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(57) ABSTRACT

A liquid crystal display includes: a first substrate, a second
substrate facing the first substrate, a liquid crystal layer inter-
posed between the first substrate and the second substrate and
including liquid crystal molecules, a gate line positioned on
the first substrate, a data line positioned on the first substrate
and crossing the gate line, a first thin film transistor and a
second thin film transistor connected to the gate line and the
data line, a third thin film transistor connected to the gate line
and the second thin film transistor, a reference voltage line
connected to the third thin film transistor, and a pixel elec-
trode including a first subpixel electrode connected to the first
thin film transistor and a second subpixel electrode connected
to the second thin film transistor.
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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
U.S. patent application Ser. No. 13/029,968 filed on Feb. 17,
2011, which claims priority to Korean Patent Application No.
10-2010-0106852 filed on Oct. 29, 2010 in the Korean Intel-
lectual Property Office (KIPO), and all the benefits accruing
therefrom under 35 U.S.C. §119, the contents of the prior
applications being herein incorporated by reference.

BACKGROUND
[0002] 1. (a) Field of Disclosure
[0003] The present disclosure of invention relates to a lig-

uid crystal display. The present disclosure relates more spe-
cifically to structures, layouts and operations of repeated
pixel units that have plural subpixel electrodes.

[0004] 2. (b) Description of Related Technology

[0005] A liquid crystal display (LCD) device typically
includes two spaced apart display panels, where a plurality of
first field generating electrodes such as pixel electrodes are
formed on a first of the panels, where a second field generat-
ing electrode such as a common electrode is formed on a
second of the panels, and where aliquid crystal material layer
is interposed between the first and second panels.

[0006] When actuated by appropriate drive electronics, the
liquid crystal display device generates an electric field
through the liquid crystal material layer due to application of
a voltage across the first and second field generating elec-
trodes. The generated electric field operates to determine
orientations of liquid crystal molecules of the liquid crystal
material layer and to thus control polarizations of incident
light rays, thereby causing display of an image to a viewer
who views the LCD affected light rays from a head on facing
position relative to the display screen, or optionally from a
side viewing position.

[0007] Further, the liquid crystal display also includes at
least one switching element connected to each respective
pixel electrode and a plurality of signal lines such as gate lines
and data lines for applying the voltage to the pixel electrode
by controlling the switching element.

[0008] Among various liquid crystal display devices, there
are those that operate in a vertically aligned mode wherein the
longer axes of the liquid crystal molecules are automatically
arranged vertically with respect to a display panel while the
electric field is not applied. Such has arelatively high contrast
ratio and a wide reference viewing angle, and thus it is widely
used.

[0009] However, the vertically aligned mode liquid crystal
display device generally has low side visibility as compared
with frontal viewing visibility. Therefore, there is sometimes
provided a method that uses differing transmittances of light
rays by dividing one pixel into two subpixels and controlling
the voltages of two subpixels to be different from each other.
Controlling the specific relationship between the different
subpixel voltages can be a problem.

[0010] It is to be understood that this background of the
technology section is intended to provide useful background
for understanding the here disclosed technology and as such,
the technology background section may include ideas, con-
cepts or recognitions that were not part of what was known or
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appreciated by those skilled in the pertinent art prior to cor-
responding invention dates of subject matter disclosed herein.

SUMMARY

[0011] Thepresent disclosure of invention provides a liquid
crystal display device having advantages of increased side
transmittance and improved side visibility as compared to
earlier LCD devices.

[0012] An exemplary embodiment in accordance with the
present disclosure of invention provides a liquid crystal dis-
play including: a first substrate, a second substrate facing the
first substrate, a liquid crystal layer interposed between the
first substrate and the second substrate and including liquid
crystal molecules, a gate line disposed on the first substrate, a
data line disposed on the first substrate and crossing the gate
line, a first thin film transistor and a second thin film transistor
connected to the gate line and the data line, a third thin film
transistor connected to the gate line and the second thin film
transistor, a reference voltage line connected to the third thin
film transistor, and a pixel electrode including a first subpixel
electrode connected to the first thin film transistor and a
second subpixel electrode connected to the second thin film
transistor.

[0013] An output terminal of the second thin film transistor
may be connected to the second subpixel electrode and an
input terminal of the third thin film transistor.

[0014] a voltage applied to the second subpixel electrode
may be lower than a voltage applied to the first subpixel
electrode.

[0015] an area of the second subpixel electrode may be
equal to or larger than an area of the first subpixel electrode.
[0016] A ratio of the area of the first subpixel electrode and
the area of the second subpixel electrode may be in the range
of about 1:1 to about 1:2.

[0017] Whenaratio of a channel width and a channel length
of the second thin film transistor is called a first channel ratio
and a ratio of a channel width and a channel length ofthe third
thin film transistor is called a second channel ratio, a percent-
age of the first channel ratio with respect to the sum of the first
channel ratio and the second channel ratio may be in the range
of about 70% to 80% in one embodiment.

[0018] The liquid crystal display may further include a
common electrode positioned on the second substrate,
wherein the magnitude of a reference voltage applied through
the reference voltage line may have a level higher than that of
a common voltage applied to the common electrode.

[0019] The reference voltage may be in the range of about
8V to 11V and the common voltage is about 7V.

[0020] The reference voltage may include a swing signal.
[0021] Thereference voltage may include a signal having a
duty ratio which is swung in the range of about 50% to 80%.
[0022] The pixel electrode may include a first side parallel
to the gate line and a second side parallel to the data line,
wherein a length of the first side may be longer than that of the
second side.

[0023] The first subpixel electrode and the second subpixel
electrode may include a cross-shaped stem having a horizon-
tal stem and a vertical stem crossing the horizontal stem and
a plurality of minute branches extending from the cross-
shaped stem.

[0024] The first subpixel electrode and the second subpixel
electrode may include a plurality of subregions having the
plurality of minute branches extended toward different direc-
tions from the cross-shaped stem.
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[0025] The reference voltage line may include two vertical
portions parallel to the data line and a horizontal portion
connecting the vertical portions with each other.

[0026] The vertical portion of the reference voltage line
may be disposed between the pixel electrode and the data line
and the horizontal portion of the reference voltage line may be
disposed between the pixel electrode and the gate line.
[0027] Theliquid crystal display may further include a light
blocking unit disposed below the vertical portion of the ref-
erence voltage line and disposed on the same layer as the gate
line.

[0028] The liquid crystal display may further include a
shielding electrode disposed on the same layer as the pixel
electrode and overlapping the gate line.

[0029] The reference voltage line may extend along an
extending direction of the vertical stem and overlaps the
vertical stem.

[0030] The reference voltage line may comprise an output
terminal of the third thin film transistor.

[0031] The reference voltage line may be disposed at a
same layer as the data line.

[0032] The liquid crystal display may further include a
common electrode disposed on the second substrate, wherein
each of the first subpixel electrode and the second subpixel
electrode may include a first cutout, the common electrode
may include a second cutout, and the first cutout and the
second cutout may arrange alternately.

[0033] The pixel electrode may include a first side parallel
to the gate line and a second side parallel to the data line,
wherein a length of the second side may be longer than that of
the first side.

[0034] The gate line may transfer a gate signal and gate
signals applied to control terminals of the first thin film tran-
sistor, the second thin film transistor, and the third thin film
transistor may be simultaneously transferred.

[0035] The liquid crystal molecules may be vertically
aligned while an electric field is not applied.

[0036] The liquid crystal display may further include a
shielding electrode line disposed along a direction in which
the data line is extended, wherein the shielding electrode line
may include a shielding electrode protruded to overlap the
gate line.

[0037] The shielding electrode may be separated from the
second subpixel electrode.

[0038] Therefore, according to exemplary embodiments of
the present invention, it is possible to increase transmittance
and improve visibility of the liquid crystal display by control-
ling areas of a high subpixel and a low subpixel and sizes of a
divided voltage switching element and a divided reference
voltage.

[0039] Other aspects of the present teachings will become
apparent from the below detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG.1 is an equivalent circuit diagram for one pixel
of a liquid crystal display according to a first exemplary
embodiment.

[0041] FIG. 2 is a waveform diagram of a signal applied to
a pixel of a liquid crystal display according to the first exem-
plary embodiment.

[0042] FIG. 3 is a layout view for one pixel of the liquid
crystal display schematically represented in FIG. 1.

[0043] FIG. 4 is a cross-sectional view taken along line
IV-IV' of FIG. 3.
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[0044] FIGS. 5 and 6 are graphs showing results of trans-
mittance and side visibility of a liquid crystal display accord-
ing to an experimental example of the embodiment of FIG. 3.
[0045] FIG. 6 is a cross-sectional view taken along line
VI-VT of FIG. 5.

[0046] FIG. 7is a graph showing variation in transmittance
versus gray scale level for each of different sizes of divided
voltage switching elements in the liquid crystal display
according to exemplary embodiments.

[0047] FIG. 8 is a graph showing the variation in transmit-
tance versus gray level for each of different area ratios of high
subpixels and low subpixels in the liquid crystal display
according to exemplary embodiments.

[0048] FIG. 9 is a graph showing the variation in transmit-
tance versus gray level for each of different area ratios of the
high subpixels and the low subpixels in the liquid crystal
display according to exemplary embodiments.

[0049] FIG. 10 is a graph showing a visibility index and
transmittance according to different area ratios of the high
subpixel and the low subpixel in the liquid crystal display
according to exemplary embodiments.

[0050] FIG. 11 is a graph showing variation in transmit-
tance versus reference voltage in the liquid crystal display
according to exemplary embodiment.

[0051] FIG. 12 is a graph showing variation in visibility
index versus reference voltage in the liquid crystal display
according to exemplary embodiments.

[0052] FIG. 13 is a graph showing distortion of a common
voltage generated between the high subpixel and the low
subpixel in the liquid crystal display according to exemplary
embodiments.

[0053] FIG. 14 is a layout view for one pixel of a liquid
crystal display according to another exemplary embodiment.
[0054] FIG. 15 is a cross-sectional view taken along line
XV-XV' of FIG. 14.

[0055] FIG. 16 is a layout view for one pixel of a liquid
crystal display according to yet another exemplary embodi-
ment.

[0056] FIG. 17 is a cross-sectional view taken along line
XVII-XVIT of FIG. 16.

[0057] FIG. 18 is a layout view for one pixel of a liquid
crystal display according to yet another exemplary embodi-
ment.

[0058] FIG. 19 is a layout view for one pixel of a liquid
crystal display according to yet another exemplary embodi-
ment.

[0059] FIG. 20 is a layout view for one pixel of a liquid
crystal display according to yet another exemplary embodi-
ment.

[0060] FIG. 21 is a layout view for one pixel of a liquid
crystal display according to yet another exemplary embodi-
ment.

DETAILED DESCRIPTION

[0061] The present disclosure of invention will be
described more fully hereinafter with reference to the accom-
panying drawings, in which exemplary embodiments in
accordance with the present disclosure are shown.

[0062] As those skilled in the art should realize in light of
the present disclosure, the described embodiments may be
modified in various different ways, all without departing from
the spirit or scope of the present teachings.

[0063] Inthe drawings, the thickness of layers, films, pan-
els, regions, etc., are generally exaggerated for clarity.
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[0064] In addition, in the case of when the layer is men-
tionedto be present “on” the other layer or substrate, it may be
directly formed on the other layer or substrate or a third layer
may be interposed between them.

[0065] Throughout the specification, like reference numer-
als refer to like elements.

[0066] Hereinafter, in a liquid crystal display according to
a first exemplary embodiment, a corresponding layout (sub-
stantially to scale) and a driving method of a signal line and of
a pixel will be described with reference to FIGS. 1 and 2.
[0067] FIG.1 is an equivalent circuit diagram for one pixel
of aliquid crystal display according to the first embodiment.
[0068] FIG. 2 is a waveform diagram of a signal applied to
a pixel of a liquid crystal display according to an exemplary
embodiment of the present disclosure.

[0069] Referring to FIG. 1, in a first liquid crystal display
device according to a first exemplary embodiment, a given
one pixel PX that is representative of repeated such pixels,
includes a plurality of signal lines passing therethrough or
alongside thereof, including a gate line GL provided for con-
veying a gate signal to gates of plural transistors within the
pixel PX, adataline DL provided for transferring a data signal
to plural ones of transistors within the pixel PX, and a refer-
ence voltage line RL provided for transferring a voltage-
dividing reference voltage, where the plural transistors within
the pixel PX include a first switching element Qa, a second
switching element Qb, and a third switching element Qc. The
first through third switching elements are connected as shown
to the plurality of signal lines, and further to a first liquid
crystal capacitor ClcH defined by a first subpixel PEa and to
a second liquid crystal capacitor ClcL defined by a first sub-
pixel PEb of the pixel unit PX.

[0070] More specifically, the first through third switching
elements, Qa-Qc each have their respective gates connected
to the passing through gate line GL, the first and second
switching elements, Qa and Qb are further connected to the
corresponding data line DL of the pixel PX while the third
switching element Qc is connected to an output (drain) ter-
minal of the second switching element Qb and also to the
reference voltage line RL.

[0071] The first switching element Qa and the second
switching element Qb are three-terminal field effect elements
such as thin film MOSFET transistors and the insulated con-
trol terminals (gates) thereof are connected to the gate line
GL. The source or input terminals of Qa and Qb are connected
to the data line DL. The output terminal (drain) of the first
switching element Qa is connected the first liquid crystal
capacitor ClcH (also referenced as Clca occasionally herein).
The output terminal (drain) of the second switching element
Qb is connected to the second liquid crystal capacitor ClcL
(also referenced as Clcb occasionally herein) and also to an
input terminal (source) of the third switching element Qc.

[0072] The third switching element Qc is also the three-
terminal element such as the thin film transistor and a control
terminal thereof is connected to the gate line GL, the input
terminal is connected to the second liquid crystal capacitor
Clcb, and an output terminal thereof is connected to the
reference voltage line RL. In one embodiment, each of Qa, Qb
and Qc is an NMOS device.

[0073] Referring to FIG. 2, when a gate turning on signal
level, Von is applied to the gate line GL, each of the first
switching element Qa, the second switching element Qb, and
the third switching element Qc connected thereto is turned on
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(a channel region, not shown, within the corresponding tran-
sistor is switched into a conductive state).

[0074] Accordingly, a data voltage that is then applied to
the data line DL is applied through the turned first and second
transistors (Qa and Qb) for application to the first subpixel
electrode PEa and to the second subpixel electrode PEb
respective through the first and second switching elements,
Qa and Qb.

[0075] If, in a first instance, the reference voltage Vr pro-
vided by the reference line RL were equal to the data voltage
Vdapplied at this time, then the data voltages developed at the
first subpixel electrode PEa and the second subpixel electrode
PEb may be charged to a same value.

[0076] However, according the exemplary embodiment of
the present disclosure, the reference voltage Vr may be dif-
ferent than the supplied data voltage Vd and in such a case, the
voltage developed on the second subpixel electrode PEb is a
function of Vd as divided by a voltage divider formed by the
series combination of the third switching element Qc as con-
nected to the second switching element Qb in series.

[0077] Therefore, if the reference voltage Vr is less than the
data line voltage Vd, then the divider produced voltage, Vb
which develops on the second subpixel electrode PEb will be
smaller than the voltage Va which develops on the first sub-
pixel electrode PEa in response to the supplied data line
voltage Vd.

[0078] By adjusting the reference voltage Vr as appropri-
ate, the reduced voltage that is charged into the second liquid
crystal capacitor Clcb can be made to be approximately equal
to and offset plus a divided version (Rc/(Rb+Rc)) of the
voltage Va which develops on the first liquid crystal capacitor
Clca.

[0079] Since the voltage charged in the first liquid crystal
capacitor Clca and the voltage charged in the second liquid
crystal capacitor Clcb are thereby made different from each
other, tilt angles of liquid crystal molecules influenced by the
first subpixel can be made to be different from tilt angles of
liquid crystal molecules influenced by the second subpixel,
and as a result, front versus side visibilities and/or luminances
of the respective subpixels can be made different from each
other.

[0080] Therefore, when the voltage charged in the first
liquid crystal capacitor Clca and the voltage charged in the
second liquid crystal capacitor Clcb are appropriately
adjusted, an image viewed from the lateral side can be
adjusted to be relatively close to an image viewed from the
front, thereby improving side visibility to correspond closely
with front visibility. More specifically, assuming the drain-
to-source resistance of transistor Qc is Rc when the transistor
is turned on and assuming the drain-to-source resistance of
transistor Qb is Rb when the transistor is turned on, the
voltage, Vb which develops on the second subpixel electrode
PEDb can be estimated as: Vb=(R¢/(Rb+Rc¢))*(Vd-Vr), where
Vdis the applied data line voltage. The product term, Vr*(Re/
(Rb+Rc)) arising from the latter equation can be called a
reference constant E, whereby the latter equation simplifies
to:

Vb=(Re/(Rb+Rc))*Vd-E; where E is a function of Vr
[0081] Thus, by properly adjusting the ratio (Re/(Rb+Rc))

and the offset vale, E; the developed value of the secondary
voltage, Vb which develops on the second subpixel electrode



US 2015/0323847 Al

PEb can be controlled as a desired linear function of the
primary voltage Va which develops on the first liquid crystal
capacitor Clca.

[0082] Hereinafter, a structure of the liquid crystal display
according to one exemplary embodiment shown in FIG. 1 will
be described with reference to FIGS. 3 and 4.

[0083] FIG. 3 isa layout view for one exemplary pixel cell
among alike and immediately adjacent and repeated cells of a
liquid crystal display corresponding to FIG. 1. Part of a next
adjacent cell to the right is also shown.

[0084] FIG. 4 is a cross-sectional view taken along line
IV-IV of FIG. 3.

[0085] Referring to FIGS. 3 and 4, the liquid crystal display
according to this exemplary first embodiment includes a
lower display panel 100 and an upper display panel 200 that
are spaced apart in facing relation with each other, where a
liquid crystal material layer 3 is interposed between the two
display panels 100 and 200, and where a pair of polarizer
plates or sheets (not shown) may be attached or otherwise
provided on or adjacent to the outer surfaces of the illustrated
display panels 100 and 200.

[0086] First, a structure of a repeated cell in the lower
display panel 100 will be described in more detail.

[0087] A gate line 121 of the repeated cell is positioned
directly onaninsulation substrate 110 made of alight-passing
insulative material such as transparent glass or plastic.
[0088] The gateline 121 extends laterally through the illus-
trated cell to thereby connect gate electrodes of transistors in
left side-area of the full shown cell to gate electrodes of
transistors in left side-area of the next adjacent cell (only
partly shown). The gate line 121 also extends vertically up
into the left side-areas of the respective cells. The gate line
121 has branches extending contiguously therefrom, includ-
ing a first gate electrode 124q, a second gate electrode 1245,
and a third gate electrode 124¢ which form respective parts of
first through third transistors Qa, Qb and Qc in each left
side-area of each respective cell. At one or both lateral ends of
the gate line 121 there may be provided wide end portions
(not shown) for connecting to other interconnect layers of the
circuit and/or to external driving circuits.

[0089] A gate insulating layer 140 is positioned on the gate
line 121.
[0090] A first semiconductive region 154a, a second semi-

conductive region 1545, and a third semiconductive region
154c are positioned on the gate insulating layer 140.

[0091] A plurality of ohmic contacts 163a, 1654, 1635,
165b,163c¢, and 165¢ are positioned on the first semiconduc-
tiveregion 154a, the second semiconductive region 1545, and
the third semiconductive region 154c.

[0092] A data line 171 extends vertically through the left
side-area of the fully illustrated cell on the left. The first cell’s
data line 171 has a plurality of branches extending contigu-
ously therefrom, including a first source electrode 173a a
second source electrode 1736 and data conductors 173c,
175a, and 175b. A reference voltage line 177 also extends
vertically through the left side-area of the fully illustrated first
cell. The reference voltage line 177 has a branch extending
contiguously therefrom, namely, third drain electrode 175¢.
Corresponding portions of the data line 171 and the reference
voltage line 177 are positioned on the ohmic contacts 163a,
165a,1635,165b,163¢, and 165¢ and over the gate insulating
layer 140.

[0093] The data conductors and the semiconductive
regions and the ohmic contacts positioned below the data
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conductors may be respectively simultaneously formed by
using one mask for etching numerous ones of openings
through them (e.g., down to the gate insulating layer 140).

[0094] The data line 171 may include at one or both of its
terminal ends, respective wide end regions (not shown) for
connecting with another interconnect layer and/or external
driving circuits.

[0095] Inthe illustrated embodiment, the reference voltage
line 177 has a giant H-shape in that it includes two vertical
portions 177a extending parallel to the data line 171 (one
vertical stem of the big H being in the left side-area of the first
cell and the other being in the left side-area of the second, only
partially-shown cell) and a long horizontal portion 177b con-
necting both of the vertical portions 177a of the respective left
and right side-areas to each other.

[0096] A signal flowing into the reference voltage line 177
may be prevented from being delayed by the horizontal con-
necting both of the vertical portions 177a of the reference
voltage line 177 by means of the laterally extending horizon-
tal portion 1775.

[0097] One of the two vertical portions 177a of the refer-
ence voltage line 177 is positioned between the first illus-
trated subpixel electrode 191a and the data line 171 and it
connects with the third drain electrode 175¢ of respective
transistor Qc.

[0098] Thehorizontal portion 1775 of the reference voltage
line 177 is positioned to extend under the first cell’s two
subpixel electrodes, 191a-1915 and above the cells’ gate line
121 so as to connect to the side-area of the next adjacent cell.

[0099] In the case where the reference voltage line 177
carries a steady DC reference voltage and acts as an AC
equivalent ground, its H-structure may serve as an AC parti-
tion wall that reduces signal interference between the charge
stored on the pixel electrode 191 and the data lines 171 that
run nearby but carry AC signals for charging one row of pixels
after the next with different pixel electrode voltages. Also the
AC-wise grounded H-structure of the reference voltage line
177 reduces noise coupling from the adjacent gate line 121 to
the cells subpixel electrodes 191a-1916.

[0100] The first gate electrode 124a, the first source elec-
trode 1734, and the first drain electrode 175a form the first
thin film transistor Qa together with the first semiconductor
1544 and a channel of the thin film transistor is formed on the
semiconductor 154a between the first source electrode 173a
and the first drain electrode 175a4.

[0101] Similarly, the second gate electrode 1245, the sec-
ond source electrode 1735, and the second drain electrode
1756 form the second thin film transistor Qb together with the
second semiconductor 1545, a channel of the thin film tran-
sistor is formed on the semiconductor 1545 between the sec-
ond source electrode 1735 and the second drain electrode
175b, the third gate electrode 124c¢, the third source electrode
173c¢, and the third drain electrode 175¢ form the third thin
film transistor Qc together with the third semiconductor 154¢,
and a channel of the thin film transistor is formed on the
semiconductor 154¢ between the third source electrode 173¢
and the third drain electrode 175¢.

[0102] A passivation layer 180 is formed on the data con-
ductors 171,173¢,175a,1755,175¢, and 177 and the exposed
semiconductors 154a, 1545, and 154c.

[0103] The passivation layer 180 is made of an inorganic
insulator such as silicon nitride and silicon oxide.
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[0104] However, the passivation layer 180 may be made of
an organic insulator and the top surface of the passivation
layer 180 may be planarized.

[0105] Theorganic insulator may have photosensitivity and
a dielectric constant of about 4.0 or less.

[0106] The passivation layer 180 may have a double-layer
structure constituted by a lower inorganic layer and an upper
organic layer so as to have excellent insulating characteristics
and not to damage the exposed semiconductors 154a, 1545,
and 154c.

[0107] A plurality of contact holes 185a and 1855 exposing
the first drain electrode 1754 and the second drain electrode
175b are formed through the passivation layer 180.

[0108] A pixel electrode structure 191 including a first sub-
pixel electrode 191a and a second subpixel electrode 1915 are
formed on the passivation layer 180.

[0109] The pixel electrode structure 191 may be made of a
transparent conductive material such as ITO or IZO and/or
reflective metal such as aluminum, silver, chromium or an
alloy thereof.

[0110] The pixel electrode structure 191 includes a first
side extending parallel to the gate line 121 and a second side
extending parallel to the data line 171.

[0111] Alengthofthe first side which parallels the gate line
121 is longer than that of the second side parallel to the data
line 171, by approximately three times (a 3:1 aspect ratio)
[0112] Accordingly, the number of the pixel electrodes 191
positioned in each row is smaller, but the number of the pixel
electrodes 191 positioned in each column is larger than the
case that a horizontal side of the pixel-electrode structure is
smaller than its vertical side.

[0113] Therefore, since the total number of the data lines
171 is decreased for a same number of subpixels, the number
of IC chips for providing the data driver function may be
decreased, thereby reducing the costs of material and manu-
facture.

[0114] Ofcourse, with this approach the number of the gate
lines 121 is increased, but since a gate-lines driver may be
monolithically integrated on a liquid crystal display panel
assembly together with the gate lines 121, as well as with the
data lines 171, and the thin film transistors, the increase in
number of digitally driven gate lines is not as problematic as
when the analog signal outputting data line drivers are
increased.

[0115] In addition, even if the gate-lines driver is instead
mounted as a discrete IC chip type, the cost of the all-digital,
gate lines driving IC chip is relatively cheap relative to the
mixed mode, digital/analog data line driving IC’s, such that it
is advantageous to reduce the number of IC chips for the
data-lines driver as compared to increasing the number of
gate lines and their respective drivers.

[0116] The first subpixel electrode 191a and the second
subpixel electrode 1915 are adjacent to each other in a row
direction of the cell, and in the illustrated embodiment they
each in outline have a substantially quadrangular shape, and
in their respective interiors they include counter-crossing
stem regions or branches branching off from a main horizon-
tal stem 192 and a main vertical stem 193 crossing therewith.
[0117] More specifically, the first subpixel electrode 191a
and the second subpixel electrode 1915 are divided into four
subregions by the horizontal stem 192 and the vertical stem
193 and each subregion includes a plurality of inclined
minute branches 194.
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[0118] The second subpixel electrode 1915 includes a por-
tion that extends alongside of at least one side of the first
subpixel electrode 191a.

[0119] One of the minute branches 194 of the first subpixel
electrode 191a¢ and the second subpixel electrode 1915
obliquely extends toward the upper left side from the hori-
zontal stem 192 or the vertical stem 193, and the other of the
minute branches 194 obliquely extends toward the upper right
side from the horizontal stem 192 or the vertical stem 193.
[0120] In addition, another minute branche 194 extends
toward the lower left side from the horizontal stem 192 or the
vertical stem 193, and the rest one of the minute branches 194
obliquely extends toward the lower right side from the hori-
zontal stem 192 or the vertical stem 193.

[0121] Each of the minute branches 194 forms an angle of
approximately 40 to 45 degrees with the gate line 121 or the
horizontal stem 192.

[0122] Particularly, in the illustrated embodiment the
minute branch 194 included in the first subpixel electrode
191a forms an angle of approximately 40 degrees with the
horizontal stem 192 and the minute branch 194 included in
the second subpixel electrode 1916 forms an angle of
approximately 45 degrees with the horizontal stem 192.
[0123] Inaddition, the minute branches 194 of adjacent two
subregions may be perpendicular to each other.

[0124] Although not shown, the width of the minute
branches 194 may be gradually widened as a function of
distance so as to create varying domains for orienting the
molecules of the local liquid crystal material.

[0125] The first subpixel electrode 191a and the second
subpixel electrode 1915 are physically and electrically con-
nected with the first drain electrode 175a and the second drain
electrode 1756 through the contact holes 185a and 1852,
respectively, and couple to the applied data line voltage Vd by
way of the first drain electrode 175¢ and the second drain
electrode 175b respectively.

[0126] Since the data line voltage Vd which applied sub-
stantially in full to the first subpixel electrode 191« is divided
by the voltage divider formed by Qb and Qc, when the refer-
ence voltage Vr is less than the data line voltage Vd, the
magnitude of the voltage Vb developed on the second sub-
pixel electrode 1915 is smaller than that of the voltage Va
developed on the first subpixel electrode 191a. The direction
that currents flow may be decided by a relation between
magnitudes of the reference voltage Vr and the data line
voltage Vd.

[0127] Inoneembodiment, the area of the second subpixel
electrode 1915 is larger than that of the first subpixel elec-
trode 191a by a ratio in one embodiment that is greater than 1
and less than or equal to about 2.

[0128] Particularly, in the exemplary embodiment, it is
preferable that the area of the second subpixel electrode 1915
is between once to about 1.5 times larger than that of the first
subpixel electrode 1914 and thus the capacitance of the sec-
ondary liquid crystal capacitor ClcL is similarly greater than
that of the first liquid crystal capacitor ClcH.

[0129] In addition, when a ratio of the width versus the
length of a channel of the second switching element Qb is
called a first channel ratio and a ratio of the width versus the
length of a channel of the third switching element Qc is called
a second channel ratio, then in one embodiment a percentage
of the first channel ratio with respect to the sum of the first
channel ratio plus the second channel ratio is approximately
60% to 95%. In other words, the first channel width ratio (of
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Qb) is greater than the second channel width ratio (of Qc).
Stated conversely, the drain-to-source resistance Re (of Qc) is
greater than the drain-to-source resistance Rb (of Qb).
[0130] In the exemplary illustrated embodiment, consider-
ing both transmittance and side view visibility, when the area
of the second subpixel electrode 1915 is once to 1.25 times
larger than that of the first subpixel electrode 191a, it is
preferable that the percentage of the first channel ratio with
respect to the sum of the first channel ratio and the second
channel ratio is in the range of about 70% to 80%. But, the
range of about 70% to 80% may be modified. In other words,
the percentage of the first channel ratio with respect to the
sum of'the first channel ratio and the second channel ratio may
be decreased for higher visibility or increased for higher
transmittance.

[0131] Further, since a level of the voltage applied to the
reference voltage line should be higher than that ofa common
voltage applied to the common electrode, it is preferable that
a difference (Vr-Vcom) between absolute values thereof is
about 1V to about 4V.

[0132] For example, when the common voltage Vcom is
about 7V relative to system ground, it is preferable that the
reference voltage Vr is about 8V to 11V.

[0133] Hereinafter, details of the upper display panel 200
will be described.

[0134] Alight blocking member 220 is formed on the light-
passing upper insulation substrate 210 which may be made of
a transparent glass or plastic.

[0135] Thelight blocking member 220 is also called ablack
matrix and it blocks undesired light leakage from between
areas controlled by pixel-electrodes.

[0136] Further, a plurality of color filters 230 are formed on
the substrate 210 and the light blocking member 220.

[0137] The color filters 230 are mostly provided in respec-
tive opening regions surrounded by the light blocking mem-
ber 220 and may be elongated along a column of pixel elec-
trodes 191 so as to provide vertically striped RGB color
filtering of the like.

[0138] Each of the color filters 230 may display one of
primary colors such as three primary colors such as those of a
red, a green and a blue.

[0139] However, each of the color filters 230 may display
not only three primary colors of the red, the green, and the
blue but one of a cyan, a magenta, a yellow, and a white based
color.

[0140] At least one of the light blocking member 220 and
the color filter 230 may be formed on the lower substrate 110.
[0141] A planarizing overcoat 250 may be formed on the
color filter 230 and the light blocking member 220.

[0142] The overcoat 250 may be made of an insulating
material and may prevent the color filters 230 from being
exposed and may provide a planarized flat surface on which
the common electrode 270 may be disposed.

[0143] The overcoat 250 may optionally be omitted.
[0144] The common electrode 270 may be formed on the
overcoat 250,

[0145] Liquid crystal molecule aligning layers (not shown)

are formed on both surfaces of the display panels 100 and 200
and may be vertical alignment layers. Polarizers (not shown)
may be provided on outer surfaces of the display panels 100
and 200, where polarization axes of two polarizers are per-
pendicular to each other and one polarization axis of them is
preferably parallel to the elongation direction of the gate line
121.
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[0146] Inthe reflective-only type liquid crystal display, the
lower of the two polarizers may be omitted.

[0147] The liquid crystal layer 3 is interposed between two
display panels 100 and 200, and the liquid crystal layer 3
includes liquid crystal molecules 31 having negative dielec-
tric anisotropy.

[0148] The liquid crystal molecules 31 of the liquid crystal
layer 3 have a pretilt so that a long axis is substantially in
parallel to a longitudinal direction of the minute branches of
the first and the second subpixel electrodes 191a¢ and 1915
and may be aligned to be perpendicular to the surfaces of two
display panels 100 and 200 while a driving electric field is not
applied.

[0149] Inaddition, the liquid crystal layer 3 further includes
alignment assistants including reactive mesogen and the lig-
uid crystal molecules 31 have a pretilt so that a long axis is
substantially in parallel to a longitudinal direction of the
minute branches of the first and the second subpixel elec-
trodes 191a and 1915 due to the alignment assistants.
[0150] The first subpixel electrode 191a and the second
subpixel electrode 1915, when they receive their correspond-
ing voltages Va and Vb developed from a supplied data line
voltage Vd respective generate electric fields extending to the
common electrode 270 of the common electrode display
panel 200 with the latter receiving the common voltage,
thereby determining an orientation of the liquid crystal mol-
ecules in the liquid crystal layer 3 between the respective
electrodes 191a, 1915, and 270.

[0151] As such, polarization of light passing through the
liquid crystal layer 3 is changed according to the determined
orientation of the liquid crystal molecules.

[0152] The first and second subpixel electrodes 191a and
1915 and the common electrode 270 form liquid crystal
capacitors Clca and Clcb to maintain the applied voltage even
after the respective thin film transistors (Qa, Qb, Qc) are
turned off by a turn-off voltage Voff applied to the corre-
sponding gate line 121.

[0153] At this time, sides of the minute branches 194 gen-
erate a horizontal field component perpendicular to the side of
the minute branches 194 by distorting the electric field and tilt
directions of the liquid crystal molecules 31 are determined as
a direction determined by the horizontal field component.
[0154] Accordingly, the liquid crystal molecules 31 are first
tilted in a direction perpendicular to the sides of the minute
branches 194.

[0155] However, since a direction of the horizontal compo-
nent of the electric field is opposite by the adjacent sides of the
minute branches 194 and a gap between the minute branches
194 is narrow, the liquid crystal molecules 31 to be tilted in a
direction opposite to each other are tilted to be parallel to a
longitudinal direction of the minute branches 194.

[0156] In the exemplary embodiment, since the number of
longitudinal directions in which the minute branches 194
extend is four, the number of tilted directions of the liquid
crystal molecules 31 is at least four.

[0157] As such, when the tilted directions of the liquid
crystal molecules 31 are various, a reference viewing angle of
the liquid crystal display is increased.

[0158] Hereinafter, display transmittance and lateral side
visibility of the liquid crystal display according to an exem-
plary embodiment will be described with reference to experi-
mental results of FIGS. 5 and 6.

[0159] FIGS. 5 and 6 are graphs showing results of trans-
mittance level (gray level) versus frontal and side visibility of
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a liquid crystal display according to an Experimental
Example structured in accordance with the present disclosure
of invention.

[0160] The first subpixel electrode and the second subpixel
electrode described in FIGS. 1 to 4 may correspond to a high
subpixel and a low subpixel to be described below, respec-
tively.

[0161] InFIGS.5 and 6, solid lines indicate transmittance
according to a gray in viewing the liquid crystal display from
the front and dotted lines with sample point triangles indicate
transmittance versus the gray scale when viewing the liquid
crystal display from a lateral side (the right side).

[0162] FIG. 5 shows the case when a same gray scale data
voltage is applied without inducing a voltage difference (Va-
Vb=0) between the high subpixel and the low subpixel in
general. On the otherhand, FIG. 6 shows the case of the liquid
crystal display according to the exemplary embodiment of the
present disclosure where a specific voltage difference
(Va>Vb) is induced between the high subpixel and the low
subpixel.

[0163] Referring to FIGS. 5 and 6, as compared with a
general liquid crystal display that does not have differently
charged subpixels, in the liquid crystal display according to
the exemplary embodiment of FIG. 6, a graph of percent
transmittance versus the gray scale and when viewing the
liquid crystal display from a lateral side is substantially closer
to the graph of transmittance versus the gray scale when
viewing the liquid crystal display from the front, and in par-
ticular, the slope of transmittance versus gray level more
closely mimics the slope of transmittance versus gray level in
the lower portion of the gray scale (extending from 0 to 64 in
the illustrated example).

[0164] In other words, in the liquid crystal display accord-
ing to the exemplary embodiment of FIG. 6, mimicry in the
lateral side view of what is seen in the frontal view is
improved.

[0165] Hereinafter, display characteristics of the liquid
crystal display according to further experimental example
will be described in detail with reference to Table 1 and FIGS.
7 and 8.

[0166] Table 1 shows the display characteristic of the liquid
crystal display according to the described experimental
examples.

[0167] In the experimental examples, variations are made
in an area ratio of the low subpixel to the high subpixel, a
channel width of a first TFT, a channel width of a second TFT,
and measurements are provided for transmittance of the lig-
uid crystal display according to a channel ratio (a ratio of the
channel width of the second TFT with respect with channel
widths of the second TFT and the third TFT), a visibility
index, and a voltage ratio of the high subpixel and the low
subpixel and the measured results are shown the following
Table 1.

[0168] Herein, it was estimated in a state that the channel
lengths of Qa, Qb and Qc are the same.
TABLE 1
Area ratio channel ratio
(high (channel width
subpixel:low of second TFT ~ Transmittance  Visibility Voltage
subpixel) (um)) (%) index ratio
1:13 90 (3) 5.14 0.297 0.82
80 (11} 4.76 — 0.75
70 (19) 4.61 0.24 0.71
60 (29) 4.03 0.216 0.58

Nov. 12,2015

TABLE 1-continued

Area ratio channel ratio
(high (channel width
subpixel:low of second TFT ~ Transmittance  Visibility Voltage
subpixel) (um)) (%) index ratio
1:1.25 70 (17) 4.92 0279 0.72
80 (10) 3.13 031 0.77
70 (17) 4.90 0279 0.72
60 (27) 4.29 — 0.69
1:1.0 90 4) 3.51 0315 0.80
80 (9) 3.12 — 0.75
70 (15) 3.01 0316 0.71
60 (24) 4.28 0.204 0.60
1:0.75 90 (3) 3.43 0.346 0.77
80 (8) 3.03 0279 0.69
70 (13) 4.88 0.347 0.65
60 (21) 4.49 0.258 0.60

[0169] Referringto the Table 1, Inthe case where an area of
the pixel electrode of the low subpixel is equal to or larger
than an area of the pixel electrode of the high subpixel, as
compared with the case where the area of the pixel electrode
of the low subpixel is smaller than the area of the pixel
electrode of the high subpixel, a desired value of the voltage
ratio (Vb/Va) of the high subpixel and the low subpixel may
be in the range of about 0.7 to about 0.8, for example.

[0170] In other words, when the area of the pixel electrode
of the low subpixel is smaller than the area of the pixel
electrode of the high subpixel, transmittance of the liquid
crystal display may be increased, but it is difficult to acquire
avoltage ratio (the voltage of the low subpixel: the voltage of
the high subpixel) for controlling the lateral side visibility.

[0171] Further, when the area of the pixel electrode of the
low subpixel is 1.5 times or more larger than the area of the
pixel electrode of the high subpixel, the transmittance of the
liquid crystal display may be decreased.

[0172] Accordingly, like the liquid crystal display accord-
ing to the exemplary embodiment of the present invention,
when the area of the pixel electrode of the low subpixel is
equal to or 1.5 times or less larger than the area of the pixel
electrode of the high subpixel, both the transmittance and the
lateral side visibility of the liquid crystal display may be
increased.

[0173] Referring back to Table 1, particularly, when the
area ratio is in a range of about 1:1 to 1:1.25 and the channel
ratio (ratio of the channel width of the second TFT with
respect with channel widths of the second TFT and the third
TFT) is in a range of about 70% to about 80%, the transmit-
tance of the liquid crystal display is not decreased and the
visibility index is decreased, thereby to improve the lateral
side visibility.

[0174] Accordingly, like the liquid crystal display accord-
ing to the exemplary embodiment of the present invention,
when the ratio of the channel width of the second switching
element Qb with respect to the sum of the channel widths of
the second switching element Qb and the third switching
element Qc is in a range of about 70% to 80%, the transmit-
tance is not decreased and the lateral side visibility may be
measurably improved.

[0175] FIG. 7is a graph showing variation in transmittance
according to a gray for each of sizes of the divided voltage
switching elements in the liquid crystal display according to
the exemplary embodiment of the present invention.



US 2015/0323847 Al

[0176] In detail, FIG. 7 shows variation in transmittance
according to variation in voltage ratio of the low subpixel to
the high subpixel when the area ratio of the high subpixel and
the low subpixel is 1:1.25.

[0177] The illustrated 2.2 gamma curve shows transmit-
tance according to a gray in viewing the liquid crystal display
from the front side.

[0178] Therestof the curves show transmittance according
to a gray in viewing the liquid crystal display from the lateral
side.

[0179] Referring to FIG. 7, as the voltage ratio of the low
subpixel to the high subpixel is increased, it is far away from
the graph of the transmittance according to a gray in viewing
the liquid crystal display from the front side and when the
visibility index (gamma distortion index; GDI) is increased,
the lateral side visibility is decreased.

[0180] FIG. 8is a graph showing variation in transmittance
according to a gray for each of area ratios of the low subpixel
to the high subpixel in the liquid crystal display according to
the tested exemplary embodiments.

[0181] In detail, FIG. 8 shows variation in transmittance
according to an area ratio of the low subpixel to the high
subpixel when the voltage ratio (Vb/Va) of the low subpixel to
the high subpixel is 70%.

[0182] Referring to FIG. 8, as the area ratio of the low
subpixel to the high subpixel is increased, it is closer to the
graph of the transmittance according to a gray in viewing the
liquid crystal display from the front side and when this is
considered, the lateral side visibility is improved.

[0183] Inparticular, the effect is further increased at the low
gray scale levels.

[0184] Hereinafter, referring to FIGS. 9 and 10, the varia-
tion in transmittance according to a gray will be described by
further embodying different area ratios of the low subpixel to
the high subpixel.

[0185] FIG.9is a graph showing variation in transmittance
according to a gray for each area ratio of the low subpixel to
the high subpixel in the liquid crystal display according to the
tested exemplary embodiments and FIG. 10 is a graph show-
ing a visibility index and transmittance according to area ratio
of the low subpixel to the high subpixel in the liquid crystal
display according to the exemplary embodiments.

[0186] In detail, FIGS. 9 and 10 show the transmittance
according to a gray and the visibility index according to the
area ratio when the area ratio of the low subpixel to the high
subpixelare 1, 1.05, 1.1, 1.15, 1.2, and 1.25 while the channel
ratio is 70% and a data voltage of 14.7V is applied.

[0187] Referring to FIG. 9, when the area ratio is increased
from 1 and becomes 1.25, it is closest to the graph of the
transmittance according to a gray at the front view.

[0188] Referring to FIG. 10, as the area ratio is increased
from 1 to 1.25, the visibility index is decreased and the trans-
mittance is decreased.

[0189] Hereinafter, display characteristics of a liquid crys-
tal display according to another experimental example will be
described with reference to FIGS. 11 and 12.

[0190] FIG. 11 shows variation in transmittance according
to a reference voltage Vref in the liquid crystal display
according to the tested exemplary embodiment and FIG. 12
shows variation in visibility index according to a reference
voltage Vref in the liquid crystal display according to the
exemplary embodiment.
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[0191] Referring to FIGS. 11 and 12, as the reference volt-
age Vref is increased, the transmittance is increased and the
visibility index is decreased.

[0192] This reason is that the voltage ratio (Vb/Va) of the
low subpixel to the high subpixel is increased as the reference
voltage Vref is increased.

[0193] FIG. 13 is a graph showing distortion of a common
voltage generated between the high subpixel and the low
subpixel in the liquid crystal display according to the exem-
plary embodiment.

[0194] In detail, FIG. 13 shows a voltage waveform (high)
developed at the high subpixel and a voltage waveform (low)
developed at the low subpixel.

[0195] In the liquid crystal display according to the exem-
plary embodiment, since the voltage (Vb) applied to the low
subpixel is smaller than the voltage (Va) applied to the high
subpixel, it swings with a small amplitude around the com-
mon voltage.

[0196] Herein, the common voltage is a voltage applied to
the common electrode formed on the upper display panel.
[0197] AsshowninFIG. 13, adifferencehl between a level
of the high subpixel and a level of the low subpixel in a
positive polarity mode is different from a difference h2
between a level of the high subpixel and a level of the low
subpixel in a negative polarity mode.

[0198] The reason is that a kickback voltage of the low
subpixel is larger than that of the high subpixel.

[0199] Indetail, when the kickback voltage is increased, an
amount of the voltage dropped in a positive polarity is differ-
ent from an amount of the kickback voltage which the voltage
is increased in a negative polarity.

[0200] As aresult, since an optimal common voltage High
Vcom of the high subpixel and an optimal common voltage
Low Vcom of the low subpixel are different from each other,
a common voltage distortion ‘AVcom is generated.

[0201] Accordingly, since an afterimage can be generated
from this and a flicker phenomenon is then intensified, vis-
ibility may be deteriorated.

[0202] However, in the liquid crystal display according to
the exemplary embodiment, the reference voltage applied
through the reference voltage line which is connected with the
third thin film transistor may be increased, thereby increasing
a voltage Vb developed at the low subpixel.

[0203] Herein, the reference voltage may be higher than the
common voltage applied to the common electrode and when
the common voltage is 7V, the reference voltage Vr may be in
the range of 8V to 11V.

[0204] Accordingly, the difference with the level of the
common voltage high Vcom corresponding to the high sub-
pixel is reduced by increasing the level of the common volt-
age Low Vcom corresponding to the low subpixel

[0205] Therefore, the afterimage and flicker problems due
to the common voltage distortion of the high subpixel and the
low subpixel may be resolved with adjustment of the refer-
ence voltage Vr.

[0206] In the liquid crystal display according to another
exemplary embodiment a voltage signal Vr applied to the
reference voltage line may be swung.

[0207] When the reference voltage signal is swung, the
level of the voltage applied to the low subpixel in the positive
polarity mode is increased and the level of the voltage applied
to the low subpixel in the negative polarity mode is decreased,
thereby improving the transmittance.



US 2015/0323847 Al

[0208] At this time, when the level of the voltage applied to
the reference voltage is higher than the level of the common
voltage applied to the common electrode, the reference volt-
age signal may be swung.

[0209] At a result, since the kickback voltage of the low
subpixel is decreased, it is possible that the flicker phenom-
enon is improved and the afterimage due to the common
voltage distortion is minimized.

[0210] Thereference voltage may include a signal having a
duty ratio which is swung in the range of 50% to 80%.
[0211] Herein, the duty ratio is called a ratio of an off time
and an on time of the reference voltage while the gate signal
is turned on.

[0212] Hereinafter, a liquid crystal display according to
another exemplary embodiment will be described with refer-
ence to FIGS. 14 and 15.

[0213] FIG. 14 is a layout view (generally to scale) for one
pixel unit or cell of a liquid crystal display according to the
other exemplary embodiment and FIG. 15 is a cross-sectional
view taken along line XV-XV' of FIG. 14.

[0214] Referring to FIGS. 14 and 15, the liquid crystal
display according to the exemplary embodiment has a struc-
ture substantially similar (with some exceptions) to the struc-
ture of the liquid crystal display according to the exemplary
embodiment shown in FIGS. 3 and 4.

[0215] Accordingly, a description of the similar parts will
be omitted.
[0216] The liquid crystal display according to the exem-

plary embodiment further includes a second light blocking
unit 127a disposed in the lower substrate below the vertical
portion 177a of the reference voltage line 177 and formed on
the same layer as the gate line 121, unlike the liquid crystal
display according to the exemplary embodiment shown in
FIGS. 3 and 4.

[0217] The light blocking unit 1274 prevents the semicon-
ductor 157 disposed below the vertical portion 177a of the
reference voltage line 177 from being activated by light for
example passed from the backlighting unit so as to thereby
more stably maintain a voltage value applied to the reference
voltage line 177.

[0218] Many characteristics of the liquid crystal display
according to the exemplary embodiment shown in FIGS. 3
and 4 may be applied to the liquid crystal display according to
the exemplary embodiment shown in FIGS. 14 and 15.
[0219] Hereinafter, a liquid crystal display according to yet
another exemplary embodiment will be described with refer-
ence to FIGS. 16 and 17.

[0220] FIG. 16 is alayout view for one pixel cell of a liquid
crystal display according to yet another exemplary embodi-
ment.

[0221] FIG. 17 is a cross-sectional view taken along line
XVII-XVIT' of FIG. 16.

[0222] Referring to FIGS. 16 and 17, the liquid crystal
display according to the exemplary embodiment has a struc-
ture similar to the structure of the liquid crystal display
according to the exemplary embodiment shown in FIGS. 3
and 4.

[0223] Accordingly, a description of similar parts will be
omitted.
[0224] The liquid crystal display according to the exem-

plary embodiment further includes a shielding electrode line
88 disposed on the lower substrate and over the gate line 121
and formed on the same layer as the pixel electrode 191,
unlike the liquid crystal display according to the exemplary

Nov. 12,2015

embodiment shown in FIGS. 3 and 4. The shielding electrode
line 88 may be made of the same conductive material as that
of the pixel-electrode.

[0225] The shielding electrode line 88 has a width larger
than the gate line 121 to fully cover the gate line 121.
[0226] A voltage almost similar to the voltage applied to the
common electrode 270 may be applied to the shielding elec-
trode line 88 such that irregular movement of the liquid crys-
tal molecules is prevented around the gate line 121 and it is
thereby possible to prevent display quality deterioration such
as from light leakage by the moved liquid crystal molecules.
[0227] As avariation to the embodiment shown in FIGS. 16
and 17, the liquid crystal display may include a shielding
electrode (not shown) extended in a vertical direction by
being protruded from the illustrated shielding electrode line
88 shown extended in a horizontal direction.

[0228] The shielding electrode may overlap a portion of the
gate line connecting the gate electrodes 124a, 1245, and 124¢
in the gate line 121 extended in a horizontal direction.
[0229] Many characteristics of the liquid crystal display
according to the exemplary embodiment shown in FIGS. 3
and 4 and the liquid crystal display according to the exem-
plary embodiment shown in FIGS. 14 and 15 may be applied
to the liquid crystal display according to the exemplary
embodiment shown in FIGS. 16 and 17.

[0230] Hereinafter, a liquid crystal display according to yet
another exemplary embodiment will be described with refer-
ence to FIG. 18.

[0231] FIG. 18 is a layout view for one pixel of a liquid
crystal display according to yet another exemplary embodi-
ment.

[0232] Referring to FIG. 18, the liquid crystal display
according to the exemplary embodiment has a structure simi-
lar to the structure of the liquid crystal display according to
the exemplary embodiment shown in FIGS. 3 and 4.

[0233] Accordingly, a description of similar parts will be
omitted.
[0234] The liquid crystal display according to the exem-

plary embodiment is different from overall shapes of the first
subpixel electrode 191a and the second subpixel electrode
1915 of the liquid crystal display according to the exemplary
embodiment shown in FIGS. 3 and 4.

[0235] In other words, the liquid crystal display according
to the exemplary embodiment of FIG. 18 includes the first
subpixel electrode 191a and the second subpixel electrode
1915 divided into a plurality of regions by a first cutout 91.
[0236] The first subpixel electrode 191a divided by the first
cutout 91 includes a first region 1894 and a second region
1895 extended along a tilted direction with respect to the gate
line 121 and a connection bridge 189¢ connecting the first
region 189a with the second region 1895.

[0237] Similarly, the second subpixel electrode 1915
divided by the first cutout 91 includes a third region 190a and
a fourth region 1905 extended along a tilted direction with
respect to the gate line 121 and a connection bridge 190¢
connecting the third region 1904 with the fourth region 1905.
[0238] Portions of the first subpixel electrode 191a are
surrounded by portions of the second subpixel electrode
1915.

[0239] The common electrode 270 formed on the upper
display panel 200 may include a second cutout 71 corre-
sponding to the first cutout 91.

[0240] The second cutout 71 is alternately arranged in posi-
tion with respect to the first cutout 91.



US 2015/0323847 Al

[0241] The first subpixel electrode 191a and the second
subpixel electrode 1915 are physically and electrically con-
nected with the first drain electrode 175¢ and the second drain
electrode 1755 through the contact holes 185a and 1855,
respectively and receive the data voltage from the first drain
electrode 1754 and the second drain electrode 1755.

[0242] In this case, since a part of the data voltage applied
the second drain electrode 1755 is divided through the third
source electrode 173¢, a voltage applied to the second sub-
pixel electrode 1915 becomes smaller than a voltage applied
to the first subpixel electrode 191a.

[0243] Many characteristics of the liquid crystal display
according to the exemplary embodiment shown in FIGS. 3
and 4 may be adapted to the liquid crystal display according
to the exemplary embodiment shown in FIG. 18.

[0244] Hereinafter, aliquid crystal display according to yet
another exemplary embodiment will be described with refer-
ence to FI1G. 19.

[0245] FIG. 19 is a layout view (generally to scale) for one
pixel cell of a liquid crystal display according to vet another
exemplary embodiment.

[0246] Referring to FIG. 19, the liquid crystal display
according to the exemplary embodiment has a structure simi-
lar to the structure of the liquid crystal display according to
the exemplary embodiment shown in FIGS. 3 and 4.

[0247] However, in the exemplary embodiment of FIG. 19
the three transistors (Qa, Qb, Qc) are disposed in the middle
of the pixel-electrode where the pixel electrode has a verti-
cally long form, unlike the exemplary embodiment shown in
FIGS. 3 and 4 including the pixel electrode having the hori-
zontally long form.

[0248] In other words, the pixel electrode 191 of the exem-
plary embodiment includes the first subpixel electrode 191a
on one side of the three transistors (Qa, Qb, Qc) and the
second subpixel electrode 1915 on the other side and the
outline of the pixel electrode 191 includes a first side parallel
to the gate line 121 and a second side parallel to the data line
171.

[0249] The first side parallel to the gate line 121 is shorter
than the second side parallel to the data line 171.

[0250] As explained, the first thin film transistor Qa, the
second thin film transistor Qb, and the third thin film transis-
tor Qc are positioned between the first subpixel electrode
191¢ and the second subpixel electrode 1915,

[0251] Herein, a connection structure of the first thin film
transistor Qa, the second thin film transistor Qb, and the third
thin film transistor Qc is substantially similar to that of the
exemplary embodiment described in FIGS. 1, 3, and 4.
[0252] However, the reference voltage line 177 is posi-
tioned on the same layer as the gate line 121 and may be
physically and electrically connected through the contact
hole 185c¢ of the gate insulating layer 140 which is interposed
between the reference voltage line 177 and the data conduc-
tors 171, 173¢, 175a, 175b, and 175¢.

[0253] The liquid crystal display according to the exem-
plary embodiment includes a shielding electrode line 88p
extended in parallel along the data line 171.

[0254] The shielding electrode line 88p may be formed on
the same layer as the pixel electrode 191 on the data line 171
and includes a shielding electrode 88 protruded in a direction
which the gate line 121 is extended.

[0255] The shielding electrode 88 may be overlapped with
an edge portion of the gate line 121.
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[0256] Herein, the shielding electrode 88 is separated from
the pixel electrode 191, particularly, the second subpixel elec-
trode 1915.

[0257] Hereinafter, a liquid crystal display according to yet
another exemplary embodiment will be described with refer-
ence to FI1G. 20.

[0258] FIG. 20 is a layout view for one pixel of a liquid
crystal display according to yet another exemplary embodi-
ment of the present invention.

[0259] Referring to FIG. 20, the liquid crystal display
according to the exemplary embodiment is substantially simi-
lar to the structure of the liquid crystal display according to
the exemplary embodiment shown in FIG. 19, but is different
from the overall shapes of the reference voltage line 177.
[0260] In other words, the liquid crystal display according
to the exemplary embodiment includes the reference voltage
line 177 extending along an extending direction of the vertical
stem 193 of the subpixel electrodes 191a,1915. The reference
voltage line 177 overlaps the vertical stem 193. But, the
reference voltage line 177 goes around not to intersect the
second thin film transistor.

[0261] The reference voltage line 177 includes the third
drain electrode 175¢ (an output terminal of the third thin film
transistor) facing a large end portion of the third source elec-
trode 173¢ (an input terminal of the third thin film transistor).
[0262] The reference voltage line 177 is disposed at a same
layer as the dataline 171. Therefore, the liquid crystal display
according to the exemplary embodiment need not form a
contact hole 1855 as in the exemplary embodiment shown in
FIG. 19.

[0263] FIG. 21 is a layout view for one pixel of a liquid
crystal display according to yet another exemplary embodi-
ment of the present invention.

[0264] Referring to FIG. 21, the liquid crystal display
according to the exemplary embodiment is substantially simi-
lar to the structure of the liquid crystal display according to
the exemplary embodiment shown in FIG. 19, but is different
from the overall shapes of the first subpixel electrode 191a
and the second subpixel electrode 1915.

[0265] In other words, the liquid crystal display according
to the exemplary embodiment includes the first subpixel elec-
trode 191¢ and the second subpixel electrode 1915 divided
into a plurality of regions by a first cutout 91.

[0266] The first subpixel electrode 191a divided by the first
cutout 91 includes regions curved in a chevron shape.
[0267] Similarly, the second subpixel electrode 1915
divided by the first cutout 91 includes regions curved in a
chevron shape.

[0268] The shape and layout of the first subpixel electrode
1914 and the second subpixel electrode 1915 are not limited
to the exemplary embodiment and may be modified.

[0269] The common electrode 270 formed on the upper
display panel 200 includes the second cutout 71 and the
second cutout 71 and the first cutout 91 are arranged alter-
nately.

[0270] While the present disclosure of invention has been
described in connection with a variety of what are presently
considered to be practical exemplary embodiments, it is to be
understood that the present teachings are not limited to the
disclosed embodiments, but, on the contrary, is intended for
the teachings to cover various modifications and equivalent
arrangements included within the spirit and scope of the
present disclosure.
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What is claimed is:

1. A liquid crystal display, comprising:

a first substrate;

a second substrate facing the first substrate;

aliquid crystal layer interposed between the first substrate
and the second substrate and including liquid crystal
molecules;

a gate line disposed on the first substrate;

a data line disposed on the first substrate and crossing the
gate line;

a first thin film transistor and a second thin film transistor
connected to the gate line and the data line;

athird thin film transistor connected to the gate line and the
second thin film transistor;

a reference voltage line connected to the third thin film
transistor; and

a pixel electrode including a first subpixel electrode con-
nected to the first thin film transistor and a second sub-
pixel electrode connected to both the second thin film
transistor and the third thin transistor,

wherein a drain electrode of the second thin film transistor
has a single body with a source electrode of the third thin
film transistor,

wherein the reference voltage line comprises an output
terminal of the third thin film transistor.

2. The liquid crystal display of claim 1, wherein:

the second thin film transistor is connected to the second
subpixel electrode and the third thin film transistor.

3. The liquid crystal display of claim 2, wherein:
avoltage applied to the second subpixel electrode is lower
than a voltage applied to the first subpixel electrode.

4. The liquid crystal display of claim 3, wherein:

an area of the second subpixel electrode is equal to or larger
than an area of the first subpixel electrode.

5. The liquid crystal display of claim 4, wherein:

aratio of the area of the first subpixel electrode and the area
of the second subpixel electrode is in the range of about
1:1to 1:2.

6. The liquid crystal display of claim 5, wherein:

when a ratio of a channel width versus a channel length of
the second thin film transistor is called a first channel
ratio and a ratio of a channel width versus a channel
length of the third thin film transistor is called a second
channel ratio,

a percentage of the first channel ratio with respect to the
sum of the first channel ratio and the second channel
ratio is in the range of about 70% to 80%.

7. The liquid crystal display of claim 6, wherein:

a reference voltage applied through the reference voltage
line is in the range of about 8V to 11V and a common
voltage applied to a common electrode disposed on the
second substrate is about 7V.

8. The liquid crystal display of claim 7, wherein:

the reference voltage includes a swing signal.

9. The liquid crystal display of claim 8, wherein:

the reference voltage includes a signal having a duty ratio
which is swung in the range of about 50% to 80%.

10. The liquid crystal display of claim 3, wherein:

the pixel electrode includes a first side parallel to the gate
line and a second side parallel to the data line,

wherein a length of the first side is longer than that of the
second side.
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11. The liquid crystal display of claim 10, wherein:

the first subpixel electrode and the second subpixel elec-
trode each includes a cross-shaped stem having a hori-
zontal stem and a vertical stem crossing the horizontal
stem, and

a plurality of minute branches extending from the cross-
shaped stem.

12. The liquid crystal display of claim 11, wherein:

the first subpixel electrode and the second subpixel elec-
trode each includes a plurality of subregions having the
plurality of minute branches extended toward different
directions from the cross-shaped stem.

13. The liquid crystal display of claim 12, wherein:

the reference voltage line includes two vertical portions
parallel to the data line and a horizontal portion connect-
ing the vertical portions with each other.

14. The liquid crystal display of claim 13, wherein:

the vertical portion of the reference voltage line is disposed
between the pixel electrode and the data line and the
horizontal portion of the reference voltage line is dis-
posed between the pixel electrode and the gate line.

15. The liquid crystal display of claim 13, further compris-
ing:

a light blocking unit disposed below the vertical portion of
the reference voltage line and formed on a same layer as
the gate line.

16. The liquid crystal display of claim 15, further compris-

ing:

a shielding electrode disposed on a same layer as the pixel
electrode and overlapping the gate line.

17. The liquid crystal display of claim 12, wherein the
reference voltage line extends along an extending direction of
the vertical stem and overlaps the vertical stem.

18. The liquid crystal display of claim 3,

wherein each of the first subpixel electrode and the second
subpixel electrode includes a first cutout, the common
electrode includes a second cutout, and the first cutout
and the second cutout arrange alternately.

19. The liquid crystal display of claim 3, wherein:

the pixel electrode includes a first side parallel to the gate
line and a second side parallel to the data line,

wherein a length of the second side is longer than that of the
first side.

20. The liquid crystal display of claim 1, wherein:

the gate line transfers a gate signal and gate signals applied
to control terminals of the first thin film transistor, the
second thin film transistor, and the third thin film tran-
sistor are simultaneously transferred.

21. The liquid crystal display of claim 1, wherein:

the liquid crystal molecules are vertically aligned while an
electric field is not applied.

22. The liquid crystal display of claim 1, further compris-

ing:

a shielding electrode line disposed along a direction which
the data line is extended, wherein the shielding electrode
line includes a shielding electrode protruded to overlap
the gate line.

23. The liquid crystal display of claim 22, wherein:

the shielding electrode is separated from the second sub-
pixel electrode.

24. The liquid crystal display of claim 1, wherein:

a voltage applied to the second subpixel electrode is lower
than a voltage applied to the first subpixel electrode.
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25. The liquid crystal display of claim 24, wherein:

the second thin film transistor is connected to the second
subpixel electrode and the third thin film transistor.

26. The liquid crystal display of claim 25, wherein:

an area of the second subpixel electrode is equal to or larger
than an area of the first subpixel electrode.

27. The liquid crystal display of claim 26, wherein:

when a ratio of a channel width versus a channel length of
the second thin film transistor is called a first channel
ratio and a ratio of a channel width versus a channel
length of the third thin film transistor is called a second
channel ratio,

a percentage of the first channel ratio with respect to the
sum of the first channel ratio and the second channel
ratio is in the range of 70% to 80%.

28. The liquid crystal display of claim 27, wherein:

the gate line transfers a gate signal and gate signals applied
to control terminals of the first thin film transistor, the
second thin film transistor, and the third thin film tran-
sistor are simultaneously transferred.

29. The liquid crystal display of claim 28, wherein:

the pixel electrode includes a first side parallel to the gate
line and a second side parallel to the data line,

wherein a length of the first side is longer than that of the
second side.

30. The liquid crystal display of claim 29, wherein each of
the first subpixel electrode and the second subpixel electrode
includes a first cutout, a common electrode disposed on the
second substrate includes a second cutout, and the first cutout
intersects the second cutout.
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31. The liquid crystal display of claim 28, wherein:

the pixel electrode includes a first side parallel to the gate

line and a second side parallel to the data line,

wherein a length of the second side is longer than that of the

first side.

32. The liquid crystal display of claim 1, wherein the first
subpixel electrode and the second subpixel electrode are
formed of a same material.

33. The liquid crystal display of claim 1, wherein the ref-
erence voltage line and the common electrode are respec-
tively coupled to different reference voltage supply sources.

34. The liquid crystal display of claim 1, further compris-
ing: a common electrode disposed on the second substrate,
wherein the reference voltage line is isolated from the com-
mon electrode such that a magnitude of a reference voltage
applied through the reference voltage line has a level higher
than that of a common voltage applied to the common elec-
trode.

35. The liquid crystal display of claim 1, wherein the ref-
erence voltage line is disposed at a same layer as the data line.

36. The liquid crystal display of claim 1, wherein both of
the first subpixel electrode and the second subpixel electrode
are formed of a light transmissive material.

37. The liquid crystal display of claim 1, wherein the con-
necting of the second subpixel electrode to both the second
thin film transistor and the third thin transistor is such that a
first subpixel region corresponding to the first subpixel elec-
trode has a different transmittance from a second subpixel
region corresponding to the second subpixel electrode.
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