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ACTIVE LEVEL SHIFT DRIVER CIRCUIT
AND LIQUID CRYSTAL DISPLAY
APPARATUS INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2010-0103671, filed on Oct. 22,2010, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] The technology relates to a liquid crystal display
apparatus, and more particularly to, an active level shift
(ALS) driver circuit and a liquid crystal display apparatus
including the ALS driver circuit.

[0004] 2. Description of the Related Technology

[0005] Liquid crystal displays (LCDs) are widely used as
displays for devices such as notebook computers or a portable
TV sets, due to their light weight, thinness, and low power
consumption.

[0006] An LCD apparatus generally includes upper and
lower substrates with pixel electrodes and a common elec-
trode and a liquid crystal layer disposed between the upper
and lower substrates. The pixel electrodes are disposed in a
matrix, connected to switching devices, such as thin film
transistors (TFTs), and receive a data voltage for columns
corresponding to the pixel electrode. The common electrode
is formed over an entire surface of a display plate and receives
a common voltage.

[0007] The LCD apparatus includes a gate driver and an
active level shifter (ALS) driver and displays a desired image
by adjusting quantities of transmitted light according to sig-
nals from the gate driver and the ALS driver applied to the
pixels.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0008] One inventive aspect is an active level shift (ALS)
driver including a plurality of ALS driving circuits. Each of
the plurality of ALS driving circuits includes an input unit
configured to apply a first polarity voltage to a first node, and
to apply a second polarity voltage to a second node. Each ALS
driving circuit also includes a reset unit configured to apply an
initial voltage to the first node and the second node, a level
compensation unit configured to adjust the voltages of the
first node and the second node, and an output unit configured
to alternately output a first power voltage and a second power
voltage according to the first polarity voltage and the second
polarity voltage.

[0009] Another inventive aspect is a liquid crystal display
apparatus including a data driver connected to a plurality of
data lines and configured to apply data signals to the plurality
of datalines, a gate driver connected to a plurality of gate lines
and configured to sequentially apply gate signals to the plu-
rality of gate lines, and an ALS driver including a plurality of
ALS driving circuits connected to a plurality of ALS lines in
parallel with the plurality of gate lines. Each of the ALS
driving circuits includes first and second nodes, and an input
unit configured to apply a first polarity voltage to the first
node and to apply a second polarity voltage to the second
node. Each ALS driving circuit also includes a level compen-
sation unit configured to adjust the voltages of the first node
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and the second node, and an output unit configured to alter-
nately output a first power voltage and a second power voltage
according to the adjusted voltages of the first and second
nodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] These and/or other aspects and advantages will
become apparent and more readily appreciated from the fol-
lowing description of the embodiments, taken in conjunction
with the accompanying drawings of which:

[0011] FIG. 1 is a schematic circuit diagram of a liquid
crystal display apparatus according to an embodiment;
[0012] FIG. 2A is a circuit diagram of an odd numbered
active level shift (ALS) driving circuit of an ALS driver, and
FIG. 2B is a timing diagram of an operation of the odd
numbered ALS driving circuit of FIG. 2A according to an
embodiment;

[0013] FIG. 3A is a circuit diagram of an even numbered
ALS driving circuit of an ALS driver, and F1G. 3B is a timing
diagram of an operation of the even numbered ALS driving
circuit of FIG. 3A according to an embodiment;

[0014] FIG. 4is a circuit diagram of an odd numbered ALS
driving circuit of an ALS driver according to another embodi-
ment;

[0015] FIG. 5 is a timing diagram of a voltage relationship
between internal signals of FIG. 4 according to an embodi-
ment;

[0016] FIG. 6isatiming diagram of an operation of the odd
numbered ALS driving circuit of FIG. 4 according to an
embodiment;

[0017] FIG. 71sa circuit diagram of an even numbered ALS
driving circuit of an ALS driver according to another embodi-
ment; and

[0018] FIG. 8 is a timing diagram of an operation of the
even numbered ALS driving circuit of FIG. 7 according to an
embodiment.

[0019] FIG. 9 is a circuit diagram of one of a plurality of
stages included in a gate driver according to an embodiment.
[0020] FIG. 10 is a timing diagram of an operation of a
stage of F1G. 9 according to an embodiment.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0021] Hereinafter, various aspects are described more
fully with reference to the accompanying drawings, in which
exemplary embodiments are shown. In order to more clearly
describe various features and aspects, detailed descriptions of
certain functions or configurations may be omitted. Like ref-
erence numerals in the drawings generally denote like ele-
ments. In the accompanying drawings, thicknesses and sizes
of layers and regions are in some instances exaggerated for
clarity.

[0022] FIG. 1 is a schematic circuit diagram of a liquid
crystal display apparatus according to an embodiment. Refer-
ring to FIG. 1, the liquid crystal display apparatus includes a
liquid crystal panel 100, a gate driver 200, a data driver 300,
an active level shift (ALS) driver 400, and a timing controller
500.

[0023] Theliquid crystal panel 100 includes a liquid crystal
layer between two substrates. The liquid crystal panel 100
includes a plurality of gate lines GL1 through GLn that are
spaced apart from each other by a uniform pitch in a column
direction, and a plurality of data lines DL1 through DLm that
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are spaced apart from each other by a uniform pitch in a row
direction. A pixel P is formed at each intersection of the gate
lines GL1 through GLn and the data lines D1 through DLm.
[0024] The pixels P each include a thin film transistor
(TFT) T, aliquid crystal capacitor Clc, and a storage capacitor
Cst.

[0025] The TFT T includes a gate electrode connected to
one of the gate lines GL1 through GLn, a first electrode
connected to one of the data lines DL1 through DLm, and a
second electrode connected to a pixel electrode. The TFT T is
turned on if a gate on voltage is applied to the gate electrode,
and transfers a data voltage applied from the data line con-
nected to the first electrode to the pixel electrode.

[0026] The liquid crystal capacitor Clc is connected to the
TFT T and an electric field is formed in the liquid crystal
capacitor Clc between the pixel electrode formed on a lower
substrate and a common electrode of an upper substrate.
When a data voltage is applied to the pixel electrode, and a
common voltage Vcom is applied to the common electrode
from a common voltage line, the liquid crystal capacitor Clc
adjusts or blocks transmission of light according to a change
in an arrangement of liquid crystal molecules due to the
electric field of the liquid crystal capacitor Clc. The common
electrode may alternatively be formed on the lower substrate.
Inthiscase, at least one of the pixel electrode and the common
electrode may have a linear or bar shape.

[0027] The storage capacitor Cst includes the pixel elec-
trode and an electrode that is connected to one of a plurality of
ALS lines SL1 through SLn in parallel to the gate lines GL1
through GLn. The storage capacitor Cst maintains a data
voltage stored in the liquid crystal capacitor Clc until a next
data voltage is stored.

[0028] The gate driver 200 may generate gate signals hav-
ing a combination of a gate on voltage of an active level and
a gate off voltage of a non-active level and sequentially pro-
vide the liquid crystal panel 100 with the gate signals through
the gate lines GL1 through GLn. The TFT T is turned on by
the gate on voltage or turned off by the gate off voltage. The
gate driver 200 includes a plurality of gate circuits. The gate
circuits include odd numbered gate driver circuits for output-
ting the gate signals G1, G3, G5, .. . to the odd numbered gate
lines GL1, GL3, GL5, . . ., and even numbered gate driver
circuits for outputting the gate signals G2, G4, G6, . . . to the
even numbered gate lines GL.2, GL.4, GLS, . . ..

[0029] The data driver 300 may sequentially provide the
liquid crystal panel 100 with data signals through the data
lines DL1 through DLm. The data driver 300 converts input
image data DATA having a grayscale input from the timing
controller 500 into a voltage or current data signal.

[0030] The ALS driver 400 may sequentially provide the
liquid crystal panel 100 with ALS voltages through the ALS
lines SL1 through SLn. The ALS lines SL1 through SLn are
spaced apart from each other by a uniform pitch, are parallel
to the gate lines GL1 through GLn, and alternate with the gate
lines GL1 through GLn. According to some embodiments,
the ALS driver 400 may be in parallel with the data lines DL1
through DLm or may be in an edge region of the pixel elec-
trode.

[0031] TheALS driver 400 outputs an ALS voltage ofalow
level or a high level to the ALS lines SLL1 through SLn. In
some embodiments, the ALS driver 400 may use gate signals
or an internal intermediate signal from the gate driver 200 for
generating the ALS voltage. The ALS voltage is applied after
a charging operation of the pixel P is completely performed,
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i.e., when a gate signal applied to the gate line is changed from
the gate on voltage to the gate off voltage.

[0032] The ALS driver 400 includes a plurality of ALS
driving circuits ALS 1 through ALSn (not shown). The ALS
driving circuits ALS 1 through ALSn include odd numbered
ALS driving circuits that output ALS voltages S1, S3, S5, ..
. to odd numbered ALS lines SL1, SL3, SL5, .. ., and even
numbered ALS driving circuits that output ALS voltages S2,
S4, S6, . . . to even numbered ALS lines SL.2, SL4, SLG, .. ..
The ALS voltages 51,83, S5, .. . applied to the odd numbered
ALS lines SL1, SL3, SL5, .. . and the ALS voltages S2, S4,
S6, . . . applied to the even numbered ALS lines SL2, SL4,
SL6, . . . have different levels. For example, if the ALS
voltages S1, S3, S5, . . . applied to the odd numbered ALS
lines SL.1, SL3, SL5, . . . have voltages of a high level, the ALS
voltages S2, 5S4, S6, . . . applied to the even numbered ALS
lines SL.2, SL4, SL6, . .. have voltages of a low level. Certain
embodiments of structures and operations of the ALS circuits
ALS1 through ALSn are described below.

[0033] The timing controller 500 receives input image data
and an input control signal used to control displaying of the
input image data from an external graphic controller (not
shown). The input control signal includes, for example, a
horizontal synchronization signal Hsync, a vertical synchro-
nization signal Vsync, and a main clock MCLK. The timing
controller 500 transfers the input image data to the data driver
300, generates a gate control signal CONT1, a data control
signal CONT2, and an ALS control signal CONT3, and trans-
fers the gate control signal CONT1, the data control signal
CONT?2, and the ALS control signal CONTS3 to the gate driver
200, the data driver 300, and the ALS driver 400, respectively.
[0034] According to the control signals, the gate on voltage
is sequentially applied to the gatelines GL1 through GLn, and
accordingly data signals are applied to all pixels, in order for
the liquid crystal panel 100 to display an image of a frame.
[0035] FIGS. 2A and 3A are circuit diagrams of an i odd
numbered ALS driving circuit ALSi and an i+1% even num-
bered ALS driving circuit ALSi+1 of an embodiment of an
ALS driver, and FIGS. 2B and 3B are timing diagrams of
operations of the i” odd numbered ALS driving circnit ALSi
and the i+1% even numbered ALS driving circuit ALSi+1 of
FIGS. 2A and 3A, respectively. In this regard, i denotes an
odd number.

[0036] Referring to FIG. 2A, the i odd numbered ALS
driving circuit ALSi includes first through sixth switching
devices ST1 through ST, a first capacitor C1, and a second
capacitor C2. A first power voltage Vdd is a high level sup-
plied from a first power source. A second power voltage Vss
is a low level supplied from a second power source. A first
polarity voltage P1 and a second polarity voltage P2 have
opposite polarities and are respectively output through a first
polarity terminal POLB and a second polarity terminal POL,
and each of the first and second polarity voltages P1 and P2
alternates by frame between being at a high level voltage and
being at a low level.

[0037] The first switching device ST1 includes a gate elec-
trode electrically connected to an input terminal IN, a first
electrode (a source electrode or a drain electrode) electrically
connected to the first polarity terminal POLB, and a second
electrode (a drain electrode or a source electrode) electrically
connected to a first electrode of the second switching device
ST2.

[0038] The second switching device ST2 includes a gate
electrode electrically connected to the input terminal IN, the
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first electrode electrically connected to the second electrode
of the first switching device ST1, and a second electrode
electrically connected to a first node N1.

[0039] The third switching device ST3 includes a gate elec-
trode electrically connected to the input terminal IN, a first
electrode electrically connected to the second polarity termi-
nal POL, and a second electrode electrically connected to a
first electrode of the fourth switching device ST4.

[0040] The fourth switching device ST4 includes a gate
electrode electrically connected to the input terminal IN, the
first electrode electrically connected to the second electrode
of the third switching device ST3, and a second electrode
electrically connected to a second node N2.

[0041] The fifth switching device ST5 includes a gate elec-
trode electrically connected to the first node N1, a first elec-
trode electrically connected to a first power terminal VDD,
and a second electrode electrically connected to a second
electrode of the sixth switching device ST6 and an output
terminal OUT.

[0042] The sixth switching device ST6 includes a gate elec-
trode electrically connected to the second node N2, a first
electrode electrically connected to a second power terminal
VSS, and the second electrode electrically connected to the
second electrode of the fifth switching device ST5 and the
output terminal OUT.

[0043] The first capacitor C1 includes a first electrode elec-
trically connected to the first node N1 and a second electrode
electrically connected to the first power terminal VDD. The
first capacitor C1 stores a voltage difference between the first
node N1 and the first power terminal VDD.

[0044] The second capacitor C2 includes a first electrode
electrically connected to the second node N2 and a second
electrode electrically connected to the second power terminal
VSS. The second capacitor C2 stores a voltage difference
between the second node N2 and the second power terminal
VSS.

[0045] Referring to FIG. 2B, the first polarity voltage P1
and the second polarity voltage P2 each alternate by frame
between a high level voltage and a low level voltage and are
respectively applied to the first polarity terminal POLB and
the second polarity terminal POL. A next gate signal, i.e., an
i+1” gate signal Gi+1, is applied to the input terminal IN
When an i” gate signal Gi is turned off, and the i+1” gate
signal Gi+1 is turned on, an i ALS voltage Si is changed and
output.

[0046] Ifthe i+1? gate signal Gi+1 of a low level is applied
to the input terminal IN, the first through fourth switching
devices ST1 through ST4 are turned on, and the first polarity
voltage P1 and the second polarity voltage P2 are transferred
to the first node N1 and the second node N2, respectively. In
this case, if the second polarity signal P2 has a low level, the
sixth switching device ST6 is turned on, and the second power
voltage Vss applied from the second power terminal VSS is
output to the output terminal OUT through the sixth switch-
ing device ST6. Thus, the ALS voltage Si of a low level is
applied to an ALS line. If the first polarity signal P1 has a low
level, the fifth switching device ST5 is turned on, and the first
power voltage Vdd applied from the first power terminal
VDD is output to the output terminal OUT through the fifth
switching device ST5. Thus, the ALS voltage Si of a high
level is applied to the ALS line.

[0047] Referring to FIG. 3A, the i+1” even numbered ALS
driving circuit ALSi+1 is different from the i odd numbered
ALS driving circuit ALS1 of FIG. 2A in that the first electrode
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of the first switching device ST1 is electrically connected to
the second polarity terminal POL, and the first electrode of
the third switching device ST3 is electrically connected to the
first polarity terminal POLB. A structure and an operation of
the i+1? even numbered ALS driving circuit ALSi+1 are the
same as those of the i odd numbered ALS driving circuit
ALSiof FIG.2A. Thus, a specific description ofthe i+1” even
numbered ALS driving circuit ALSi+1 will be omitted.

[0048] Referring to FIG. 3B, the first polarity voltage P1
and the second polarity voltage P2 each alternate by frame
between a high level voltage and a low level voltage and are
respectively applied to the first polarity terminal POLB and
the second polarity terminal POL. A next gate signal, i.e., an
+2” gate signal Gi+2, is applied to the input terminal IN.
When the i+17 gate signal Gi+1 is turned off, and the i+2”
gate signal Gi+2 is turned on, an i+1” ALS voltage Si+1 is
changed and output.

[0049] Ifthe i+27 gate signal Gi+2 of a low level is applied
to the input terminal IN, the first through fourth switching
devices ST1 through ST4 are turned on, and the second polar-
ity voltage P2 and the first polarity voltage P1 are transferred
to the first node N1 and the second node N2, respectively. In
this case, if the second polarity signal P2 has a low level, the
fifth switching device ST5 is turned on, and the first power
voltage Vdd applied from the first power terminal VDD is
output to the output terminal OUT through the fifth switching
device ST5. Thus, the ALS voltage Si+1 of a high level is
applied to an ALS line. If the first polarity signal P1 has a low
level, the sixth switching device ST6 is turned on, and the
second power voltage Vss applied from the second power
terminal VSS is output to the output terminal OUT through
the sixth switching device ST6. Thus, the ALS voltage Si+1 of
a low level is applied to the ALS line.

[0050] Inthe present embodiment, the ALS driver receives
a gate signal G output to a gate line and the first polarity
voltage P1 and the second polarity voltage P2. The ALS driver
outputs the first power voltage Vdd and the second power
voltage Vss. In some cases, a threshold voltage Vth of the first
through fourth switching devices ST1 through ST4 drops.
Since gate source voltages of the fifth switching device ST5
and the sixth switching device ST6 may then be 0V, voltages
may greatly drop in the first capacitor C1 and the second
capacitor C2 due to leakage.

[0051] FIG. 4 is a circuit diagram of an i” odd numbered
ALS driving circuit ALSi of an ALS driver according to
another embodiment. Descriptions with respect to the i* odd
numbered ALS driving circuit ALSi of the present embodi-
ment applies to all odd numbered ALS driving circuits of the
ALS driver. In this regard, 1 denotes an odd number.

[0052] Referring to FIG. 4, the i” odd numbered ALS driv-
ing circuit ALSiincludes an input unit 401, a reset unit 403, a
first level compensation unit 405, a boosting unit 407, a
second level compensation unit 409, and an output unit 411.
The switching devices of the present embodiment are PMOS
transistors, and thus a low level voltage is an active voltage,
and a high level voltage is a non-active voltage. Other switch-
ing devices, such as NMOS transistors, can alternatively be
used.

[0053] Thefirstpolarity voltage P1 is supplied from the first
polarity terminal POLB. The second polarity voltage P2 is
supplied from the second polarity terminal POL. The first
polarity voltage P1 and the second polarity voltage P2 have
opposite polarities, have a signal cycle corresponding to a
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frame unit, and each alternates by frame between being a low
level voltage and being a high level voltage.

[0054] The first power voltage Vdd is a high level signal
supplied from the first power terminal VDD. The second
power voltage Vss is a low level signal supplied from the
second power terminal VSS. The first power voltage Vdd may
be a common voltage Vecomh of a high level. The second
power voltage Vss may be a common voltage Veoml of a low
level.

[0055] A third power voltage V1 is a high level signal
supplied to a third power terminal. A fourth power voltage V2
is a low level signal supplied a fourth power terminal. The
third power voltage V1 may be a high level voltage Vgh of a
gate signal. The fourth power voltage. V2 may be a low level
voltage Vgl of the gate signal.

[0056] Two internal signals T1 and T2 are not gate signals
applied to a gate line but are intermediate signals output from
an internal node of the gate driver. A voltage and timing
relationship between the internal signals T1 and T2 is shown
in FIG. 5.

[0057] FIG. 5 is a timing diagram of a voltage relationship
between internal signals of FIG. 4 according to an embodi-
ment. Referring to FIG. 5, the internal signals T1 and T2 have
opposite polarities. A low level voltage of the first internal
signal T1 is either a first level voltage and a second level
voltage that is lower than the first level voltage. The first level
voltage may be the low level voltage Vgl of the gate signal and
the second level voltage may be a voltage Vg1’ that is lower
than the low level voltage Vgl of the gate signal.

[0058] The internal signal T1 of a next gate stage is output
as the first level voltage when a gate signal of a current gate
stage is output as the low level voltage Vgl. Thereafter, the
internal signal T1 of the next gate signal is output as the
second level voltage when the gate signal of the current gate
stage outputs the high level voltage Vgh and when the next
gate stage outputs the low level voltage V1. In this regard,
the internal signal T2 outputs the high level voltage Vgh when
the internal signal T1 is output as the low level voltage.
[0059] Forexample, n-2” n-1” and n” gatesignals Gn-2,
Gn-1, and Gn are sequentially applied to n-2%, n-1%, and n
gate lines. In this regard, when the n-2” gate signal Gn-2 is
output as the low level voltage Vigl, an n—1? first internal
signal T1(r-1) is output as the first level voltage Vgl. There-
after, the n—17 first internal signal T1(z-1) is output as the
second level voltage Vg1' when the n-2” gate signal Gn-2 is
output as the high level voltage Vgh and when the n-1? gate
signal Gn-1 is output as the low level voltage Vg1. Thereafter,
the n—-1? first internal signal T1(n-1) is output as the high
level voltage Vgh when the n” gate signal Gn is output as the
low level voltage Vgl. In this regard, n-2%, n—1”, and n*
second internal signals T2(r-2), T2(r-1), and T2(%) are out-
put as a high level voltage during 2H periods when n-2%,
n-1?, and n™ second internal signals T1(z-2), T1(r-1), and
T1(r) are output as the first level voltage and the second level
voltage.

[0060] Referring to FIG. 4, the input unit 401 includes first
through sixth transistors T1 through T6.

[0061] The firsttransistor T1includes a gate electrode elec-
trically connected to a first input terminal IN1, a first elec-
trode (a source electrode or a drain electrode) electrically
connected to the first polarity terminal POLB, and a second
electrode (the drain electrode or the source electrode) electri-
cally connected to a first electrode of the second transistor T2.
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[0062] The second transistor T2 includes a gate electrode
electrically connected to the first input terminal IN1. the first
electrode electrically connected to the second electrode of the
first transistor T1, and a second electrode electrically con-
nected to a third node M3.

[0063] The third transistor T3 includes a gate electrode
electrically connected to the first input terminal IN1, a first
electrode electrically connected to the third node M3, and a
second electrode electrically connected to the first node M1.
[0064] The first through third transistors T1, T2, and T3 are
turned on if a first internal signal T1(i+2) of a low level is
applied to the gate electrodes thereof and transfer the first
polarity voltage P1 to the first node M1 when turned on.
[0065] The fourth transistor T4 includes a gate electrode
electrically connected to the first input terminal IN1, a first
electrode electrically connected to the second polarity termi-
nal POL, and a second electrode electrically connected to a
first electrode of the fifth transistor T5.

[0066] Thefifthtransistor T3 includes a gate electrode elec-
trically connected to the first input terminal IN1, the first
electrode electrically connected to the second electrode of the
fourth transistor T4, and a second electrode electrically con-
nected to a fourth node M4.

[0067] The sixth transistor T6 includes a gate electrode
electrically connected to the first input terminal IN1, a first
electrode electrically connected to the fourth node M4, and a
second electrode electrically connected to a second node M2.
[0068] The fourth through sixth transistors T4, T5, and T6
are turned on if the first internal signal T1(i+2) of a low level
is applied to the gate electrodes thereof and transfer the sec-
ond polarity voltage P2 to the second node M2 when turned
on.

[0069] Thefirstinternal signal T1(i+2)is output from a next
odd numbered gate circuit, i.e. the i” odd numbered gate
circuit. The first internal signal T1 including the first level
voltage Vg1 and the second level voltage Vg1’ lower than the
first level voltage Vg1 is used instead of a gate signal includ-
ing a single low level voltage, thereby preventing a Vth drop
of the first through sixth transistors T1 through T6 of the input
unit 401.

[0070] Meanwhile, if a low level voltage is applied to the
first node M1 and the second node M2 according to the first
and second polarity voltages P1 and P2, twenty-first and
twenty-second transistors T21 and T22 are turned on. There-
fore, a node to which a low level voltage is applied will be
referred to as an on node, and a node to which a high level
voltage is applied will be referred to as an off node below.
[0071] The reset unit 403 includes a seventh transistor T7
and an eighth transistor T8. The reset unit 403 applies volt-
ages having opposite polarities to the floating first and second
nodes M1 and M2 and sets an ALS voltage of the i” odd
numbered ALS driving circuit ALSi to a low level. Thus, the
ALS voltage is stably output from a low level to a high level
during an initial operation of the ALS circuit.

[0072] The seventh transistor T7 includes a gate electrode
electrically connected to a reset terminal RESET, a first elec-
trode electrically connected to the third power terminal, and a
second electrode electrically connected to the first node M1.
[0073] The eighth transistor T8 includes a gate electrode
electrically connected to the reset terminal RESET, a first
electrode electrically connected to the fourth power terminal,
and a second electrode electrically connected to the second
node M2.
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[0074] 1If a reset signal R is applied to the reset terminal
RESET, the seventh transistor T7 is turned on and transfers
the third power voltage V1 of ahigh level from the third power
terminal to the first node M1, and the eight transistor T8 is
turned on and transfers the fourth power voltage V2 of a low
level from the fourth power terminal to the second node M2.
Thus, the twenty-second transistor T22 of the output unit 411
is turned on and outputs the second power voltage Vss from
the second power terminal VSS an output node OUT. There-
fore, the output signal of the i” odd numbered ALS driving
circuit ALSI is maintained at a low level.

[0075] The first level compensation unit 405 includes a
ninth transistor T9 and a tenth transistor T10. The first level
compensation unit 405 applies a low level voltage to the third
node M3 and the fourth node Md, and compensates for a
voltage drop due to leakage for whichever of the first node M1
and the second node M2 is an on node in a frame.

[0076] The ninth transistor T9 includes a gate electrode
electrically connected to a second input terminal IN2, a first
electrode electrically connected to the fourth power terminal,
and a second electrode electrically connected to the third
node M3.

[0077] The tenth transistor T10 includes a gate electrode
electrically connected to the second input terminal IN2, a first
electrode electrically connected to the fourth power terminal,
and a second electrode electrically connected to the fourth
node M4.

[0078] A second internal signal T2(i+2) is applied to the
second input terminal IN2 and is output from the next odd
numbered gate circuit. The second internal signal T2(i+2) is
output at a low level when the first internal signal T1(i+2) is
output at a high level. If the second internal signal T2(i+2) of
a low level is applied, the ninth transistor T9 and the tenth
transistor T10 are turned on and the fourth power voltage V2
of a low level is applied to the third node M3 and the fourth
node M4. Thus, if the first node M1 is an on node, a current
leakage [off is reduced when the third transistor T3 is turned
off by reducing Vds of the third transistor T3. If the second
node M2 is an on node, a current leakage loff is reduced when
the sixth transistor T6 is turned off by reducing Vds of the
sixth transistor T6.

[0079] The boosting unit 407 includes eleventh through
sixteenth transistors T11 through T16 and first through fourth
capacitors C11 through C14. The boosting unit 407 increases
an operating current of the output unit 411 by increasing a
potential of whichever of the first node M1 and the second
node M2 is an on node. The potential of on node becomes
lower in a PMOS circuit and higher in an NMOS circuit.
[0080] The eleventh transistor T11 includes a gate elec-
trode electrically connected to the first input terminal IN1, a
first electrode electrically connected to the third power termi-
nal, and a second electrode electrically connected to a first
electrode of the twelfth transistor T12. The twelfth transistor
T12 includes a gate electrode electrically connected to the
first input terminal IN1, the first electrode electrically con-
nected to the second electrode of the eleventh transistor T11,
and a second electrode electrically connected to a fifth node
M5.

[0081] The thirteenth transistor T13 includes a gate elec-
trode electrically connected to a third input terminal IN3, a
first electrode electrically connected to a second electrode of
the fourteenth transistor T14, and a second electrode electri-
cally connected to the fifth node M5. The fourteenth transistor
T14 includes a gate electrode and a first electrode electrically
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connected to the third input terminal IN3, and the second
electrode electrically connected to the first electrode of the
thirteenth transistor T13.

[0082] The fifteenth transistor T15 includes a gate elec-
trode electrically connected to the first node M1, a first elec-
trode electrically connected to the fifthnode M5, and a second
electrode electrically connected to a first electrode of the third
capacitor C13. The sixteenth transistor T16 includes a gate
electrode electrically connected to the second node M2, a first
electrode electrically connected to the fifth node M5, and a
second electrode electrically connected to a first electrode of
the fourth capacitor C14.

[0083] The first capacitor C11 includes a first electrode
electrically connected to the third power terminal and a sec-
ond electrode electrically connected to the first node M1. The
second capacitor C12 includes a first electrode electrically
connected to the third power terminal and a second electrode
electrically connected to the second node M2. The third
capacitor C13 includes the first electrode electrically con-
nected to the second electrode of the fifieenth transistor T15
and a second electrode electrically connected to the first node
M1. The fourth capacitor C14 includes the first electrode
electrically connected to the second electrode of the sixteenth
transistor T16 and a second electrode electrically connected
to the second node M2.

[0084] A third internal signal T1(7) is applied to the third
input terminal IN3, and is output from the i” odd numbered
gate circuit. The third internal signal T1(i) is applied 2H
earlier than the first internal signal T1(i+2). The third internal
signal T1(7) of a low level, i.e., the first voltage level Vg1 and
the second voltage level Vgl', is applied to the third input
terminal IN3.

[0085] If the first internal signal T1(i+2) of a low level is
applied to the first input terminal IN1, the eleventh transistor
T11 and the twelfth transistor T12 are turned on, and the third
power voltage V1 of a high level is applied to the fifth node
M5. Subsequently, if the first internal signal T1(7+2) of a high
level is applied to the first input terminal IN1 and the third
internal signal T1(7) of a low level is applied to the third input
terminal IN3, the thirteenth transistor T13 and the fourteenth
transistor T14 are turned on, and the third internal signal T1(;)
of a low level is applied to the fifth node M5. Thus, the fifth
node M5 is switched from a high level to a low level.

[0086] If the first node M1 maintains a low level voltage,
i.e., if the first node M1 is an on node, the fifteenth transistor
T15 is turned on and transfers the low level voltage of the fifth
node M5 to the first electrode of the third capacitor C13. Thus,
a voltage of the first node M1 is further lowered according to
a capacitance ratio of the first capacitor C11 and the third
capacitor C13, which increases a driving current Ion and Vgs
of the twenty-first transistor T21. If the second node M2
maintains a low level voltage, i.e., if the second node M2 is an
onnode, the sixteenth transistor T16 is turned on and transfers
the low level voltage of the fifth node M5 to the first electrode
of the fourth capacitor C14. Thus, a voltage of the second
node M2 is further lowered according to a capacitance ratio of
the second capacitor C12 and the fourth capacitor C14, which
increases the driving current Ion and Vgs of the twenty-
second transistor T22.

[0087] The second level compensation unit 409 includes
seventeenth through twentieth transistors T17 through T20,
and maintains whichever of the first node M1 and the second
node M2 is an off node at a high voltage level without a drop
in voltage.
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[0088] The seventeenth transistor T17 includes a gate elec-
trode electrically connected to the first node M1, a first elec-
trode electrically connected to a second electrode of the eigh-
teenth transistor T18, and a second electrode electrically
connected to the second node M2. The eighteenth transistor
T18 includes a gate electrode electrically connected to the
first node M1, a first electrode electrically connected to the
third power terminal, and the second electrode electrically
connected to the first electrode of the seventeenth transistor
T17.

[0089] The nineteenth transistor T19 includes a gate elec-
trode electrically connected to the second node M2, a first
electrode electrically connected to a second electrode of the
twentieth transistor T20, and a second electrode electrically
connected to the first node M1. The twentieth transistor T20
includes a gate electrode electrically connected to the second
node M2, a first node electrically connected to the third power
terminal, and the second electrode electrically connected to
the first electrode of the nineteenth transistor T19.

[0090] If the first node M1 is an on node, and the second
node M2 is an off node, the seventeenth transistor T17 and the
eighteenth transistor T18 are turned on, and the third power
voltage V1 of a high level is transferred to the second node
M2, which reduces a drop in voltage of the second node M2
of a high level. If the second node M2 is an on node, and the
first node M1 is an off node, the nineteenth transistor T19 and
the twentieth transistor T20 are turned on, and the third power
voltage V1 of a high level is transferred to the first node M1,
which reduces a drop in voltage of the first node M1 of a high
level.

[0091] The output unit 411 includes the twenty-first and
twenty-second transistors T21 and T22, and outputs the first
power voltage Vdd or the second power voltage Vss to the
output node OUT. The twenty-first transistor T21 includes a
gate electrode electrically connected to the first node M1, a
first electrode electrically connected to the first power termi-
nal VDD, and a second electrode electrically connected to the
output terminal OUT and a second electrode of the twenty-
second transistor T22. The twenty-second transistor T22
includes a gate electrode electrically connected to the second
node M2, a first electrode electrically connected to the second
power terminal VSS, and the second electrode electrically
connected to the output terminal OUT and the second elec-
trode of the twenty-first transistor T21.

[0092] If the first node M1 is an on node, and the second
node M2 is an off node, the twenty-first transistor T21 is
turned on, and the first power voltage Vdd is output as the
ALS voltage Si. If the second node M2 is an on node, and the
first node M1 is an off node, the twenty-second transistor T22
is turned on, and the second power voltage Vss is output as the
ALS voltage Si.

[0093] FIG. 6 is a timing diagram of an operation of the i”*
odd numbered ALS driving circuit ALS1 of FIG. 4 according
to an embodiment. Referring to FIG. 6, a case where the first
polarity voltage P1 of a low level and where the second
polarity voltage P2 of a high level are applied in a first frame
is described below.

[0094] Before operation begins, the first through fourth
nodes M1 through M4 are floating. The reset unit 403 is used
to apply an initial voltage to the first node M1 and the second
node M2 and to determine an initial ALS voltage Si.

[0095] Ifthe reset signal R is applied to the gates electrodes
of the seventh transistor T7 and the eighth transistor T8, the
seventh transistor T7 and the eighth transistor T8 are turned
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on. Thus, the third power voltage V1 of a high level is applied
to the first node M1, and the fourth power voltage V2 of a low
level is applied to the second node M2. The second node M2
is an on node, the twenty-second transistor T22 of the output
unit 411 is turned on and outputs the second power voltage
Vss as the initial ALS voltage Si. Thereafter, the i odd
numbered ALS driving circuit ALSi alternately outputs the
ALS voltage Siofahigh level and the ALS voltage Siofa low
level.

[0096] Ifthei* gate signal Gi has a gate off voltage, and the
i+1” gate signal Gi+1 has a gate on voltage, the first internal
signal T1(i+2) of a low level is applied to the first input
terminal IN1. The first through sixth transistors T1 through
T6 are turned on, and the first polarity voltage P1 and the
second polarity voltage P2 are respectively applied to the first
node M1 and the second node M2. Therefore, the first node
M1 is an on node, and the second node M2 is an off node.
Thus, the twenty-first transistor T21 is turned on, and the first
power voltage Vdd of a high levelis output as the ALS voltage
Si during the first frame from the first power terminal VDD to
the output terminal OUT.

[0097] Further, the eleventh transistor T11 and the twelfth
transistor T12 are turned on, and the third power voltage V1 of
a high level is applied to the fifth node M5. The fifteenth
transistor T15 including the gate electrode connected to the
first node M1, which is an on node, is turned on, and applies
the third power voltage V1 of a high level to the first electrode
of the third capacitor C13. A voltage difference between the
third power voltage V1 and the first polarity voltage P1 is
stored in the first capacitor C11 and the third capacitor C13.

[0098] The seventeenth transistor T17 and the eighteenth
transistor T18 including the gate electrodes connected to the
first node M1, which is an on node, are turned on, and apply
the third power voltage V1 of a high level to the second node
M2. Thus, a drop in voltage of the second node M2, which is
an off node, is compensated.

[0099] If the first internal signal T1(i+2) is switched to a
high level, and the second internal signal T2(i+2) of a low
level is applied to the second input terminal IN2, the first
through sixth transistors T1 through T6 are turned off, and the
nineteenth transistor T9 and the tenth transistor T10 are
turned on. Thus, the fourth power voltage V2 of a low level is
applied to the third node M3 and the fourth node M4, which
reduces Vds and the leakage current Ioffof the third transistor
T3, which is turned off.

[0100] Ifthe third level signal T1(;) having first and second
low levels is applied to the third input terminal IN3, the
thirteenth transistor T13 and the fourteenth transistor T14 are
turned on, and the third internal signal T1(i) is applied to the
fifth node M35. The fifth node MS5 is switched from a high
voltage level to a low voltage level. The low level voltage is
applied to the first electrode of the third capacitor C13
through the fifteenth transistor T15. Thus, a voltage of the first
node M1 is further reduced by the third capacitor C13, which
is a boosting capacitor, which increases Vgs and the driving
current Ion of the twenty-first transistor T21.

[0101] Next, a case where the first polarity voltage P1 of a
high level and the second polarity voltage P2 of alow level are
applied during a second frame is described below.

[0102] Ifthei” gate signal Gi has a gate off voltage, and the
i+1” gate signal Gi+1 has a gate on voltage, the first internal
signal T1(i+2) of a low level is applied to the first input
terminal INT.
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[0103] The first through sixth transistors T1 through T6 are
turned on, and the first polarity voltage P1 and the second
polarity voltage P2 are respectively applied to the first node
M1 and the second node M2. Therefore, the first node M1 is
an off node, and the second node M2 is an on node. Thus, the
twenty-second transistor T22 is turned on, and the second
power voltage Vss of a low level is output as the ALS voltage
Si during the second frame.

[0104] Further, the eleventh transistor T11 and the twelfth
transistor T12 are turned on, and the third power voltage V1 of
a high level is applied to the fifth node M5. The sixteenth
transistor T16 including the gate electrode connected to the
second node M2, which is an on node, is turned on, and
applies the third power voltage V1 of a high level to the first
electrode of the fourth capacitor C14. A voltage difference
between the third power voltage V1 and the second polarity
voltage P2 is stored in the second capacitor C12 and the fourth
capacitor C14.

[0105] The nineteenth transistor T19 and the twentieth
transistor T20 including the gate electrodes connected to the
second node M2, which is an on node, are turned on, and
applies the third power voltage V1 of a high level to the first
node M1. Thus, a drop in voltage of the first node M1, which
is an off node, 1s compensated.

[0106] If the first internal signal T1(i+2) is switched to a
high level, and the second internal signal T2(i+2) of a low
level is applied to the second input terminal IN2, the first
through sixth transistors T1 through T6 are turned off, and the
nineteenth transistor T9 and the tenth transistor T10 are
turned on. Thus, the fourth power voltage V2 of a low level is
applied to the third node M3 and the fourth node M4, which
reduces Vds and the leakage current Ioff of the sixth transistor
T6, which is turned off.

[0107] Ifthe third level signal T1(i) having first and second
low levels is applied to the third input terminal IN3, the
thirteenth transistor T13 and the fourteenth transistor T14 are
turned on, and the third internal signal T1(;) is applied to the
fifth node MS5. The fifth node M5 is switched from a high
voltage level to a low voltage level. The low level voltage is
applied to the first electrode of the fourth capacitor C14
through the sixteenth transistor T16. Thus, a voltage of the
second node M2 is further reduced by the fourth capacitor
C14, which is a boosting capacitor, which increases Vgs and
the driving current Ton of the twenty-second transistor T22.
[0108] FIG.7isacircuit diagram of ani+1™ even numbered
ALS driving circuit ALSi+1 of an ALS driver according to
another embodiment. FIG. 8 is a timing diagram of an opera-
tion of the i+1” even numbered ALS driving circuit ALSi+1
of FIG. 7 according to an embodiment. Descriptions with
respect to the i+1” even numbered ALS driving circuit
ALSi+1 and an operation timing of FIGS. 7 and 8 apply to all
even numbered ALS driving circuits of the ALS driver. In this
regard, 1 denotes an odd number.

[0109] Referring to FIG. 7, the i+1” even numbered ALS
driving circuit ALSi+1 includes the input unit 401, the reset
unit 403, the first level compensation unit 405, the boosting
unit 407, the second level compensation unit 409, and the
output unit 411.

[0110] The first polarity terminal POLB, the second polar-
ity terminal POL, the first power terminal VDD, the second
power terminal VSS, the third power terminal, and the fourth
power terminal provide the first polarity voltage P1, the sec-
ond polarity voltage P2, the first power voltage Vdd, the
second power voltage Vss, the third power voltage V1, and the
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fourth power voltage V2, respectively. The relationships
between the input signals input by the input terminals are
described with reference to FIG. 5 above.

[0111] The i+1” even numbered ALS driving circuit
ALSi+1 is the same as the i odd numbered ALS driving
circuit ALSi of FIG. 4, except that the first electrode of the
first transistor T1 is electrically connected to the second
polarity terminal POL, and the first electrode of the fourth
transistor T4 is electrically connected to the first polarity
terminal POLB, the first electrode of the seventh transistor T7
is electrically connected to the fourth power terminal, and the
first electrode of the eighth transistor T8 is electrically con-
nected to the third power terminal. Thus, a detailed descrip-
tion of the elements of the i+1” even mumbered ALS driving
circuit ALSi+1 that are the same as those of the i odd num-

bered ALS driving circuit ALSi of FIG. 4 is omitted.

[0112] Referring to FIG. 8, a case where the first polarity
voltage P1 ofa low level and the second polarity voltage P2 of
a high level are applied in a first frame is described below.

[0113] Before operation, the first through fourth nodes M1
through M4 are floating. The reset unit 403 is used to apply an
initial voltage to the first node M1 and the second node M2
and determine the initial ALS voltage Si+!.

[0114] Ifthereset signal Risapplied to the gates electrodes
of the seventh transistor T7 and the eighth transistor T8, the
seventh transistor T7 and the eighth transistor T8 are turned
on. Thus, the fourth power voltage V2 of a low level is applied
to the first node M1, and the third power voltage V1 of a high
level is applied to the second node M2. The first node M1 is an
on node, the twenty-first transistor T21 is turned on and
outputs the first power voltage Vdd as the initial ALS voltage
Si+1. Thereafter, thei+1” even numbered ALS driving circuit
ALSi+1 alterately outputs the ALS voltage Si+1 of a low
level and the ALS voltage Si+1 of a high level.

[0115] Ifthe i+1? gate signal Gi+1 has a gate off voltage,
and the i+2” gate signal Gi+2 has a gate on voltage, a first
internal signal T1(i+3) of a low level is applied to the first
input terminal INT.

[0116] The first through sixth transistors T1 through T6 are
turned on, and the second polarity voltage P2 and the first
polarity voltage P1 are respectively applied to the first node
M1 and the second node M2. Therefore, the first node M1 is
an off node, and the second node M2 is an on node. Thus, the
twenty-second transistor T22 is turned on, and the second
power voltage Vss of a low level is output as the ALS voltage
Si+1 during the first frame from the second power terminal
VSS to the output terminal OUT.

[0117] Further, the eleventh transistor T11 and the twelfth
transistor T12 are turned on, and the third power voltage V1 of
a high level is applied to the fifth node M5. The sixteenth
transistor T16 including the gate electrode connected to the
second node M2, which is an on node, is turned on, and
applies the third power voltage V1 of a high level to the first
electrode of the fourth capacitor C14. A voltage difference
between the third power voltage V1 and the first polarity
voltage P1is stored in the second capacitor C12 and the fourth
capacitor C14.

[0118] The nineteenth transistor T19 and the twentieth
transistor T20 including the gate electrodes connected to the
second node M2, which is an on node, are turned on, and
applies the third power voltage V1 of a high level to the first
node M1. Thus, a drop in voltage of the first node M1, which
is an off node, is compensated.
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[0119] If the first internal signal T1(i+3) of a high level is
applied to the first input terminal IN1, and the second internal
signal T2(i+3) of a low level is applied to the second input
terminal IN2 from an i+37 gate circuit, the first through sixth
transistors T1 through T6 are turned off, and the nineteenth
transistor T9 and the tenth transistor T10 are turned on. Thus,
the fourth power voltage V2 of a low level is applied to the
third node M3 and the fourth node M4, which reduces Vds
and the leakage current loff of the sixth transistor T6, which
is turned off.

[0120] If the third level signal T1(i+1) having first and
second low levels is applied from the i+17 gate circuit to the
third input terminal IN3, the thirteenth transistor T13 and the
fourteenth transistor T14 are turned on, and the third internal
signal T1(i+1) is applied to the fifth node M5. The fifth node
M5 is switched from a high voltage level to a low voltage
level. The low level voltage is applied to the first electrode of
the fourth capacitor C14 through the sixteenth transistor T16.
Thus, a voltage of the second node M2 is further reduced by
the fourth capacitor C14, which is a boosting capacitor, which
increases Vgs and the driving current Ton of the twenty-
second transistor T22.

[0121] Next, a case where the first polarity voltage P1 of a
high level and the second polarity voltage P2 of alow level are
applied in a second frame is described below.

[0122] Ifthe i+17 gate signal Gi+1 has a gate off voltage,
and the i+2% gate signal Gi+2 has a gate on voltage, the first
internal signal T1(i+3) of a low level is applied to the first
input terminal IN1. The first through sixth transistors T1
through T6 are turned on, and the second polarity voltage P2
and the first polarity voltage P1 are applied to the first node
M1 and the second node M2. Therefore, the first node M1 is
an on node, and the second node M2 is an off node. Thus, the
twenty-first transistor T21 is turned on, and the first power
voltage Vdd of a high level is output as the ALS voltage Si+1
during the second frame.

[0123] Further, the eleventh transistor T11 and the twelfth
transistor T12 are turned on, and the third power voltage V1 of
a high level is applied to the fifth node M5. The fifteenth
transistor T15 including the gate electrode connected to the
first node M1, which is an on node, is turned on, and applies
the third power voltage V1 of a high level to the first electrode
of the third capacitor C13. A voltage difference between the
third power voltage V1 and the second polarity voltage P2 is
charged in the first capacitor C11 and the third capacitor C13.
[0124] The seventeenth transistor T17 and the eighteenth
transistor T18 including the gate electrodes connected to the
first node M1, which is an on node, are turned on, and applies
the third power voltage V1 of a high level to the second node
M2. Thus, a drop of voltage of the second node M2, which is
an off node, is compensated.

[0125] If the first internal signal T1(i+3) of a high level is
applied from the i+3” gate circuit to the first input terminal
IN1, and the second internal signal T2(i+3) of a low level is
applied to the second input terminal IN2, the first through
sixth transistors T1 through T6 are turned off, and the nine-
teenth transistor T9 and the tenth transistor T10 are turned on.
Thus, the fourth power voltage V2 of a low level is applied to
the third node M3 and the fourth node M4, which reduces Vds
and the leakage current Ioff of the third transistor T3, which is
turned off.

[0126] If the third internal signal T1(i+1) having first and
second low levels is applied to the third input terminal IN3,
the thirteenth transistor T13 and the fourteenth transistor T14
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are turned on, and the third internal signal T1(i+1) is applied
to the fifth node MS5. The fifth node M5 is switched from a
high voltage level to a low voltage level. The low level voltage
is applied to the first electrode of the third capacitor C13
through the fifteenth transistor T15. Thus, a voltage of the first
node M1 is further reduced by the third capacitor C13, which
is a boosting capacitor, which increases Vgs and the driving
current Ion of the twenty-first transistor T21.

[0127] FIG. 9 is a circuit diagram of one of a plurality of
stages included in a gate driver according to an embodiment
of the present invention. FIG. 10 is a timing diagram of an
operation of a stage of F1G. 9 according to an embodiment of
the present invention.

[0128] Referring to FIG. 9, the gate driver includes first
through ninth switching devices GT1 through GT9, and first
and second capacitors C1 and C2. A first voltage VGH (high
level voltage VGH) is a high level signal supplied from an
external power source. A second voltage VGL (low level
voltage VGL) 1s a low level signal supplied from a second
external power source. An operation of an i” stage of FIG. 9
will now be described with reference to FIG. 10.

[0129] Ifafirstpolarity voltage DIR ofalow level is applied
to a gate electrode of the first switching device GT 1, the first
switching device GT 1is turned on. If an i1 gate signal Gi-1
and a first clock signal CLK1 of a low level are simulta-
neously applied to a gate electrode of the third switching
device GT3, and the third switching device GT3 is turned on
according to the first clock signal CLK1, the i-1? gate signal
Gi-1 of a low level is applied to a node N3 through the first
switching device GT1 and the third switching device GT3.
[0130] If the low level signal applied through the first
switching device GT1 is applied to a gate electrode of the
fourth switching device GT4, the fourth switching device
GT4 is turned on, and the first voltage VGH of the high level
is applied to a node N4 through the fourth switching device
GT4. If alow level signal of the node N3 is applied to a gate
electrode of the eighth switching device GT8, the eighth
switching device GT8 is turned on, and a second clock signal
CLK2 ofa high level is output as the i gate signal Gi through
the eighth switching device GT8.

[0131] Thereafter, if a second polarity voltage DIRB of a
low level is applied to a gate electrode of the second switching
device GT2, the second switching device GT2 is turned on. If
a second initialization signal INI2 of a low level applied
through the second switching device GT2 is applied to a gate
electrode of the fourth switching device GT4, the fourth
switching device GT4 is turned on, and the first voltage VGH
of the high level is applied to the node N4 through the fourth
switching device GT4. The first clock signal CLK1 of the low
level is changed to the first clock signal CLK1 of a high level
during the application of the second polarity voltage DIRB of
the low level, and thus the node N3 maintains the low level
signal, and accordingly, an output terminal continuously out-
puts the i”* gate signal Gi of a high level.

[0132] Next, if the second clock signal CLK2 ofa low level
is applied through the eighth switching device GT8, a signal
level of the node N3 is further reduced according to the
second clock signal CLK2, and the second clock signal CLK2
of the low level is output as the i gate signal Gi through the
eighth switching device GT8. Then, if a first initialization
signal INT1 of a low level is applied to a gate electrode of the
seventh switching device GT7, the second voltage VGL ofthe
low level is applied to the node N4 through the seventh
switching device GT7. A voltage of the node N4 of the low
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level is applied to gate electrodes of the fifth switching device
GTS5 and the sixth switching device GT6, and thus the first
voltage VGH of the high level is applied to the node N3
through the fifth switching device GT5 and the sixth switch-
ing device GT6. Accordingly, the eighth switching device
GT8 is turned off. Meanwhile, the voltage of the node N4 of
the low level is applied to a gate electrode of the ninth switch-
ing device GT9, and thus the first voltage VGH of the high
level is output as the i gate signal Gi of a high level through
the ninth switching device GT9.

[0133] Voltage signals formed in the nodes N3 and N4
during the generation of the i” gate signal Gi may be used as
the internal signals T1 and T2, respectively, of an ALS driving
circuit.

[0134] In the described embodiments, a voltage signal that
is higher than an output signal of a gate driver is used to
compensate for a Vth drop of a switching device, and an
internal signal of the gate driver may be used as the high
voltage signal, which does not need a separate voltage source.
Further, an output voltage is stabilized during initial driving
by initializing an ALS circuit, a drop in voltage of an on node
or an off node of the ALS circuit is compensated, and a
capacitor voltage s stabilized.

[0135] Although all switching devices (transistors) are
realized as PMOS transistors in the described embodiments,
a driving method of alternative embodiments can use other
switching devices, such as NMOS transistors and inverted
signals.

[0136] While various aspects and features have been shown
and described with reference to exemplary embodiments, it
will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the present
invention.

What is claimed is:

1. An active level shift (ALS) driver comprising a plurality
of ALS driving circuits, wherein each of the plurality of ALS
driving circuits comprises:

an input unit configured to apply a first polarity voltage to
a first node, and to apply a second polarity voltage to a
second node;

areset unit configured to apply an initial voltage to the first
node and the second node;

alevel compensation unit configured to adjust the voltages
of the first node and the second node; and

an output unit configured to alternately output a first power
voltage and a second power voltage according to the first
polarity voltage and the second polarity voltage.

2. The ALS driver of claim 1, wherein the level compen-

sation unit comprises:

a first level compensation unit configured to adjust the
voltage of one of the first and second nodes, the one of
the first and second nodes having an active level voltage;
and

a second level compensation unit configured to adjust the
voltage of one of the first and second nodes, the one of
the first and second nodes having an non-active level
voltage.

3. The ALS driver of claim 1, wherein the first polarity
voltage and the second polarity voltage are applied during an
interval corresponding to a frame.

4. The ALS driver of claim 1, wherein the reset unit in odd
numbered ALS driving circuits of the plurality of ALS driving
circuits applies a third power voltage to the first node and a
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fourth power voltage to the second node so as to output the
second power voltage, and the reset unit in even numbered
ALS driving circuits of the plurality of ALS driving circuits
applies the fourth power voltage to the first node and the third
power voltage to the second node so as to output the first
power voltage.

5. The ALS driver of claim 1, wherein each of the plurality
of ALS driving circuits further comptises a boosting unit for
increasing a potential of the first node or the second node to
which the active level voltage is applied and increasing a
driving current of the output unit.

6. The ALS driver of claim 1, wherein the first input signal
has active levels of a first level voltage and of a second level
voltage, the second level voltage being lower than the first
level voltage.

7. The ALS driver of claim 1, wherein the input unit com-
prises:

a first transistor comprising a gate electrode electrically
connected to a first input terminal to which the first input
signal is applied, and a first electrode electrically con-
nected to a first polarity terminal to which the first polar-
ity voltage is applied;

a second transistor comprising a gate electrode electrically
connected to the first input terminal, a first electrode
electrically connected to a second electrode of the first
transistor, and a second electrode electrically connected
to a third node;

a third transistor comprising a gate electrode electrically
connected to the first input terminal, a first electrode
electrically connected to the third node, and a second
electrode electrically connected to the first node;

a fourth transistor comprising a gate electrode electrically
connected to the first input terminal, and a first electrode
electrically connected to a second polarity terminal to
which the second polarity voltage is applied,

a fifth transistor comprising a gate electrode electrically
connected to the first input terminal, a first electrode
electrically connected to a second electrode of the fourth
transistor, and a second electrode electrically connected
to a fourth node; and

a sixth transistor comprising a gate electrode electrically
connected to the first input terminal, a first electrode
electrically connected to the fourth node, and a second
electrode electrically connected to the second node,

wherein the first polarity voltage and the second polarity
voltage have opposite polarities.

8. The ALS driver of claim 1, wherein the reset unit com-

prises:

aseventh transistor comprising a gate electrode electrically
connected to a reset terminal, a first electrode electri-
cally connected to a fourth power terminal, and a second
electrode electrically connected to the first node; and

an eighth transistor comprising a gate electrode electrically
connected to the reset terminal, a first electrode electri-
cally connected to a third power terminal, and a second
electrode electrically connected to the second node.

9. The ALS driver of claim 1, wherein the reset unit com-

prises:

aseventh transistor comprising a gate electrode electrically
connected to a reset terminal, a first electrode electri-
cally connected to a third power terminal, and a second
electrode electrically connected to the first node; and

an eighth transistor comprising a gate electrode electrically
connected to the reset terminal, a first electrode electri-
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cally connected to a fourth power terminal, and a second
electrode electrically connected to the second node.

10. The ALS driver of claim 2, wherein the first level
compensation unit comprises:

a ninth transistor comprising a gate electrode electrically
connected to a second input terminal, a first electrode
electrically connected to a fourth power terminal, and a
second electrode electrically connected to a third node;
and

a tenth transistor comprising a gate electrode electrically
connected to the second input terminal, a first electrode
electrically connected to the fourth power terminal, and
a second electrode electrically connected to a fourth
node.

11. The ALS driver of claim 10, wherein a second input
signal applied to the second input terminal has a polarity
opposite to that of the first input signal.

12. The ALS driver of claim 2, wherein the second level
compensation unit comprises:

an eighteenth transistor comprising a gate electrode elec-
trically connected to the first node, and a first electrode
electrically connected to a third power terminal;

a seventeenth transistor comprising a gate electrode elec-
trically connected to the first node, a first electrode elec-
trically connected to a second electrode of the eighteenth
transistor, and a second electrode electrically connected
to the second node;

a twentieth transistor comprising a gate electrode electri-
cally connected to the second node, and a first electrode
electrically connected to the third power terminal; and

a nineteenth transistor comprising a gate electrode electri-
cally connected to the second node, a first electrode
electrically connected to a second electrode of the twen-
tieth transistor, and a second electrode electrically con-
nected to the first node.

13. The ALS driver of claim 5, wherein the boosting unit

comprises:

an eleventh transistor comprising a gate electrode electri-
cally connected to a first input terminal, and a first elec-
trode electrically connected to a third power terminal;

atwelfth transistor comprising a gate electrode electrically
connected to the first input terminal, a first electrode
electrically connected to a second electrode of the elev-
enth transistor, and a second electrode electrically con-
nected to a fifth node;

a fourteenth transistor comprising a gate electrode and a
first electrode electrically connected to a third input
terminal;

a thirteenth transistor comprising a gate electrode electri-
cally connected to the third input terminal, a first elec-
trode electrically connected to a second electrode of the
fourteenth transistor, and a second electrode electrically
connected to the fifth node;

a fifteenth transistor comprising a gate electrode electri-
cally connected to the first node, and a first electrode
electrically connected to the fifth node;

a sixteenth transistor comprising a gate electrode electri-
cally connected to the second node, and a first electrode
electrically connected to the fifth node;
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a first capacitor comprising a first electrode electrically
connected to the third power terminal and a second
electrode electrically connected to the first node;
a second capacitor comprising a first electrode electrically
connected to the third power terminal and a second
electrode electrically connected to the second node;
a third capacitor comprising a first electrode electrically
connected to the first node and a second electrode elec-
trically connected to a second electrode of the fifteenth
transistor; and
a fourth capacitor comprising a first electrode electrically
connected to the second node and a second electrode
electrically connected to a second electrode of the six-
teenth transistor.
14. The ALS driver of claim 13, wherein a third input signal
applied to the third input terminal has active levels of a first
level voltage and of a second level voltage, the second level
voltage being lower than the first level voltage.
15. The ALS driver of claim 1, wherein the first power
voltage 1s a high level voltage, and the second power voltage
is a low level voltage.
16. The ALS driver of claim 4, wherein the third power
voltage is an active level voltage, and the fourth power voltage
is a non-active level voltage.
17. The ALS driver of claim 1, wherein the ALS driver
comprises transistors of a single conductivity type.
18. A liquid crystal display apparatus comprising;
a data driver connected to a plurality of data lines and
configured to apply data signals to the plurality of data
lines;
a gate driver connected to a plurality of gate lines and
configured to sequentially apply gate signals to the plu-
rality of gate lines; and
an ALS driver comprising a plurality of ALS driving cir-
cuits connected to a plurality of ALS lines in parallel
with the plurality of gate lines, wherein each of the ALS
driving circuits comprises:
first and second nodes;
an input unit configured to apply a first polarity voltage
to the first node and to apply a second polarity voltage
to the second node;

a level compensation unit configured to adjust the volt-
ages of the first node and the second node; and

an output unit configured to alternately output a first
power voltage and a second power voltage according
to the adjusted voltages of the first and second nodes.

19. The liquid crystal display apparatus of claim 18,
wherein the first polarity voltage and the second polarity
voltage have opposite polarities and are applied during an
interval corresponding to a frame.

20. The liquid crystal display apparatus of claim 18,
wherein the input signals of the plurality of ALS driving
circuits have active levels of a first level voltage and of a
second level voltage, the second level voltage being lower
than the first level voltage.

* 0ok ok kK
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