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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C.
119 to Korean Patent Application No. 10-2008-0131090,
filed on Dec. 22 2008, which is hereby incorporated by ref-
erence in its entirety.

BACKGROUND
[0002] 1. Field of the Disclosure
[0003] This disclosure relates to a liquid crystal display

device adapted to improve the response time of liquid crystal.
[0004] 2. Description of the Related Art

[0005] Nowadays, image display devices driving pixels
arranged in an active matrix shape have been widely
researched. The image display devices include liquid crystal
display (LCD) devices, organic electro-luminescent display
(OLED) devices, and so on.

[0006] More specifically, an LCD device applies data sig-
nals, corresponding to image information, to the pixels
arranged in an active matrix shape and controls the transmis-
sivity of the liquid crystal layer so that the desired image is
displayed. To this end, an LCD device includes a liquid crys-
tal panel with the pixels arranged in an active matrix shape,
and a driving circuit for driving the liquid crystal panel.
[0007] Inaliquidcrystal panel, gate lines and data lines are
arranged to cross each other. Pixel regions are defined by the
gate lines and the data lines crossing. Each of the pixel regions
includes a thin film transistor (TFT) and a pixel electrode
connected to it. The TFT includes a gate electrode connected
to the respective gate line, a source electrode connected to the
respective data line, and a drain electrode connected to the
respective pixel electrode.

[0008] The driving circuit includes a gate driver sequen-
tially applying scan signals to the gate lines and a data driver
applying data signals to the data lines. As the gate driver
sequentially applies the scan signals to the gate lines, the
pixels on the liquid crystal panel are selected in the line unit.
Whenever the gate lines are sequentially selected in a single
line, the data driver applies the data signals to the data lines.
As such, the transmissivity of the liquid crystal layer is con-
trolled by an electric field which is induced between the pixel
electrode and a common electrode and corresponds to the
data signal applied to each pixel. Accordingly. the LCD
device displays an image.

[0009] In order to lower manufacturing cost, an LCD
device of an internal driver type has recently been developed
which includes the gate driver and the data driver provided on
the liquid crystal panel. Inan LCD device of an internal driver
type, the gate driver is simultaneously manufactured with the
thin film transistors when the thin film transistors are formed
on the liquid crystal panel. Meanwhile, the data driver may or
may not be provided on the liquid crystal panel.

[0010] As the size of an LCD device increases, the gate
lines lengthen by the increment of screen size so that line
resistances increase. This results in the response time of the
liquid crystal becoming slower due to the lowered changing
rate of the thin film transistor.

[0011] An output transistor, which is positioned at an out-
put portion applying the gate signal to the respective gate line,
must be connected to a plurality of thin film transistors. Due
to this, the gate signal output from the output transistor is
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affected by parasitic capacities within the thin film transis-
tors. As a result, the charging rate of the thin film transistor is
lowered, and furthermore the response time of the liquid
crystal is deteriorated.

SUMMARY

[0012] According to one general aspect of the present
embodiment, an LCD device includes: a display panel con-
figured to display an image and include a plurality of gate
lines and a plurality of data lines arranged on it; a data driver
configured to supply the data lines of the liquid crystal panel
with data signals corresponding to the image; and a gate
driver formed on the liquid crystal panel and configured to
include a plurality of shift registers which are configured to
apply output signals sequentially shifted from a start pulse to
the gate lines. Each of the shift registers includes an output
portion configured to include an output transistor, and a con-
trol portion controlling the output portion. The output tran-
sistor includes: a gate electrode responsive to a voltage on a
first node; a source electrode receiving a clock signal; a drain
electrode connected to the respective gate line and configured
to apply the clock signal from the source electrode to the
respective gate line according to the voltage on the first node;
and a top electrode disposed on a uppermost layer and con-
nected to the gate electrode.

[0013] Other systems, methods, features and advantages
will be, or will become, apparent to one with skill in the art
upon examination of the following figures and detailed
description. It is intended that all such additional systems,
methods, features and advantages be included within this
description, be within the scope of the invention, and be
protected by the following claims. Nothing in this section
should be taken as a limitation on those claims. Further
aspects and advantages are discussed below in conjunction
with the embodiments. It is to be understood that both the
foregoing general description and the following detailed
description of the present disclosure are exemplary and
explanatory and are intended to provide further explanation
of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are included to
provide a further understanding of the embodiments and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the disclosure. In the drawings:

[0015] FIG. 1 is a schematic diagram showing an LCD
device according to an embodiment of the present disclosure;

[0016] FIG. 2 is a detailed diagram showing the gate driver
in FIG. 1;
[0017] FIG. 3 is a circuit diagram showing the detailed

circuit configuration of the first shift register in FIG. 2;
[0018] FIG. 4is a waveform diagram showing drive signals
applied to the first shift register of FIG. 3;

[0019] FIG. 5 is a planar view schematically showing the
eighth transistor included in FIG. 3;

[0020] FIG. 6is a cross-sectional view showing the eighth
transistor taken along the line I-I' shown in FIG. 5;

[0021] FIG. 7Ais a graphic diagram representing the boost
characteristic of a first node Q along with the capacitance
increment of a second capacitor component C2 generated in
the eighth transistor;
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[0022] FIG.7Bisanenlarged graphic diagram representing
a dot-line portion of FIG. 7A;

[0023] FIG.7C s a graphic diagram representing the delay
time generated in an output stage along with the capacitance
increment of a second capacitor component C2; and

[0024] FIG. 7D is a graphic diagram representing the boost
characteristic of the first node Q along with the capacitance
increment of a second capacitor component C2.

DETAILED DESCRIPTION

[0025] Reference will now be made in detail to the embodi-
ments of the present disclosure, examples of which are illus-
trated in the accompanying drawings. These embodiments
introduced hereinafter are provided as examples in order to
convey their spirits to the ordinary skilled person in the art.
Therefore, these embodiments might be embodied in a dif-
ferent shape, so are not limited to these embodiments
described here. Also, the size and thickness of the device
might be expressed to be exaggerated for the sake of conve-
nience in the drawings. Wherever possible, the same refer-
ence numbers will be used throughout this disclosure includ-
ing the drawings to refer to the same or like parts.

[0026] FIG. 1 is a schematic diagram showing an LCD
device according to an embodiment of the present disclosure.
Referring to FIG. 1, an LCD device according to an embodi-
ment of the present disclosure includes a liquid crystal panel
102, a gate driver 104, a data driver 106, a timing controller
108, and a voltage generator 110. The liquid crystal panel 102
is configured to include a plurality of gate lines GL1~GLn
and a plurality of data lines DL1~DLm arranged to display an
image. The gate driver 104 is configured to drive the plural
gate lines GL1~GLn. The data driver 106 is configured to
drive the plural data lines DLL1~DLm. The timing controller
108 s configured to control the driving timings of the gate and
data drivers 104 and 106. The voltage generator 110 is con-
figured to generate a common voltage Vcom to be applied to
the liquid crystal panel 102.

[0027] The liquid crystal panel 102 includes pixels formed
on unit regions which are defined by the plurality of gate lines
GL1~GLn and the plurality of data lines DL1~DLm crossing
each other. Each of the pixels is configured to include a thin
film transistor TFT formed at the intersection of the respec-
tive gate line GL and the respective data line DL, and a liquid
crystal cell Cle connected between the thin film transistor
TFT and a common electrode Vcom. The thin film transistor
TFT responds to a gate scan signal (or a gate signal, or a scan
signal) on the respective gate line GL and switches a pixel
data voltage (or a data voltage) which will be applied from the
respective data line DL to the respective liquid crystal cell
Cle.

[0028] The gate driver 104 responds to gate control signals
GCS from the timing controller 108 and applies a plurality of
gate scan signals to the plurality of gate lines GL1~GLn,
respectively. The gate scan signals forces the plurality of gate
lines GL1~GLn to be sequentially enabled in one horizontal
synchronous signal period.

[0029] The data driver 106 responds to data control signals
DCS from the timing controller 108 and generates a plurality
of pixel data voltages whenever any one among the gate lines
GL1~GLn is enabled. The plurality of pixel data voltages are
applied to the plural data lines DL1~DLm, respectively. To
this end, the data driver 106 inputs pixel data for pixels on one
line from the timing controller 108. Also, the data driver 106
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converts the one line pixel data into the analog pixel data
voltages using a set of gamma voltages.

[0030] The timing controller 108 derives the gate control
signals GCS and the data control signals DCS from synchro-
nous signals Vsync and Hsync, a data enable signal DE, and
aclock signal CLK which are applied from an external system
(for example, the graphic module of a computer system or the
image demodulator of a television which are not shown). The
gate control signal are used in the control of the gate driver
104, and the data control signals DCS are used in the control
of the data driver 106. Likewise, the timing controller 108
rearranges data of frame unit V_data from the external system
and applies the rearranged data Data to the data driver 106.
[0031] The voltage generator 110 derives driving voltages
and a common voltage from an input voltage which is applied
from an external voltage source (not shown). The driving
voltages are used for driving the gate and data drivers 104 and
106. The common voltage Vcom is applied to the common
electrode which is formed on the liquid crystal panel 102.
[0032] FIG. 2 is a detailed diagram showing the gate driver
in FIG. 1. As shown in FIGS. 1 and 2, the gate driver 104 is
configured to include a plurality of shift registers ST1~STn
opposite to a plurality of gate lines GL1~GLn.

[0033] Each of the shift registers ST1~STn is connected to
an input line for a clock signal CLK, the output terminal ofa
shift register ST positioned at the next stage thereof, and the
output terminal of another shift register ST positioned at the
previous stage thereof. For example, the first shift register
ST1 is connected to the input line for the clock signal CLK,
the output terminal of a second shift register ST2, and an input
line for a start pulse SP.

[0034] FIG. 3 is a circuit diagram showing the detailed
circuit configuration of the first shift register in FIG. 2. As
shown in FIG. 3, the first shift register ST1 inputs the start
pulse SP, the clock signal CLK, and an output signal from the
second shift register ST2 corresponding to the next stage
thereof. A gate high voltage VGH and a gate low voltage VGL
are applied to the first shift register ST1. Also, the first shift
register ST1 consists of a control portion including first to
seventh transistors T1~T7 and an output portion including
eight and ninth transistors T8 and T9.

[0035] The control portion of the first shift register ST1
includes: the first transistor T1 which responds to the start
pulse SP and is connected between the input line for the gate
high voltage VGH and a first node Q; the second transistor T2
which responds to an output signal of the second shift register
ST2 and is connected between the first node Q and the input
line for gate low voltage VGL; and a third transistor T3 which
responds to a voltage from a second node QB and is con-
nected between a drain electrode of the first transistor T1 and
the input line for the gate low voltage VGL.

[0036] The control portion of the first shift register ST1
further includes: the fourth transistor T4 which responds to
the output signal of the second shift register ST2 and is
connected between the input line of the gate high voltage
VGH and a source electrode of the fifth transistor T5; and the
fifth transistor T5 which responds to the voltage on the first
node Q and is connected between a drain electrode of the
fourth transistor T4 and the input line for the gate low voltage
VGL.

[0037] Furthermore, the control portion of the first shift
register ST1 includes: the sixth transistor T6 which responds
to the gate high voltage VGH and is connected between the
input line of the gate high voltage VGH and the second node
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QB; and the seventh transistor T7 which responds to the start
pulse SP and is connected between the second node QB and
the input line of the gate low voltage VGL.

[0038] The output portion 100 of the first shift register ST1
includes: the eighth transistor T8 which selectively applies
the clock signal CLK to the first gate line GL1 opposite to the
first shift register ST1 according to the voltage on the first
node Q; and the ninth transistor T9 which selectively dis-
charges the voltage on the first gate line GL1 according to the
voltage on the second node QB.

[0039] The eighth transistor T8 includes a gate electrode
connected to the first node Q, a source electrode connected to
the input line for the clock signal CLK, a drain electrode
connected to the first gate line GLL1, and a top electrode (not
shown) connected to the gate electrode.

[0040] Similarly, the ninth transistor T9 includes a gate
electrode connected to the second node QB, a source elec-
trode connected to the first gate line GL1, a drain electrode
connected to the input line for the gate low voltage VGL, and
a top electrode (not shown) connected to the gate electrode.
[0041] FIG. 4is a waveform diagram showing drive signals
applied to the first shift register of FIG. 3. As shown in FIGS.
3 and 4, the first shift register ST1 inputs the clock signal CLK
ofafixed period, a start pulse SP, and an output signal Vg-next
of the second shift register ST2. The clock signal CLK
includes alternate low and high state pulses. The start pulse
SP has a falling time synchronized with the rising time of the
first high state pulse of the clock signal CLK. The output
signal Vg-next of the second shift register ST2 has a high state
pulse synchronized with a first low state pulse of the clock
signal CLK.

[0042] TInthe first interval during which the start pulse SP of
the high state is applied to the first shift register ST1. the first
transistor T1 of the first shift register ST1 is turned-on so that
the gate high voltage VGH is applied to the first node Q via the
source and drain electrodes of the first transistor T1. At the
same time, the seventh transistor 17 is also turned-on by the
start pulse SP of the high state, thereby allowing the gate low
voltage VGL on the gate low voltage input line VOL to be
applied to the second node QB.

[0043] Duringthe second interval, the start pulse SP goes to
alow state and the clock signal CLK of a high state is applied
to the first shift register ST1. Then, the eighth transistor T8 is
turned-on.

[0044] More specifically, the eighth transistor T8 is turned-
on by means of the gate high voltage VGH charged in the first
node Q during the second interval. The voltage charging of
the first node Q is already performed during the first interval.
When the clock signal CLK goes to a high state, a bootstrap-
ping phenomenon occurs by means of an internal capacitor
component Cgs formed between the gate electrodes and
source electrode of the eighth transistor T8, so that the voltage
on the first node Q rises to about two times that of the gate
high voltage VGH and ensures a high state. As such, the
eighth transistor T8 is sufficiently turned-on and applies the
clock signal CLK of'the high state to the first gate line GL1 as
an output signal Vgout of the first shift register ST1.

[0045] Inthis manner, the output signal Vgout correspond-
ing to the gate high voltage VGH is applied to the first gate
line GL1 as the eighth transistor T8 is sufficiently turned-on.
[0046] Sequentially, the first shift register ST1 inputs the
clock signal CLK of the low state and receives the output
signal Vg-next of the high state from the second shift register
ST2 next to the first shift register ST1, during a third interval.
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At this time, the sixth transistor T6 is turned-on so that the
gate high voltage VGH is charged in the second node QB. As
such, the ninth transistor T9 responding to the voltage on the
second node QB is turned-on, thereby enabling the gate low
voltage VGL to be applied to the first gate line GL1, which is
connected to the first shift register ST1, via the ninth transis-
tor T9. Tn other words, the first gate line GL1 charges the gate
low voltage VGL during the third interval.

[0047] On the other hand, as the gate high voltage VGH is
charged in the second node QB, the third transistor T3 con-
nected to the second node QB is turned-on. In accordance
therewith, the voltage charged in the firstnode Q changes into
the gate low voltage VGL from the gate low voltage input line
VGL.

[0048] In this way, since the gate low voltage VGL and the
gate high voltage VGH are applied to the first and second
nodes Q and QB of the first shift register ST1, respectively,
the first gate line GL1 is charged by the gate low voltage VGL
passing through the ninth transistor T9, during the third inter-
val.

[0049] As described above, each of the eighth and ninth
transistors T8 and TY includes the gate and top electrodes and
has a fast charging/discharging time in comparison with the
related art transistor having only the gate electrode.

[0050] FIG. 5 is a planar view schematically showing the
eighth transistor included in FIG. 3. FIG. 6 is a cross-sectional
view showing the eighth transistor taken along the line I-I'
shown in FIG. 5.

[0051] As shown in FIGS. 5 and 6, the eighth transistor T8
includes: the gate electrode 103 formed on a substrate 101; a
gate insulating film 105 formed on the substrate 101 having
the gate electrode 103; a semiconductor layer 107 formed on
the substrate 101, opposite to the gate electrode 103, having
the gate insulating film 105; the source and drain electrodes
109a and 1095 being separate from each other on the sub-
strate 101 having the semiconductor layer 107; and a passi-
vation layer (or a protective layer) 111 formed on the entire
surface of the substrate 101 having the source and drain
electrodes 109a and 1095. The eighth transistor T8 further
includes the top electrode 113 connected to the gate electrode
103 formed on the substrate 101 through a contact hole H.
[0052] The semiconductor layer 107 is configured to
include an active layer 107a formed from amorphous silicon,
and an ohmic contact layer 1075 formed from impurity-
doped amorphous silicon. The gate insulating film 105 can be
formed by depositing an organic material including BCB, an
acryl-based resin, and others

[0053] The contacthole H formed on the substrate 101 with
the passivation layer 111 thereon partially exposes the gate
electrode 103. In other words, the contact hole H for partially
exposing the gate electrode 103 is formed in the passivation
layer 111.

[0054] The top electrode 113 is provided by forming a
conductive metal film on the substrate 101 which includes the
passivation layer 111 with the contact hole H. The conductive
metal film is formed to cover the entire surface of the substrate
101 and to be connected to the partially exposed gate elec-
trode 103 via the contact hole H. The top electrode 113 can be
formed of the same material as the pixel electrode formed on
the pixel region of the liquid crystal panel (102 in FIG. 1). In
other words, the top electrode 113 can be formed from a
transparent metal material such as indium-tin-oxide. Alterna-
tively, the top electrode 113 can be formed of the same metal
material as the source/drain electrodes 1094 and 1095 or the
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gate insulating electrode 103. Moreover, the top electrode
113 can be patterned in the size of the semiconductor layer
107.

[0055] Such an eighth transistor T8 may include a first
capacitor component C1 generated between the gate elec-
trode 103 and the source/drain electrode 1094 and 1095, and
a second capacitor component C2 generated between the
source/drain electrodes 109a and 1095 and the top electrode.
Therefore, a boosted voltage in the first node Q connected to
the gate electrode 103 of the eighth transistor T8 depends on
the following equation 1.

VQ:((Cdrnin+Csource)/ (CAChaintCovree) ¥V erx

[0056] In the equation 1, “Cdrain” and “Csource” corre-
spond to capacitor components within the eighth transistor
T8, and “Cx” means a parasitic capacitor component genet-
ated between other transistors (i.e., thin film transistors TFT)
connected to the eighth transistor T8.

[0057] Inaccordance with this equation 1, the boosted volt-
age V; on the first node Q can be improved by increasing the
capacitor component within the eighth transistor T8 or by
decreasing the parasitic capacitor component between other
transistors (i.e., the thin film transistors TFT). If the boosted
voltage V;, on the first node Q is improved, the response time
of the eighth transistor T8 can be enhanced.

[0058] The present embodiment will increase the capacitor
component within the eighth transistor T8 rather than that
between other transistors (i.e., the thin film transistors TFT)
which are connected to the eighth transistor T8, in order to
improve the boosted voltage V,, (or the boosting characteris-
tic) on the first node Q.

[0059] Actually, the second capacitor component C2 is
additionally provided to the eighth transistor T8 because the
eighth transistor T8 is configured to include the top electrode
113 electrically connected to the gate electrode 103. The
second capacitor component C2 added to the eighth transistor
T8 improves the boosted voltage V; on the first node Q.
[0060] Furthermore, the improvement of the boosted volt-
age V, on the first node Q induces the response time of the
eighth transistor T8 to be enhanced. The enhanced response
time of the eighth transistor T8 enables the output signal of
the eighth transistor T8 to be more rapidly applied to the gate
lines GL.1~GLn which are arranged on the liquid crystal panel
102. As such, the turned-on/off time of the thin film transistor
TFT electrically connected to the gate line GL also becomes
more rapid. As a result, the response time of liquid crystal is
enhanced.

[0061] FIG. 7 includes graphic diagrams representing the
boosted voltage of a first node Q along with the capacitance
increment of a capacitor component generated in the eighth
transistor. More specifically, FIG. 7A is a graphic diagram
representing the boosted voltage of a first node Q along with
the capacitance increment of a second capacitor component
C2 generated in the eighth transistor, FIG. 7B is an enlarged
graphic diagram representing a dot-line portion of FIG. 7A,
FIG. 7C is a graphic diagram representing the delay time
generated in an output stage along with the capacitance incre-
ment of a second capacitor component C2; and FIG. 7D is a
graphic diagram representing the boost characteristic of the
first node Q along with the capacitance increment of a second
capacitor component C2.

[0062] As seen in FIGS. 7A and 7B, it is evident that the
boosted voltage is improved as the capacitance of the second
capacitor component C2 with the eighth transistor T2

[Equation 1]
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increases. Also, the response time of the eighth transistor
gradually becomes faster according to the capacitance incre-
ment of the second capacitor component C2 generated in the
eighth transistor T8, as shown in FIG. 7C. In other words, a
delay time in the eighth transistor T8 is reduced according to
the capacitance increment of the second capacitor component
C2. Furthermore, FIG. 7D is evident that the boosted voltage
on the first node Q is improved according the capacitance
increment of the second capacitor component C2 generated in
the eighth transistor T2.

[0063] As described above, the LCD device according to an
embodiment of the present disclosure enables an output por-
tion for the gate scan signal to be configured to include an
output transistor with the top electrode connected to the gate
electrode, so that the boosted voltage on the first node Q is
improved. The improvement of the boosted voltage on the
first node Q induces the response time of the output transistor
to be enhanced. The enhanced response time of the output
transistor enables the output signal of the output transistor to
be more rapidly applied to the gate lines GL1~GLn which are
arranged on the liquid crystal panel. As such, the turned-on/
off time of the thin film transistor TFT electrically connected
to the gate line GL in a pixel region also becomes more rapid.
As a result, the response time of liquid crystal on a pixel
region is enhanced.

[0064] Consequently, the LCD device according to an
embodiment of the present disclosure forces an output por-
tion outputting the gate scan signal to include an output tran-
sistor with an additional electrode which is electrically con-
nected to the gate electrode and positioned at the uppermost
layer. As such, the performance of the output transistor can be
improved, and the gate scan signal can be rapidly applied to
the gate line. Therefore, the LCD device can enhance the
response speed of liquid crystal.

[0065] Although the present disclosure has been limitedly
explained regarding only the embodiments described above,
it should be understood by the ordinary skilled person in the
art that the present disclosure is not limited to these embodi-
ments, but rather that various changes or modifications
thereof are possible without departing from the spirit of the
present disclosure. Accordingly, the scope of the present dis-
closure shall be determined only by the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display device comprising:

a display panel configured to display an image, the display
panel including a plurality of gate lines and a plurality of
data lines;

adata driver configured to supply the data lines of the liquid
crystal panel with data signals corresponding to the
image; and

a gate driver on the liquid crystal panel and including a
plurality of shift registers, which are configured to apply
output signals sequentially shifted from a start pulse to
the gate lines, each of the shift registers including:

an output portion having an output transistor which
includes: a gate electrode responsive to a voltage on a
first node; a source electrode receiving a clock signal; a
drain electrode connected to the respective gate line and
configured to apply the clock signal from the source
electrode to the respective gate line according to the
voltage on the first node; and a top electrode disposed on
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an uppermost layer and connected to the gate electrode,
and
a control portion that controls the output portion.
2. The liquid crystal display device claimed as claim 1,
wherein the output transistor includes:
the gate electrode formed on a substrate;
a gate insulating film formed on the substrate with the gate
electrode;
asemiconductor layer formed, opposite the gate electrode,
on the substrate with the gate insulating film;
the source and drain electrodes being separated from each
other on the semiconductor layer;
a passivation layer formed on the source and drain elec-
trodes; and
the top electrode formed, opposite the semiconductor
layer, on the passivation layer and electrically connected
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to the gate electrode through a contact hole on the pas-
sivation layer.

3. The liquid crystal display device claimed as claim 1,
wherein the top electrode comprises a transparent metal
material.

4. The liquid crystal display device claimed as claim 1,
wherein the top electrode comprises indium-tin-oxide.
5. The liquid crystal display device claimed as claim 1,

wherein the top electrode comprises the same metal material
as the gate electrode.

6. The liquid crystal display device claimed as claim 1,
wherein the top electrode comprises the same metal material
as the source and drain electrodes.
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