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Description
BACKGROUND
Field of Invention

[0001] The present disclosure of invention relates to a
liquid crystal display (LCD) device, and more particularly,
to a liquid crystal display device in which delay differenc-
es of gate signal transmission paths are reduced and
brightness uniformity is thereby improved.

Description of Related Art

[0002] A typical liquid crystal display device includes
a first substrate (TFT-containing substrate) which has a
plurality of thin film transistors (TFT’s), a second sub-
strate (common electrode substrate) which is in spaced
apart facing relation with the first substrate and a liquid
crystal material layer which is disposed between the first
and second substrates.

[0003] Pixel areas of the TFT-containing substrate
(first substrate) are typically defined as rectangular areas
having corners located at or near where a corresponding
gate line and a data line disposed in the TFT substrate
cross each other. Light transmission through each pixel
area is typically controlled by a thin film transistor (TFT)
having its gate connected to the gate line, its source con-
nected to the data line and its drain connected to a cor-
responding pixel-electrode of the pixel area. When a pix-
el-activating gate signal, i.e., a gate turn-on voltage
(Von), is supplied to the gate line, the thin film transistor
is turned on and a data voltage (Vd) appearing at its
source is charged to the pixel electrode through the con-
ductive channel region of the TFT.

[0004] An electric field which is formed due to the dif-
ference between a pixel voltage Vp appearing on the
pixel electrode and a common voltage Vcom appearing
on the spaced apart common electrode of the second
substrate, drives the liquid crystal material in between to
a corresponding optical orientation. In some embodi-
ments, the polarity of the data voltage Vd supplied on the
data lines flips with every frame or with predefined num-
bered ones of frames so as to reduce undesired effects
of unidirectional current flow.

[0005] A number of factors can cause the Vp voltage
appearing on the pixel-electrode to be different than the
Vd voltage supplied on the data lines. So-called Miller
capacitances or parasitic capacitances, Cp are often
present between the gate of each TFT and each of its
source and drain electrodes. The rising and falling edges
of the data voltage pulse, Vd supplied to the pixel areas
via the TFT are stunted (caused to change more slowly)
due to negative feedback through the parasitic capaci-
tances Cp, thereby causing a different pixel voltage, Vp
to appear on the charged pixel-electrode as compared
to the Vd magnitude of the data voltage pulse appearing
on the data line. The difference between the magnitude
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of data voltage Vd supplied on the data line and the pixel
voltage Vp developed on the pixel-electrode is referred
to as a kick back voltage, Vkb.

[0006] Another factor that affects the pixel-electrode
voltage, Vp is the magnitude of the gate turn-on voltage
applied to the gate of the TFT. In one class of embodi-
ments, the gate line receives its gate signal from a wider
gate signal origination pad, where multiple pads crowd
together in a region where a corresponding driving chip
(integrated circuit chip) may be disposed and each gate
line functions as a separate signal transmission strip for
coupling the gate signal from its IC connection pad to
individual TFT’s distributed along each gate line. Pixel
areas which are positioned closer to their respective gate
distribution pad generally receive a short-delayed gate
signal (delayed due to RC factors) while pixel areas which
are positioned farther from the gate pad receive a longer-
delayed gate signal due to the cumulative resistance (R)
and/or other transmission line effects (i.e., C and/or L) of
the gate line.

[0007] The size of the kick back voltage Vkb depends,
among other things, on the delay-producing cumulative
resistance of the gate signal. The resulting pixel voltage,
Vp is affected by the variation of the kick back voltage
Vkb, thereby causing irregular brightness in an image
due to distance of pixel area from its corresponding gate
signal originating pad. These effects may cause unde-
sirable degradation of image quality.

[0008] SUMMARY

[0009] One embodiment of the present disclosure pro-
vides a liquid crystal display device which reduces bright-
ness irregularity due to delay differences between gate
signals.

[0010] Additional aspects and/or advantages of the
disclosure will be set forth in the detailed description
which follows. According to one aspect of the disclosure,
a delay ballasting resistor is provided where the resistor
includes a same material as that used to form the light-
transmitting pixel electrode. More specifically in one em-
bodiment, the delay ballasting resistor includes indium
tin oxide (ITO) or indium zinc oxide (1ZO).

[0011] According to another aspect of the disclosure,
the delay ballasting resistor has a smaller resistance val-
ue if a distance between the gate and the gate pad as
measured along a gate main line and fanout line con-
nected by the resistor to the gate becomes larger and a
greater resistance value if the separation distance is
smaller.

[0012] According to another aspect of the disclosure,
the liquid crystal display device further includes a signal
fan-out part which is disposed between the gate pad and
the delay ballasting resistor.

[0013] According to another aspect of the disclosure,
the gate main line, the gate pad and the fan-out part are
formed as parts of a same layer.

[0014] According to an aspect of the disclosure, the
first substrate further includes an electrostatic bar which
crosses a gate outer circumference, the gate outer cir-
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cumference disposed out of the resistor and having the
gate pad and the gate fan-out part, and an anti-static
diode which is electrically connected with the gate outer
circumference and the electrostatic bar.

[0015] According to an aspect of the disclosure, the
first substrate further includes a storage electrode line
which is formed within the display region and is elongated
in parallel with the gate main line, and a common voltage
line which is formed out of the display region and crosses
the gate circumference, and supplies a common voltage
to the storage electrode line, and the electrostatic bar
includes the common voltage line.

[0016] Accordingtoanaspectoftheinvention, the anti-
static diode includes a first anti-static diode which has
the gate outer circumference as a control terminal and
an input terminal, and the electrostatic bar as an output
terminal, and a second anti-static diode which has the
gate outer circumference as an output terminal, and the
electrostatic bar as a control terminal and an input termi-
nal.

[0017] According to an aspect of the invention, the lig-
uid crystal display device further includes a sealant which
is formed on the fan-out part and combines the first sub-
strate and the second substrate.

[0018] According to an aspect of the invention, the lig-
uid crystal display device further includes a fan-out part
which is disposed between the gate pad and the resistor.
[0019] Accordingtoanaspectoftheinvention, the gate
pad, the fan-out part and the resistor are formed as the
same layer.

[0020] According to an aspect of the invention, at least
a part of the resistor has a zigzag pattern.

[0021] According to an aspect of the invention, the lig-
uid crystal layer is a vertical alignment mode.

[0022] According to an aspect of the invention, the pix-
el electrode includes a pixel electrode cutting pattern and
the second substrate includes acommon electrode which
is formed with a common electrode cutting pattern.
[0023] According to an aspect of the invention, the pix-
el electrode includes a first pixel electrode and a second
pixel electrode which are separated from each other, and
the firstand second pixel electrodes receive different pix-
el voltages.

[0024] According to an aspect of the invention, the thin
film transistor includes a drain electrode which includes
a first drain electrode supplying a data voltage directly to
the first pixel electrode and a second drain electrode
forming a coupling capacitance together with the second
pixel electrode.

[0025] According to an aspect of the invention, the thin
film transistor includes a first thin film transistor which is
connected with the first pixel electrode and a second thin
film transistor which is connected with the second pixel
electrode.

[0026] According to an aspect of the invention, a total
resistance of the resistor is 10% to 50% of a total resist-
ance of the gate main line.

[0027] According to an aspect of the invention, a var-
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iation of a gate signal delay in the gate main line occurs
within 100%.

[0028] The foregoing and/or other aspects of the
present invention can be achieved by providing a liquid
crystal display device including: a first substrate having
a display region; a second substrate facing the first sub-
strate; and a liquid crystal layer disposed between the
first substrate and the second substrate, the first sub-
strate including: a gate main line which is disposed in the
display region; a gate pad which is disposed out of the
display region; a resistor which electrically connects the
gate main line and the gate pad, and includes a material
having a larger resistance than the gate main line; a thin
film transistor which is connected with the gate main line;
and a pixel electrode which is electrically connected with
the thin film transistor and includes a same material as
the resistor, the liquid crystal layer is a vertically aligned
(VA) mode.

[0029] The foregoing and/or other aspects of the
present invention can be achieved by providing a thin
film transistor array substrate, including: a substrate
which has a display region and a non-display region; a
gate main line which is disposed in the display region; a
gate pad which is disposed out of the display region; a
resistor which electrically connects the gate main line
and the gate pad and includes a material having a larger
resistance than the gate main line; a thin film transistor
which is connected with the gate main line; and a pixel
electrode which is electrically connected with the thin film
transistor and includes a same material as the resistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and/or other aspects and advantag-
es of the disclosure will become more readily appreciated
from the following detailed description taken in conjunc-
tion with the accompanying drawings of which:

[0031] FIG. 1 illustrates plan view of a first substrate
in a liquid crystal display device according to a first em-
bodiment;

[0032] FIG. 2is an enlarged view of a part A in FIG. 1
according to the first embodiment;

[0033] FIG. 3 is a sectional view , taken along llI-Ill in
FIG 1;

[0034] FIG. 4 graphs a transmissivity attribute as a

function of pixel voltage in the liquid crystal display device
according to the first embodiment;

[0035] FIG. 5 shows a schematic of an equivalent cir-
cuit of a pixel of the liquid crystal display device according
to the first embodiment;

[0036] FIGS. 6A to 6C illustrate brightness irregularity
due to delayed gate signals;

[0037] FIG. 7 is an enlarged view of a part B in FIG. 1
according to the first embodiment;

[0038] FIG. 8 is a sectional view, taken along line VIII-
VIl in FIG. 7;

[0039] FIG. 9 illustrates an improvement of brightness
irregularity in the liquid crystal display device according
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to the first embodiment;

[0040] FIG. 10 illustrates a relation between delayed
gate signals and brightness;

[0041] FIG. 11 illustrates a variation of a parasitic ca-
pacitance and brightness;

[0042] FIG. 12illustrates a delay of the gate signal due
to a resistance value of a resistor;

[0043] FIG. 13illustrates a pixel voltage depending on
the resistance value of the resistor;

[0044] FIG. 14 illustrates a circuit diagram of main
parts in a liquid crystal display device according to a sec-
ond exemplary embodiment;

[0045] FIG. 15 is an enlarged view of a part C in FIG.
14;
[0046] FIG. 16illustrates a liquid crystal display device

according to a third embodiment;

[0047] FIG. 17 is a sectional view, taken along line
XVII-XVIl in FIG. 16;

[0048] FIG. 18 is an equivalent circuit of a pixel in a
liquid crystal display device according to a fourth embod-
iment;

[0049] FIG. 19 illustrates a principle of improving visi-
bility in the liquid crystal display device according to the
fourth embodiment;

[0050] FIG. 20 illustrates an arrangement of the liquid
crystal display device according to the fourth embodi-
ment; and

[0051] FIG. 21 illustrates an arrangement of a liquid
crystal display device according to a fifth embodiment.

[0052] DETAILED DESCRIPTION OF EMBODI-
MENTS
[0053] Hereinafter, embodiments in accordance with

the disclosure will be described with reference to accom-
panying drawings, wherein like numerals often refer to
like elements and repetitive descriptions may then be
avoided where practical.

[0054] Hereinafter, discussion regarding forming afirst
film (i.e., a layer) "on" or "above" a second film (i.e., a
layer) is to be understood as covering situations where
a third layer is disposed between the two films (i.e., lay-
ers) as well as that where the two films (i.e., layers) di-
rectly contact each other.

[0055] A liquid crystal display device according to the
present disclosure will be described with reference to
FIGS. 1 to 3.

[0056] Aliquid crystal display device 1 (Fig. 3) includes
a first substrate 100 which has a thin film transistor T, a
second substrate 200 which is spaced apart from and
faces the first substrate 100, a liquid crystal material layer
300 which is disposed between the first and second sub-
strates 100 and 200 and a sealant ring 400 (Fig. 1) which
sealably joins the first and second substrates 100 and
200 to one another in spaced apart relation.

[0057] Thefirstsubstrate 100 includes a display region
and a non-display region which surrounds the display
region. A gate main line 121 of the display region is con-
nected with a gate pad 124 through a fan-out part 123 of
the non-display region.
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[0058] Hereinafter, the first substrate 100 according to
the first embodiment will be described.

[0059] A gate signal is transmitted from a signal orig-
ination pad (e.g., IC connection pad, see 124 of Fig. 7)
to gate electrode over a gate wire where the latter wire
is formed on a first insulating substrate 111. The gate
wire may include a single or plural metal layers. The gate
wire generally includes the gate main line 121 which is
disposed in the display region and extends transversely,
the gate electrode 122 which is connected with the gate
main line 121, the fan-out part 123 which extends from
the gate main line 121 to the non-display region, and the
gate pad 124 which is connected with an end part of the
fan-out part 123. A storage electrode line 125 often ex-
tends in parallel with the gate main line 121 as seen for
example in Fig. 2.

[0060] The gate signal origination pad 124 is often con-
nected with a packaging terminal or IC pin of a gate driver
circuit (not shown) that outputs the gate signal to the pad
end of the gate wire. The gate pad 124 has a substantially
wider width than the gate main line 121 that connects
that signal sourcing pad 124 to the gates of TFT’s dis-
tributed along the gate main line 121.

[0061] A gate insulating layer 131 which in one em-
bodiment is made of a silicon nitride (SiN,) overlaps the
gate electrode 122 and the gate wire 121 where the latter
(121, 122) are disposed on the first insulating substrate
111.

[0062] A semiconductor layer 132 which in one em-
bodiment includes amorphous silicon (a-Si) is formed on
the gate insulating layer 131 overlapping the gate elec-
trode 122. An ohmic contact layer 133 which in one em-
bodiment includes n+ hydrogenated amorphous silicon
highly doped with an n-type dopant is formed on the sem-
iconductor layer 132. The ohmic contact layer 133 is se-
lectively removed (etched away) from a channel between
a source electrode 142 and a drain electrode 143 of the
TFT (T).

[0063] A data carrying wire is formed to extend over
the drain’s ohmic contact layer 133 and on top of the gate
insulating layer 131. The data wire may include a single
or multiple layers of metal. The data wire includes a data
line 141 which is shown extending vertically in Fig. 2 and
crosses the gate main line 121 at a corner portion of the
pixel area. The source electrode 142 branches out from
the data line 141 and extends over the ohmic contact
layer 133. The drain electrode 143 which is separated
from the source electrode 142, extends over the ohmic
contact layer 133 opposite to the source electrode 142.
A fan-out part 144 of the source line extends from the
data main line 141 to the non-display region and a data
drive pad 145 (belonging to a data driving circuit or IC,
not shown) which is connected with an end of the fan-
out part 144.

[0064] Thedatapad 145isconnected with adatadriver
circuit (not shown) and receives a data driving signal.
The data pad 145 has a wider width than the data main
line 141.
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[0065] A passivation layer 151 is formed on the data
wire and the semiconductor layer 132 that is not covered
by the data wire. A contact hole 152 is formed on the
passivation layer 151 to expose the drain electrode 143
therethrough. As shown in FIGS. 7 and 8, contact holes
153, 154 and 155 are also formed on the passivation
layer 151. The gate insulating layer 131 is removed from
the contact holes 153, 154 and 155.

[0066] A pixel electrode 161 is formed on the passiva-
tion layer 151. The pixel electrode 161 is typically made
of a transparent conductive material such as indium tin
oxide (ITO), indium zinc oxide (I1ZO), etc. The pixel elec-
trode 161 is connected with the drain electrode 143
through the contact hole 152. A pixel electrode splitting
pattern 166 is defined (cut through) the pixel electrode
161 as shown.

[0067] The pixel electrode cutting pattern 166 of the
pixel electrode 161 divides the liquid crystal layer 300
into a plurality of regions, together with a common elec-
trode cutting pattern 252 (to be described later).

[0068] Hereinafter, the second substrate 200 of the lig-
uid crystal display device 1 according to the first embod-
iment will be described.

[0069] A black matrix 221 is formed on a second insu-
lating substrate 211. The black matrix 221 generally out-
lines a corresponding red, green or blue filter 231 and
blocks light from being directly emitted through the area
of the underlying thin film transistor (T) of the first sub-
strate 100. The black matrix 221 may include a photore-
sist organic material added with a black pigment. The
black pigment may include carbon black or titanium ox-
ide.

[0070] A color filter 231 may include a bandpassing
optical material such as one of red, green and blue filters
that are repeatedly formed between areas of the black
matrix 221. The color filter 231 assigns color to light emit-
ted from a backlight unit (not shown) and traveling
through the liquid crystal layer 300. The color filter 231
typically includes a photoresist organic material.

[0071] An overcoat, planarizing layer 241 is typically
formed on the color filter 231 and the black matrix 221.
The overcoat layer 241 provides planar surface even
though the filter and matrix are of different thicknesses
and the overcoat layer 241 protects the color filter 231.
The overcoat layer 241 may include a photoresist acrylic
resin.

[0072] A common electrode 251 is formed on the over-
coat layer 241. The common electrode 251 includes a
transparent conductive material such as indium tin oxide
(ITO), indium zinc oxide (1ZO), etc. The common elec-
trode 251 supplies a voltage to one side of the liquid
crystal material layer 300, while the pixel electrode 161
of the thin film transistor substrate provides a second
voltage to the other side so as to establish one or more
electric filed patterns through the liquid crystal material
layer 300.

[0073] The common electrode cutting pattern 252 is
formed on the common electrode 251. The common elec-
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trode cutting pattern 252 divides the liquid crystal layer
300 into a plurality of regions together with the pixel elec-
trode cutting pattern 166 of the pixel electrode 161. The
pixel electrode cutting pattern 166 and the common elec-
trode cutting pattern 252 are not limited to the V-shaped
ones illustrated for the first embodiment, and may be,
otherwise, formed in various shapes. In another embod-
iment of the present disclosure, a protrusion may be pro-
vided to divide the liquid crystal layer 300 into a plurality
of regions instead of the cutting patterns 166 and 252.
[0074] Theliquid crystallayer 300 is disposed between
the first and second substrates 100 and 200. In one em-
bodiment, the liquid crystal material layer 300 is a verti-
cally aligned (VA) mode, in which a long axis of liquid
crystal molecules is perpendicular to the first and second
substrates 100 and 200 if not receiving a voltage. When
receiving a driving voltage, the long axis of the liquid crys-
tal molecules shift to lie in a vertical direction with respect
to an electric field due to negative dielectric anisotropy.
[0075] If the cutting patterns 166 and 252 are not
formed, the liquid crystal molecules may lie irregularly in
all directions since the lying direction is not determined
by boundary conditions, thereby creating a disclination
line on a boundary between different lying directions. The
cutting patterns are organized 166 and 252 to form a
fringe electric field when a voltage is supplied to the liquid
crystal layer 300 and to thereby determine the lying di-
rection of the liquid crystal molecules. The liquid crystal
layer 300 is divided into plural regions by the cutting pat-
terns 166 and 252.

[0076] The liquid crystal display device 1 according to
the first embodiment has a normally black mode when
no substantial voltage is applied across the liquid crystal
material, and a transmissivity that is a function of the pixel
voltage as is illustrated in the plot of FIG. 4. The trans-
missivity variation in a low gradation shown in a part C
in FIG. 4 is three times more drastic for the VA material
than a twisted nematic liquid crystal.

[0077] In the liquid crystal display device 1 according
to the first embodiment, the gate main line 121 receives
a gate signal through the gate pad 124 connected with
the end part thereof. Due to a resistance of the gate main
line 121, the thin film transistor T adjacent to the gate
pad 124, i.e., a left thin film transistor T receives a short-
delayed gate signal but the thin film transistor T far from
the gate pad 123, i.e., aright thin film transistor T receives
a longer-delayed gate signal.

[0078] Variations in image brightness depending on
delay differences of the gate signals are described with
reference to FIGS. 5 to 6C.

[0079] The kick back voltage Vkb may be expressed
by a formula 1 as follows.

[0080] Formula 1

[0081]
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Vie = {(Voa=Vore) *Cp/ (C1etCortCp)

[0082] As shown in FIGS. 3 and 5, Cp refers to com-
bined parasitic capacitance Cgs between the gate elec-
trode and the source electrode and a parasitic capaci-
tance Cgd between the gate electrode and the drain elec-
trode, Clcis a liquid crystal capacitance, Cst is a storage
capacitance, Von is a gate on voltage and Voff means a
gate turn-off voltage.

[0083] If the gate signal is delayed longer relative to a
data pulse on the data line, the gate-on voltage (Von) is
not supplied in time, thereby decreasing the kick back
voltage Vkb. The kick back voltage Vkb becomes larger
when a negative pixel voltage is supplied rather than
when a positive pixel voltage is supplied.

[0084] FIGS. 6A and 6B respectively illustrate a kick
back voltage Vkb of a pixel in a left-side display region
having a short-delayed gate signal, and a pixel in a right-
side display region having a longer-delayed gate signal.
[0085] Regarding the left-side pixelin FIG. 6A, the kick
back voltage is about 1.0V when the positive pixel voltage
is supplied while it is about 1.2V when the negative pixel
voltage is supplied. Concerning the right-side pixel in
FIG. 6B, the kick back voltage is about 0.8V when both
the positive pixel voltage and the negative pixel voltage
are supplied.

[0086] As a result, the left-side pixel has a larger root
mean square pixel voltage that remains ultimately, and
an image corresponding to the left-side pixel is seen as
being comparatively brighter.

[0087] Asshownin FIG. 6C, the gate signal is shorter-
delayed and the kick back voltage Vkb becomes larger
if they are closer to the gate pad 124. Conversely, the
gate signal is longer-delayed and the kick back voltage
Vkb becomes smaller if they are farther from the gate
pad 124. Thus, the left-side pixel has a larger root mean
square pixel voltage than the right pixel to brighten the
image corresponding to the left pixel more than that cor-
responding to the right pixel.

[0088] Asdescribedabove, brightnessis differentfrom
left and right sides, thereby sometimes showing as an
unintended vertical line. Such a problem is more serious
in a large-sized liquid crystal display device which has a
long gate main line 121 and causes a longer-delayed
gate signal.

[0089] Referring to Fig. 7, the liquid crystal display de-
vice 1 according to the first embodiment of the present
disclosure provides a compensating resistor 163 dis-
posed between the gate main line 121 and the fanout
line 123 (and the gate pad 124) to reduce the above-
mentioned problem.

[0090] Hereinafter, the resistor 163 of the liquid crystal
display device 1 according to the first embodiment will
be described with reference to FIGS. 7 to 9.

[0091] Theresistor 163 is disposed between the fanout
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part 123 and the gate main line 121 in the non-display
region. The primary resistive material of resistor 163 is
provided by the same layer that provides the primary ma-
terial of the pixel electrode 161. The resistor 163 includes
a first part 163a which is connected with the fanout part
123, a second part 163b which is connected with the gate
main line 121 and a third part 163c which is electrically
disposed between the first and second parts 163a and
163b.

[0092] The first part 163a contacts the fan-out part 123
through the contact hole 154. The second part 163b con-
tacts the gate mainline 121 through the contact hole 155.
[0093] The gate pad 124 exposed by the contact hole
153 is covered by a contact member 162, where member
162 is comprised of the same material as that of the pixel
electrode 161 and where member 162 is disposed in the
same layer with the pixel electrode 161.

[0094] The resistor 163 can include one or more of
optically transmissive electrical conductors such as indi-
um tin oxide (ITO), indium zinc oxide (1ZO), etc., which
have a larger resistance than an optically opaque elec-
trical conductor such as the metal material used in the
gate main line 121. Due to the resistor 163 having a sub-
stantially large resistance, the gate signal is substantially
delayed before entering the display region, as shown in
FIG. 9 and the difference in delay as shown by Figs. 6A-
6B is no longer a substantial factor in determining kick
back.

[0095] Thus, the scope of delay differences between
gate signals and the variation of the kick back voltage
are reduced. Also, the brightness differences between
the left and right sides of the display region decreases.
[0096] In one class of embodiments, total resistance
of the gate main line 121 is typically 4000Q to 7000Q2
while a total resistance of the resistor 163 may be 10%
to 50% of the total resistance of the gate main line 121.
The resistance value of the resistor 163 may vary by
changing one or more of a thickness, width and length
attribute of the resistor 163.

[0097] Itis preferable but not necessary that the resist-
ance value of the resistor 163 be set so that the gate
signal delay variation due to resistance of the main gate
line is substantially less than gate signal delay to total
wire resistance. In other words, the gate signal delay val-
ue of a far right pixel of the display region is no more than
about twice the gate signal delay value of the far left pixel
in the display region (the one closest to the gate signal
originating pad 124.

[0098] The distance between the gate main line 121
and the gate pad 124 is various, thereby causing a dif-
ferent resistance therebetween and irregular brightness.
[0099] The length of the third part 163c in the resistor
163 is in inverse proportion to the distance between the
corresponding gate main line 121 and the gate pad 124.
Thus, brightness irregularity due to variation in distance
between the gate main line 121 and the gate pad 124
decreases.

[0100] As seen in Fig. 8, the sealant 400 is disposed
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on the fan-out part 123 while the resistor 163 is provided
inside the liquid crystal material containing area of the
sealant 400. Because the resistor 163 is not exposed to
the outside, it is safe from being corroded.

[0101] During a manufacturing process, a flow of static
electricity from the outside may damage the thin film tran-
sistor T. According to the first embodiment, a substantial
portion of the energy of the static electricity flow intro-
duced from the gate pad 124 is dissipated in the resistor
163 having the larger resistance, thereby reducing prob-
lems due to static electricity.

[0102] A resistor 163 according to another embodi-
ment of the present disclosure may include other mate-
rials having a larger resistance than the gate main line
121 and being different from the material of the pixel elec-
trode 161. In another embodiment of the present disclo-
sure, the shape of the resistor 163 is identical and the
distance differences between the gate main line 121 and
the gate pad 124 may be dealt with by changing the shape
of the fan-out part 123.

[0103] Hereinafter, the reason why the gate signal de-
lay is adjusted to improve the brightness irregularity will
be described.

[0104] FIG. 10 illustrates a brightness variation ratio
depending on the gate signal delay value in the display
region. The brightness variation ratio is defined by the
mathematical expression, BVR= (Brightness of the left
display region - Brightness of central display region)/
(Brightness of central display region)*100. Here, a large
value means a large brightness difference.

[0105] As shown in the example of FIG. 10, if the gate
signal delay value rises 43% (from 2.55us to 3.67us),
the brightness variation ratio (BVR) increases around
64% (from 30.6% to 50.3%) .

[0106] FIG. 11 illustrates a brightness variation ratio
according to Cp/(C1c+Cst+Cp) in proportion to the kick
back voltage. As shown therein, if Cp/(C1c+Cst+Cp) in-
creases 24% (from 0.037 to 0.046), the brightness vari-
ation ratio rises approximately 26.4% (from 35.6% to
45%).

[0107] AsshowninFIGS. 10 and 11, brightness irreg-
ularity (BVR) gets worse as variation in the gate signal
delay value gets larger and/or as comparative contribu-
tion to kickback from the parasitic capacitance gets larg-
er.

[0108] The comparative amount of gate signal delay
relative to position of the pixel electrode can be made to
vary by changing a compensating or ballasting resistance
in the non-display region, i.e., a resistance from the gate
pad to the gate main line, which will be described with
reference to the examples of FIGS. 12 and 13.

[0109] As shown therein, the resistance in the non-
display region was switched over the following four val-
ues: 1/6kQ, 1/3kQ, 1/2kQ and 2/3kQ2. The bottom most
data plot having OkQ is the case where there is no bal-
lasting resistor and a gate main line and a gate pad are
integrally formed in the same layer.

[0110] As shown in FIG. 12, the larger the resistance
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of the ballasting resistor in the non-display region was,
the higher was the cumulative gate signal delay value
when moving from the left side of the main line (closest
to the gate pad) to the right side of the main line (farthest
from the gate signal originating pad). If the resistance of
the ballasting resistor in the non-display region becomes
larger, the ratio of the right gate signal delay value over
the left gate signal delay value decrease. In other words,
change in brightness from left to right decreases.
[0111] If the resistance is 0kQ, the positional delay ra-
tio, PDR=(right gate signal delay value)/(left gate signal
delay value) is 6.53 (calculated from 4.18/0.64). Mean-
while, if the resistance is 2/3kQ, the PDR value is 1.77
(calculated from 8.12/4.57). Thus it is seen that PDR (the
positional delay ratio) decreases substantially as the bal-
lasting resistance becomes a more predominant factor
in total line resistance seen between the gate pad and
the gate electrode.

[0112] As shown in FIG. 13, the larger the resistance
of the ballasting resistor in the non-display region is, the
smaller the overall pixel voltage is. As the resistance of
the ballasting resistor becomes larger, the positional volt-
age ratio, PVR= (left pixel voltage) / (right pixel voltage)
decreases. That is, if the resistance is OkQ, the ratio,
(left pixel voltage)/(right pixel voltage) is 1.028 (calculat-
ed from 3.3/3.21). if the resistance is 2/3kQ, the PVR is
1.012 (calculated from 3.19/3.15).

[0113] As shown in FIGS. 12 and 13, the increased
resistance of the ballasting resistor in the non-display
region decreases the positionally-related differences in
the gate signal delay and the positionally-related differ-
ences in the pixel voltage between the left-side display
region and the right-side display region. However, if the
resistance of the ballasting resistor in the non-display
region becomes larger, it also becomes more difficult to
transmit a strong gate signal to each TFT. Thus, the re-
sistance of the ballasting resistor should be determined
as a compromise and in consideration of the total resist-
ance of the gate main line 121.

[0114] Hereinafter, a liquid crystal display device ac-
cording to a second exemplary embodiment of the
present disclosure will be described with reference to
FIGS. 14 and 15. FIG. 14 illustrates a part corresponding
B area in FIG. 1.

[0115] Asshownin FIG. 14, an anti-static set of diode-
connected MOSFETs 170 is formed on an outer circum-
ference portion of each ballasting resistor 163. The anti-
static set 170 is electrically connected with a gate outer
circumference and a common voltage line 146. If static
electricity is introduced through a gate pad 124 during a
manufacturing process, the resistor 163 having a large
resistance may be damaged, thereby causing discon-
nection. However, the anti-static set of diode-connected
MOSFETs 170 is activated when the absolute value of
voltage of the static exceed a predefined threshold and
the activated set 170 scatters the introduced static elec-
tricity to the common voltage line (e.g., ground) 146 to
prevent the resistor 163 from being damaged. The gate
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outer circumference portion refers a gate wire connected
with the gate main line 121 and formed outside of the
resistor 163. Thatis, the gate outer circumference portion
includes the gate pad 124 and the fan-out part 123.
[0116] Inone embodiment, the anti-static diode means
170 includes a plurality of thin film MOSFET transistors.
The anti-static diode means 170 includes a first diode-
connected MOSFET 171 and a second diode-connected
MOSFET 172 coupled for carrying differently directed
current flows. The first diode-connected MOSFET 171 is
provided so that a negative going current flows from the
gate outer circumference to the common voltage line 146.
The second diode-connected MOSFET 172 is provided
so that a positive-going current flows from the common
voltage line 146 to the gate outer circumference portion.
[0117] Hereinafter, an embodiment of the anti-static
diode means 170 will be described in more detail with
reference to FIG. 15. The common voltage line 146
serves as an electrostatic bar with respect to the anti-
static diode means 170.

[0118] A control terminal (gate) 1711 and an input ter-
minal (drain) 1712 of the first diode-connected MOSFET
171 are connected with each other and with the gate line
outer circumference (121). An output terminal (source)
1713 of the first diode-connected MOSFET 171 is con-
nected with the common voltage line 146. A bridge 1714
connects the input terminal (drain) 1712 to the gate outer
circumference (121). If static electricity is inputted to the
gate outer circumference and the static exceeds the pre-
defined threshold (Vt) of MOSFET 171, the control ter-
minal 1711 connected with the gate outer circumference
is switched to a turned on state, MOSFET 171 becomes
conductive and thereby diverts the static electricity to the
common voltage line 146 connected with the output ter-
minal 1713.

[0119] A control terminal (gate) 1721 and an input ter-
minal (drain) 1722 of the second diode-connected MOS-
FET 172 are connected with the common voltage line
146. An output terminal (source) 1723 of the second di-
ode-connected MOSFET 172 is connected with the gate
outer circumference (121). A second bridge 1724 con-
nects the common voltage line 146 and the control ter-
minal 1721 while a third bridge 1725 connects the output
terminal 1723 and the gate outer circumference. If static
electricity is inputted to the gate outer circumference and
the static exceeds the predefined threshold (Vt) of MOS-
FET 172, the control terminal 1721 connected with the
gate outer circumference through the bridge 1724 is
switched to a turned-on state, MOSFET 172 becomes
conductive and thereby diverts the static electricity to the
common voltage line 146 connected with the input ter-
minal (drain) 1722.

[0120] In another exemplary embodiment, the anti-
static diode means 170 may include only a first anti-static
diode-connected MOSFET 171 without the second anti-
static diode-connected MOSFET 172.

[0121] Hereinafter, a liquid crystal display device ac-
cording to a third embodiment of the present disclosure
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will be described with reference to FIGS. 16 and 17.
[0122] Agate pad 164 and afan-out part 165 according
to the third embodiment are integrally formed in a same
layer with the ballasting resistor 163. The gate pad 164
and the fan-out part 165 may include indium tin oxide
(ITO) or indium zinc oxide (I1ZO). The resistor 163 is con-
nected with a gate main line 121 through a contact hole
156. The gate pad 164 and the fan-out part 165 perform
the same operation as the resistor 163 according to the
first embodiment.

[0123] In one embodiment, the resistance of the bal-
lasting resistor 163 is in inverse proportion to a distance
between the corresponding gate main line 121 and the
gate pad 164 as was the case for one version of the first
embodiment. Thus, brightness irregularity due to a dis-
tance difference between the gate main line 121 and the
gate pad 164 decreases.

[0124] In another embodiment of the present disclo-
sure, only a fan-out part 165 composed of a substantially
resistive material such as indium tin oxide (ITO) or indium
zinc oxide (1Z0) may be provided to delay a correspond-
ing gate signal, without forming a separate ballasting re-
sistor 163 in the shape of the square waves such as
shown in the lower two lines of Fig. 16.

[0125] A liquid crystal display device according to a
fourth embodiment will be described with reference to
FIGS. 18 to 20.

[0126] As shown in FIG. 18, a thin film transistor T is
connected with two liquid crystal capacitances C 4
andC ¢,. The first liquid crystal capacitance C 4 is
formed between afirst pixel electrode PE1 and acommon
electrode CE. The fist pixel electrode PE1 is directly con-
nected with the thin film transistor T. The second liquid
crystal capacitance C| ¢, is formed between the second
pixel electrode PE2 and the common electrode CE. The
second pixel electrode PE2 is indirectly connected with
the thin film transistor T through a coupling capacitance
Cepr

[0127] Here, the first pixel electrode PE1 and the sec-
ond pixel electrode PE2 are electrically separated from
each other due to the presence of coupling capacitance
Ccp and the second liquid crystal capacitance Cyc,.
[0128] The liquid crystal display device according to
the fourth embodiment can improve visibility per a mech-
anism which will be described with reference to FIG. 19.
[0129] The first pixel electrode PE1 receives a data
signal through the thin film transistor T. Meanwhile, the
second pixel electrode PE2 receives a data signal by a
voltage through a coupling capacitance Ccp formed in
an insulating layer between the second pixel electrode
PE and the thin film transistor T, instead of directly re-
ceiving the data signal from the thin film transistor T.
[0130] Thus, the second pixel electrode PE2 receives
aweaker signal than the first pixel electrode PE1, thereby
causing a difference in brightness of the pixel region cor-
responding to the first pixel electrode PE1 and the pixel
region corresponding to the second pixel electrode PE2.
In one embodiment, the voltage supplied to the second



15 EP 1 892 697 A1 16

pixel electrode PE2 is 50% to 90% of the voltage supplied
to the first pixel electrode PE1.

[0131] Thus, a single pixel has a plurality of regions
that have different gamma curves. The brightness and
color in a front and lateral parts are compensated to im-
prove lateral visibility.

[0132] As shown in FIG. 20, the pixel electrode 161
includes a first pixel electrode 161a and a second pixel
electrode 161b which are separated from each other by
a pixel electrode separating pattern 167. The second pix-
el electrode 161b has a trapezoid shape whose three
sides are surrounded by the first pixel electrode 161a. A
pixel electrode cutting pattern 166 which is side by side
with the pixel electrode separating pattern 167 is formed
on the first and second pixel electrodes 161a and 161b.
[0133] Adrain electrode 143 includes a first drain elec-
trode 143a which is connected with the first pixel elec-
trode 161a and supplies an electrical signal thereto and
a second drain electrode 143b which extends below the
second pixel electrode 161b. The second drain electrode
143b forms a coupling capacitance CCp together with the
second pixel electrode 161b.

[0134] The pixel electrode separating pattern 167 and
the pixel electrode cutting pattern 166 divide a liquid crys-
tal layer 300 into a plurality of regions together with a
common electrode cutting pattern 252.

[0135] A storage electrode line 125 is formed along
the boundary of the pixel electrode 161. Upper and lower
storage electrode lines 125 are connected with each oth-
erthrough a contact hole 157 and a bridge electrode 168.
[0136] A liquid crystal display device according to a
fifth embodiment of the present disclosure will be de-
scribed with reference to FIG. 21.

[0137] A pixel electrode 161 has a rectangular shape
as a whole. The pixel electrode 161 is elongated in an
extension direction of a data line 141.

[0138] The pixel electrode 161 includes a first pixel
electrode 161a and a second pixel electrode 161b which
are separated from each other by a pixel electrode sep-
arating pattern 167. The first pixel electrode 161a is dis-
posed in a center of a pixel and has a chevron-shape.
The second pixel electrode 161b surrounds an inside, an
upper part and a lower part of the first pixel electrode
161a. The second pixel electrode 161b is larger than the
first pixel electrode 161a.

[0139] A thin film transistor T includes a first thin film
transistor TFT1 which is connected with the first pixel
electrode 161a and a second thin film transistor TFT2
which is connected with the second pixel electrode 161b.
[0140] A drain electrode 143 of the respective thin film
transistors TFT1 and TFT2 overlaps the pixel electrode
161 to form a storage capacitance Cst. The storage ca-
pacitance Cst is proportional to an overlapping size of
the drain electrode 143 and the pixel electrode 161.
[0141] In the fifth embodiment, respective pixel elec-
trodes 161a and 161b receive different pixel voltages by
using independent thin film transistors TFT1 and TFT2.
The method of improving visibility in the fifth embodiment
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is the same as that in the fourth embodiment. Thus the
detailed description will not be provided here.

[0142] The configuration of the non-display region in
the fourth and fifth embodiments can be the same as that
in the first to third embodiment of the present disclosure.
[0143] Asthe pixelelectrode 161 is divided inthe fourth
and fifth embodiments, the liquid crystal capacitance Clc
and the storage capacitance Cst are small. Thus, the kick
back voltage Vkb becomes larger, thereby making the
brightness difference (refer to Formula 1) more signifi-
cant.

[0144] As described above, the present disclosure of
invention provides a liquid crystal display device which
reduces a brightness irregularity due to a gate signal de-
lay difference.

[0145] Although a number of embodiments have been
shown and described, it will be appreciated by those
skilled in the art after studying the above that changes
may be made in these embodiments without departing
from the principles and spirit of the disclosure.

Claims
1. A liquid crystal display device comprising:

afirstsubstrate having a plurality of light-passing
display regions;

a second substrate spaced apart from and fac-
ing the first substrate; and

a liquid crystal material layer disposed between
the first substrate and the second substrate,
the first substrate comprising:

a gate main line which is disposed in a given
one of the display regions;

a gate pad which is disposed outside of the
given display region; and

a ballasting resistor which electrically con-
nects the gate main line to and the gate pad,
and comprises a first material having a larg-
er resistivity than that of a second material
predominantly defining the gate main line.

2. The liquid crystal display device according to
Claim 1, wherein the first substrate further comprises
a thin film transistor which is connected with the gate
main line and a pixel electrode which is electrically
connected with the thin film transistor.

3. The liquid crystal display device according to claim
2, wherein the resistor comprises a same material
as the pixel electrode.

4. The liquid crystal display device according to claim
3, wherein the resistor comprises indium tin oxide
(ITO) or indium zinc oxide (1ZO).
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5. The liquid crystal display device according to claim
1, wherein the resistor has a small resistance value
if a distance between the gate main line and the gate
pad connected by the resistor becomes farther.

6. The liquid crystal display device according to claim
1, further comprising a fan-out part which is disposed
between the gate pad and the resistor.

7. The liquid crystal display device according to claim
6, wherein the gate main line, the gate pad and the
fan-out part are formed as the same layer.

8. The liquid crystal display device according to claim
7, wherein the first substrate further comprises an
electrostatic bar which crosses a gate outer circum-
ference, the gate outer circumference disposed out
of the resistor and having the gate pad and the gate
fan-out part, and an anti-static diode which is elec-
trically connected with the gate outer circumference
and the electrostatic bar.

9. The liquid crystal display device according to claim
8, wherein the first substrate further comprises a
storage electrode line which is formed within the dis-
play region and is elongated in parallel with the gate
mainline, and acommon voltage line which is formed
out of the display region and crosses the gate cir-
cumference, and supplies a common voltage to the
storage electrode line, and the electrostatic bar com-
prises the common voltage line.

10. The liquid crystal display device according to
claim 8, wherein the anti-static diode comprises a
first anti-static diode which has the gate outer cir-
cumference as a control terminal and an input ter-
minal, and the electrostatic bar as an output terminal,
and

a second anti-static diode which has the gate outer
circumference as an output terminal, and the elec-
trostatic bar as a control terminal and an input ter-
minal.

11. The liquid crystal display device according to
claim 6, further comprising a sealant which is formed
on the fan-out part and combines the first substrate
and the second substrate.

12. The liquid crystal display device according to
claim 1, further comprising a fan-out part which is
disposed between the gate pad and the resistor.

13. The liquid crystal display device according to
claim 12, wherein the gate pad, the fan-out part and
the resistor are formed as the same layer.

14. The liquid crystal display device according to
claim 1, wherein at least a part of the resistor has a
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zigzag pattern.

15. The liquid crystal display device according to
claim 2, wherein the liquid crystal layer is a vertical
alignment mode.

16. The liquid crystal display device according to
claim 15, wherein the pixel electrode comprises a
pixel electrode cutting pattern and the second sub-
strate comprises a common electrode which is
formed with a common electrode cutting pattern.

17. The liquid crystal display device according to
claim 16, wherein the pixel electrode comprises a
first pixel electrode and a second pixel electrode
which are separated from each other, and the first
and second pixel electrodes receive different pixel
voltages.

18. The liquid crystal display device according to
claim 17, wherein the thin film transistor comprises
a drain electrode which comprises a first drain elec-
trode supplying a data voltage directly to the first
pixel electrode and a second drain electrode forming
a coupling capacitance together with the second pix-
el electrode.

19. The liquid crystal display device according to
claim 17, wherein the thin film transistor comprises
a first thin film transistor which is connected with the
first pixel electrode and a second thin film transistor
which is connected with the second pixel electrode.

20. The liquid crystal display device according to
claim 1, wherein a total resistance of the resistor is
10% to 50% of a total resistance of the gate main line.

21. The liquid crystal display device according to
claim 1, wherein a variation of a gate signal delay in
the gate main line occurs within 100%.

22. A liquid crystal display device comprising:

a first substrate having a display region;
asecond substrate facing the first substrate; and
a liquid crystal layer disposed between the first
substrate and the second substrate,

the first substrate comprising:

a gate main line which is disposed in the
display region;

a gate pad which is disposed out of the dis-
play region;

a resistor which electrically connects the
gate main line and the gate pad, and com-
prises a material having a larger resistance
than the gate main line;

a thin film transistor which is connected with
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the gate main line; and

a pixel electrode which is electrically con-
nected with the thin film transistor and com-
prises a same material as the resistor,

the liquid crystal layer is a vertically aligned 5
(VA) mode.

23. A thin film transistor array substrate, comprising:

a substrate which has a display region and a 170

non-display region;

a gate main line which is disposed in the display

region;

a gate pad which is disposed out of the display

region; 15

a resistor which electrically connects the gate

main line and the gate pad and comprises a ma-

terial having a larger resistance than the gate

main line;

a thin film transistor which is connected with the 20

gate main line; and

a pixel electrode which is electrically connected

with the thin film transistor and comprises a

same material as the resistor.

25

25. A liquid crystal display (LCD) having a matrix of
pixel areas and comprising:

a plurality of pads to which terminals of a driver
circuit can connect so as to supply respective 30
gate pulsing signals to the pads;

a plurality of gate signal carrying lines each fan-

ning out from a respective one of the pads and
each having a length extending to operatively
couple with a corresponding plurality of pixel 35
control transistors distributed along the length

of the gate signal carrying line; and

one or more ballasting resistances integrally
provided in line with a corresponding one or
more of the gate signal carrying lines, where 40
each ballasting resistance is of a sufficiently
large resistance to reduce brightness disparity
between pixel areas of its corresponding gate
signal carrying line that are located closest to

and furthest away from the respective pad as 45
measured along the length of the corresponding
gate signal carrying line.

50
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