of the counter electrode CE is covered with a
second alignment film 22. The second alignment film 22 is
arranged also on the color filter layer 31 and is provided on the
surface which contacts with the liquid crystal layer LQ of the
counter substrate CT. The second alignment film 22 is formed
of the material which shows horizontal alignment character-
istics like the first alignment film 14, and rubbing processing
is carried out.

In addition, in the counter substrate CT, an overcoat layer
which makes unevenness of the surface of the color filter layer
21 flat may be arranged between the color filter layer 21, and
the counter electrode CE and the second alignment film 22.

The array substrate AR and the counter substrate CT as
mentioned-above are arranged so that the respective first
alignment film 14 and second alignment film 22 may face
each other. At this time, a pillar-shaped spacer integrally
formed by resin material with one of the substrates is arranged
between the first alignment film 14 of the array substrate AR
and the second alignment film 22 of the counter substrate CT.
Thereby, a predetermined gap, for example, 3-7 micrometer
cell gap, is formed. The array substrate AR and the counter
substrate CT are attached together by seal material (which is
not illustrated) in a state where the predetermined cell gap is
formed.

The liquid crystal material is injected into the cell gap
mentioned above. That is, the liquid crystal layer LQ is
formed of the liquid crystal material held between the array
substrate AR and the counter substrate CT.

The first polarizing plate PL1 is attached on one external
surface of the liquid crystal display panel LPN, that is, the
external surface of the first insulating substrate 10 which
composes the array substrate AR by adhesives, etc. Moreover,
the second polarizing plate PL2 is attached on the external
surface of another side of the liquid crystal display panel
LPN, that is, the external surface of the second insulating
substrate 20 which composes the counter substrate CT by
adhesives etc.

In this embodiment, a linear polarization mode is adopted.
The first and second polarizing plates PL1 and PL2 are
arranged so that the respective absorption axis of the first
polarizing plate PL.1 and the absorption axis of the second
polarizing plate PL2 cross at right angles. The linearly polar-
ized light selectively penetrates the polarizing plates, and an
image is displayed.

FIG. 5 is a plane view schematically showing a main por-
tion of a pixel of the liquid crystal display panel LPN accord-
ing to the embodiment. The pixel electrode PE is located
between adjacent two source lines, here S1 and S2 as men-
tioned-above, and includes the first pixel electrode portion
P1, the second pixel electrode portion P2, and the third pixel
electrode portion P3. A third pixel electrode portion P33 of
adjoining pixel electrode PE2 is located in the downside of
the second pixel electrode portion P2 in the figure.

The counter electrode CE includes a first counter electrode
portion CE1 formed in a belt-like shape in parallel with the



US 8,542,329 B2

7

first pixel electrode portion P1. The first counter electrode
portion CE1 is arranged so that lateral electric field may be
formed between the first pixel electrode portion P1 and first
counter electrode portion CE1. The first counter electrode
portion CE1 extends in the Y direction and is located above
the source lines S1 and S2. Moreover, the counter electrode
CE includes a second counter electrode portion CE2 con-
nected with the first counter electrode portion CE1. The sec-
ond counter electrode portion CE2 extends in the X direction
and is located above the third pixel electrode portion P3 of the
pixel electrode PE.

Although illustration is omitted, since the rubbing process-
ing of the first and second alignment films that cover the
counter electrode CE and the pixel electrode PE respectively
is carried out, the liquid crystal molecule is aligned with a
predetermined direction in the X-Y plane, for example, the
direction parallel to the'Y direction by an interaction between
the first alignment film 14 and the second alignment film 22.

Thus, the direction of the alignment of the liquid crystal
molecule in the state where potential difference is not formed
between the pixel electrode PE and the counter electrode CE
is called an initial alignment direction. In this embodiment, in
the state where the liquid crystal molecule is aligned in the
initial alignment direction, the light irradiated toward the
liquid crystal display panel LPN from the back light 4 cannot
penetrate the second polarizing plate PL2. Therefore, a nor-
mally black mode to form a black screen is formed.

When potential difference is formed between the pixel
electrode PE and the counter electrode CE, the lateral electric
field parallel to the X-Y plane is formed. Especially, the
lateral electric field EF1 parallel to the X direction is formed
between the first pixel electrode portion P1 and first counter
electrode portion CE1. At this time, the liquid crystal mol-
ecule is aligned to a different direction from the initial align-
ment direction mainly under the influence of the lateral elec-
tric field EF1. In such state, the light irradiated toward the
liquid crystal display panel LPN from the back light 4 pen-
etrates the second polarizing plate PL2, and a white screen is
displayed.

In this embodiment, when a line inversion driving method
is applied, the polarity of the voltage impressed to the pixel
electrode PE becomes opposite the polarity of the voltage
impressed to the pixel electrode PE2 adjoining the pixel elec-
trode PE with reference to the potential of the counter elec-
trode CE. For example, when potential of the counter elec-
trode CE is set to OV, the voltage impressed to the pixel
electrode PE is +5V, and the voltage impressed to pixel elec-
trode PE2 is -5V, a strong lateral electric field EF2 is formed
by the potential difference between the pixel electrode PE and
pixel electrode PE2. The direction of the lateral electric field
EF2is influenced by the form of the pixel electrode PE which
faces the pixel electrode PE2, and the form of the pixel elec-
trode PE2 which faces the pixel electrode PE.

In case the pixel electrode PE is not provided with the
second pixel electrode portion P2, one end portion P1A of the
first pixel electrode portion P1 faces the third pixel electrode
portion P33 of the pixel electrode PE2. At this time, the length
of the end portion P1A in the X direction is shorter than that
of the third pixel electrode portion P33 in the X direction.
Therefore, in the portion where the end portion P1A faces the
third pixel electrode portion P33, lateral electric field EF2 is
formed in the Y direction while lateral electric field EF1
approximately in the Y direction is formed between the first
pixel electrode portion P1 and first counter electrode portion
CEl.

In a circumference region A of one end portion P1A of the
first pixel electrode portion P1, the direction of the lateral
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electric field continuously changes from the direction of lat-
eral electric field EF1 to the direction of lateral electric field
EF2. Therefore, the alignment state of the liquid crystal mol-
ecule located in the region A also changes continuously in
response to the influence of the lateral electric field. In the
liquid crystal display panel LPN adopting the linear polariza-
tion mode, a dark line is generated by the existence of a liquid
crystal molecule aligned approximately in parallel with the
absorption axis of the first polarizing plate PL1 and second
polarizing plate PL2 in the X-Y plane. Specifically, the dark
line occurs in the region A resulting in the reduction of trans-
missivity.

According to this embodiment, the pixel electrode PE
includes a second pixel electrode portion P2 connected with
one end portion P1A of the first pixel electrode portion P1.
The second pixel electrode portion P2 faces the third pixel
electrode portion P33 of the pixel electrode PE2. In the illus-
trated example, the second pixel electrode portion P2 forms a
T character shape with the first pixel electrode portion P1.

Therefore, in the portion where the second pixel electrode
portion P2 faces the third pixel electrode portion P33 of the
pixel electrode PE2, lateral electric field EF2 is formed
approximately in the Y direction while lateral electric field
EF3 is formed approximately in the X direction between the
second pixel electrode portion P2 and first counter electrode
portion CE1. Thereby, in the region A, the liquid crystal
molecule controlled and aligned by lateral electric field EF1
becomes dominant, and generation of the dark line can be
suppressed. Accordingly, it becomes possible to raise the
transmissivity as compared with the case where the pixel
electrode PE is not provided with the second pixel electrode
portion P2.

The region where the dark line is generated shifts to the
auxiliary capacitance line C2 side (which is not shown), in
which the second pixel electrode portion P2 and the third
pixel electrode portion P33 are located. Since the auxiliary
capacitance line C2 is formed of the electric conductive mate-
rial with the light blocking characteristics, even if the dark
line shifts to the auxiliary capacitance line side, the dark line
hardly affects the transmissivity of the pixel PX.

Moreover, according to this embodiment, the length of the
second pixel electrode portion P2 in the X direction is longer
than the length of the third pixel electrode portion P33 in the
X direction. Therefore, the effect to shield the influence of
lateral electric field EF2 increases, and it becomes possible to
suppress the generation of the dark line more.

Even ifitis inthe state where potential difference is formed
between the pixel electrode PE and the counter electrode CE,
the liquid crystal molecule located corresponding to the first
pixel electrode portion P1 or the first counter electrode por-
tion CE1 is not aligned in the direction which contributes to
the display in many cases. In this embodiment, the first
counter electrode portion CE1 is located above the source
lines S1 and S2 (that is, position which faces the source line
S1 and S2). Since the source line S is formed of the electric
conductive material with light blocking characteristics, even
if the liquid crystal molecule of the region which overlaps
with first counter electrode portion CE1 is aligned to the
direction which does not contribute to the display, the liquid
crystal molecule hardly affects the transmissivity of the pixel
PX. Rather, the transmissivity of the pixel PX is improved as
compared with the case where the first counter electrode
portion CE1 is arranged so as to close to the first pixel elec-
trode portion P1 side rather than on the source lines S1 and S2.
In the case of the illustrated example, the region between the
source lines S1 and S2 and the first pixel electrode portion P1
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serves as an aperture of the pixel PX, and turns into a region
which contributes to the display, that is, to raise the transmis-
sivity.

Moreover, it becomes possible to expand the distance
between the first pixel electrode portion P1 and first counter
electrode portion CE1 by arranging first counter electrode
portion CE1 above the source lines S1 and S2, and it becomes
possible to form lateral electric field EF1 which is more
horizontal state. Therefore, the wide viewing angle, which is
an original advantage of lateral electrical liquid crystal dis-
play device, such as IPS mode is also maintained.

In addition, when misalignment between the array sub-
strate AR and the counter substrate CT arises in the manufac-
turing process, a distance difference may arise between the
first pixel electrode portions P1 and a pair of first counter
electrode portions CE1 of the both sides which sandwich the
first pixel electrode portions P1. However, since such mis-
alignment is produced in common with all pixel PXs, there is
no difference in the electric field distribution among the
respective pixel PXs, and the displayed images are not
affected.

In the case the counter electrode CE does not have the
second counter electrode portion CE2 in the circumference
region B of the other end portion P1B of the first pixel elec-
trode portion P1, a dark line occurs and reduction in trans-
missivity is caused by alignment disorder of the liquid crystal
molecule.

According to this embodiment, the counter electrode CE
includes the second counter electrode portion CE2 located
right above the third pixel electrode portion P3. Accordingly,
the vertical electrical field formed between the third pixel
electrode portion P3 and the second counter electrode portion
CE2, and the lateral electric field EF1 formed between the
first pixel electrode portion P1 and first counter electrode
portion CE1 interact mutually, and the alignment disorder of
the liquid crystal molecule can be eased. Therefore, the gen-
eration of the dark line can be controlled. As a consequence,
it becomes possible to improve the transmissivity compared
with the case where the counter electrode CE does not have
the second counter electrode portion CE2.

Hereinafter, a practical example according to the embodi-
ment and comparative examples 1 and 2 are explained.

PRACTICAL EXAMPLE

The pixel electrode PE formed in the array substrate AR
includes the first pixel electrode portion P1 formed in the
central portion between adjoining two source lines S, the
second pixel electrode portion P2 formed at one end portion
of the first pixel electrode portion P1, and the third pixel
electrode portion P3 formed in the other end portion of the
first pixel electrode portion P1. The width of the first pixel
electrode portion P1 in the X direction is set to 10 microme-
ters. The counter electrode CE formed in the counter substrate
CT includes a first counter electrode portion CE1 formed
right above the source line S in parallel with the first pixel
electrode portion P1, and the second counter electrode por-
tion CE2 formed right above the third pixel electrode portion
P3. The width of the first counter electrode portion CE1 in the
X direction is set to 10 micrometers.

The first alignment film 14 is formed on the surface of the
array substrate AR. Moreover, the second alignment film 22 is
formed on the surface of the counter substrate CT. The first
and second alignment films 14 and 22 are formed by carrying
out the rubbing processing after painting the material with
horizontal alignment characteristics by a thickness of 70 nm.

15

40

45

10

The cell gap between array substrate AR and the counter
substrate CT is set to 4.0 micrometers, and the array substrate
AR and the counter substrate CT are attached together. The
liquid crystal display panel LPN with a pixel pitch of 50
micrometers is produced by injecting positive type liquid
crystal by Merck Co. between the array substrate AR and
counter substrate CT. The example corresponds to the
embodiment shown in FIG. 5.

Comparative Example 1

Inthis Comparative Example 1, the Pixel Electrode Pe does
not include the second pixel electrode portion P2. In addition,
the counter electrode CE does not include the second counter
electrode portion CE2. The liquid crystal display panel is
produced like the above practical example other than the
points.

Comparative Example 2

In this comparative example 2, the counter electrode CE
does not include the second counter electrode portion CE2.
Theliquid crystal display panel LPN is produced like the case
of the above practical example except for the point.

The transmissivity is measured about each liquid crystal
display panel of the above-mentioned practical example, the
comparative example 1, and the comparative example 2 by
applying same potential difference between the pixel elec-
trode PE and the counter electrode CE. When the transmis-
sivity in the liquid crystal display panel LPN of the compara-
tive example 1 is set to 1, the transmissivity in the liquid
crystal display panel LPN of the comparative example 2 is
1.2, but the transmissivity in the liquid crystal display panel
LPN of'the practical example is 1.4. Therefore, it is confirmed
that high transmissivity is achieved according to the embodi-
ment.

Therefore, according to the embodiments, it becomes pos-
sible to provide the liquid crystal display device with high
transmissivity and good display quality.

For example, the form of the pixel electrode PE is not
limited to the example shown in FIG. 5, etc. In the example
shown in FIG. 6, the pixel electrode PE includes the second
pixel electrode portion P2 connected with the end portion of
the first pixel electrode portion P1 and extending in two
directions in which the second pixel electrode portion P2
extends in directions different from both the X and Y direc-
tions. The second pixel electrode portion P2 is formedinaY
character shape with the first pixel electrode portion P1.

Moreover, in the example shown in FIG. 6, the pixel elec-
trode PE has the third pixel electrode portion P3 connected to
the other end portion of the first pixel electrode portion P1.
The third pixel electrode portion P3 faces the first pixel elec-
trode portion P1 and is formed in an octagon shape.

In the pixel electrode PE of the example shown in FIG. 6,
high transmissivity is attained like the above-mentioned
embodiments.

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. In
practice, the structural elements can be modified without
departing from the spirit of the invention. Various embodi-
ments can be made by properly combining the structural
elements disclosed in the embodiments. For example, some
structural elements may be omitted from all the structural
disclosed in the embodiments. Furthermore, the structural
elements in different embodiments may properly be com-
bined. The accompanying claims and their equivalents are
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intended to cover such forms or modifications as would fall
with the scope and spirit of the inventions.

What is claimed is:

1. A liquid crystal display device, comprising: a first sub-
strate having a pixel electrode formed thereon, the pixel elec-
trode including a first pixel electrode portion in a belt-like
shape extending in a first direction and a second pixel elec-
trode portion connected with one end of the first pixel elec-
trode portion and extending in a second direction orthogo-
nally crossing the first direction; a second substrate having a
counter electrode formed thereon and facing the first sub-
strate, the counter electrode including a first counter electrode
portion in a belt-like shape extending in the first direction to
form alateral electric field between the first counter electrode
portion and the first pixel electrode portion; and a liquid
crystal layer held between the first substrate and the second
substrate, wherein the first substrate further comprises a first
auxiliary capacitance line and a second auxiliary capacitance
line respectively extending in the second direction, the pixel
electrode further includes a third pixel electrode portion
arranged above the first auxiliary capacitance line and con-
nected with the other end of the first pixel electrode portion,
and the second pixel electrode portion is located above the
second auxiliary capacitance line.

2. The liquid crystal display device according to claim 1,
wherein the second pixel electrode portion is formed in the
shape of T with the first pixel electrode portion.

3. The liquid crystal display device according to claim 1,
wherein the first substrate includes gate lines extending in the
second direction, and source lines extending in the first direc-
tion and located at both sides of the first pixel electrode
portion, and the first counter electrode portion is arranged on
the respective source lines.

4. The liquid crystal display device according to claim 3,
wherein the pixel electrode further includes a third pixel
electrode portion connected with the other end of the first
pixel electrode portion, and the counter electrode further
includes a second counter electrode portion extending in the
second direction, the second counter electrode portion
located above the third pixel electrode portion and connected
with the first counter electrode portion.

5. The liquid crystal display device according to claim 4,
wherein the third pixel electrode portion is formed in an
octagon shape.

6. A liquid crystal display device, comprising: an array
substrate including;

a plurality of gate lines and source lines to form pixels in a

matrix,

a pixel electrode formed in each pixel and having a first
pixel electrode portion extending in a first direction, and
a second pixel electrode portion connected with the first
pixel electrode portion and extending in the second
direction orthogonally crossing the first direction,

a switching transistor having a gate electrode connected to
the gate line extending in the second direction, a source
electrode connected to the source line extending in the
first direction and a drain electrode connected with the
pixel electrode,

a counter substrate opposing to the array substrate and
including a counter electrode having a first counter elec-
trode portion arranged in parallel with the first pixel
electrode portion; and

a liquid crystal layer held between the first and second
substrates,

wherein a lateral electrical field generated between the first
pixel electrode portion and the first counter electrode portion
is applied to the liquid crystal layer, wherein the pixel elec-
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trode further includes a third pixel electrode portion con-
nected with the first pixel electrode portion, and wherein the
array substrate further includes a first auxiliary capacitance
line and a second auxiliary capacitance line extending in the
second direction, and the second pixel electrode portion and
the third pixel electrode portion are arranged above the first
and second auxiliary capacitance lines respectively.

7. The liquid crystal display device according to claim 6,
wherein the first counter electrode portion is arranged on the
respective source lines at both sides of the first pixel electrode
portion.

8. The liquid crystal display device according to claim 6,
wherein the counter electrode further includes a second
counter electrode portion extending in the second direction,
the second counter electrode portion located above the third
pixel electrode portion and connected with the first counter
electrode portion.

9. The liquid crystal display device according to claim 6,
wherein the second pixel electrode portion is formed in the
shape of T with the first pixel electrode portion.

10. The liquid crystal display device according to claim 6,
wherein the third pixel electrode portion is formed in an
octagon shape.

11. A liquid crystal display device, comprising:

an array substrate including;

a plurality of gate lines and source lines to form pixels in
a matrix,

a pixel electrode formed in each pixel and having a first
pixel electrode portion extending in a first direction,
and a second pixel electrode portion connected with
the first pixel electrode portion and extending in a
second direction orthogonally crossing the first direc-
tion,

a switching transistor having a gate electrode connected
with the gate line extending in the second direction, a
source electrode connected with the source line
extending in the first direction and a drain electrode
connected with the pixel electrode,

a counter substrate opposing to the array substrate and
including a counter electrode having a first counter
electrode portion arranged in parallel with the first
pixel electrode portion;

a liquid crystal layer held between the array substrate
and the counter substrate;

a firstalignment film formed on an internal surface of the
array substrate, the internal surface contacting with
the liquid crystal layer; and

a second alignment film formed on an internal surface of
the counter substrate, the internal surface contacting
with the liquid crystal layer;

wherein a rubbing treatment process is performed to the

first and second alignment films so that a lateral electric
field is generated between the first pixel electrode por-
tion and the first counter electrode portion, wherein the
pixel electrode further includes a third pixel electrode
portion connected with the first pixel electrode portion
and a second counter electrode portion extending in the
second direction, the second counter electrode portion
located above the third pixel electrode portion and con-
nected with the first counter electrode portion, and
wherein the array substrate further includes a first aux-
iliary capacitance line and a second auxiliary capaci-
tance line extending in the second direction respectively,
and the second pixel electrode portion and the third pixel
electrode portion are arranged above the first and second
auxiliary capacitance lines respectively.
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12. The liquid crystal display device according to claim 11,
each alignment film is formed of material which shows hori-
zontal alignment characteristics.

13. The liquid crystal display device according to claim 11,
further comprising a first polarizing plate and a second polar-
izing plate arranged on respective outer surfaces of the array
substrate and the counter substrate, wherein the liquid crystal
display device uses a linear polarization mode in which lin-
early polarized light selectively penetrates the polarizing
plates and displays an image, and the first and second polar-
izing plates are arranged so that the respective absorption axis
of the first and second polarizing plates cross at right angles.

14. The liquid crystal display device according to claim 13,
wherein the liquid crystal display device uses a normally
black mode.

15. The liquid crystal display device according to claim 11,
wherein the first counter electrode portion is arranged on the
respective source lines at both sides of the first pixel electrode
portion.
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