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LEVEL SHIFTER FOR LIQUID CRYSTAL
DISPLAY

[0001] This application claims the benefit of Korean Patent
Application No. 10-2012-0030091 filed on Mar. 23,2012, the
entire contents of which is incorporated herein by reference
for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Embodiments of the invention relate to a level
shifter for a liquid crystal display.

[0004] 2. Discussion of the Related Art

[0005] An active matrix liquid crystal display includes a
thin film transistor (TFT) as a switching element in each
pixel. The active matrix liquid crystal display may be manu-
factured to be smaller than a cathode ray tube (CRT) and thus
may be applied to display units of portable information appli-
ances, office equipments, computers, etc. Further, the active
matrix liquid crystal display may be applied to televisions and
thus is rapidly replacing the cathode ray tube.

[0006] The liquid crystal display includes a liquid crystal
display panel, a backlight unit providing the liquid crystal
display panel with light, a data driving circuit for supplying a
data voltage to data lines of the liquid crystal display panel, a
gate driving circuit for supplying a gate pulse (or scan pulse)
to gate lines (or scan lines) of the liquid crystal display panel,
a timing controller for controlling operation timings of the
data driving circuit and the gate driving circuit, etc. The liquid
crystal display further includes a power supply device for
generating the data voltage of the liquid crystal display panel,
an on-voltage VGH and an off-voltage VGL of the TFT, and
a power voltage VCC of the data and gate driving circuits and
the timing controller.

[0007] The power supply device of the liquid crystal dis-
play is integrated into one integrated circuit (IC). An IC, in
which the power supply device is embedded, is called a power
IC below. When a power switch of the liquid crystal display is
switched on, an input voltage Vin of the power IC rises.
[0008] The power IC of the liquid crystal display has a
under voltage lock out (UVLO) function. When the input
voltage Vin of the power IC reaches a previously determined
level of the UVLO, the power IC generates an inner logic
voltage VL and enables an inner logic. The power IC gener-
ates an output voltage Vout when the inner logic is enabled.
[0009] The gate driving circuit of the liquid crystal display
includes a level shifter and a shift register. With the develop-
ment of a gate-in panel (GIP) process technology, the shift
register may be formed on a substrate, on which a TFT array
of the liquid crystal display panel is formed, along with the
TFT array. The level shifter may be formed on a printed
circuit board (PCB) electrically connected to the substrate of
the liquid crystal display panel. The level shifter outputs clock
signals swinging between the gate high voltage VGH and the
gate low voltage VGL under the control of the timing con-
troller. The gate high voltage VGH is set to a voltage equal to
or greater than a threshold voltage of the TFT's included in the
TFT array of the liquid crystal display panel. The gate low
voltage VGL is set to a voltage less than the threshold voltage
of the TFTs included in the TFT array of the liquid crystal
display panel. The shift register sequentially shifts the clock
signals received from the level shifter and sequentially sup-
plies the gate pulse to the gate lines of the liquid crystal
display panel.
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[0010] Asshown in FIG. 1, the level shifter includes a logic
circuit 50, a pull-up transistor PT, a pull-down transistor NT,
etc. The pull-up transistor PT may be implemented as a p-type
metal oxide semiconductor field-effect transistor (MOS-
FET), and the pull-down transistor NT may be implemented
as an n-type MOSFET.

[0011] According to a power-on sequence, the gate low
voltage VGL is supplied to the level shifter, and the gate high
voltage VGH is supplied to the level shifter after a time of
several milliseconds (msec) passed. In the process of the
power-on sequence, when the gate high voltage VGH sup-
plied to the level shifter reaches a predetermined level of the
UVLO, the logic circuit 50 of the level shifter is enabled and
starts to operate. When the logic circuit 50 is enabled and
starts to normally operate after the power-on sequence, the
logic circuit 50 generates an output for controlling on-opera-
tions and off-operations of the pull-up transistor PT and the
pull-down transistor NT in response to the clock signals
received from the timing controller. The pull-up transistor PT
supplies the gate high voltage VGH to an output terminal in
response to a first output of the logic circuit 50 and rises a
clock signal CLK. The pull-down transistor NT discharges an
output terminal to the gate low voltage VGL in response to a
second output of the logic circuit 50 and falls the clock signal
CLK.

[0012] When the power switch of the liquid crystal display
is switched on, the power IC sequentially outputs the gate low
voltage VGL and the gate high voltage VGH in conformity
with the previously determined power-on sequence. When
the gate high voltage VGH rises to a voltage equal to or
greater than the predetermined level of the UVLO, the level
shifter is enabled and may stably generate a normal output.
[0013] Inthe process of the power-on sequence, before the
gate high voltage VGH is input to the level shifter, the output
of'the logic circuit 50 is floated. Hence, a gate voltage of the
pull-up transistor PT and a gate voltage of the pull-down
transistor NT may unstably swing in the process of the power-
on sequence. In this instance, as shown in FIG. 2, before the
gate high voltage VGH is supplied to the level shifter, the
output CLK of'the level shifter unstably swings. The unstable
output of the level shifter may temporarily lead to erroneous
operations of the shift register and the pixels of the liquid
crystal display panel in an initial state where the liquid crystal
display is just powered on.

SUMMARY OF THE INVENTION

[0014] Embodiments of the invention provide a level shifter
for aliquid crystal display capable of preventing an erroneous
operation of the liquid crystal display in the process of a
power-on sequence.

[0015] In one aspect, there is a level shifter for a liquid
crystal display, which includes a display panel including data
lines, gate lines crossing the data lines, and pixels arranged in
a matrix form, the level shifter outputting a start pulse and
clock signals, a shift register sequentially supplying a gate
pulse to the gate lines in response to the start pulse and the
clock signals received from the level shifter, and a power
integrated circuit (IC) sequentially outputting a gate low volt-
age, a logic power voltage, and a gate high voltage in the
process of a power-on sequence, the level shifter comprising
a pull-down transistor including a source terminal, to which
the gate low voltage is supplied, and a drain terminal con-
nected to an output terminal of the level shifter, the pull-down
transistor discharging a voltage of the output terminal of the
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level shifter, and an output stabilization circuit which is con-
nected to a gate terminal of the pull-down transistor, controls
a gate voltage of the pull-down transistor in the process of the
power-on sequence, and discharges an output voltage of the
level shifter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Theaccompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0017] FIG. 1 is a circuit diagram of a related art level
shifter;
[0018] FIG. 2 is a waveform diagram showing a phenom-

enon in which an output of a level shifter shown in FIG. 1 is
unstable before a gate high voltage is supplied to the level
shifter;

[0019] FIG. 3 is a block diagram of a liquid crystal display
according to an example embodiment of the invention;
[0020] FIG. 4 is a waveform diagram showing input and
output signals in a power IC shown in FIG. 3;

[0021] FIG. 5 is a waveform diagram showing input and
output signals of a level shifter shown in FIG. 3;

[0022] FIG. 6isablock diagram showing a configuration of
a level shifter according to an example embodiment of the
invention;

[0023] FIG. 7 is a circuit diagram showing in detail an
output stabilization circuit shown in FIG. 6; and

[0024] FIG. 8is a block diagram showing another configu-
ration of a level shifter according to an example embodiment
of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0025] Reference will now be made in detail to embodi-
ments of the invention, examples of which are illustrated in
the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts. It will be paid attention that
detailed description of known arts will be omitted if it is
determined that the arts can mislead the embodiments of the
invention.

[0026] A liquid crystal display according to an example
embodiment ofthe invention may be implemented as any type
liquid crystal display including a transmissive liquid crystal
display, a transflective liquid crystal display, and a reflective
liquid crystal display. The transmissive liquid crystal display
and the transflective liquid crystal display require a backlight
unit which is omitted in the drawings. A vertical electric field
driving manner such as a twisted nematic (TN) mode and a
vertical alignment (VA) mode or a horizontal electric field
driving manner such as an in-plane switching (IPS) mode and
a fringe field switching (FFS) mode may be applied to the
embodiment of the invention. All of liquid crystal modes,
which are currently known, may be applied to the embodi-
ment of the invention.

[0027] As shown in FIG. 3, the liquid crystal display
according to the embodiment of the invention includes a
display panel 10, a data driving circuit, a gate-in panel (GIP)
type gate driving circuit, a timing controller 22, etc.
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[0028] The display panel 10 includes a pixel array includ-
ing pixels arranged in a matrix form and displays input image
data. The pixel array includes a thin film transistor (TFT)
array formed on a lower substrate of the display panel 10, a
color filter array formed on an upper substrate of the display
panel 10, and liquid crystal cells Clc formed between the
lower substrate and the upper substrate. The TFT array
includes data lines 11, gate lines (or scan lines) 12 crossing
the data lines 11, TFTs which are respectively formed at
crossings of the data lines 11 and the gate lines 12, pixel
electrodes 1 connected to the TFTs, storage capacitors Cst,
etc. The color filter array includes black matrixes and color
filters. Common electrodes 2 may be formed on the lower
substrate or the upper substrate of the display panel 10. The
liquid crystal cells Clc are driven by an electric field between
the pixel electrodes 1, to which a data voltage is supplied, and
the common electrodes 2, to which a common voltage Vcom
is supplied.

[0029] Polarizing plates, of which optical axes are perpen-
dicular to each other, are respectively attached to the upper
and lower substrates ofthe display panel 10. Alignment layers
for setting a pre-tilt angle of liquid crystals at an interface
contacting a liquid crystal layer are respectively formed on
the upper and lower substrates of the display panel 10. A
spacer is disposed between the upper substrate and the lower
substrate of the display panel 10 to keep a cell gap of the liquid
crystal layer constant.

[0030] The data driving circuit includes a plurality of
source drive integrated circuits (ICs) 24. The source drive ICs
24 receive digital video data RGB from the timing controller
22. The source drive ICs 24 convert the digital video data
RGB into positive and negative analog data voltages in
response to a source timing control signal received from the
timing controller 22. The source drive ICs 24 then supply the
data voltages to the data lines 11 of the display panel 10, so
that the data voltages are synchronized with a gate pulse (or
scan pulse). The source drive ICs 24 may be connected to the
data lines 11 of the display panel 10 through a chip-on glass
(COGQG) process or a tape automated bonding (TAB) process.
FIG. 3 shows the source drive ICs 24 mounted on a tape
carrier package (TCP). A printed circuit board (PCB) 20 is
connected to the lower substrate of the display panel 10 via
the TCP.

[0031] The GIP type gate driving circuit includes a level
shifter 26 mounted on the PCB 20 and a shift register 30
formed on the lower substrate of the display panel 10.
[0032] The timing controller 22, the level shifter 26, and a
power IC 40 are mounted on the PCB 20.

[0033] The level shifter 26 receives a start pulse ST, a first
clock GCLK, a second clock MCLK, etc. from the timing
controller 22. Further, the level shifter 26 receives a driving
voltage including a gate high voltage VGH, a gate low voltage
VGL, etc. The start pulse ST, the first clock GCLK, and the
second clock MCLK swing between OV and 3.3V. The gate
high voltage VGH is equal to or greater than a threshold
voltage of the TFT included in the TFT array of the display
panel 10 and is about 30V. The gate low voltage VGL is less
than the threshold voltage of the TFT included in the TFT
array of the display panel 10 and is about -5V.

[0034] As shown in FIG. 5, the level shifter 26 outputs a
start pulse VST and clock signals CLK1 to CLK®6, each of
which swings between the gate high voltage VGH and the
gate low voltage VGL, in response to the start pulse ST, the
first clock GCLK, and the second clock MCLK received from
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the timing controller 22. The clock signals CLK1 to CLK6
output from the level shifter 26 are sequentially phase-shifted
and are transmitted to the shift register 30 of the GIP type gate
driving circuit.

[0035] The shift register 30 is connected to the gate lines 12
of the display panel 10. The shift register 30 includes a plu-
rality of cascade-connected stages. The shift register 30 shifts
the start pulse VST received from the level shifter 26 in
response to the clock signals CLK1 to CLK 6 and sequentially
supplies the gate pulse to the gate lines 12.

[0036] The timing controller 22 receives the digital video
data RGB and timing signals, such as a vertical sync signal
Vsync, a horizontal sync signal Hsync, a data enable signal
DE and a main clock CLK, from an external host system (not
shown). The timing controller 22 transmits the digital video
data RGB to the source drive ICs 24. The timing controller 22
generates the source timing control signal for controlling
operation timings of the source drive ICs 24 and gate timing
control signals ST, GCLK and MCLK for controlling opera-
tion timings of the level shifter 26 and the shift register 30 of
the GIP type gate driving circuit using the timing signals
Vsync, Hsync, DE and CLK.

[0037] The power IC 40 starts to operate when an input
voltage Vin of the power IC 40 received from the host system
is equal to or greater than a predetermined level of under
voltage lock out (UVLO), and generates an output after a
predetermined time passed. The output of the power IC 40
includes VGH, VGL, VCC, VDD, HVDD, RST, etc. VCC is
a logic power voltage for driving the timing controller 22 and
the source drive ICs 24 and may be about 3.3V. VDD and
HVDD are a high potential power voltage and a half high
potential power voltage which will be supplied to a voltage
divider of a gamma reference voltage generating circuit for
generating positive and negative gamma reference voltages.
The positive and negative gamma reference voltages are sup-
plied to the source drive ICs 24. RST is a reset signal for
resetting the timing controller 22 and may be about 3.3V.
[0038] As shown in FIG. 4, the power IC 40 sequentially
outputs the driving voltages of the liquid crystal display in
conformity with a previously determined power-on sequence.
More specifically, the power IC 40 starts to operate when its
input voltage Vin rises and thus reaches the predetermined
level of the UVLO, and generates an enable signal EN after a
first delay time DLY 0 passed. Next, the power IC 40 gener-
ates the logic power voltage VCC subsequent to the enable
signal EN and outputs the reset signal RST after a second
delay time DLY1 passed. Next, the power IC 40 generates the
gate low voltage VGL subsequent to the reset signal RST and
generates the high potential power voltage VDD and the half
high potential power voltage HVDD subsequent to the gate
low voltage VGL after a third delay time DLY2 passed. Next,
the power IC 40 generates the gate high voltage VGH subse-
quent to the high potential power voltage VDD and the half
high potential power voltage HVDD after a fourth delay time
DLY3 passed.

[0039] FIG. 5 is a waveform diagram showing input and
output signals of the level shifter 26. FIG. 6 is ablock diagram
showing a first configuration example of the level shifter 26.
FIG. 7 is a circuit diagram showing in detail an output stabi-
lization circuit shown in FIG. 6.

[0040] As shown in FIGS. 5 to 7, the level shifter 26
includes a logic circuit 60, a pull-up transistor PT, a pull-
down transistor N'T, an output stabilization circuit 62, etc. The
pull-up transistor PT may be implemented as a p-type metal
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oxide semiconductor field-effect transistor (MOSFET), and
the pull-down transistor NT may be implemented as an n-type
MOSFET.

[0041] According to the power-on sequence, the gate low
voltage VGL is supplied to the level shifter 26, and the gate
high voltage VGH is supplied to the level shifter 26 after a
time of several milliseconds (msec) passed. In the process of
the power-on sequence, when the gate high voltage VGH
supplied to the level shifter 26 reaches the predetermined
level of the UVLO, the logic circuit 60 of the level shifter 26
is enabled and starts to operate. When the logic circuit 60 is
enabled and starts to normally operate after the power-on
sequence, the logic circuit 60 generates an output for control-
ling on-operations and off-operations of the pull-up transistor
PT and the pull-down transistor NT in response to the clock
signals VST, MCLK and GCLK received from the timing
controller 22.

[0042] The pull-up transistor PT includes a source terminal
to which the gate high voltage VGH is supplied, a drain
terminal connected to an output terminal of the level shifter
26, and a gate terminal connected to a first output terminal of
thelogic circuit 60. The pull-up transistor PT supplies the gate
high voltage VGH to the output terminal of the level shifter 26
in response to a first output of the logic circuit 60 and rises the
clock signal CLK.

[0043] The pull-down transistor NT includes a source ter-
minal to which the gate low voltage VGL is supplied, a drain
terminal connected to the output terminal of the level shifter
26, and a gate terminal connected to a second output terminal
of the logic circuit 60. The pull-down transistor NT dis-
charges the output terminal of the level shifter 26 to the gate
low voltage VGL in response to a second output of the logic
circuit 60 and falls the clock signal CLK.

[0044] The level shifter 26 starts to normally operate after
the power-on sequence and level-shifts a voltage of the start
pulse ST to a voltage, which swings between the gate low
voltage VGL and the gate high voltage VGH, thereby output-
ting the start pulse VST. The level shifter 26 rises the clock
signals CLK1 to CLK6 to be supplied to the shift register 30
when the first clock GCLK rises, and shifts the clock signals
CLK1 to CLKG6 each time the first clock GCLK is input. Each
of'the clock signals CLK1 to CLK6 swings between the gate
low voltage VGL and the gate high voltage VGH. The level
shifter 26 starts to reduce the gate high voltage VGH in
synchronization with a rising edge of the second clock
MCLK and increases the gate high voltage VGH to an origi-
nal voltage in synchronization with a falling edge of the
second clock MCLK. Hence, a difference between the gate
low voltage VGL and the gate high voltage VGH decreases
around falling edges of the clock signals CLK1 to CLK6. As
a result, a reduction in voltage differences between the clock
signals CLK1 to CLK6 reduces a kickback voltage AVp of the
liquid crystal cells, thereby reducing a flicker.

[0045] The output stabilization circuit 62 increases a gate
voltage of the pull-down transistor NT, so as to stabilize an
output of the level shifter 26 before the gate high voltage VGH
is input to the level shifter 26 in the process of the power-on
sequence. The pull-down transistor NT is turned on depend-
ing on the gate voltage increased by the output stabilization
circuit 62 in the process of the power-on sequence, to thereby
discharge the output voltage of the level shifter 26 to the gate
low voltage VGL.

[0046] As shown in FIG. 7, the output stabilization circuit
62 includes first and second diodes ZD and D and first and
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second resistors R1 and R2. In the process of the power-on
sequence, the output stabilization circuit 62 stabilizes the
output voltage of the level shifter 26 to the gate low voltage
VGL for an initialization time, at which the gate low voltage
VGL is supplied to the level shifter 26 and the gate high
voltage VGH is not yet supplied to the level shifter 26.
[0047] An anode of the first diode ZD is connected to the
source terminal of the pull-down transistor NT, and a cathode
of the first diode ZD is connected to a node between the first
and second resistances R1 and R2. The first diode ZD may be
implemented as a zener diode. The first resistor R1 is con-
nected between a ground level voltage source GND (i.e., zero
volt) and the cathode of the first diode ZD. The second resistor
R2 is connected to an anode of the second diode D and a node
between the first resistor R1 and the first diode ZD.

[0048] In the process of the power-on sequence, when the
gate low voltage VGL is supplied to the level shifter 26 and
the gate high voltage VGH is not yet supplied to the level
shifter 26, the gate low voltage VGL (for example, -5V) is
applied to the cathode of the first diode ZD, and OV is applied
to the anode of the first diode ZD. Hence, the pull-down
transistor NT is turned on because a gate-source voltage is
greater than a threshold voltage of the pull-down transistor
NT. As a result, the output terminal of the level shifter 26 is
discharged to the gate low voltage VGL.

[0049] The anode of'the second diode D is connected to the
second resistor R2, and a cathode of the second diode D is
connected to the gate terminal of the pull-down transistor N'T.
The second diode D is turned on only when an anode voltage
ofthe second diode D is greater than a cathode voltage of the
second diode D and a difference between the anode voltage
and the cathode voltage is equal to or greater than a threshold
voltage of the second diode D. The second diode D is main-
tained in an off-state in the remaining cases. Hence, the sec-
ond diode D serves as a switching element. Thus, the second
diode D blocks a reverse current flowing from the gate termi-
nal of the pull-down transistor NT to the ground level voltage
source GND, thereby preventing the voltage of the second
output of the logic circuit 60 from being abnormally dis-
charged when the logic circuit 60 normally operates.

[0050] Inthe process of the power-on sequence, before the
gate high voltage VGH is generated, the logic power voltage
VCC is generated. As shown in FIG. 8, in the process of the
power-on sequence, the output stabilization circuit 62 sup-
plies the logic power voltage VCC to the gate terminal of the
pull-down transistor NT through a switch SW using this and
may discharge the output voltage of the level shifter 26 to the
gate low voltage VGL. The switch SW may be simply imple-
mented as the second diode D shown in FIG. 7. In this
instance, the logic power voltage VCC is supplied to an anode
of'a diode used as the switch SW, and a cathode of the diode
is connected to the gate terminal of the pull-down transistor
NT.

[0051] As described above, the embodiment of the inven-
tion connects the pull-down transistor and the output stabili-
zation circuit included in the level shifter to each other. In the
process of the power-on sequence, the output stabilization
circuit discharges the output voltage of the level shifter for the
initialization time, at which the gate low voltage is supplied to
the level shifter and the gate high voltage is not yet supplied
to the level shifter. As a result, the embodiment of the inven-
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tion may prevent the erroneous operation of the liquid crystal
display in the process of the power-on sequence.

[0052] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addition
to variations and modifications in the component parts and/or
arrangements, alternative uses will also be apparent to those
skilled in the art.

What is claimed is:

1. A level shifter for a liquid crystal display, which includes
a display panel including data lines, gate lines crossing the
data lines, and pixels arranged in a matrix form, a level shifter
outputting a start pulse and clock signals, a shift register
sequentially supplying a gate pulse to the gate lines in
response to the start pulse and the clock signals received from
the level shifter, and a power integrated circuit (IC) sequen-
tially outputting a gate low voltage, a logic power voltage, and
a gate high voltage in the process of a power-on sequence, the
level shifter comprising:

a pull-down transistor including a source terminal, to
which the gate low voltage is supplied, and a drain
terminal connected to an output terminal of the level
shifter, the pull-down transistor discharging a voltage of
the output terminal of the level shifter; and

an output stabilization circuit which is connected to a gate
terminal of the pull-down transistor, controls a gate volt-
age of the pull-down transistor in the process of the
power-on sequence, and discharges an output voltage of
the level shifter.

2. The level shifter for the liquid crystal display of claim 1,

wherein the output stabilization circuit includes:

a first resistor connected to a ground level voltage source;

a first diode connected between the first resistor and the
source terminal of the pull-down transistor;

a second resistor connected between a node between the
first resistor and the first diode and the gate terminal of
the pull-down transistor; and

a second diode connected between the second resistor and
the gate terminal of the pull-down transistor.

3. The level shifter for the liquid crystal display of claim 2,
wherein the first diode includes an anode connected to the
source terminal of the pull-down transistor and a cathode
connected to a node between the first and second resistors,

wherein the second diode includes a cathode connected to
the gate terminal of the pull-down transistor and an
anode connected to the second resistor.

4. The level shifter for the liquid crystal display of claim 1,
wherein the output stabilization circuit includes a switch sup-
plying the logic power voltage to the gate terminal of the
pull-down transistor in the process of the power-on sequence.

5. The level shifter for the liquid crystal display of claim 4,
wherein the switch of the output stabilization circuit includes
adiode having a cathode connected to the gate terminal of the
pull-down transistor and an anode connected to the second
resistor.
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