US 20160161806A1

a9y United States
12) Patent Application Publication (o) Pub. No.: US 2016/0161806 A1
AHN et al. 43) Pub. Date: Jun, 9, 2016
(54) THIN FILM TRANSISTOR DISPLAY PANEL HOIL 29/423 (2006.01)
AND LIQUID CRYSTAL DISPLAY GO2F 1/1368 (2006.01)
(52) US.CL
(71)  Applicant: Samsung Display Co., Ltd., CPC ... GO2F 1/134309 (2013.01); GO2F 1/1368
Yongin-City (KR) (2013.01); HOIL 27/124 (2013.01); HOIL
29/42356 (2013.01); GO2F 2001/134345
(72) Inventors: Kyu Su AHN, Seoul (KR); Hee Hwan (2013.01)
LEE, Hwaseong-si (KR); Kyung Ho
KIM, Seongnam-si (KR); Kee Bum (7) ABSTRACT
PARK, Cheonan-si (KR) A thin film transistor according to the present inventive con-
cept includes: a first and a second pixel electrodes that are
(21) Appl. No.: 14/663,277 electrically connected to the drain electrode through the con-
tacthole and disposed to be adjacent to each other in a column
(22) Filed: Mar. 19,2015 direction, wherein the first pixel electrode includes a first
sub-pixel electrode and a second sub-pixel electrode that
(30) Foreign Application Priority Data include a vertical stem part, a horizontal stem part, and a
plurality of minute branches, the second pixel electrode
Dec.3,2014 (KR) ........................ 10-2014-0172360 includes a third sub-pixe] electrode and a fourth sub-pixe]
electrode that include a vertical stem part, a horizontal stem
Publication Classification part, and a plurality of minute branches, and the plurality of
minute branches of the second sub-pixel electrode and the
(51) Imt.Cl plurality of minute branches of the third sub-pixel electrode
GO2F 1/1343 (2006.01) that are adjacent to each other to each other in the column
HOIL 27/12 (2006.01) direction form an angle of 45° or more to 135° or less.
270 250 300 210 20
. Y ) 7 ! )
| . ; [
;i \
200 f \
i |
| |
0000
3 Vg, 2 1752 165 163 17'331‘80 50
M 1 ) [ T e A L Y O
. N
I S B \
100 ‘»} fo
Lo S |
- \_\;/Jj{ i IL‘k_IIX\ 7 r
— e et
P—— \ g \ 7 \ /
] Vi ; A i E \) \ Fi \l \ ! i
[ / | ] L
1 | S 1 ¥ ! {
i B i B Bl 40 o1



Patent Application Publication Jun. 9,2016 Sheet1 of 23 US 2016/0161806 A1

/
B3

5 ; P ) s
s LRI s ¢ L !
& - / i A Sl SR S £
" T AL T WA A S CAEAL A
L S Eity o i i
AN !
i)z wrz ) rryiiiinrr Y re,
LA - i “ 2 i & A i
o il S
! ;
H

3 W\X AN
NS \ 4 N N "3
\\i‘x SR ; VIR .\'«.‘\.ﬁ SN
3L SRS S 5 1 R 5 SRRl 30X S 51
Ledif i bh "1‘“'{5 - ( i3
- SO L) -

Ry i P fiy
i

i
et E
v




Patent Application Publication Jun. 9,2016 Sheet 2 of 23 US 2016/0161806 A1

m FI1G. 2 m

i

VT - g E)A\‘
wal L 2277 720

4 1912

NN N B

-193b

W~ T
e | PR ] D

m- || & s mig
185%—”4%“’ ; Eﬁ&t&:«”*
e [ S | | e

| ) @ Py - 175h

173 (1 Ao iéii“fr-”t‘ L 185h
Eeoteetignn | 132

154b

173b
2

*\\f*$§§§§q | 1st
N
T

/
NI

..
@ii\\&&\
§§§§§§<;§>;\¢; N\ 1912

NN\
o . 191b

e

/

NN
AN

}191

i
i



Patent Application Publication Jun. 9,2016 Sheet 3 of 23 US 2016/0161806 A1

{= N
o T
o
i
o g
21
o 4.8
o B R i
SRR BT ot
Lo |
2
Rl R = -
b o | Lt} e S L N
g S om |
I “m‘\\_],/ -
i
a
b = T T AT
yoed
L] ] ~
R I
(o=
o e
g :’j =
=i
!
\\ /
el
-y
e e
(@ ) i
* /’j//x o
O y
Pooeensf i |
I I €S ]
Ly
o0
i -~
- 1
i
L] AT
£ oo |
ot M,&»—M-\\F\\l
A
L o |
] o
.l
-
et L o)
b e |
i)
S
oy | d
iy i
o~ AT L P
Lon |




Patent Application Publication Jun. 9,2016 Sheet 4 of 23 US 2016/0161806 A1

FIG. 4




Patent Application Publication Jun. 9,2016 Sheet5 of 23 US 2016/0161806 A1

FIG. 5A

~—192b
——191b

_-193b

~ 194

- 194

1923
~~19c

193a




Patent Application Publication Jun. 9,2016 Sheet 6 of 23 US 2016/0161806 A1

FIG. 5B

192
—131h

~193b

-~~192a
~—~191¢

193a




Patent Application Publication Jun. 9,2016 Sheet 7 of 23 US 2016/0161806 A1

FIG. 5C

--192b
—191b

——193b

~194

194

-~1923
10
193a




Patent Application Publication Jun. 9,2016 Sheet 8 of 23 US 2016/0161806 A1

FIG. 5D

A 192h
191

oo™ 193b

1922
~~191c

193a




Patent Application Publication Jun. 9,2016 Sheet 9 of 23 US 2016/0161806 A1

FIG. 5E

~—192b
——~—191b

_~193b

-~~192a
~~191c
1932




Patent Application Publication Jun. 9,2016 Sheet100f23  US2016/0161806 A1

FIG. 5F

~192b
—-191h

_~193b

—~192a
~~191c
193a




Patent Application Publication Jun. 9,2016 Sheet110f23  US2016/0161806 A1
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THIN FILM TRANSISTOR DISPLAY PANEL
AND LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0172360 filed in the
Korean Intellectual Property Office on Dec. 3, 2014, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] (a) Field

[0003] The present inventive concept relates to a thin film
transistor display panel and a liquid crystal display using the
same.

[0004] (b) Description of the Related Art

[0005] A liquid crystal display, which is one of the most
widely used displays, includes two substrates on which elec-
tric field generating electrodes such as a pixel electrode, a
common electrode, and the like are formed, and a liquid
crystal layer interposed therebetween. The liquid crystal dis-
play displays an image by applying a voltage to the electric
field generating electrodes to generate an electric field on the
liquid crystal layer and consequently, determining an orien-
tation of liquid crystal molecules in the liquid crystal layer
and controlling polarization of incident light.

[0006] As theliquid crystal display is used as a display of a
television receiver, a size of a screen thereof is gradually
increased. Due to an increase in size of the liquid crystal
display, a difference in images between a center portion and
side portions of the liquid crystal display may be increased
when a viewer watches the liquid crystal display.

[0007] In order to compensate for the difference in images
described above, the display may be formed in a curved shape
by bending it to a concave shape or a convex shape. The
display may be a portrait type having a height longer than a
width and bent in a vertical direction, and may also be a
landscape type having the height shorter than the width and
bent in a horizontal direction, based on the viewer.

[0008] However, when forming the curved liquid crystal
display by bending it, shear stress is applied to a substrate,
which is disposed inside a curved surface, among two sub-
strates. Therefore, a texture due to misalignment of upper and
lower substrates may occur. The texture may occur ina region
in which unit pixel electrodes are adjacent to each other in a
column direction.

[0009] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the inventive concept and therefore it may
contain information that does not form the prior art.

SUMMARY

[0010] The present inventive concept has been made in an
effort to provide a thin film transistor display panel and a
liquid crystal display including the same having advantages
of improving texture which has occurred upon implementing
a curved type panel by horizontally disposing pixel elec-
trodes.

[0011] An exemplary embodiment of the present inventive
concept provides a thin film transistor display panel, includ-
ing: a first substrate; and a first pixel electrode and a second
pixel electrode formed on the first substrate and disposed to
be adjacent to each other in a column direction, wherein the
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first pixel electrode includes a first sub-pixel electrode and a
second sub-pixel electrode that include a vertical stem part, a
horizontal stem part, and a plurality of minute branches, the
second pixel electrode includes a third sub-pixel electrode
and a fourth sub-pixel electrode that include a vertical stem
part, a horizontal stem part, and a plurality of minute
branches, and the plurality of minute branches of the second
sub-pixel electrode and the plurality of minute branches ofthe
third sub-pixel electrode that are adjacent to each other in the
column direction form an angle greater than or equal to 45°
and less than or equal to 135°.

[0012] The thin film transistor display panel may further
include: a gate line formed on the first substrate; a gate insu-
lating layer formed on a gate line; a semiconductor layer
formed on the gate insulating layer; a data line and a drain
electrode formed on the semiconductor layer; and a passiva-
tion layer covering the data line and the drain electrode and
having a contact hole exposing a portion of the drain elec-
trode, wherein the first pixel electrode has the first sub-pixel
electrode disposed above the gate line and the second sub-
pixel electrode disposed below the gate line, and the second
pixel electrode has the third sub-pixel electrode disposed
above the gate line and the fourth sub-pixel electrode dis-
posed below the gate line.

[0013] The first sub-pixel electrode, the second sub-pixel
electrode, the third sub-pixel electrode, and the fourth sub-
pixel electrode may each include a first horizontal stem part
and a second horizontal stem part that extend in a horizontal
direction, and a plurality of minute branches that extend in a
diagonal direction from both sides of each horizontal stem
part.

[0014] A first vertical stem part which is perpendicular to
the first horizontal stem part may be formed at one end of the
first horizontal stem part of each of the first sub-pixel elec-
trode, the second sub-pixel electrode, the third sub-pixel elec-
trode, and the fourth sub-pixel electrode, a second vertical
stem part which is perpendicular to the second horizontal
stem part may be formed at one end of the second horizontal
stem part, and the first vertical stem part and the second
vertical stem part are formed at opposite sides of the horizon-
tal stem part, respectively.

[0015] The second vertical stem part of the second sub-
pixel electrode and the first vertical stem part of the third
sub-pixel electrode may be disposed in the same direction.

[0016] The second vertical stem part of the third sub-pixel
electrode and the first vertical stem part of the fourth sub-
pixel electrode may be disposed in the same direction.
[0017] The second vertical stem part of the third sub-pixel
electrode and the first vertical stem part of the fourth sub-
pixel electrode may be disposed in directions which are oppo-
site to each other.

[0018] A portion of the plurality of minute branches
extending from the first horizontal stem part and a portion of
the plurality of minute branches extending from the second
horizontal stem part are connected to each other.

[0019] The plurality of minute branches may extend in a
direction away from the first vertical stem part and the second
vertical stem part.

[0020] Ends of the plurality of minute branches may be
connected to each other.

[0021] All of the ends of the plurality of plurality of minute
branches may be connected to each other.
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[0022] The first pixel electrode and the second pixel elec-
trode may have an interval greater than or equal to 2 and less
than or equal to 10 nm.

[0023] The plurality of minute branches of the second sub-
pixel electrode and the plurality of minute branches of the
third sub-pixel electrode may be formed in a misaligned
shape.

[0024] Another embodiment of the present inventive con-
cept provides a liquid crystal display including: a first sub-
strate;

[0025] a first pixel electrode and a second pixel electrode
formed on the first substrate and disposed to be adjacent to
each other in a column direction;

[0026] a second substrate corresponding to the first sub-
strate; a common electrode on the second substrate; and a
liquid crystal layer formed between the first substrate and the
second substrate, wherein the first pixel electrode includes a
first sub-pixel electrode and a second sub-pixel electrode that
include a vertical stem part, a horizontal stem part, and a
plurality of minute branches, the second pixel electrode
includes a third sub-pixel electrode and a fourth sub-pixel
electrode that include a vertical stem part, a horizontal stem
part, and a plurality of minute branches, and the plurality of
minute branches of the second sub-pixel electrode and the
plurality of minute branches of the third sub-pixel electrode
that are adjacent to each other in the column direction form an
angle greater than or equal to 45° and less than or equal to
135°.

[0027] The first sub-pixel electrode, the second sub-pixel
electrode, the third sub-pixel electrode, and the fourth sub-
pixel electrode may each include a first horizontal stem part
and a second horizontal stem part that extend in a horizontal
direction, and a plurality of minute branches that extend in a
diagonal direction from both sides of each horizontal stem
part.

[0028] A first vertical stem part which is perpendicular to
the first horizontal stem part may be formed at one end of the
first horizontal stem part of each of the first sub-pixel elec-
trode, the second sub-pixel electrode, the third sub-pixel elec-
trode, and the fourth sub-pixel electrode, a second vertical
stem part which is perpendicular to the second horizontal
stem part may be formed at one end of the second horizontal
stem part, and the first vertical stem part and the second
vertical stem part are formed at opposite sides of the horizon-
tal stem part, respectively.

[0029] The second vertical stem part of the second sub-
pixel electrode and the first vertical stem part of the third
sub-pixel electrode may be disposed in the same direction.
[0030] The second vertical stem part of the third sub-pixel
electrode and the first vertical stem part of the fourth sub-
pixel electrode may be disposed in the same direction.
[0031] The second vertical stem part of the third sub-pixel
electrode and the first vertical stem part of the fourth sub-
pixel electrode may be disposed in directions which are oppo-
site to each other.

[0032] The plurality of plurality of minute branches may
extend in a direction which grows away from the first vertical
stem part and the second vertical stem part.

[0033] In addition to the above-mentioned objects, other
features and advantages of the present inventive concept may
be apparently understood by those skilled in the art to which
the present inventive concept pertains from the following
description.
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[0034] According to an embodiment of the present inven-
tive concept, there are the following effects.

[0035] The present inventive concept may improve trans-
mittance, side visibility, and texture defect in the adjacent part
of the first pixel electrode and the second pixel electrode by
forming the angle formed by the plurality of minute branches
ofthe first pixel electrode and the plurality of minute branches
of the second pixel electrode which are adjacent to each other
to be greater than or equal to 45° and less than or equal to
135°.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 11is a schematic diagram of a thin film transis-
tor display panel including a plurality of pixels according to
an exemplary embodiment of the present inventive concept.
[0037] FIG. 2 is a layout view of a thin film transistor
display panel according to an exemplary embodiment of the
present inventive concept.

[0038] FIG. 3 is a cross-sectional view taken along line
TI-I1T for the thin film transistor display panel of FIG. 2.
[0039] FIG. 4 is a drawing illustrating a pixel electrode of
an area A of FIG. 1.

[0040] FIGS. 5A, 5B, 5C, 5D, 5E, 5F, 5G and 5H are
drawings illustrating pixel electrodes of the area A of FIG. 1.
[0041] FIGS. 6 and 7 are drawings illustrating pixel elec-
trodes of an area B of FIG. 1.

[0042] FIG. 8is a drawing illustrating a pixel electrode of a
liquid crystal display according to a comparative example of
the present inventive concept.

[0043] FIG. 9 is a simulation drawing illustrating local phi
angles of a liquid crystal molecule at an area in which two
adjacent pixel electrodes are facing each other according to
the comparative example and exemplary embodiment of the
present inventive concept.

[0044] FIG. 10 is a drawing comparing transmittance, vis-
ibility, and texture defect at the area in which two adjacent
pixel electrodes are facing each other according to the com-
parative example and exemplary embodiment of the present
inventive concept.

[0045] FIG. 11 is a cross-sectional view of a liquid crystal
display according to an exemplary embodiment ofthe present
inventive concept.

[0046] FIGS. 12, 13, 14, 15 and 16 are equivalent circuit
diagrams of a pixel of the liquid crystal display according to
an exemplary embodiment of the present inventive concept.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0047] The present inventive concept will be described
more fully hereinafter with reference to the accompanying
drawings, in which exemplary embodiments of the inventive
concept are shown. As those skilled in the art would realize,
the described embodiments may be modified in various dif-
ferent ways, all without departing from the spirit or scope of
the present inventive concept.

[0048] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present between the ele-
ment and the other element. In contrast, when an element is
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referred to as being “directly on” another element, there are
no intervening elements present between the element and the
other element.

[0049] Hereinafter, a thin film transistor display panel
according to an exemplary embodiment of the present inven-
tive concept will be described in detail with reference to the
accompanying drawings.

[0050] The thin film transistor display panel according to
an exemplary embodiment of the present inventive concept
will be described with reference to FIGS. 110 3. FIG. 1is a
schematic diagram of a thin film transistor display panel
including a plurality of pixels according to an exemplary
embodiment of the present inventive concept.

[0051] First, referring to FIG. 1, the thin film transistor
display panel according to an exemplary embodiment of the
present inventive concept includes a plurality of pixels PXs.
[0052] The plurality of pixels PXs mainly include a thin
film transistor forming area TA and a display area DA. The
pixel electrodes are formed in the display area DA and an
image is displayed through liquid crystal molecules disposed
in the display area DA. Each of the plurality of pixels PXs
may display any one of primary colors such as red, green, and
blue.

[0053] The thin film transistor forming area TA has a thin
film transistor element and a wiring, wherein the thin film
transistor element and the wiring transfer a data voltage
applied to the pixel electrodes of the display area DA.
[0054] A first pixel area PX1 and a second pixel area PX2
are disposed adjacent to each other in a column direction and
each includes a first pixel electrode and a second pixel elec-
trode.

[0055] The first pixel electrode has a first sub-pixel elec-
trode 191a disposed above the thin film transistor forming
area TA and a second sub-pixel electrode 1915 disposed
below the thin film transistor forming area TA.

[0056] In addition, the second pixel electrode has a third
sub-pixel electrode 191¢ disposed above the thin film transis-
tor forming area TA and a fourth sub-pixel electrode 1914
disposed below the thin film transistor forming area TA.
[0057] Hereinafter, adetail structure of a pixel according to
an exemplary embodiment of the present inventive concept
will be described with reference to FIGS. 2 and 3.

[0058] FIG. 2 is a layout view of a thin film transistor
display panel according to an exemplary embodiment of the
present inventive concept and FIG. 3 is a cross-sectional view
taken along line III-III for the thin film transistor display
panel of FIG. 2.

[0059] A gate conductor including a gate line 121 and sus-
tain electrode lines 131 and 132 is formed on a first substrate
110 made of transparent glass, plastic, or the like.

[0060] The gate line 121 includes gate electrodes and a pad
portion (not shown) for allowing a connection with other
layers or external driving circuits. The gate line 121 may be
made of an aluminum (Al) based metal such as aluminum, an
aluminum alloy, or the like, a silver (Ag) based metal such as
silver, a silver alloy, or the like, a copper (Cu) based metal
such as copper, a copper alloy, or the like, a molybdenum
(Mo) based metal such as molybdenum, a molybdenum alloy,
or the like, chromium (Cr), tantalum (Ta), titanium (Ti), and
the like. However, the gate line 121 may have a multilayer
structure including at least two conductive layers having dif-
ferent physical properties.

[0061] The gate line 121 traverses one pixel area in a hori-
zontal direction. An area over the gate line 121 becomes the
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first sub-pixel area displaying high gray and an area below the
gate line 121 becomes the second sub-pixel area displaying
low gray.

[0062] The sustain electrode lines 131 and 132 may be
made of the same material as that of the gate line 121 and may
be formed by a simultaneous process with the gate line 121.
[0063] The sustain electrode line 131 over the gate line 121
may have a shape surrounding the first sub-pixel area in a
quadrangular shape. A side disposed at the uppermost portion
of the sustain electrode line 131 having the quadrangular
shape may extend in the horizontal direction to an edge ofthe
thin film transistor display panel so as to be connected to other
layers or the external driving circuits.

[0064] The sustain electrode line 132 below the gate line
121 may be formed in the second sub-pixel area in a shape
similar to a digital number of 5. That is, the sustain electrode
line 132 includes a plurality of horizontal parts and a plurality
of vertical parts that connect ends of the plurality of horizon-
tal parts to each other. When a first horizontal part and a
second horizontal part are connected at the left by a vertical
part, the second horizontal part and a third horizontal part are
connected at the right by another vertical part. The third
horizontal part disposed at the lowermost end of the sustain
electrode line 132 may extend in the horizontal direction to an
edge of the thin film transistor display panel, so as to be
connected to other layers or the external driving circuits. The
third horizontal part of the sustain electrode line 132 is the
same as an upper end horizontal part of the sustain electrode
line 131 of another pixel area disposed therebelow. However,
the shapes of the above-mentioned sustain electrode lines 131
and 132 may be variously modified and used.

[0065] A gate insulating layer 140 is formed on the gate
conductor.
[0066] A first semiconductor 1544, a second semiconduc-

tor 1545, and a third semiconductor 154¢ are formed on the
gate insulating layer 140.

[0067] A plurality of ohmic contacts 163a and 165a are
formed on the semiconductors 154a, 1545, and 154c.

[0068] A data conductor including a data line 171 and a
voltage dividing reference voltage line 172 is formed on the
ohmic contacts 163¢ and 1654 and the gate insulating layer
140. The data conductor, and the semiconductors and the
ohmic contacts disposed below the data conductor may be
simultaneously formed using one mask.

[0069] The data line 171 extends in the vertical direction
along one pixel area and includes a first source electrode 1734
and a second source electrode 1734.

[0070] In addition, the data conductor includes the voltage
dividing reference voltage line 172, wherein the voltage
dividing reference voltage line 172 includes a third drain
electrode 175¢.

[0071] The voltage dividing reference voltage line 172
includes a plurality of horizontal parts and vertical parts con-
necting the plurality of horizontal parts, and is formed in a
shape similar to a digital number of 5. That is, the voltage
dividing reference voltage line 172 includes the plurality of
horizontal parts and the plurality of vertical parts that connect
the plurality of horizontal parts to each other, wherein the
vertical parts connect ends of the adjacent horizontal parts
which are parallel to each other. That is, if a first horizontal
part and a second horizontal part are connected at the left by
avertical part, a second horizontal part and a third horizontal
part are connected at the right by another vertical part.
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[0072] The voltage dividing reference voltage line 172
shows a shape similar to a digital number of 5 in each of the
first sub-pixel area and the second sub-pixel area. In the case
in which the second sub-pixel area has a length longer than
that of the first sub-pixel area, a length of the voltage diving
reference voltage line 172 of the second sub-pixel area is also
increased.

[0073] However, the voltage diving reference voltage line
172 may be formed to have a shape in which the above-
mentioned shape is reversed from side to side, depending on
a direction of a pixel electrode to be formed later. That is, the
voltage dividing reference voltage line 172 may have a shape
similar to a digital number of 2, which is reversed from side to
side, in the first sub-pixel area and the second sub-pixel area.
[0074] In the voltage dividing reference voltage line 172
disposed in the first sub-pixel area, a portion of the horizontal
part which is disposed at the lowest portion extends down-
wardly to form the third drain electrode 175¢.

[0075] The first gate electrode 124a, the first source elec-
trode 173a, and the first drain electrode 175a form a single
first thin film transistor (TFT) Qa together with the first
island-type semiconductor 154a, and a channel of the thin
film transistor is formed in the semiconductor 154a between
the first source electrode 173a and the first drain electrode
175a. Similarly, the second gate electrode 124b, the second
source electrode 1735, and the second drain electrode 1756
form a single second thin film transistor Qb together with a
second island-type semiconductor 1545, wherein a channel
ofthe thin film transistor is formed in the semiconductor 1545
between the second source electrode 1735 and the second
drain electrode 1754, and the third gate electrode 124¢, the
third source electrode 173¢, and the third drain electrode 175¢
form a single third thin film transistor Qc together with a third
land-type semiconductor 154¢, wherein a channel of the thin
film transistor is formed in the third semiconductor 154¢
between the third source electrode 173¢ and the third drain
electrode 175¢.

[0076] The second drain electrode 17554 is connected to the
third source electrode 173¢ and includes an expansion part
which is widely expanded.

[0077] A passivation layer 180p is formed on the data con-
ductor and portions of the exposed semiconductors 154a,
154b, and 154¢. The first passivation layer 180p may include
an inorganic insulating layer such as silicon nitride, silicon
oxide, orthe like. The first passivation layer 180p may prevent
pigment of a color filter 230 from being introduced into the
portions of the exposed semiconductor 154a, 1545, and 154¢
in the case in which a second passivation layer 180¢ is the
color filer.

[0078] The second passivation layer 180q is disposed on
the first passivation layer 180p. The second passivation layer
1804 may be omitted. The second passivation layer 180¢ may
be the color filer. In the case in which the second passivation
layer 1804 is the color filter, the second passivation layer 180¢
may uniquely display one of primary colors, wherein
examples of the primary colors may include primary colors
such as red, green, blue, yellow, cyan, magenta, and the like.
Although not shown, the color filter may further include a
color filter displaying a mixed color of the primary colors or
white, in addition to the primary colors.

[0079] The first passivation layer 180p and the second pas-
sivation layer 180¢ have a first contact hole 185a and a second
contact hole 1855 formed therein so as to expose the first
drain electrode 1754 and the second drain electrode 1756.
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[0080] A plurality of pixel electrodes 191 are formed on the
second passivation layer 180g. The respective pixel elec-
trodes 191 are separated from each other while having the
gate line 121 therebetween, so as to include a first sub-pixel
electrode 191a and a second sub-pixel electrode 1915 which
are adjacent to each other in a column direction with the gate
line 121 interposed between them. The pixel electrode 191
may be made of a transparent material suchas an ITO, an 170,
or the like. The pixel electrode 191 may also be made of a
transparent conductive material such as an ITO, an1ZO, or the
like, or a reflective metal such as aluminum, silver, chro-
mium, or an alloy thereof.

[0081] A shielding electrode 273 which is made of the same
material as that of the pixel electrode 191 may be formed on
the same layer as the pixel electrode 191 on the second pas-
sivation layer 180¢. The pixel electrode 191 and the shielding
electrode 273 may be simultaneously formed by the same
process.

[0082] The shielding electrode 273 includes vertical parts
overlapped with the data line of an edge of one pixel area and
one or more horizontal parts 275 that connect the vertical
parts which are adjacent to each other. The horizontal part 275
of the shielding electrode may have an expansion part at an
intermediate thereof.

[0083] Theshielding electrode 273 is applied with the same
voltage as that of a common electrode (not shown). Therefore,
an electric field does not occur between the shielding elec-
trode 273 and the common electrode and the liquid crystal
layer disposed between the shielding electrode 273 and the
common electrode is not rearranged. Therefore, a liquid crys-
tal between the shielding electrode and the common electrode
may block light. In the case in which the liquid crystal blocks
light as described above, the liquid crystal itself may perform
a function of a black matrix. Therefore, in the liquid crystal
display including the thin film transistor display panel
according to an exemplary embodiment of the present inven-
tive concept, the black matrix which is typically disposed on
an upper display panel may be omitted. That is, the liquid
crystal between the shielding electrode and the common elec-
trode performs a function of the black matrix.

[0084] The pixel electrodes 191 are separated from each
other while having the gate line 121 therebetween, so as to
include a first sub-pixel electrode 191a and a second sub-
pixel electrode 1915 which are adjacent to each other in a
column direction with the gate line 121 interposed between
them.

[0085] The first sub-pixel electrode 191a includes horizon-
tal stem parts that extend in a horizontal direction and a
plurality of minute branches that extend in a diagonal direc-
tion from both sides of each horizontal stem part. In this case,
two horizontal stem parts 193a and 1935 and two vertical
stem parts 1924 and 1925 are present in the first sub-pixel
electrode 191a, wherein the plurality of minute branches 194
of the respective horizontal stem parts have different exten-
sion directions.

[0086] The first vertical stem part 192a which is perpen-
dicular to the first horizontal stem part 193« is disposed at one
end of the first horizontal stem part 193¢, and the plurality of
minute branches 194 that extend from the firsthorizontal stem
part 193a obliquely extending in a direction away from the
first vertical stem part 192a.

[0087] In addition, the second vertical stem part 1925
which is perpendicular to the second horizontal stem part
1935 1s disposed at one end of the second horizontal stem part
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1935, and the plurality of minute branches 194 that extend
from the second horizontal stem part 1935 obliquely extend-
ing in a direction away from the second vertical stem part
1925.

[0088] In this case, the first vertical stem part 192q and the
second vertical stem part 1925 are disposed on the other end
of the first sub-pixel electrode. That is, if the first vertical stem
part 1924 is disposed at the left-hand end of the first horizon-
tal stem part 193a, the second vertical stem part 1926 is
disposed at the right-hand end of the second horizontal stem
part 1935. However, the above-mentioned directions are
exemplary. For example, the first vertical stem part 192a may
be disposed at the right-hand end of the first horizontal stem
part 193¢ and the second vertical stem part 1926 may be
disposed at the left-hand end of the second horizontal stem
part 1935

[0089] The extending directions of the plurality of minute
branches 194 that obliquely extend in the direction away from
the first vertical stem part 192a and the plurality of minute
branches 194 that obliquely extend in the direction away from
the second vertical stem part 1925 are different from each
other.

[0090] A shape of the second sub-pixel electrode 1915 is
also the same as that of the first sub-pixel electrode 191a. That
is, the second sub-pixel electrode 1915 includes two horizon-
tal stem parts 193a and 1935 that extend in a horizontal
direction, two vertical stem parts 1925 and 1925, and a plu-
rality of minute branches 194 that extend in a diagonal direc-
tion from both sides of each horizontal stem part.

[0091] In this case, the extending directions of the plurality
of minute branches 194 that obliquely extend in the direction
away from the first vertical stem part 192a of the second
sub-pixel electrode 1915 and the plurality of minute branches
194 that extend in the direction away from the second vertical
stem part 1925 of the second sub-pixel electrode 1915 are
different from each other. The configuration of the respective
horizontal stem parts, the respective vertical stem parts, and
the plurality of minute branches are the same as those
described in the first sub-pixel electrode 191a. A detail
description of the same contents will be omitted.

[0092] Hereinafter, a pixel electrode of aliquid crystal dis-
play according to various exemplary embodiments of the
present inventive concept will be described with reference to
FIGS. 4 t0 6.

[0093] FIG. 4 is a drawing illustrating a pixel electrode of
an area A of FIG. 1.

[0094] Referring to FIG. 4, a second sub-pixel electrode
1915 of a first pixel electrode and a third sub-pixel electrode
191¢ of a second pixel electrode are disposed so as to be
adjacent to each other in a column direction.

[0095] The second sub-pixel electrode 1915 includes the
second horizontal stem part 1935, the second vertical stem
part 1925, and the plurality of minute branches 194 that
obliquely extend in a direction away from the second hori-
zontal stem part 1935 and the second vertical stem part 1925.
[0096] The third sub-pixel electrode 191¢ includes the first
horizontal stem part 1934, the first vertical stem part 192a,
and the plurality of minute branches 194 that obliquely extend
in a direction away from the first horizontal stem part 193a
and the first vertical stem part 192a.

[0097] In this case, an angle 8 which is formed by the
plurality of minute branches 194 of the second sub-pixel
electrode 1915 and the plurality of minute branches 194 of the
third sub-pixel electrode 191¢ which are adjacent to each
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other in the column direction is greater than or equal to 45°
and less than or equal to 135°. The angle 8 may be approxi-
mately 90°.

[0098] More specifically, the second vertical stem part
1925 of the second sub-pixel electrode 1915 and the first
vertical stem part 192a of the third sub-pixel electrode 191¢
are disposed in the same direction, and the angle 8 which is
formed by the plurality of minute branches 194 extending in
the direction away from the second vertical stem part 1925 of
the second sub-pixel electrode 1916 and the plurality of
minute branches 194 extending in the direction away from the
first vertical stem part 192a of the third sub-pixel electrode
191¢ is formed to be greater than or equal to 45° and less than
or equal to 135°. The angle 6 may be approximately 90°.
[0099] That is, a horizontal component of a vector toward
the second vertical stem part 1925 along the plurality of
minute branches 194 of the second sub-pixel electrode 1915
in an adjacent part in which the second sub-pixel electrode
1915 and the third sub-pixel electrode 191¢ are adjacent to
each other, and a horizontal component of a vector toward the
first vertical stem part 192a along the plurality of minute
branches 194 of the third sub-pixel electrode 191c¢ in the
adjacent part have the same direction, a summation 8 of
angles formed by the respective vectors is formed to be
greater than or equal to 45° and less than or equal to 135°.
[0100] FIGS.5A to 5H are drawings illustrating pixel elec-
trodes of the area A of FIG. 1, wherein the pixel electrodes
illustrated in FIGS. 5A to SH are the same as the pixel elec-
trode illustrated in FIG. 4 described above, except for a struc-
ture in which ends of the plurality of minute branches are
connected. Therefore, the same elements are denoted by the
same reference numerals and a description thereof will be
omitted.

[0101] Referring to FIGS. 5A to 5H, the ends of the plural-
ity of minute branches 194 of the pixel electrode may be
formed so that some or all thereof are connected. Portions in
which the ends of the plurality of minute branches 194 of the
pixel electrode are connected are indicated by dots.

[0102] The thin film transistor display panel according to
an exemplary embodiment of the present inventive concept
may minimize behaviors in a vertical direction of the liquid
crystal disposed at the ends of the plurality of minute
branches 194 by connecting some or all of the ends of the
plurality of minute branches 194 of the pixel electrode,
thereby making it possible to improve side visibility.

[0103] FIGS. 6 and 7 are drawings illustrating pixel elec-
trodes of an area B of FIG. 1.

[0104] Referring to FIGS. 6 and 7, the thin film transistor
display panel according to an exemplary embodiment of the
present inventive concept includes a first pixel area PX1 and
a second pixel area PX2 which are disposed to be adjacent to
each other in a column direction.

[0105] The first pixel area PX1 includes the first pixel elec-
trode and the second pixel area PX2 includes the second pixel
electrode.

[0106] The first pixel electrode includes the first sub-pixel
electrode 1914 and the second sub-pixel electrode 1915, and
the second pixel electrode includes the third sub-pixel elec-
trode 191c¢ and a fourth sub-pixel electrode 1914.

[0107] In this case, since the description of the second
sub-pixel electrode 1915 of the first pixel electrode and the
third sub-pixel electrode 191¢ of the second pixel electrode
has the same configuration as those described with reference
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to FIG. 4, an overlapped description will be omitted and only
a difference will be described.

[0108] The plurality of minute branches 194 of the second
sub-pixel electrode 1915 and the plurality of minute branches
194 of the third sub-pixel electrode 191¢ may be formed in a
misaligned shape, and an interval h between the second sub-
pixel electrode 1915 and the third sub-pixel electrode 191¢
may be more than or equal to 2 to less than or equal to 10 nm.
[0109] That is, The plurality of minute branches 194 of the
second sub-pixel electrode 1915 and the plurality of minute
branches 194 of the third sub-pixel electrode 191¢ adjacent to
each other does not exactly overlap each other, since they may
be formed in a misaligned shape.

[0110] The second pixel electrode has the third sub-pixel
electrode 191¢ disposed above the thin film transistor forming
area TA and the fourth sub-pixel electrode 1914 disposed
below the thin film transistor forming area TA with the thin
film transistor forming area TA interposed between them.
[0111] In this case, as illustrated in FIG. 6, the second
vertical stem part 1924 of the third sub-pixel electrode 191¢
and the first vertical stem part 192a of the fourth sub-pixel
electrode 191d may be disposed in directions which are oppo-
site to each other.

[0112] More specifically, the second vertical stem part
1925 of the third sub-pixel electrode 191¢ may be disposed at
the left-hand end of the second horizontal stem part 1935 of
the third sub-pixel electrode 191¢, and the first vertical stem
part 192a of the fourth sub-pixel electrode 191d may be
disposed at the right-hand end of the first horizontal stem part
193a of the fourth sub-pixel electrode 191d. That is, the
extending directions of the plurality of minute branches 194
that obliquely extend in the direction away from the second
horizontal stem part 1935 of the third sub-pixel electrode
191¢ and the plurality of minute branches 194 that extend the
direction away from the first horizontal stem part 1934 of the
fourth sub-pixel electrode 1914 are different from each other.
[0113] However, the above-mentioned directions are exem-
plary, and the second vertical stem part 1924 of the third
sub-pixel electrode 191¢ may be disposed at the right-hand
end of the second horizontal stem part 1935 of the third
sub-pixel electrode 191¢, and the first vertical stem part 192a
of the fourth sub-pixel electrode 191d may be disposed at the
left-hand end of the first horizontal stem part 193a of the
fourth sub-pixel electrode 191d.

[0114] Unlike this, as illustrated in FIG. 7, the second ver-
tical stem part 1925 of the third sub-pixel electrode 191¢ and
the first vertical stem part 192a of the fourth sub-pixel elec-
trode 1914 may be disposed in the same direction.

[0115] More specifically, the second vertical stem part
1925 of the third sub-pixel electrode 191¢ may be disposed at
the left-hand end of the second horizontal stem part 1935 of
the third sub-pixel electrode 191¢, and the first vertical stem
part 192a of the fourth sub-pixel electrode 191d may be
disposed at the left-hand end of the first horizontal stem part
193a of the fourth sub-pixel electrode 191d. That is, the
plurality of minute branches 194 that obliquely extend in the
direction away from the second horizontal stem part 1935 of
the third sub-pixel electrode 191¢ and the plurality of minute
branches 194 that extend in the direction away from the first
horizontal stem part 193a of the fourth sub-pixel electrode
191d may extend in the same direction.

[0116] However, the above-mentioned directions are exem-
plary, and the second vertical stem part 1924 of the third
sub-pixel electrode 191¢ may be disposed at the right-hand
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end of the second horizontal stem part 1935 of the third
sub-pixel electrode 191¢, and the first vertical stem part 192a
of the fourth sub-pixel electrode 1914 may be disposed at the
right-hand end of the first horizontal stem part 1934 of the
fourth sub-pixel electrode 191d.

[0117] Hereinafter, a liquid crystal display according to a
comparative example of the present inventive concept will be
described with reference to FIG. 8.

[0118] FIG. 8 shows a pixel electrode of a liquid crystal
display according the comparative example of the present
inventive concept, wherein the description will be provided in
comparison with the pixel electrode according to an exem-
plary embodiment of the present inventive concept of FIG. 4.
In comparison with FIG. 4, the same elements are denoted by
the same reference numerals and a description thereof will be
omitted.

[0119] Referring to FIG. 8, the pixel electrode of the liquid
crystal display according to the comparative example of the
present inventive concept includes a first pixel electrode and
a second pixel electrode, wherein a second sub-pixel elec-
trode 19156 of the first pixel electrode and a third sub-pixel
electrode 191c¢ of the second pixel electrode are disposed to
be adjacent to each other in a column direction.

[0120] The second sub-pixel electrode 1915 includes the
second horizontal stem part 1935, the second vertical stem
part 1925, and the plurality of minute branches 194 that
obliquely extend in a direction away from the second hori-
zontal stem part 1935 and the second vertical stem part 1925.
[0121] The third sub-pixel electrode 191¢ includes the first
horizontal stem part 193a, the first vertical stem part 1924,
and the plurality of minute branches 194 that obliquely extend
in a direction away from the first horizontal stem part 193a
and the first vertical stem part 192a.

[0122] In this case, an angle 6 which is formed by the
plurality of minute branches 194 of the second sub-pixel
electrode 1915 and the plurality of minute branches 194 ofthe
third sub-pixel electrode 191¢ which are adjacent to each
other in the column direction is approximately 180°.

[0123] More specifically, the second vertical stem part
1925 of the second sub-pixel electrode 1915 and the first
vertical stem part 192a of the third sub-pixel electrode 191¢
are disposed in directions which are opposite to each other,
and the angle 6 which is formed by the plurality of minute
branches 194 extending in the direction away from the second
vertical stem part 1925 ofthe second sub-pixel electrode 1915
and the plurality of minute branches 194 extending in the
direction away from the first vertical stem part 192a of the
third sub-pixel electrode 191¢ is formed to be 180°.

[0124] That is, a horizontal component of a vector toward
the second vertical stem part 1926 along the plurality of
minute branches 194 of the second sub-pixel electrode 1915
in an adjacent part in which the second sub-pixel electrode
1915 and the third sub-pixel electrode 191¢ are adjacent to
each other, and a horizontal component of a vector toward the
first vertical stem part 192a along the plurality of minute
branches 194 of the third sub-pixel electrode 191c¢ in the
adjacent part have directions which are opposite to each other.
[0125] In the pixel structure according to the comparative
example of the present inventive concept, a backward electric
filed may be generated by the second sub-pixel electrode
1915 and the third sub-pixel electrode 191¢ which are adja-
cent to each other in the column direction, a liquid crystal
molecule 300 in the adjacent part in which the second sub-
pixel electrode 1915 and the third sub-pixel electrode 191¢
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are adjacent to each other may be arranged in a vertical
direction, thereby deteriorating visibility in left and right
directions, and texture may occur in the adjacent part.

[0126] Referring to again FIG. 4, since the angle 6 which is
formed by the plurality of minute branches 194 of the second
sub-pixel electrode 1915 and the plurality of minute branches
194 of the third sub-pixel electrode 191¢ which are disposed
to be adjacent to each other in the column direction is greater
than or equal to 45° and less than or equal to 135°, the
arrangement of the liquid crystal molecule 300 in the vertical
direction may be minimized in the adjacent part of the first
pixel electrode and the second pixel electrode, thereby mak-
ing it possible to improve transmittance, visibility in left and
right directions, and texture defect.

[0127] FIG. 9 is a simulation drawing illustrating local phi
angles of a liquid crystal molecule at an area in which two
adjacent pixel electrodes are facing each other according to
the comparative example and exemplary embodiment of the
present inventive conceptand FIG. 10 is a drawing comparing
transmittance, visibility, and texture defect at the area in
which two adjacent pixel electrodes are facing each other
according to the comparative example and exemplary
embodiment of the present inventive concept.

[0128] First, referring to FIG. 9, the local phi angles of a
liquid crystal molecule at the adjacent part of the pixel elec-
trodes according to the comparative example and exemplary
embodiment of the present inventive concept may be con-
firmed. Here, the local phi angle of the liquid crystal molecule
refers to an angle formed by the liquid crystal molecule and
the adjacent part (an X axis in a horizontal direction) of the
pixel electrodes.

[0129] It may be appreciated that an exemplary embodi-
ment of the present inventive concept has the local phi angle
of the liquid crystal molecule at the adjacent part of the
second sub-pixel electrode 1915 (low pixel) and the third
sub-pixel electrode 1915 (high pixel), which is smaller than
that in the comparative example of the present inventive con-
cept. That is, it may be appreciated that an exemplary embodi-
ment of the present inventive concept may minimize the
arrangement of the liquid crystal molecule in the vertical
direction at the adjacent part of the pixel electrodes which are
disposed to be adjacent in the column direction, rather than
Comparative Example of the present inventive concept.

[0130] Referring to FIG. 10, it may be confirmed that an
exemplary embodiment of the present inventive concept
improves transmittance and side visibility at the adjacent part
of the second sub-pixel electrode 1915 of the first pixel elec-
trode and the third sub-pixel electrode 191¢ of the second
pixel electrode and decreases texture defect, rather than the
comparative example of the present inventive concept.

[0131] Hereinafter, a liquid crystal display including a thin
film transistor display panel according to the present inven-
tive concept will be described with reference to FIG. 11. FIG.
11 is a cross-sectional view of a liquid crystal display accord-
ing to an exemplary embodiment of the present inventive
concept.

[0132] Referring to FIG. 11, a lower display panel 100 of
the liquid crystal display according to an exemplary embodi-
ment of the present inventive concept has the same contents as
those of the thin film transistor display panel as described
above. A detail description of the same elements will be
omitted.

[0133] Next, an upper display panel 200 will be described.
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[0134] A light blocking member 220 is formed on the sec-
ond substrate 210 which is made of transparent glass, plastic,
or the like. The light blocking member 220 may also be called
a black matrix and may prevent light leakage.

[0135] A plurality of color filters (not shown) are also
formed on the second substrate 210. In the case in which the
second passivation layer 1804 of the lower display panel 100
1s the color filter, the color filter of the upper display panel 200
may be omitted. Inaddition, the light blocking member 220 of
the upper display panel 200 may also be formed on the lower
display panel 100.

[0136] An overcoat 250 is formed on the color filter and the
light blocking member 220. The overcoat 250 may be made of
an (organic) insulating material, prevent the color filter from
being exposed, and provide a flat surface. The overcoat 250
may be omitted.

[0137] The liquid crystal layer 3 has negative dielectric
anisotropy, and liquid crystal molecules 300 of the liquid
crystal layer 3 are aligned so that major axes thereof are
perpendicular to surfaces of the two display panels 100 and
200 in a state in which an electric field is not present.

[0138] The first sub-pixel electrode 191a and the second
sub-pixel electrode 1915 to which a data voltage is applied
generate an electrical field together with the common elec-
trode 270 of the upper display panel 200 to thereby determine
a direction of the liquid crystal molecule 300 of the liquid
crystal layer 3 between the two electrodes 191 and 270.
Luminance of light passing through the liquid crystal layer 3
is changed depending on the direction of the liquid crystal
molecule 200 determined as described above.

[0139] Hereinafter, an arrangement of a signal line and a
pixel of a liquid crystal display according to the exemplary
embodiment of the present inventive concept and a driving
method thereof will be described in various ways.

[0140] FIGS. 12 to 16 are equivalent circuit diagrams of a
pixel of the liquid crystal display according to an exemplary
embodiment of the present inventive concept.

[0141] First, an exemplary embodiment of FIG. 12 will be
described.
[0142] Referring to FIG. 12, the liquid crystal display

according to an exemplary embodiment of the present inven-
tive concept includes signal lines such as a gate line 121, a
data line 171, a reference voltage line 178 transferring a
reference voltage, and the like, and pixels PXs connected to
the signal lines.

[0143] Each pixel PX may include first and second sub-
pixels PXa and PXb. The first sub-pixel PXa includes a first
switching element Qa and a first liquid crystal capacitor Clca,
and the second sub-pixel PXb includes second and third
switching elements Qb and Qc, and a second liquid crystal
capacitor Clcb. The first switching element Qa and the second
switching element Qb are each connected to the gate line 121
and the data line 171, and the third switching element Qc is
connected to an output terminal of the second switching ele-
ment Qb and the reference voltage line 178. An output termi-
nal of the first switching element Qa is connected to the first
liquid crystal capacitor Clca, and an output terminal of the
second switching element Qb is connected to the second
liquid crystal capacitor Clcb and an input terminal of the third
switching element Qc. A control terminal of the third switch-
ing element Qc is connected to the gate line 121, an input
terminal thereof is connected to the second liquid crystal
capacitor Clcb, and an output terminal thereofis connected to
the reference voltage line 178.
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[0144] An operation of the pixel PX shown in FIG. 12 will
be described. First, when a gate ON voltage Von is applied to
the gate line 121, the first switching element Qa, the second
switching element Qb, and the third switching element Qc
which are connected to the gate line 121 are turned on. There-
fore, the data voltage applied to the data line 171 is applied to
the first liquid crystal capacitor Clca and the second liquid
crystal capacitor Clcb, respectively, through the first switch-
ing element Qa and the second switching element Qb which
are turned on, such that the first liquid crystal capacitor Clca
and the second liquid crystal capacitor Clch are charged with
a difference between the data voltage and a common voltage
Veom. In this case, the first liquid crystal capacitor Clca and
the second liquid crystal capacitor Clcb are applied with the
same data voltage through the first and second switching
elements Qa and Qb, but the charged voltage of the second
liquid crystal capacitor Clch is divided by the third switching
element Qc. Therefore, since the charged voltage of the sec-
ond liquid crystal capacitor Clcb becomes smaller than the
charged voltage of the first liquid crystal capacitor Clca,
luminances of the two sub-pixels PXa and PXb may be dif-
ferent. Therefore, in the case in which the voltage charged in
the first liquid crystal capacitor Clca and the voltage charged
in the second liquid crystal capacitor Clcb are appropriately
adjusted, it is possible to maximally match an image viewed
from the side to an image viewed from the front, thereby
improving side visibility.

[0145] Hereinafter, an exemplary embodiment of FIG. 13
will be described.

[0146] The liquid crystal display according to an exem-
plary embodiment of the present inventive concept includes a
signal line including a plurality of gate lines GL, a plurality of
data lines DL, and a plurality of sustain electrode lines SL,
and a plurality of pixels PXs connected to the signal line. Each
pixel PX includes a pair of first and second sub-pixels PXa
and PXb, wherein the first sub-pixel PXa is formed with the
first sub-pixel electrode and the second sub-pixel PXb is
formed with the second sub-pixel electrode.

[0147] The liquid crystal display according to an exem-
plary embodiment of the present inventive concept further
includes a switching element Q connected to the gate line GL,
and the data line DL, a first liquid crystal capacitor Clca and
a first sustain capacitor Csta which are formed in the first
sub-pixel PXa connected to the switching element Q, a sec-
ond liquid crystal capacitor Clcb and a second sustain capaci-
tor Cstb which are formed in the second sub-pixel PXb con-
nected to the switching element Q, and an auxiliary capacitor
Cas formed between the switching element Q and the second
liquid crystal capacitor Clcb.

[0148] The switching element Q, which is a three-terminal
element of the thin film transistor or the like provided in the
lower display panel 100, has a control terminal connected to
the gate line GL, an input terminal connected to the data line
DL, and an output terminal connected to the first liquid crystal
capacitor Clca, the first sustain capacitor Csta, and the auxil-
iary capacitor Cas.

[0149] One side terminal of the auxiliary capacitor Cas is
connected to the output terminal of the switching element Q
and the other side terminal thereof'is connected to the second

liquid crystal capacitor Clcb and the second sustain capacitor
Cstb.

[0150] A charged voltage of the second liquid crystal
capacitor Clcb is decreased to be lower than a charged voltage
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of the first liquid crystal capacitor Clca by the auxiliary
capacitor Cas, such that side visibility of the liquid crystal
display may be improved.

[0151] Hereinafter, an exemplary embodiment of FIG. 14
will be described.

[0152] The liquid crystal display according to an exem-
plary embodiment of the present inventive concept includes a
signal line including a plurality of gate lines GLn and GLn+1,
aplurality of data lines DL, and a plurality of sustain electrode
lines SL, and a plurality of pixels PXs connected to the signal
line. Each pixel PX includes a pair of first and second sub-
pixels PXa and PXb, wherein the first sub-pixel PXa is
formed with the first sub-pixel electrode and the second sub-
pixel PXb is formed with the second sub-pixel electrode.

[0153] The liquid crystal display according to an exem-
plary embodiment of the present inventive concept further
includes a first switching element Qa and a second switching
element Qb which are connected to the gate line GLn and the
data line DL, a first liquid crystal capacitor Clca and a first
sustain capacitor Csta connected to the first switching ele-
ment Qaand formed in the first sub-pixel PXa, asecond liquid
crystal capacitor Clcb and a second sustain capacitor Cstb
connected to the second switching element Qb and formed in
the second sub-pixel PXb, a third switching element Qc con-
nected to the second switching element Qb and switched by
the gate line GLn+1 ofa next stage, and an auxiliary capacitor
Cas connected to the third switching element Qc.

[0154] The first switching element Qa and the second
switching element Qb, which are the three-terminal element
of the thin film transistor or the like provided in the lower
display panel 100, has a control terminal connected to the gate
line GLn, an input terminal connected to the data line DL, and
an output terminal connected to the first liquid crystal capaci-
tor Clca and the first sustain capacitor Csta, respectively, and
the second liquid crystal capacitor Clcb and the second sus-
tain capacitor Cstb.

[0155] The third switching element Qc, which is also the
three-terminal element of the thin film transistor or the like
provided in the lower display panel 100, has a control termi-
nal connected to the gate line GLn+1 of the next stage, an
input terminal connected to the second liquid crystal capaci-
tor Clcb, and an output terminal connected to the auxiliary
capacitor Cas.

[0156] One side terminal of the auxiliary capacitor Cas is
connected to the output terminal of the third switching ele-
ment Qc and the other side terminal thereof is connected to
the sustain electrode line SL.

[0157] An operation of the liquid crystal display according
to an exemplary embodiment of the present inventive concept
will be described. When a gate ON voltage is applied to the
gate line GLn, the first switching element and the second
switching element Qa and Qb connected to the gate line GLn
are turned on, and the data voltage of the data line 171 is
applied to the first and second sub-pixel electrodes.

[0158] Next, when a gate OFF voltage is applied to the gate
line GLn and the gate ON voltage is applied to the gate line
GLn+1 of the next stage, the first and second switching ele-
ments Qa and Qb are turned off and the third switching
element Qc is turned on. Therefore, charges in the second
sub-pixel electrode connected to the output terminal of the
second switching element Qb flow into the auxiliary capacitor
Cas, such that a voltage of the second liquid crystal capacitor
Clcb drops.
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[0159] As such, the charged voltages of the first and second
liquid crystal capacitors Clca and Clcb are formed to be
different from each other, such that side visibility of the liquid
crystal display may be improved.

[0160] Hereinafter, an exemplary embodiment of FIG. 15
will be described.

[0161] The liquid crystal display according to an exem-
plary embodiment of the present inventive concept includes a
signal line including a plurality of gate lines GL, a plurality of
data lines DL1 and DL2, and a plurality of sustain electrode
lines SL, and a plurality of pixels PXs connected to the signal
line. Each pixel PX includes a pair of first and second liquid
crystal capacitors Clca and Clcb and first and second sustain
capacitors Csta and Cstb.

[0162] Each sub-pixel includes one liquid crystal capacitor
and one sustain capacitor, and additionally includes one thin
film transistor Q. The thin film transistor Q of two sub-pixels
that belong to one pixel is connected to the same gate line GL,
but is connected to different data lines DL1 and DL2. The
different data lines DL1 and DL2 simultaneously apply dif-
ferent levels of data voltages to the first and second liquid
crystal capacitors Clea and Cleb of the two sub-pixels so as to
have the charged voltages different from each other. As a
result, side visibility of the liquid crystal display may be
improved.

[0163] Hereinafter, an exemplary embodiment of FIG. 16
will be described.

[0164] The liquid crystal display according to an exem-
plary embodiment of the present inventive concept includes a
gate line GL, a data line DL, a first power line SL1, a second
power line SL.2, and a first switching element Qa and a second
switching element Qb which are connected to the gate line GL
and the data line DL, as shown in FIG. 16.

[0165] The liquid crystal display according to an exem-
plary embodiment of the present inventive concept further
includes an auxiliary step-up capacitor Csa and a first liquid
crystal capacitor Clca which are connected to the first switch-
ing element Qa, and an auxiliary step-down capacitor Csb and
a second liquid crystal capacitor Cleb which are connected to
the second switching element Qb.

[0166] The first switching element Qa and the second
switching element Qb are configured by the three-terminal
element of the thin film transistor, or the like. The first switch-
ing element Qa and the second switching element Qb are
connected to the same gate line GL and the same data line DL,
so as to be turned on at the same timing and output the same
data signal.

[0167] The first power line SL.1 and the second power line
SL2 are applied with voltages which are swung at a predeter-
mined period. The first power line SL1 is applied with a first
low voltage during a predetermined period (e.g., 1H) and is
applied with a first high voltage during a next predetermined
period. The second power line SL2 is applied with a second
high voltage during a predetermined period and is applied
with a second low voltage during a next predetermined
period. In this case, the first period and the second period are
repeated multiple times during one frame, such that the first
power line SLL1 and the second power line SL.2 are applied
with the swung voltages. In this case, the first low voltage and
the second low voltage may be the same and the first high
voltage and the second high voltage may also be the same.

[0168] The auxiliary step-up capacitor Csa is connected to
the first switching element Qa and the first power line SL1 and
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the auxiliary step-down capacitor Csb is connected to the
second switching element Qb and the second power line SL.2.
[0169] A voltage Va ofa terminal (hereinafter, referred to as
“first terminal’) of a portion that the auxiliary step-up capaci-
tor Csa is connected to the first switching element Qa is
decreased when the first low voltage is applied to the first
power line SL1 and is increased when the first high voltage is
applied to the first power line SL1. Then, as the voltage of the
first power line SL1 is swung, the voltage Va of the first
terminal is also swung.
[0170] In addition, a voltage Vb of a terminal (hereinafter,
referred to as ‘second terminal”) of'a portion that the auxiliary
step-down capacitor Csb is connected to the second switching
element Qb is increased when the second high voltage is
applied to the second power line SL2 and is decreased when
the second low voltage is applied to the second power line
SL2. Then, as the voltage of the second power line SL2 is
swung, the voltage Vb of the second terminal is also swung.
[0171] As such, since the voltages Va and Vb of the pixel
electrodes of the two sub-pixels are changed depending on
magnitude of the swung voltage in the first and second power
lines SL.1 and SL.2 even in the case in which the same data
voltage is applied to the two sub-pixels, transmittance of the
two sub-pixels may be different and side visibility may be
improved, accordingly.
[0172] Although the reference voltageline is notused inthe
exemplary embodiments of FIGS. 13 to 16, display quality is
improved by forming the reference voltage line so as to ver-
tically traverse the center of a display area of the pixel using
any line which is parallel to the data line.
[0173] Itwill be obvious to those skilled in the art to which
the present inventive concept pertains that the present inven-
tive concept described above is not limited to the above-
mentioned exemplary embodiments and the accompanying
drawings, but may be variously substituted, modified, and
altered without departing from the scope and spirit of the
present inventive concept.
What is claimed is:
1. A thin film transistor display panel, comprising:
a first substrate; and
a first pixel electrode and a second pixel electrode formed
on the first substrate and disposed to be adjacent to each
other in a column direction,
wherein the first pixel electrode includes a first sub-pixel
electrode and a second sub-pixel electrode that include a
vertical stem part, a horizontal stem part, and a plurality
of minute branches,
the second pixel electrode includes a third sub-pixel elec-
trode and a fourth sub-pixel electrode that include a
vertical stem part, a horizontal stem part, and a plurality
of minute branches, and
the plurality of minute branches of the second sub-pixel
electrode and the plurality of minute branches of the
third sub-pixel electrode that are adjacent to each other
in the column direction form an angle greater than or
equal to 45° and less than or equal to 135°.
2. The thin film transistor display panel of claim 1, further
comprising:
a gate line formed on the first substrate;
a gate insulating layer formed on a gate line;
a semiconductor layer formed on the gate insulating layer;
a data line and a drain electrode formed on the semicon-
ductor layer; and
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a passivation layer covering the data line and the drain
electrode and having a contact hole exposing a portion of
the drain electrode,

wherein the first pixel electrode has the first sub-pixel
electrode disposed above the gate line and the second
sub-pixel electrode disposed below the gate line, and

the second pixel electrode has the third sub-pixel electrode
disposed above the gate line and the fourth sub-pixel
electrode disposed below the gate line.

3. The thin film transistor display panel of claim 1,

wherein:

the first sub-pixel electrode, the second sub-pixel elec-
trode, the third sub-pixel electrode, and the fourth sub-
pixel electrode each include a first horizontal stem part
and a second horizontal stem part that extend in a hori-
zontal direction, and a plurality of minute branches that
extend in a diagonal direction from both sides of each
horizontal stem part.

4. The thin film transistor display panel of claim 3,

wherein:

a first vertical stem part which is perpendicular to the first
horizontal stem part is formed at one end of the first
horizontal stem part of each of the first sub-pixel elec-
trode, the second sub-pixel electrode, the third sub-pixel
electrode, and the fourth sub-pixel electrode,

a second vertical stem part which is perpendicular to the
second horizontal stem part is formed at one end of the
second horizontal stem part, and

the first vertical stem part and the second vertical stem part
are formed at opposite sides of the horizontal stem part,
respectively.

5. The thin film transistor display panel of claim 4,

wherein:

the second vertical stem part of the second sub-pixel elec-
trode and the first vertical stem part of the third sub-pixel
electrode are disposed in the same direction.

6. The thin film transistor display panel of claim 5,

wherein:

the second vertical stem part of the third sub-pixel elec-
trode and the first vertical stem part of the fourth sub-
pixel electrode are disposed in the same direction.

7. The thin film transistor display panel of claim 5,

wherein:

the second vertical stem part of the third sub-pixel elec-
trode and the first vertical stem part of the fourth sub-
pixel electrode are disposed in directions which are
opposite to each other.

8. The thin film transistor display panel of claim 3,

wherein:

a portion of the plurality of minute branches extending
from the first horizontal stem part and a portion of the
plurality of minute branches extending from the second
horizontal stem part are connected to each other.

9. The thin film transistor display panel of claim 3,

wherein:

the plurality of minute branches extend in a direction away
from the first vertical stem part and the second vertical
stem part.

10. The thin film transistor display panel of claim 3,

wherein:

ends of the plurality of minute branches are connected to
each other.

11. The thin film transistor display panel of claim 10,

wherein:
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all of the ends of the plurality of plurality of minute
branches are connected to each other.

12. The thin film transistor display panel of claim 1,

wherein:

the first pixel electrode and the second pixel electrode have
an interval greater than or equal to 2 and less than or
equal to 10 nm.

13. The thin film transistor display panel of claim 1,

wherein:

the plurality of minute branches of the second sub-pixel
electrode and the plurality of minute branches of the
third sub-pixel electrode are formed in a misaligned
shape.

14. A liquid crystal display, comprising;

a first substrate;

a first pixel electrode and a second pixel electrode formed
on the first substrate and disposed to be adjacent to each
other in a column direction;

a second substrate corresponding to the first substrate;

a common electrode on the second substrate; and

aliquid crystal layer formed between the first substrate and
the second substrate,

wherein the first pixel electrode includes a first sub-pixel
electrode and a second sub-pixel electrode that include a
vertical stem part, a horizontal stem part, and a plurality
of minute branches,

the second pixel electrode includes a third sub-pixel elec-
trode and a fourth sub-pixel electrode that include a
vertical stem part, a horizontal stem part, and a plurality
of minute branches, and

the plurality of minute branches of the second sub-pixel
electrode and the plurality of minute branches of the
third sub-pixel electrode that are adjacent to each other
in the column direction form an angle greater than or
equal to 45° and less than or equal to 135°.

15. The liquid crystal display of claim 14, wherein:

the first sub-pixel electrode, the second sub-pixel elec-
trode, the third sub-pixel electrode, and the fourth sub-
pixel electrode each include a first horizontal stem part
and a second horizontal stem part that extend in a hori-
zontal direction, and a plurality of minute branches that
extend in a diagonal direction from both sides of each
horizontal stem part.

16. The liquid crystal display of claim 15, wherein:

a first vertical stem part which is perpendicular to the first
horizontal stem part is formed at one end of the first
horizontal stem part of each of the first sub-pixel elec-
trode, the second sub-pixel electrode, the third sub-pixel
electrode, and the fourth sub-pixel electrode,

a second vertical stem part which is perpendicular to the
second horizontal stem part is formed at one end of the
second horizontal stem part, and

the first vertical stem part and the second vertical stem part
are formed at opposite sides of the horizontal stem part,
respectively.

17. The liquid crystal display of claim 16, wherein:

the second vertical stem part of the second sub-pixel elec-
trode and the first vertical stem part of the third sub-pixel
electrode are disposed in the same direction.

18. The liquid crystal display of claim 17, wherein:

the second vertical stem part of the third sub-pixel elec-
trode and the first vertical stem part of the fourth sub-
pixel electrode are disposed in the same direction.
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19. The liquid crystal display of claim 17, wherein:

the second vertical stem part of the third sub-pixel elec-
trode and the first vertical stem part of the fourth sub-
pixel electrode are disposed in directions which are
opposite to each other.

20. The liquid crystal display of claim 15, wherein:

the plurality of plurality of minute branches extend in a
direction which grows away from the first vertical stem
part and the second vertical stem part.

® 0% % % %
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