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G7) ABSTRACT

An active matrix LCD device includes a pixel element for
defining a pixel area and having a TFT and a pixel electrode
disposed in association with a portion of a common elec-
trode. The common electrode encircles the pixel area for
shielding the electric field from the black matrix, thereby
preventing a stray electric field from entering the pixel area
and degrading the image quality.
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ACTIVE MATRIX LIQUID CRYSTAL
DISPLAY DEVICE

This is a divisional of application Ser. No. 09/207,207
(Confirmation Number not yet assigned) filed Dec. 8, 1998,
the disclosure of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to an active matrix liquid
crystal display (LCD) device, and more particularly, to an
active matrix LCD device wherein liquid crystal is driven by
an electric field acting in the direction substantially parallel
to the substrates.

(b) Description of the Related Art

LCD devices are generally categorized into two types
including a passive matrix LCD device and an active matrix
LCD device based on the driving system therefor. The active
matrix LCD device includes an active drive element such as
thin film transistor (TFT) or diode in each pixel element, for
charging a capacitor thereof with a signal voltage while
selecting the pixel element for an on-state in a time-division
scheme. The capacitor holds the signal voltage during a
subsequent off-state of the drive element for displaying an
image for the pixel. Compared to the passive matrix LCD
device wherein the signal voltage is applied to the liquid
crystal (LC) by using a time-division matrix-drive scheme,
the active matrix LCD features a higher contrast and a larger
screen.

A twisted-nematic mode (referred to as TN mode,
hereinafter) has been generally used as the operational mode
of the LC in the active matrix LCD device, wherein the
aligned direction (referred to as director, hereinafter) of the
longer axes of the LC molecules is twisted by about 90
degrees between the transparent substrates, using an electric
field in the direction perpendicular to the substrates for
rotating the director in the vertical direction.

The TN mode L.CD device generally has a defect wherein
the view angle for the LCD panel is narrow, that is, the
image on the LCD panel has a large view angle dependency,
especially in the case of a large screen LCD panel.

For solving the problem view angle dependency, an
in-plane switching mode (referred to as IPS mode,
hereinafter) has been developed for generating an electric
field in the direction parallel to the substrates for rotating the
director within the horizontal plane. In the proposed IPS
mode LCD, the horizontal alignment of the LC orientation
effected by the electric field acting parallel to the substrates
affords an advantage in that the double refraction character-
istic of the LC is scarcely changed even if the viewpoint is
moved, thereby achieving a wider view angle compared to
the TN mode LCD device.

FIG. 1 shows a top plan view of a first conventional
example of IPS mode active matrix LCD devices, FIGS. 2
and 3 show sectional views taken along line II—II and
III—III, respectively, in FIG. 1, and FIG. 4 shows a timing
chart of the potentials of electrodes and lines in the first
conventional active matrix LCD device.

The first conventional LCD device has a plurality of pixel
elements each including a TFT 16 and a pixel electrode 17,
a plurality of scanning lines 13 disposed for respective rows
of the pixel elements, a plurality of signal lines 14 disposed
for respective columns of the pixel elements, and a common
electrode 15, which are formed on a transparent insulating
substrate 11 (referred to as TFT substrate, hereinafter). Each
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2

pixel electrode 17 and a corresponding portion the common
electrode 15 extend parallel to each other to generate an
electric field 100 having a main component extending sub-
stantially perpendicular to the stripe electrodes 17 and 15.

As shown in FIG. 3, the active matrix LCD device further
includes a transparent counter substrate 12 disposed in
opposed relationship with the TFT substrate 11 with an
intervention of a LC layer 18. The counter substrate 12
mounts thereon a black matrix 19, a color filter 20 and a LC
orientation layer 21 on respective sides thereof.

In the IPS mode LCD device of FIG. 1, the electric field
generated therein includes unnecessary components
between the signal line 14 and adjacent electrodes, which
necessitates a light shield for covering the unnecessary
image component. In the illustrated LCD device, the black
mat 19 formed on the counter substrate 12 acts as the shield
layer for the space between the signal line 14 and the
adjacent electrodes (such as common electrode 15). The
arrangement of the TFT substrate 11 with respect to the
counter substrate 12 generally involves an alignment error of
about 7 to 10 um after bonding thereof. For assuring the
effective light shield, the edge of the black matrix 19 should
be located with a margin, such as designated by reference
numeral 200 in FIG. 3, from the edge of the common
electrode 15. This causes a larger area of the black matrix 19
and a smaller opening rate of the pixel area in the LCD
device. Patent publication JP-A-9-80415 proposes for solv-
ing the problem low opening rate.

FIG. 5§ shows a top plan view of the proposed LCD
device, or second conventional LCD device, FIG. 6 shows
a sectional view taken along line VI—VI in FIG. §, and FIG.
7 shows a timing chart in the second conventional LCD
device.

In the second conventional LCD device shown in FIG. 5,
the signal line 14 partly overlaps with the common electrode
15 as viewed in the direction perpendicular to the substrates.
This affords an advantage in that the portions of the black
matrix 19 extending in the direction parallel to the signal
lines 14 can be omitted together with their margins, and it is
sufficient that the black matrix 19 has a portion extending
parallel to the scanning lines 13 in the display panel. This
achieves a larger opening rate of the pixel area in the LCD
device.

In the second conventional LCD devices, however, the
black matrix 19 formed on the counter substrate 12 involves
another problem, as described hereinafter.

In case of the TN mode active matrix LCD device, since
the electric field from the black matrix 19 is shielded by the
transparent common electrode 15 formed on the substan-
tially entire surface of the counter substrate 12, the electric
potential of the black matrix 19 does not affect the image
quality on the LCD panel. However, in case of the IPS mode
active matrix LCD device, since the black matrix 19 does
not have a shield electrode such as the common electrode
between the black matrix 19 and the LC layer 18 in the TN
mode active matrix LCD device, the potential of the black
matrix 19 fluctuates and thereby affects the image quality on
the LCD panel.

It is first noted that the electric potential of the black
matrix 19 is not fixed in the IPS mode active matrix LCD
device, whereas the black matrix 19 is implemented by
materials of a high electric conductivity, such as black resist
wherein a metal or carbon black is dispersed. Thus, the
potential of the black matrix 19 is generally determined
based on the capacitive coupling acting between the same
and the signal lines 14, the scanning lines 13 and the
common electrode 15
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Assuming that the potential of the black matrix 19, the
voltages of the signal lines 14, the scanning lines 13, and the
common electrode 15, the coupling capacitances between
the black matrix 19 and the signal line 14, between the black
matrix 19 and the scanning line 13, between the black matrix
19 and the common electrode 15 are represented by Vbm,
Vd, Vg, Vcom, Cbm-d, Cbm-g, Cbm-com, respectively, the
potential Vbm of the black matrix is expressed by equations
1 and 2:

Vbm=VdxCbm-d/Ctotal+VgxChm-g/Ctotal+
VeomxCbm-com/Ctotal

®

Ctotal=Cbm-d+Cbm-g+Cbm-com 2

Voltage Vg of the scanning line 13 is higher than signal
voltage Vd of the signal line 14 and the voltage of the pixel
electrode 17 during the selected small time interval when the
TFT is turned on by voltage Vg of the scanning line 13, and
is lower than voltage Vd and the voltage of the pixel
electrode 17 during the remaining time interval.

Voltage Vd of the signal line 14 changes at an interval of
the horizontal scanning cycle to charge the pixel electrodes
selected in succession to a desired voltage. Voltage Vcom of
the common electrode 15 also changes at an interval similar
to the interval of voltage Vd or keeps a constant voltage,
depending on the drive system in the LCD device. Thus, it
will be understood from the equations (1) and (2) that the
black matrix has a potential different from the potential of
the common electrode and changes at a different interval.

The potential of the black matrix 19 deteriorates the
image quality as follows. The desired electric field 100
generated between the pixel electrode 17 and the common
electrode 15 reverses its polarity at a small time interval such
as frame interval to prevent a defective image such as
burning or stain on the display panel by preventing local-
ization of impurity ions or charge-up of the insulator.

In the conventional LCD devices shown in FIGS. 1 and 5,
the potential of the black matrix 19 is different from the
potential of the pixel electrode 17 and the potential of the
common electrode 15, and changes at a different time
interval. This causes that a deleterious stray electric fields
101 and 102 act in the pixel area 300, which deteriorates the
image quality on the display panel. In addition, the different
timing and magnitude of the electric fields causes an effec-
tive DC component in the electric field in the display panel,
which generates burning or stain on the panel.

Referring to FIG. 4 showing results of simulation,
wherein a voltage of 5 volts is applied between the pixel
electrode 17 and the common electrode 15, assuming that
480 scanning lines 13 are provided in the LCD device with
a dot-inversion drive system wherein pixel electrodes in the
adjacent pixels have opposite potential polarities with
respect to the common electrode. Voltage Vg of the scanning
lines 13 is 21 volts and -8 volts during an on-state and an
off-state thereof, respectively, voltage Vd of the signal lines
14 is 12 volts and 2 volts during a positive voltage frame
peirod and a negative voltage frame period, respectively, and
voltage Vcom of the common electrode 15 is fixed at 6 volts.

When the scanning line 13 is off, voltage of the pixel
electrode 17 falls below voltage Vd of the signal line 14 due
to the charge in the TFT channel flowing into the pixel
electrode 17 and to the coupling capacitance between the
scanning line 13 and the pixel electrode 17. The voltage
difference between the pixel electrode 17 and the signal line
14 is about 1 volt in the simulation, which causes the voltage
difference between the pixel electrode 17 and the common
electrode at 5 about volts. The black matrix 19 is disposed
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4

to cover the signal lines 14 and the scanning lines 13, and
had an initial potential of zero volt.

As understood from of FIG. 4, potential Vbm of the black
matrix 19 fluctuates around about 3V during the time
interval when the pixel electrode 17 maintains off voltage.
The electric field generated by potential Vbm of the black
matrix 19 enters the pixel area due to the arrangement of the
black matrix 19.

In FIG. 1, electric fields 101 and 102 generated by the
potential of the black matrix 19 are also illustrated. In the
positive voltage frame period, as shown in FIG. 4, voltage
Vcom of the common electrode 15 is 6 volts, voltage of the
pixel electrode 17 is 11 volts, voltage Vbm of the black
matrix 19 is about 3 volts. Thus, a potential difference of 5
volts is generated between the common electrode 15 and the
pixel electrode 17, and generates the desired parallel electric
field 100. A potential difference of about 3 volts is also
generated between the black matrix 19 and the common
electrode 15 in the vicinity of the black matrix 19 to generate
electric field 101. A potential difference of about 8 volts is
further generated between the black matrix 19 and the pixel
electrode 17 to generate electric field 102.

Electric fields 101 and 102 other than the desired parallel
electric field 100 generated in the vicinity of the black matrix
19 degrade the image quality in the display panel. In a
negative voltage frame period, a potential difference of 5
volts having a polarity opposite to the polarity in the positive
voltage frame period is generated between the common
electrode 15 and the pixel electrode 17, to generate the
desired parallel electric field 100. In the vicinity of the black
matrix 19, however, a potential difference of about 3 volts
having a polarity similar to that in the positive voltage frame
period is also generated between the black matrix 19 and the
common electrode 15 to generate electric field 101. The
electric field having the same polarity both in the positive
voltage frame period and in the negative voltage frame
period means an effective DC bias voltage being applied to
the black matrix 19. The effective DC bias voltage causes a
defect such as burning or stain to deteriorate the image
quality in the display panel.

FIG. 7 shows results of simulation in the second conven-
tional LCD device, with conditions similar to those in the
simulation shown in FIG. 4. In the simulation of FIG. 7, the
absence of a portion of the black matrix 19 overlapping the
signal lines 14 causes a smaller capacitance Cbm-d between
the black matrix 19 and the signal line 14 expressed in
equations (1) and (2). Thus, voltage Vbm of the black matrix
19 is scarcely affected by voltage Vd of the signal lines 14.
Since voltage Vd of the signal lines 14 in root-mean-square
value is substantially equal to voltage Vcom of the common
electrode 15, a larger difference is generated between volt-
age Vbm of the black matrix 19 and voltage Vcom of the
common electrode 15.

Accordingly, electric field 101 generated between the
black matrix 19 and the pixel electrode 17 as well as electric
field 102 generated between the black matrix 19 and the
common electrode 15 is larger in this case and generates a
larger DC component compared to the first conventional
LCD device.

In short, in the conventional IPS mode active matrix LCD
devices, the potential of the black matrix 19 formed on the
counter substrate 12 generates undesired electric fields in the
display panel to degrade the image quality thereon.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
an IPS mode active matrix LCD device capable of providing
a high image quality by suppressing the undesired electric
fields.
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The present invention provides an active matrix LCD
device comprising first and second transparent substrates,
liquid crystal sandwiched between the first transparent sub-
strate and the second transparent substrate, the first trans-
parent substrate including a plurality of pixel elements
arranged in a matrix, each of the pixel elements defining a
pixel area for image display and having a thin film transistor
(TFT) and a pixel electrode connected to a drain of the TFT,
a plurality of scanning lines each connected to gates of the
TFTs in a corresponding row of the pixel elements, a
plurality of signal lines each connected to a source of the
TFTs in a corresponding column of the pixel elements, and
a common electrode having an electrode portion disposed
for each of the pixel elements in association with the pixel
electrode, one of the first transparent substrate and the
second transparent substrate including a black matrix for
covering an area other than the pixel area as viewed in a first
direction perpendicular to the first and second substrates, the
electrode portion of the common electrode encircling the
pixel area as viewed in the first direction.

In accordance with the active matrix LCD device of the
present invention, the pixel area is shielded by the common
electrode encircling the pixel area against a stray electric
field from the black matrix, thereby improving the image
quality of the active matrix LCD device.

The above and other objects, features and advantages of
the present invention will be more apparent from the fol-
lowing description, referring to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a top plan view of a conventional active matrix
LCD device;
FIG. 2 is a sectional view taken along line II—II in FIG.
1;
FIG. 3 is a sectional view taken along line III—III in FIG.
1
FIG. 4 is a timing chart of potentials in the LCD device
of FIG. 1;
FIG. § is a top plan view of another conventional active
matrix LCD device;
FIG. 6 is a sectional view taken along line VI—VI in FIG.
5;
FIG. 7 is a timing chart of potentials in the LCD device
of FIG. 5;
FIG. 8 is a top plan view of an active matrix LCD device
according to a first embodiment of the present invention;
FIG. 9 is a sectional view taken along line IX—IX in FIG.
8;
FIG. 10 is a timing chat of the potentials in the LCD
device of FIG. 8;
FIG. 11 is top a plan view of an active matrix LCD device
according to a second embodiment of the present invention;

FIG. 12 is a timing chart of potentials in the LCD device
of FIG. 11; and

FIG. 13 is a top plan view of an active matrix LCD device
according to a third embodiment of the present invention.

PREFERRED EMBODIMENTS OF THE
INVENTION

Now, the present invention is more specifically described
with reference to accompanying drawings, wherein similar
constituent elements are designated by similar reference
numerals throughout the drawings.
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Embodiment 1

Referring to FIGS. 8 and 9, an active matrix LCD device
according to a first embodiment of the present invention
includes a TFT substrate 11 and a counter substrate 12
opposed to each other to sandwich therebetween a LC layer
18. The TFT substrate 11 includes a plurality pixel elements
each having a TFT 16 and a pixel electrode 17 connected to
the drain of the corresponding TFT 16, a plurality of
scanning lines 13 each connected to the gates of the TFTs 16
in a corresponding row of the pixel elements, a plurality of
signal lines 14 each connected to the sources of the TFTs 16
in a corresponding column of the pixel elements, and a
common electrode 15 having a common electrode portion
for each of the pixel elements.

The common electrode portion extends the outer periph-
ery of the pixel area of each pixel element and encircles the
pixel area. The common electrode portion also has a central
stripe passing the center of the pixel area. The pixel elec-
trode 17 has a pair of vertical stripe portions extending
parallel to the central stripe of the common electrode 15, and
a horizontal stripe portion outside the pixel area for extend-
ing parallel to the bottom stripe of the common electrode 15.
Each of the stripe portions of the pixel electrode 17 extends
from the bottom stripe to enter the pixel area after passing
the bottom stripe of the common electrode 15.

The LCD also includes a black matrix 19 disposed on the
counter substrate 12 outside the pixel area for covering and
extending parallel to the signal lines 14 and the scanning
lines 13. The black matrix 19 also covers an outer periphery
of common electrode portion of the common electrode 15
encircling each pixel area and exposes the inner periphery of
the common electrode portion. That is, the edge of the black
matrix is substantially aligned with the center of the periph-
eral portion of the common electrode 15 encircling the pixel
area.

The counter substrate 12 further has a color filter 20 for
color image display and an overcoat layer 22, consecutively
formed on the black matrix 19. The TFT substrate 11 and the
counter substrate 12 sandwich therebetween the LC layer 18
and associated orientation films 21.

In fabrication of the LCD of FIG. 8, the scanning lines 13
and the common electrode 15 both made of chrome are first
formed on the TFT substrate 11. A gate insulator film 24
made of silicon oxide, an amorphous silicon (a-Si) layer and
a n+type a-Si layer are then formed on the scanning lines 13
and the common electrode 15, followed by patterning to
form the signal lines 14 and the pixel electrodes 17. The
stripes of the pixel electrode 17 and the vertical stripes of the
common electrode 15 are disposed parallel to each other in
the pixel area, as shown in FIG. 8, to generate an electric
field 100 having a main component extending parallel to the
substrates and perpendicular to the both electrodes 17 and 15
in the pixel area.

Another chrome film is formed on the counter substrate
12, followed by patterning thereof to form the black matrix
19, for covering substantially all over, the area other than the
pixel area. A color filter 20 is formed thereon using the three
photolithographic steps for a polyimide based layer, made
by dispersing R-G-B pigments in a photosensitive polymer.
The overcoat layer 22 is then form by spin-coating and
subsequent patterning of polyimide. The overcoat layer 22
prevents impurity ions eluted from the color filter 20 from
being mixed into the LC layer 18. The overcoat layer 22 also
functions for flattening the surface of the counter substrate
12, controlling the thickness of the LC layer 18, and sup-
pressing disclination, so as to obtain an excellent image
quality.
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The orientation layers 21 made of polyimide are then
formed on the inner surfaces of the TFT substrate 11 and the
counter substrate 12. After rubbing process of both the
orientation layers 21, polymer beads having a diameter
corresponding to the gap between the substrates 11 and 12
are scattered, followed by bonding the substrates 11 and 12
in opposed relationship, with the nematic LC layer 18
disposed therebetween. A pair of polarizing plates (not
shown) are then disposed for sandwiching therebetween the
substrates 11 and 12, with the polarizing axis of one of the
polarizing plates being aligned with the orientation of the
nematic LC layer 18 and with the polarizing axis of the other
of the polarizing plates being normal to the orientation.

FIG. 10 shows results of simulation for the first
embodiment, wherein it is assumed that 480 scanning lines
13 are provided in the LCD device driven by a dot-inversion
drive system, and a potential difference between the pixel
electrode 17 and the common electrode 15 is 5 volts. In FIG.
10, each voltage of the electrodes is calculated for the case
that voltage Vd of the scanning line 13 is 21 volts in an
on-state and -8 volts in an off-state thereof, voltage Vd of
the signal line 14 is 12 volts in a positive voltage frame
period and 2 volts in a negative voltage frame period, and
voltage Vcom of the common electrode 15 is fixed at 6 volts.

When voltage Vg of the scanning line 13 is turned off, the
charge in the TFT channel flows into the pixel electrode 17,
and the voltage of the pixel electrode 17 fluctuates due to the
charge as well as the coupling capacitance between the
scanning lines 13 and the pixel electrode 17, which cause a
voltage fall of the pixel electrode. The voltage fall causes the
voltage of the pixel electrode to be about 1 volt lower than
voltage Vd of the signal line 14, which results in a voltage
difference of about 5 volts between the voltage of the pixel
electrode 17 and voltage Vcom of the common electrode 15.

The potential itself of the black matrix 19 shown in FIG.
10 is similar to that shown in FIG. 4. However, in the
structure of the present embodiment; the electric field from
the black matrix 19 is substantially entirely directed toward
the adjacent common electrode 15, thereby preventing the
stray electric field entering the pixel area. As a result, the
defect such as burning and stain observed in the conven-
tional LCD device is not generated in the display panel of
the LCD device of the present embodiment.

As described above in the present embodiment, the pixel
electrode 17 has a pair of stripe portions extending parallel
to the vertical stripes of the common electrode 15 in the
pixel area. However, the shape and the direction are not
limited thereto, so long as the common electrode 15
encircles the pixel area for shielding the pixel area against
the electric field from the black matrix 19. Moreover, the
material for the lines or electrodes 13, 14, 15 and 17 may be
any low resistivity material such as aluminum and molyb-
denum.

Embodiment 2

Referring to FIG. 11, an active matrix LCD device
according to a second embodiment is similar to the first
embodiment, except for the black matrix 19, which extends
only in the horizontal direction, and the configuration of the
common electrode 15 having a wide vertical portion, which
substantially covers the signal lines 14 instead of the black
matrix 19.

Referring to FIG. 12, voltage Vbm of the black matrix 19
is lowered compared to the first embodiment, due to the
lower coupling capacitance Cbm-d between the black mat
19 and the signal lines 14. The voltage Vd of the signal line
14 in its root-mean-square value is substantially equal to
voltage Vcom of the common electrode 15, which means
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that the difference between voltage Vbm of the black matrix
19 and voltage Vcom of the common electrode 15 is larger
compared to the first embodiment. However, the electric
field 101 from the black matrix 19 is substantially directed
toward the adjacent common electrode 15 and the stray
electric field does not enter the pixel area.

The absence of the portions of the black matrix 19
adjacent to the signal lines 14 provides an advantage in that
a less alignment margin is needed for arrangement of the
substrates, which assures a large opening ratio of the pixel
area.

Embodiment 3

Referring to FIG. 13, an active matrix LCD device
according to a third embodiment of the present invention is
similar to the first embodiment except that the black matrix
19 is electrically connected to the common electrode 15 via
a plurality of coupling sections 30, which are provided at the
outer periphery of the display panel. The black matrix 19
also has a portion extending along the outer periphery of the
display panel corresponding to the coupling section 30. The
coupling section 30 can be formed together with other the
contact 31, by selectively etching the gate insulator (such as
24 shown in FIG. 9), passivation film (such as 27 shown in
FIG. 9) and orientation film (such as 21 shown in FIG. 9) to
form through-holes for exposing portions of the common
electrode 15, and by filling the through-holes with a con-
ductive material. Before coupling both substrates 11 and 12,
a silver paste is used for electrically connecting the conduc-
tive material to the black matrix 19. In the third embodiment,
the stray electric field from the black matrix 19 does not
enter the pixel area due to the equipotential of the black
matrix 19 and the common electrode 15.

Since the above embodiments are described only for
examples, the present invention is not limited to the above
embodiments and various modifications or alterations can be
easily made therefrom by those skilled in the art without
departing from the scope of the present invention. For
example, the black matrix may be formed on the TFT
substrate.

What is claimed is:

1. A method of fabricating an LCD device having a
common electrode, a plurality of scanning lines, a gate
insulating film, a plurality of signal lines, a plurality of pixel
electrodes and a plurality of pixel areas formed on a first
substrate, comprising;:

patterning a black matrix on a second substrate; and

disposing liquid crystal between said first substrate and

said second substrate, wherein said black matrix covers
an area other than said pixel area and said common
electrode electrically shields said pixel area from a
voltage of said black matrix, and said black matrix
overlaps first portions of said signal lines and said
common electrode overlaps portions other than said
first portions of said signal lines.

2. The method of claim 1, further comprising forming a
film on said second substrate and patterning said film to form
said black matrix.

3. The method of claim 2, wherein said step of forming a
film comprises forming a chrome film on said second
substrate and patterning said chrome film to form said black
martrix.

4. The method of claim 1, further comprising:

forming a color filter on said second substrate; and

forming an overcoat layer on said color filter.

5. The method of claim 4, wherein said forming a color
filter comprises using a plurality of photolithographic steps
for a polyimide based layer.
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6. The method of claim 5, wherein said photolithographic
steps comprise dispersing RGB pigments in a photosensitive
polymer.

7. The method of claim 4, wherein said overcoat layer
substantially eliminates impurity ion migration-into said
liquid crystal, flattens a surface of said second substrate and
controls a thickness of said liquid crystal.

8. The method of claim 1, further comprising positioning
a plurality of polarizing plates for sandwiching said first
substrate and said second substrate between said polarizing
plates.

9. The method of claim 1, further comprising forming said
common electrode and said plurality of scanning lines of
chrome.

10. The method of claim 1, wherein forming said gate
insulating film comprises silicon oxide, an amorphous sili-
con layer and a N+ type amorphous silicon layer formed on
said scanning lines and common electrodes.

11. The method of claim 1, further comprising configuring
horizontal and vertical stripes of said plurality of pixel
electrodes and vertical stripes of said common electrode to
generate an electrical field having a main component extend-
ing parallel to said first substrate and said second substrate
and perpendicular to said pixel electrodes and said common
electrode in said pixel areas.
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12. The method of claim 11, wherein said pixel electrode
stripes are formed parallel to said common electrode vertical
stripes.

13. The method of claim 1, further comprising forming
orientation layers between a surface of each of said first and
second substrates and said liquid crystal, said forming
process comprising a rubbing process.

14. The method of claim 13, said disposing step compris-
ing:

scattering polymer beads having a diameter substantially

equal to a gap between said first substrate and said
second substrate; and

bonding said first substrate to said second substrate,
wherein said liquid crystal is disposed between said
first substrate and said second substrate.

15. The method of claim 1, further comprising positioning
first and second polarization plates at respective first and
second substrates, wherein a polarization axis of said first
polarization plate is aligned in an orientation of the liquid
crystal and a polarization axis of said second polarization
plate is aligned normal to said orientation of said liquid
crystal.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A
RHA

IPCH %S

CPCH %S
L 5E4X

H AT SOk
S\EREERE

BEX)

BREMLCODEECFEATREGRXBNEERS , A EERFELH
B — o AXBEBRENTFTAMGEEN. AHERESEGREXSE
ARMOR B BAEFFAY RIS , MBS L2 BB i7 3 A& XE I R ER &

RE,

BRERRREREKE
UsS6781645
US09/829991
e

ElIE

NECH @EARBRLE.
GOLD CHARM LIMITED

KIKKAWA HIRONORI

KIKKAWA, HIRONORI

patsnap

2004-08-24

2001-04-11

GO02F1/13 G02F1/1343 HO1L27/12 GO2F1/1335 G09G3/36 G02B5/00 G02F1/136 GO2F1/1368 GO9F9

/35 GO2F1/133 G02F1/1333

GO02F1/134363 HO1L27/12 G02F1/133512 G09G3/3648

1997337275 1997-12-08 JP

US20010011985A1

Espacenet USPTO

300

L
=i

]

-

7

\ o1
arel:

5 o

100

! —

L
e | D
e e ( ----- il
14 E""
¢ I
14 16 17 14


https://share-analytics.zhihuiya.com/view/c2590e09-d2d9-451a-95f9-6c4bc3cd5b82
https://worldwide.espacenet.com/patent/search/family/018307084/publication/US6781645B2?q=US6781645B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=6781645.PN.&OS=PN/6781645&RS=PN/6781645

