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(7) ABSTRACT

The present invention provides a liquid crystal display
device that can electrically control the viewing angle. A
liquid crystal display device according to an aspect of the
present invention includes a first electrode group on the
lower substrate and a first region of liquid crystals in image
drive areas controllable according to an applied voltage, and
a second electrode group on the lower substrate and a second
region of liquid crystals in viewing angle control areas
controllable according to an applied voltage, wherein the
first region and the second region may be controlled sepa-
rately.

410 |MAGE DRIVE *20VIEWING ANGLE

BACKLIGHT UNIT
I

\ AREA | CONTROL AREA
r ~ B al
T ~ | I
/ i RN ~ I
/’\ (\: "I r :7 ;\ :
414 ~p T BE v 1/ i
) A t $ ) 4 |
s~ :
‘\ T ] |
442”*3* B ”!/ pas :424
R ! o |
n ! ! I 1
Ny O S O
BNNIPN : L |
41710 | T razs )
| Vil 1 | |
) ALY | | 1 | ] |
: \\:\A:O: 421 OJ 4992 :
a5~ N\ | o |
i\

oo gy irthig
] ! ! 1 I
BN L e am |
I ! ! i i j ]

B~ L 5 L £ 438
] 1 ] N
413 ~JT ] T ! T ;
J 1 1 | 1 1 !
| o j L |
] I



Patent Application Publication  Jan. 10,2008 Sheet 1 of 8 US 2008/0007684 A1

NON TRANSMISSION AREA

/
TRANSMISSION AREA

FIG.1
RELATED ART

|
| | | L |

(&
N




Patent Application Publication  Jan. 10,2008 Sheet 2 of 8 US 2008/0007684 A1

200

FIG.2
RELATED ART

300



US 2008/0007684 A1

Jan. 10, 2008 Sheet 3 of 8

Patent Application Publication

6EY

™
q

1444

|
|
I
N

Y Y \r "
v3uy N | VIV TOULNOD N“ vady O\l
INEA FOVAIy, TTONY ONIMIA J, SAIA FOVAI



US 2008/0007684 A1

Jan. 10, 2008 Sheet 4 of 8

Patent Application Publication

6EV LEY
A y FA'A 4
9cP
) g
5% NNNNANNNY; % NN\ 5
My =5 I
A ) 1 A q 1
umn Ws\\\ - -\\\\ W 8ey
! ,\«\r\N\ N Z e
NS NNNNNNNN o ANNNNNNN N
.H \_—\\\ \\\\_ H\\\
1 —o nwm_ Nz
a7 7 %
ENCCNNNNNNN y,__,/////,//u Xql |
I/ / i




US 2008/0007684 A1

Jan. 10, 2008 Sheet 5 of 8

Patent Application Publication

1
1INN t.a_v_._xo.qm

g —e=

P

_

| ~—0SY

{

| | ~—ep

m ~— LLt

| [~— LE¥
= —eer

S gevp
NGl

-~

-

l-

A
<
<

-

T™clv

-

e ¥

Bl 444

L\

g Spampe
-7

-~ -

hZ

V3HV TO41NOD
JFTONY ONIM3IA

~

Ocv

\El=A
3AIHA IOVIAI

~

oLy

!
L\\(
Y

VG Ol



|
LINN Em_u_._xo/.\m

US 2008/0007684 A1

get

. N AU R S

Jan. 10, 2008 Sheet 6 of 8

“ “ -y J

W3HY T0HINOD | vawy  \'g dS 9l

F1ONV ONIMIIAGZz, 3AIHA FOVAI

Patent Application Publication
r
\
\



US 2008/0007684 A1

Jan. 10, 2008 Sheet 7 of 8

Patent Application Publication

I i |
m LINN LHYIMMOVE | ~—0SY
! ! L _
] 1 | ; ]
" ; L L T—ELy
" i o T by
Bey = | L | —1eY
L
T
| |
I

wsmv\(%
" Y
AL
cécvy o bev 9ly

|
1
i
1
1
|
|
|
|
— YRR
|
tey D 1 _ i
|
|
{
I
|
I
|

T™~—=<¢lv
T™—"Piv

“ iy L_T - &m
V3HY TOHINOD | vay [
3TONV ONIMIIA oy, IAIHA DV




Patent Application Publication  Jan. 10,2008 Sheet 8 of 8 US 2008/0007684 A1

FIG.6
G
VAC




US 2008/0007684 A1l

LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

[0001] This application claims the benefit of Korean
Patent Application No. 06-0057397 filed in Korean on Jun.
26, 2006, which is hereby incorporated by reference, for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display device, and more particularly to a liquid crystal
display device that is adaptive for electrically adjusting a
wide viewing angle and a narrow viewing angle of a liquid
crystal display panel, and a driving method thereof.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display device controls light trans-
mittance of liquid crystal cells in accordance with a video
signal to display a picture. An active matrix type liquid
crystal display device in which a switching device is formed
at each liquid crystal cell is advantageous in realizing a
motion picture because it is possible to actively control the
switching device. The switching device used in the active
matrix type liquid crystal display device is mainly a thin film
transistor (hereinafter, referred to as “TFT”).

[0006] Current liquid crystal display devices do not have
a function which electrically controls the viewing angle of
the liquid crystal display device to be a wide viewing angle
or a narrow viewing angle. To provide privacy using a
narrow viewing angle, a narrow viewing angle is set using
a viewing angle control film 200, as illustrated in FIG. 1.
[0007] As shown in FIG. 2 in the related art liquid crystal
display device 100, such as a notebook computer 300, the
narrow viewing angle is set by mounting the viewing angle
control film 200 at the front surface of the liquid crystal
display panel. If the viewing angle control film 200 is
removed from the front surface of the liquid crystal display
panel in which the narrowing viewing angle has been set, a
wide viewing angle is obtained.

[0008] In the related art liquid crystal display device like
this, a user manually mounts the viewing angle control film
200 at the front surface of the liquid crystal display panel or
removes the mounted viewing angle control film 200 to
control the narrow viewing angle or the wide viewing angle,
thereby causing inconvenience to the user.

SUMMARY OF THE INVENTION

[0009] Accordingly, the present invention is directed to a
liquid crystal display device and driving method thereof that
substantially obviates one or more of the problems due to
limitations and disadvantages if the related art.

[0010] Accordingly, it is an advantage of the present
invention to provide to a liquid crystal display device that is
adaptive for electrically adjusting a wide viewing angle and
a narrow viewing angle of a liquid crystal display panel and
a driving method thereof.

[0011] It is another advantage of the present invention to
provide a liquid crystal display device that is adaptive to the
benefit of the user by electrically adjusting the wide viewing
angle and narrow viewing angle of the liquid crystal display
panel, and a driving method thereof.
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[0012] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0013] To achieve these and other advantages of the inven-
tion, a liquid crystal display device according to an aspect of
the present invention includes lower and upper substrates
facing each other and bonded together with a cell gap
therebetween; a lower polarizer attached to a surface of the
lower substrate; an upper polarizer attached to a surface of
the upper substrate; liquid crystals in the cell gap; a plurality
of image drive areas defined in the bonded lower and upper
substrates; a first electrode group on the lower substrate in
the image drive areas having an image drive voltage ther-
ebetween, the liquid crystals in the image drive areas con-
trollable according to the image drive voltage; and a plu-
rality of viewing angle control areas defined in the bonded
lower and upper substrates; a second electrode group on the
lower substrate in the viewing angle control areas having a
viewing angle control voltage therebetween, the liquid crys-
tals in the viewing angle control areas controllable according
to the viewing angle control voltage.

[0014] In another aspect of the present invention, a
method of driving a liquid crystal display device includes
displaying an image by applying an image voltage to a first
electrode group in an image drive area; and adjusting a
viewing angle by applying a viewing angle control voltage
to a second electrode group in a viewing angle control area.
[0015] In another aspect of the present invention, a liquid
crystal display device includes lower and upper substrates
facing each other and bonded together with a cell gap
therebetween; a lower polarizer attached to a surface of the
lower substrate; an upper polarizer attached to a surface of
the upper substrate; liquid crystals in the cell gap; an image
drive area defined in the bonded lower and upper substrates;
a first electrode group on the lower substrate in the image
drive area, the liquid crystals in the image drive area
controllable according to an image drive voltage between
electrodes of the first electrode group; and a viewing angle
control area defined in the bonded lower and upper sub-
strates corresponding at least one image drive area; a second
electrode group on the lower substrate in the viewing angle
control area, the liquid crystals in the viewing angle control
area controllable according to a viewing angle control
voltage between electrodes of the second electrode group.

[0016] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWING

[0017] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0018] In the drawings:

[0019] FIG. 1 is a front view of a viewing angle control
film used in a liquid crystal display device of the related art;
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[0020] FIG. 2 is an external perspective diagram of a
notebook where the viewing angle control film of FIG. 1 is
used;

[0021] FIG. 3 is a cross sectional diagram of a pixel of a
liquid crystal display device according to an embodiment of
the present invention;

[0022] FIG. 4 is a plan view of the pixel of the liquid
crystal display device of the present invention shown in FIG.

[0023] FIG. 5A is a first exemplary diagram representing
an operational state of the pixel of the liquid crystal display
device of the present invention;

[0024] FIG. 5B is a second exemplary diagram represent-
ing an operational state of the pixel of the liquid crystal
display device of the present invention; and

[0025] FIG. 5C is a third exemplary diagram representing
an operational stage of the pixel of the liquid crystal display
device of the present invention.

[0026] FIG. 6 is a diagram showing an arrangement struc-
ture of the pixel of the liquid crystal display device of the
present invention

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENT

[0027] Reference will now be made in detail to an embodi-
ment of the present invention, example of which is illus-
trated in the accompanying drawings.

[0028] FIG. 3 is a cross sectional diagram of a pixel of a
liquid crystal display device according to an embodiment of
the present invention. The liquid crystal display device
according to the present example is an in-plane switching
mode (hereinafter, referred to as “IPS”) in which the liquid
crystal display device is driven by a horizontal electric field
(e.g., the direction of the electric field is substantially
parallel to the liquid crystal display panel surface) between
a common electrode and a pixel electrode which are
arranged substantially in parallel to a lower substrate of the
liquid crystal display panel having upper and lower sub-
strates. The TIPS mode liquid crystal display device drives
liquid crystal in the horizontal direction, thus there is almost
no movement in a vertical direction.

[0029] Referring to FIG. 5, the pixel 400 of the liquid
crystal display device is divided into image drive areas 410,
430 for displaying an image and a viewing angle control area
420 for controlling a wide viewing angle or a narrow
viewing angle.

[0030] The pixel 400 of the liquid crystal display device
includes a lower substrate 411 and an upper substrate 412
which face each other and are bonded together. A lower
polarizer 413 may be correspondingly attached to a lower
part of the lower substrate 411; and an upper polarizer 414
may be correspondingly attached to an upper part of the
upper substrate 412. Herein, the lower substrate 411 and the
upper substrate 412 are commonly disposed in the image
drive areas 410, 430 and the viewing angle control area 420.
[0031] The viewing angle control area 420 is formed as
one sub-pixel included in the pixel which is composed of a
plurality of sub-pixels for displaying an image. And, espe-
cially, one viewing angle control area 420 is located between
the image drive arcas 410, 430, as in FIG. 3.

[0032] A gate insulating film 431 and an insulating film
432 are formed to be deposited on the lower substrate 411 of
the image drive areas 410, 430 which are driven by an IPS
mode.
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[0033] A common electrode 416 and a pixel electrode 415
are separately formed on the insulating film 432 located in
the image drive area 410, and a common electrode 434 and
a pixel electrode 433 are separately formed on the insulating
film 432 located in the image drive area 430. In the same
manner, the gate insulating film 431 and the insulating film
432 are formed to be deposited on the lower substrate 411 of
the viewing angle control area 420, and a pixel electrode 421
and a common electrode 422 are separately formed on the
insulating film 432 located in the upper part of the gate
insulating film 431.

[0034] A liquid crystal layer 418 is filled in a cell gap
formed between the upper substrate 412 and the insulating
film 432. The liquid crystal layer 418 has portions in the
image drive areas 410, 430 and in the viewing angle control
area 420.

[0035] A dataline 436 is formed on the gate insulating film
431 in the bordering part of the image drive area 410
composed of one sub-pixel and an adjacent sub-pixel (not
shown), and a data line 437 is formed on the gate insulating
film 431 in the bordering part of the image drive area 410
and the adjacent viewing angle control area 420. Herein, the
pixel electrode 415 of the image drive area 410 receives a
data voltage supplied through the data line 436, and the pixel
electrode 421 of the viewing angle control area 420 receives
a data voltage supplied through the data line 437, thus the
liquid crystal in the image drive area 410 and the viewing
angle control area 420 are driven independently.

[0036] The gate line 438 is formed on the lower substrate
411 in the bordering part of the viewing angle control area
420 and the adjacent image drive area 430. Herein, the pixel
electrode 433 of the image drive area 430 receives the data
voltage supplied through the data line 438, and the pixel
electrode 421 of the viewing angle control area 420 receives
the data voltage supplied through the data line 437, thus the
liquid crystal in the image drive area 430 and the viewing
angle control area 420 are driven independently.

[0037] The data line 439 is formed on the gate insulating
film 431 in the bordering part of the image drive area 430
composed of one sub-pixel and the adjacent sub-pixel (not
shown).

[0038] A B-color filter 441 is disposed at the under side of
the upper substrate 412 in the image drive area 410, and a
black matrix (BM) 442 at both sides of the B-color filter 441
is disposed at the under side of the upper substrate 412,
thereby preventing the light leakage of the image drive area
410.

[0039] A black matrix 424 for preventing light leakage is
formed at the underside of the upper substrate 412 in the
viewing angle control area 420, and the black matrix 424 is
separately disposed so as not to overlap (to the inside) of the
data lines 437, 438.

[0040] A G-color filter 443 is disposed at the underside of
the upper substrate 412 in the image drive area 430, and a
black matrix 444 at both sides of the G-color filter 443 is
disposed at the under side of the upper substrate 412, thereby
preventing the light leakage of the image drive area 430.
[0041] A lower polarizer 413 and an upper polarizer 414
may be formed to have the same transmission axis, or may
be formed for their transmission axes to be at right angles to
each other.

[0042] Alignment directions of the liquid crystal regions
417, 423, 435 may be formed by the same rubbing process,
and thus may have the same alignment direction. The
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alignment directions of the liquid crystal regions 417, 423,
435 may be formed to be identical to the transmission axis
of the lower polarizer 413, or may be formed to be vertical
to the transmission axis of the lower polarizer 413.

[0043] Accordingly, in this example of an image drive area
410 driven by the IPS mode, light linearly polarized by the
lower polarizer 413 transmits through the liquid crystal, and
no phase change is caused by the liquid crystal of the first
liquid crystal layer 417 in the state that the power supply is
turned on, thus the polarization direction is not changed. The
linearly polarized light having passed through the first liquid
crystal region 417 like this is made to be parallel to the
transmission axis of the upper polarizer 414, thereby passing
through the upper polarizer 414. That is to say, it becomes
a normally white mode (NW mode) where a white screen
appears when the power supply is turned off. The image
drive area 430 is driven in the same manner.

[0044] A gate line (not shown) defining a unit pixel and a
thin film transistor (not shown) formed at the crossing part
of the gate line and the data line are formed in the upper part
of the lower substrate 411. And, the pixel electrodes 415,
421, 433, the common electrodes 416, 422, 434 and an
alignment film (not shown) for aligning the liquid crystal
layers 418 in a plurality of regions 417, 423, 435 are
provided. Such components will be omitted in FIG. 3 for the
sake of explanation.

[0045] FIG. 4 is a plan view of a pixel of a liquid crystal
display device of the present invention. That is to say, the
pixel of the liquid crystal display device of the present
invention shown in FIG. 3 is a cross sectional diagram taken
along the line I-I' of FIG. 6.

[0046] The viewing angle control area 420, which is
adjacent to the image drive areas 410, 430, is driven inde-
pendently from the image drive areas 410, 430. In reference
to FIGS. 5A-5C, operational characteristics of the image
drive area 410 and the viewing angle control area 420 pre
described.

[0047] FIG. 5A is a first exemplary diagram representing
an operational state of a pixel of the liquid crystal display
device of the present invention, and is an exemplary diagram
for explaining the operational state of when the pixel of the
liquid crystal display device of the present invention is
driven in a wide viewing angle mode. But, it is assumed for
the sake of example that the lower polarizer 413 and the
upper polarizer 414 have the same transmission axis.

[0048] Referring to FIG. 5A, in case that light is irradiated
from a backlight unit 450 while the image drive area 410 is
turned off, the light polarized by the lower polarizer 413
passes through the liquid crystal region 417, the molecules
of which are arranged to be substantially parallel in an initial
alignment state because no electric field is formed: No phase
delay is generated so that no polarization state change is
caused even though the linearly polarized light passes
through the first liquid crystal region 417. That is, a longi-
tudinal axis of the liquid crystal molecules of the first liquid
crystal region 417, which are arranged to be substantially
parallel to each other by an alignment film, is made to be
substantially parallel to the transmission axis of the lower
polarizer 413. Accordingly, the light having passed through
the first liquid crystal region 417 passes through the upper
polarizer 414 having the same transmission axis as the
transmission axis of the lower polarizer 413, and white is
thus displayed in the liquid crystal display panel.
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[0049] If the data voltage and the common voltage are
applied to the pixel electrode 421 and the common electrode
422 located in the viewing angle control area 420, respec-
tively, so that the viewing angle control area 420 is turned
on when the image drive area 410 is driven in a white mode
like this, then the image drive area 410 is driven in the wide
viewing angle mode.

[0050] If the wide viewing angle mode is set in this way,
a potential difference is generated between the pixel elec-
trode 421 and the common electrode 422, which are located
in the viewing angle control area 420, to form a horizontal
electric field. Liquid crystals of the second liquid crystal
region 423 obtain a rotation force by the horizontal electric
field to be aligned horizontally. At this moment, the light
polarized by the lower polarizer 413 is aligned horizontally
to pass through the liquid crystals of the second liquid
crystal region 423, thereby generating the phase delay. That
is to say, the light polarized through the lower polarizer 413
is phase-delayed by A/2 in accordance with the horizontally-
aligned liquid crystal cells of the second liquid crystal layer
423 so that the axis of the light that is incident from the
lower polarizer 413 is changed to 90°. Accordingly, the axis
of the light that passed through the horizontally-aligned
liquid crystal cells of the second liquid crystal region 423 is
made to be substantially perpendicular to the transmission
axis of the upper polarizer 414. Thus, the light having passed
through the horizontally-aligned liquid crystal cells of the
second liquid crystal region 423 does not pass through the
upper polarizer 414. Hereby, because the front and side
surfaces of the viewing angle control arca 420 all become
the black state, the viewing angle control area 420 does not
affect the image drive area 410 so that the liquid crystal
display panel is driven with the wide viewing angle.
[0051] And, the liquid crystal display device of the present
invention is automatically driven by the wide viewing angle
mode in the initial state that it is neither set as the wide
viewing angle mode nor set as the narrow viewing angle
mode.

[0052] On the other hand, in case that the transmission
axes of the lower polarizer 413 and the upper polarizer 414
are formed to be at right angles to each other, the liquid
crystal display device of the present invention is driven in
the wide viewing angle mode, as explained in reference to
FIG. 5A, in a state that the image drive area 410 is turned on
and the viewing angle control area 420 is turned off.
[0053] FIG. 5B is a second exemplary diagram represent-
ing an operational state of a pixel of the liquid crystal display
device of the present invention shown in FIG. 3, and an
exemplary diagram for explaining the operational state of
when the pixel of the liquid crystal display device of the
present invention is driven in a narrow viewing angle mode.
But, it is assumed for the sake of explanation that the lower
polarizer 413 and the upper polarizer 414 have the same
transmission axis.

[0054] Referring to FIG. 5B, in case that light is irradiated
from the backlight unit 450 in a state that the image drive
area 410 is turned off, the light polarized by the lower
polarizer 413 passes through the first liquid crystal region
417 that is arranged to be parallel in the initial alignment
state because no electric field is formed. Accordingly, as
explained in reference to FIG. 5A, white is displayed in the
image drive area 410.

[0055] When driving the image drive area 410 in the white
mode like this, if the data voltage and the common voltage
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are not applied to the pixel electrode 421 and the common
electrode 422 that are located in the viewing angle control
area 420, respectively, so that the viewing angle control area
420 is turned off; then the image drive area 410 is driven in
the narrow viewing angle mode.

[0056] Ifthe narrow viewing angle mode is set in this way,
no horizontal electric field is formed between the pixel
electrode 421 and the common electrode 422 of the viewing
angle control area 420 because the voltage is not applied to
the viewing angle control area 420, thus the light polarized
through the lower polarizer 413 passes through the second
liquid crystal region 423 which is arranged to be substan-
tially parallel in an initial alignment state by an alignment
film. No phase delay is generated so that substantially no
polarization state change is caused even though the linearly
polarized light passes through the second liquid crystal
region 423 because the liquid crystal molecules are aligned
so that a longitudinal axis of the liquid crystals of the second
liquid crystal region 423 is substantially parallel to the
transmission axis of the lower polarizer 413. Accordingly,
the light having passed through the second liquid crystal
region 423 passes through the upper polarizer 414 having
the same transmission axis as the transmission axis of the
lower polarizer 413. At this moment, the black matrix 424
blocks the light transmitted through the front surface, thus it
appears to be the black state in the front surface of the
viewing angle control area 420, but the lower polarizer 413
and the upper polarizer 414 are formed to have the same
transmission axis so that is appears to be the white state at
the side surface of the viewing angle control area 420. In
case of observing from the front surface of the liquid crystal
display panel, there is no problem in seeing the image
because there is no change in the image which is displayed
in the viewing angle area 410, but in case of observing from
the side surface of the liquid crystal display panel, an image
displayed in the image drive area 410 appears to be blurred
because the white appears due to the light leakage phenom-
enon, causing “crosstalk” or interference with the adjacent
image drive area.

[0057] On the other hand, in case that the transmission
axes of the lower polarizer 413 and the upper polarizer 414
are formed to be at right angles to each other, the liquid
crystal display device of the present invention is driven in
the narrow viewing angle mode, as explained in reference to
FIG. 5B, in a state that the image drive area 410 is turned on
and the viewing angle control area 420 is turned on.
[0058] FIG. 5C is a third exemplary diagram representing
an operational state of a pixel of the liquid crystal display
device of the present invention shown in FIG. 5, and an
exemplary diagram for explaining the operational state of
when the pixel of the liquid crystal display device of the
present invention is driven in a black mode. But, it is
assumed for the sake of explanation that the lower polarizer
413 and the upper polarizer 414 have the same transmission
axis.

[0059] Referring to FIG. 5C, if the image drive area 410
is turned on, the liquid crystals of the first liquid crystal
region 417 obtain the horizontal electric field generated by
the common electrode 415 and the pixel electrode 416 which
are located in the image drive area 410, thereby being
aligned horizontally. At this moment, the light irradiated
from the backlight unit 450 to be polarized by the lower
polarizer 413 passes through the liquid crystals of the first
liquid crystal region 417, which is horizontally aligned,
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thereby generating the phase delay. That is to say, the
polarized light passing through the lower polarizer 413 is
phase-delayed by A/2 in accordance with the horizontally-
aligned liquid crystal cells of the first liquid crystal layer 417
so that the axis of the light which is incident from the lower
polarizer 413 is changed to 90°. Accordingly, the axis of the
light which passed through the horizontally-aligned liquid
crystal cells of the first liquid crystal region 417 is made to
be substantially perpendicular to the transmission axis of the
upper polarizer 414. Thus, the light having passed through
the horizontally-aligned liquid crystal cells of the first liquid
crystal region 417 does not pass through the upper polarizer
414 to be blocked. Hereby, black is displayed in the image
drive area 410.

[0060] On the other hand, in case that the transmission
axes of the lower polarizer 413 and the upper polarizer 414
are formed to be at right angles to each other, the liquid
crystal display device of the present invention is driven in
the black mode, as explained in reference to FIG. 5C, in a
state that the image drive areca 410 is turned off and the
viewing angle control area 420 is turned off.

[0061] In another embodiment of the present invention, a
plurality of image drive areas may correspond to a single
viewing angle control area. As schematically illustrated in
FIG. 6, the viewing angle control area 420 may be of a
different size and orientation than the image drive areas 410,
415, 430.

[0062] In addition, because the image drive areas can be
driven independently from the viewing angle control areas it
is possible that the image drive areas can be driven accord-
ing to a gray scale (e.g. 0 to 255 gray levels) while the
viewing angle control area may be driven in only two states
(e.g., on or off; black or white).

[0063] The liquid crystal display device of the IPS mode
like this example has a relatively wider viewing angle than
the liquid crystal display device of the vertical electric field
drive method. A wide viewing angle is advantageous when
many people should observe the same liquid crystal display
device because a normal picture can be seen from any angle.
Thus the wide viewing angle has an advantage as a general
liquid crystal display device. However, when using the
computer for personal purpose or carrying out security
business, etc, such as bank business, etc, it may be desirable
to drive the liquid crystal display at the narrow viewing
angle to limit the displayed information from being viewed
by people in the surrounding environment. Thus the present
invention allows the viewing angle control area 420 from the
image drive area 410, which is driven by the IPS mode to
electrically control the narrow viewing angle and the wide
viewing angle.

[0064] As described above, the present invention forms
the image drive area 410 and the viewing angle control area
420 in each pixel of the liquid crystal display panel to
electrically control the black state and the white state of the
viewing angle control area 420, thereby helping for the good
of the user.

[0065] As described above, the present invention electri-
cally controls the wide viewing angle and the narrow
viewing angle of the liquid crystal display panel, to the
benefit of the user. And, it is not necessary to separately buy
a viewing angle control film, thus it is possible to reduce the
cost that is required for buying the viewing angle control
film.



US 2008/0007684 A1l

[0066] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:

1. A liquid crystal display device, comprising:

lower and upper substrates facing each other and bonded
together with a cell gap therebetween;

a lower polarizer attached to a surface of the lower
substrate;

an upper polarizer attached to a surface of the upper
substrate;

liquid crystals in the cell gap;

a plurality of image drive areas defined in the bonded
lower and upper substrates;

a first electrode group on the lower substrate in the image
drive areas having an image drive voltage therebe-
tween, the liquid crystals in the image drive areas
controllable according to the image drive voltage; and

a plurality of viewing angle control areas defined in the
bonded lower and upper substrates;

a second electrode group on the lower substrate in the
viewing angle control areas having a viewing angle
control voltage therebetween, the liquid crystals in the
viewing angle control areas controllable according to
the viewing angle control voltage.

2. The liquid crystal display device according to claim 1,

further comprising:

a black matrix in a lower part of the upper substrate at
least in a central region of the viewing angle control
areas.

3. The liquid crystal display device according to claim 1,
wherein the liquid crystals in the image drive areas are
aligned in the same direction as the liquid crystals in the
viewing angle control areas.

4. The liquid crystal display device according to claim 3,
wherein the lower polarizer and the upper polarizer have the
same transmission axis.

5. The liquid crystal display device according to claim 4,
wherein the liquid crystals in the image drive areas and the
liquid crystals in the viewing angle control areas are aligned
in substantially the same direction.

6. The liquid crystal display device according to claim 3,
wherein the transmission axes of the lower polarizer and the
upper polarizer are at right angles to each other.

7. The liquid crystal display device according to claim 6,
wherein the liquid crystals in the image drive areas and in
the viewing angle control areas are aligned in substantially
the same direction as the lower polarizer.

8. The liquid crystal display device according to claim 1,
wherein the first electrode group includes a common elec-
trode and a pixel electrode.

9. The liquid crystal display device according to claim 8,
wherein the liquid crystal cells in the image drive area are
horizontally aligned by a horizontal electric field caused by
the first electrode group.

Jan. 10, 2008

10. The liquid crystal display device according to claim 1,
wherein the second electrode group includes a common
electrode and a pixel electrode.

11. The liquid crystal display device according to claim
10, wherein the liquid crystal cells in the viewing angle
control areas are horizontally aligned by a horizontal electric
field caused by the second electrode group.

12. The liquid crystal display device according to claim 1,
wherein the image drive areas and the viewing angle control
areas are independently driven.

13. A method of driving a liquid crystal display device,
comprising:

displaying an image by applying an image voltage to a
first electrode group in an image drive area; and

adjusting a viewing angle by applying a viewing angle
control voltage to a second electrode group in a view-
ing angle control area.

14. The method of claim 13, wherein the viewing angle

control voltage has two states.

15. The method according to claim 13, wherein the first
electrode group and the second electrode group each include
a common electrode and a pixel electrode.

16. The method according to claim 15, the viewing angle
adjusting comprising:

applying the viewing angle control voltage of a predeter-
mined level to the second electrode group to twist the
liquid crystals of the second liquid crystal layer in the
viewing angle control area.

17. The method according to claim 15, the viewing angle
adjusting comprising maintaining the liquid crystals in the
viewing angle control area in an initial alignment state.

18. The method according to claim 13, wherein the
voltage applied to the image drive area corresponds to one
of a plurality of gray levels and the voltage applied to the
viewing angle control area corresponds to one of on and off
states.

19. A liquid crystal display device, comprising:

lower and upper substrates facing each other and bonded
together with a cell gap therebetween;

a lower polarizer attached to a surface of the lower
substrate;

an upper polarizer attached to a surface of the upper
substrate;

liquid crystals in the cell gap;

an image drive area defined in the bonded lower and upper
substrates;

a first electrode group on the lower substrate in the image
drive area, the liquid crystals in the image drive area
controllable according to an image drive voltage
between electrodes of the first electrode group; and

a viewing angle control area defined in the bonded lower
and upper substrates corresponding at least one image
drive area;

a second electrode group on the lower substrate in the
viewing angle control area, the liquid crystals in the
viewing angle control area controllable according to a
viewing angle control voltage between electrodes of the
second electrode group.
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