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SOURCE DRIVER CIRCUIT OF LIQUID
CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a technology for
stably supplying the output voltage of a source driver circuit
in a liquid crystal display device, and more particularly, to a
source driver circuit of a liquid crystal display device which
can shorten the recovery time of the output voltage of a
gamma buffer when a power drop occurs in a source driver
circuit.

[0003] 2. Description of the Related Art

[0004] FIG. 1 is a block diagram illustrating a driving cir-
cuit of a conventional liquid crystal display device. Referring
to FIG. 1, the driving circuit of a conventional liquid crystal
display device includes a flexible printed circuit (FPC) 120
including a gamma voltage supply unit and disposed on a
printed circuit board (PCB) 110, and a source driver inte-
grated device 130 configured to receive gamma voltages from
the gamma voltage supply unit of the flexible printed circuit
120 and drive the data lines of a liquid crystal display panel
140. In the liquid crystal display panel 140, the liquid crystals
disposed in the type of a matrix are driven by the gradation
voltages supplied through the data lines so as to display a
picture.

[0005] The source driver integrated device 130 includes an
upper end gamma voltage buffer unit 131P constituted by a
plurality of gamma buffers GMBP1 through GMBPn which
receive and output upper end gamma voltages VP1 through
VPn, alower end gamma voltage buffer unit 131N constituted
by a plurality of gamma buffers GMBN1 through GMBNn
which receive and output lower end gamma voltages VN1
through VNn, a digital-to-analog (D/A) converter 132 con-
figured to convert the digital signals outputted from the upper
and lower end gamma voltage buffer units 131P and 131N
into analog signals, and a channel buffer unit 133 constituted
by channel buffers CHB which buffer the analog voltages of
corresponding channels, outputted from the D/A converter
132 and output the buffered analog voltages to the data lines.
[0006] The datalines of the liquid crystal display panel 140
are constituted by a plurality of resistor (R) and capacitor (C)
loads when viewed in terms of equivalent circuits. In order for
the source driver integrated device 130 to drive the liquid
crystal display panel 140, the R/C loads should be charged
and discharged.

[0007] When it is necessary to drive the data lines to levels
higher than previous levels, the source driver integrated
device 130 receives voltages through a power supply terminal
VDD from the gamma voltage supply unit of the flexible
printed circuit 120 and charges the R/C loads. When it is
necessary to drive the data lines to levels lower than previous
levels, the source driver integrated device 130 discharges the
voltages charged in the R/C loads. In FIG. 1, the reference
symbol CP indicates a charging path, and DCP indicates a
discharging path.

[0008] Such charging and discharging processes are repeat-
edly performed, and current is consumed during these pro-
cesses. According to the amount of consumed current, the
magnitudes of resistance of resistors R_VDD on connection
lines extending from the flexible printed circuit 120 to the
power supply terminal VDD of the source driver integrated
device 130, and the magnitudes of resistance of resistors
R_GND on connection lines extending from the flexible

Jun. 30, 2011

printed circuit 120 to a ground terminal GND of the source
driver integrated device 130, the voltage of the power supply
terminal VDD undergoes a drop, and the voltage of the
ground terminal GND undergoes a bouncing.

[0009] The amount of consumed current is proportional to
the capacitance values of the capacitors C of the data lines on
the liquid crystal display panel 140 and to the number of
channel buffers CHB of the source driver integrated device
130.

[0010] InaCOG (chip-on-glass) type liquid crystal display
device, since all connections between the flexible printed
circuit 120 and the source driver integrated device 130 are
formed in an LOG (line-on-glass) type, all LOG type connec-
tions have resistance values equal to or greater than several
ohms.

[0011] Due to this fact, the resistors R_VDD and the resis-
tors R_GND are provided. Further, as described above, since
current is consumed through the resistors R_VDD when
charging the R/C loads, a drop occurs in the voltage of the
power supply terminal VDD, and since current is consumed
through the resistors R_GND when discharging the R/C
loads, a bouncing occurs in the voltage of the ground terminal
GND.

[0012] Due to such power drop and bouncing phenomena,
the gamma buffers GMBP1 through GMBPn and GMBN1
through GMBNn in the source driver integrated device 130
are influenced, and because the output terminals of the
gamma buffers GMBP1 through GMBPn and GMBN1
through GMBNn are connected to the input terminals of the
channel buffers CHB through the D/A converter 132, the
outputs of the channel buffers CHB are influenced as well and
are changed.

[0013] FIG. 2 is a graph showing changes in the output
voltage of an optional gamma buffer GMB in the upper and
lower end gamma voltage buffer units 131P and 131N and
changes in the output voltages of an optional channel buffer
CHB in the channel buffer unit 133, due to the power drop and
bouncing phenomena.

[0014] Referring to FIG. 2, if the voltage of the power
supply terminal VDD drops when charging the R/C loads, the
output voltage GMB_OUT of the gamma buffer GMB drops
correspondingly. In this regard, when the output voltage
GMB_OUT of the gamma buffer GMB is raised to a desired
level after the drop occurs, it can be understood that the output
voltage GMB_OUT of the gamma buffer GMB is raised not
quickly but slowly.

[0015] Accordingly, it can be appreciated that the output
voltage CHB_OUT of the channel buffer CHB is raised in a
slow pattern like the output voltage GMB_OUT of the
gamma buffer GMB.

[0016] Also, if the voltage of the ground terminal GND
bounces when discharging the R/C loads, the output voltage
GMB_OUT of the gamma buffer GMB bounces correspond-
ingly. In this regard, when the output voltage GMB_OUT of
the gamma buffer GMB is lowered to an original level after
the bouncing occurs, it can be understood that the output
voltage GMB_OUT ofthe gamma buffer GMB is lowered not
quickly but relatively slowly. Accordingly, it can be appreci-
ated that the output voltage CHB_OUT of the channel buffer
CHB is lowered in a slow pattern like the output voltage
GMB_OUT of the gamma buffer GMB.

[0017] As a consequence, in the source driver integrated
device of the conventional liquid crystal display device, the
output voltage of the gamma buffer is recovered to the origi-
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nal level not quickly but slowly when charging and discharg-
ing the R/C loads. Thus, the output voltage of the channel
buffer is lowered in a slow pattern like the output voltage of
the gamma buffer.

SUMMARY OF THE INVENTION

[0018] Accordingly, the present invention has been made in
an effort to solve the problems occurring in the related art, and
an object of the present invention is to provide a source driver
circuit of a liquid crystal display device which is designed in
such a way as to be capable of shortening the recovery time of
the output voltage of a gamma buffer in a source driver inte-
grated device when a drop of the voltage of a power supply
terminal and a bouncing of the voltage of a ground terminal
occur in a source driver circuit.

[0019] In order to achieve the above object, according to
one aspect of the present invention, there is provided a source
driver circuit of a liquid crystal display device including a
gamma buffer, the gamma buffer comprising a differential
amplification section having two NMOS transistors and con-
figured to differentially amplify an input signal; a current
mirror section having two PMOS transistors and configured
to operate as a current mirror; an enable section having one
NMOS transistor and configured to convert the differential
amplification section from a standby mode to an enable mode
by a bias voltage; a power drop speed improvement section
configured to respectively connect drains of the two PMOS
transistors of the current mirror section and drains of the two
NMOS transistors of the differential amplification section
through two diode coupling type MOS transistors, and
shorten a recovery time after a power drop; and an output
section having a PMOS transistor and an NMOS transistor
and configured to be determined in a bias level thereof by the
bias voltage and generate an output voltage according to a
voltage of a downstream node on one side of the current
mirror section.

[0020] In order to achieve the above object, according to
one aspect of the present invention, there is provided a source
driver circuit of a liquid crystal display device including a
gamma buffer, the gamma buffer comprising a differential
amplification section having two PMOS transistors and con-
figured to differentially amplify an input signal; a current
mirror section having two NMOS transistors and configured
to operate as a current mirror; an enable section having one
PMOS transistor and configured to convert the differential
amplification section from a standby mode to an enable mode
by a bias voltage; a power drop speed improvement section
configured to respectively connect drains of the two PMOS
transistors of the differential amplification section and drains
of the two NMOS transistors of the current mirror section
through two diode coupling type MOS transistors, and
shorten a recovery time after a bouncing in a voltage of a
ground terminal; and an output section having an NMOS
transistor and a PMOS transistor and configured to be deter-
mined in a bias level thereof by the bias voltage and generate
an output voltage according to a voltage of an upstream node
on one side of the current mirror section.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above objects, and other features and advan-
tages of the present invention will become more apparent
after a reading of the following detailed description taken in
conjunction with the drawings, in which:
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[0022] FIG. 1 is a block diagram illustrating a driving cir-
cuit of a conventional liquid crystal display device;

[0023] FIG. 2 is a graph showing changes in the output
voltages of a gamma buffer and a channel buffer due to power
drops in a source driver of the conventional liquid crystal
display device;

[0024] FIG. 3 is a circuit diagram illustrating a source
driver of a liquid crystal display device in accordance with an
embodiment of the present invention;

[0025] FIG. 4 is a circuit diagram illustrating a source
driver of a liquid crystal display device in accordance with
another embodiment of the present invention;

[0026] FIG. 5 is a graph showing changes in the output
voltages of a gamma buffer and a channel buffer due to power
drops in the source driver of a liquid crystal display device
according to the present invention; and

[0027] FIGS. 6(a) and 6(b) are graphs showing that recov-
ery times upon occurrence of a power drop and a ground
voltage bouncing are shortened according to the present
invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0028] Reference will now be made in greater detail to a
preferred embodiment of the invention, an example of which
is illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numerals will be used throughout
the drawings and the description to refer to the same or like
parts.

[0029] FIG. 3 is a circuit diagram of a positive gamma
buffer applied to a source driver circuit of a liquid crystal
display device in accordance with an embodiment of the
present invention. Referring to FIG. 3, the positive gamma
buffer includes a differential amplification section 310, a
current mirror section 320, an enable section 330, a power
drop speed improvement section 340, and an output section
350. The differential amplification section 310 includes
NMOS transistors M31 and M32. The NMOS transistor M31
has the gate which is connected to an input terminal IN, and
the NMOS transistor M32 has the gate which is connected to
an output terminal OUT.

[0030] The current mirror section 320 includes PMOS tran-
sistors M33 and M34. The sources of the PMOS transistors
M33 and M34 are commonly connected to a power supply
terminal VDD. The PMOS transistor M34 is a diode coupling
type transistor in which the gate and the drain are connected
with each other.

[0031] The enable section 330 includes an NMOS transis-
tor M35 and functions to convert the differential amplifica-
tion section 310 from a standby mode to an enable mode. That
is to say, the NMOS transistor M35 is turned on when a bias
voltage Bias is supplied at a high level and connects the
sources of the NMOS transistors M31 and M32 of the differ-
ential amplification section 310 to a ground terminal GND, by
which the differential amplification section 310 is converted
to an activation mode. Accordingly, the NMOS transistor
M31 of the differential amplification unit 310 operates in
correspondence to the signal inputted through the input ter-
minal IN, as a result of which the voltage of a downstream
node N1 is determined.

[0032] The power drop speed improvement section 340
includes PMOS transistors M36 and M37 which are con-
nected in a diode type. The sources of the PMOS transistors
M36 and M37 are connected to the drains of the PMOS



US 2011/0157129 Al

transistors M33 and M34 of the current mirror section 320,
and the drains of the PMOS transistors M36 and M37 are
connected to the drains of the NMOS transistors M31 and
M32 of the differential amplification section 310.

[0033] While the MOS transistors M36 and M37 are exem-
plified as PMOS transistors, it is conceivable that the same
effects can be achieved when the MOS transistors M36 and
M37 are realized using NMOS transistors.

[0034] The output section 350 includes a PMOS transistor
M38 and an NMOS transistor M39. The source of the PMOS
transistor M38 is connected to the power supply terminal
VDD, and the gate of the PMOS transistor M38 is connected
to the downstream node N1. The drain of the PMOS transistor
M38 is connected commonly to the output terminal OUT, the
gate of the NMOS transistor M32, and the drain of the NMOS
transistor M39 of which source is connected to the ground
terminal GND.

[0035] The bias level of the NMOS transistor M39 is deter-
mined by the bias voltage Bias, and the PMOS transistor M38
operates by the voltage of the downstream node N1 which is
determined as described above, by which a resultant voltage
is outputted to the output terminal OUT. As a consequence, an
output voltage corresponding to the signal inputted through
the input terminal IN is outputted through the output terminal
OUT.

[0036] Referring to FIG. 5, if a power drop occurs in the
gamma buffer, that is, the voltage of the power supply termi-
nal VDD drops, a drop in the output voltage GMB_OUT of
the gamma buffer occurs in a greater extent than the drop in
the voltage of the power supply terminal VDD. At this time,
since the output voltage GMB_OUT of the gamma buffer is
lower than the input voltage IN, the level of the output voltage
GMB_OUT is raised to the level of the input voltage IN. To
this end, the gate voltage of the PMOS transistor M38, that is,
the voltage of the downstream node N1 is lowered.

[0037] However, as described above, since the drains of the
PMOS transistors M33 and M34 of the load transistors of the
current mirror section 320 are connected to the drains of the
NMOS transistors M31 and M32 of the differential amplifi-
cation section 310 by way of the PMOS transistors M36 and
M37 of the power drop speed improvement section 340 which
are connected in a diode type, the drain-source voltages (V p5)
of'the PMOS transistors M36 and M37, which are equal to or
greater than threshold voltages, are applied between the tran-
sistors M33 and M34 and the transistors M31 and M32.
[0038] Accordingly, the operation range of the gate of the
PMOS transistor M38 is decreased correspondingly. In other
words, since a maximum level, to which the voltage level of
the downstream node N1 can be lowered, is limited by the
threshold voltages of the PMOS transistors M36 and M37, the
operation range of the gate of the PMOS transistor M38 is
decreased correspondingly.

[0039] Describing in detail, the output voltage GMB_OUT
of the gamma buffer drops due to a drop in the voltage of the
power supply terminal VDD, and in order to recover the
output voltage GMB_OUT ofthe gamma buffer to an original
level, the voltage of the downstream node N1 is lowered.
When the PMOS transistors M36 and M37 are disposed, the
voltage of the downstream node N1 are lowered less by the
threshold voltages, compared to the case in which the PMOS
transistors M36 and M37 are not disposed. In this way, since
the voltage of the downstream node N1 is lowered less by the
threshold voltages, a recovery time is shortened correspond-
ingly when raising the voltage of the downstream node N1 to

Jun. 30, 2011

an original level. Due to this fact, the recovery time of the
output voltage GMB_OUT of the gamma buffer is shortened
correspondingly (see FIG. 5).

[0040] FIG. 4 is a circuit diagram of a negative gamma
buffer applied to a source driver circuit of a liquid crystal
display device in accordance with another embodiment of the
present invention. Referring to FIG. 4, the negative gamma
buffer includes a differential amplification section 410, a
current mirror section 420, an enable section 430, a power
drop speed improvement section 440, and an output section
450.

[0041] While the same basic operation principle is adopted
in FIGS. 3 and 4, FIGS. 3 and 4 are distinguished from each
other in that FIG. 3 represents a positive gamma buffer for
dealing with a drop in the voltage of a power supply terminal
and FIG. 4 represents a negative gamma buffer for dealing
with a bouncing in the voltage of a ground terminal.

[0042] The differential amplification section 410 includes
PMOS transistors M41 and M42. The PMOS transistor M41
has the gate which is connected to an input terminal IN, and
the PMOS transistor M42 has the gate which is connected to
an output terminal OUT.

[0043] The current mirror section 420 includes NMOS
transistors M43 and M44. The sources of the NMOS transis-
tors M43 and M44 are commonly connected to a ground
terminal GND. The NMOS transistor M44 is a diode coupling
type transistor in which the gate and the drain are connected
with each other.

[0044] The enable section 430 includes a PMOS transistor
M45 and functions to convert the differential amplification
section 410 from a standby mode to an enable mode. That is
to say, the PMOS transistor M45 is turned on when a bias
voltage Bias is supplied at a low level and connects the
sources of the PMOS transistors M41 and M42 of the differ-
ential amplification section 410 to a power supply terminal
VDD, by which the differential amplification section 410 is
converted to an activation mode. Accordingly, the PMOS
transistor M41 of the differential amplification unit 410 oper-
ates in correspondence to the signal inputted through the
input terminal IN, as a result of which the voltage of an
upstream node N2 is determined.

[0045] The power drop speed improvement section 440
includes NMOS transistors M46 and M47 which are con-
nected in a diode type. The sources of the NMOS transistors
M46 and M47 are connected to the drains of the NMOS
transistors M43 and M44 of the current mirror section 420,
and the drains of the NMOS transistors M46 and M47 are
connected to the drains of the PMOS transistors M41 and
M42 of the differential amplification section 410.

[0046] While the MOS transistors M46 and M47 are exem-
plified as NMOS transistors, it is conceivable that the same
effects can be achieved when the MOS transistors M46 and
M47 are realized using PMOS transistors.

[0047] The output section 450 includes an NMOS transis-
tor M48 and a PMOS transistor M49. The source of the
NMOS transistor M48 is connected to the ground terminal
VDD, and the gate of the NMOS transistor M48 is connected
to the upstream node N2. The drain of the NMOS transistor
M48 is connected commonly to the output terminal OUT, the
gate of the PMOS transistor M42, and the drain of the PMOS
transistor M49 of which source is connected to the power
supply terminal VDD.

[0048] The bias level of the PMOS transistor M49 is deter-
mined by the bias voltage Bias, and the NMOS transistor M48
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operates by the voltage of the upstream node N2 which is
determined as described above, by which a resultant voltage
is outputted to the output terminal OUT. As a consequence, an
output voltage corresponding to the signal inputted through
the input terminal IN is outputted through the output terminal
OUT.

[0049] Referring to FIG. 5, if a bouncing occurs in the
voltage of the ground terminal GND in the gamma buffer, a
bouncing in the output voltage GMB_OUT of the gamma
buffer occurs in a greater extent than the bouncing in the
voltage of the ground terminal GND. At this time, since the
output voltage GMB_OUT of the gamma buffer is higher than
the input voltage IN, the level of the output voltage GMB_
OUT is started to be lowered to the level of the input voltage
IN. To this end, the gate voltage of the NMOS transistor M48,
that is, the voltage of the upstream node N2 is raised.

[0050] However, as described above, since the drains of the
NMOS transistors M43 and M44 of the load transistors of the
current mirror section 420 are connected to the drains of the
PMOS transistors M41 and M42 of the differential amplifi-
cation section 410 by way of the NMOS transistors M46 and
M47 of the power drop speed improvement section 440 which
are connected in a diode type, the drain-source voltages (V 55)
of'the NMOS transistors M46 and M47, which are equal to or
greater than threshold voltages, are applied between the tran-
sistors M43 and M44 and the transistors M41 and M42.
[0051] Accordingly, the operation range of the gate of the
NMOS transistor M48 is decreased correspondingly. In other
words, since a maximum level, to which the voltage level of
the upstream node N2 can be raised, is limited by the thresh-
old voltages of the NMOS transistors M46 and M47, the
operation range of the gate of the NMOS transistor M48 is
decreased correspondingly.

[0052] Describing in detail, the output voltage GMB_OUT
of'the gamma buffer bounces due to a bouncing in the voltage
of the ground terminal GND, and in order to recover the
output voltage GMB_OUT ofthe gamma buffer to an original
level, the voltage of the upstream node N2 is raised. When the
NMOS transistors M46 and M47 are disposed, the voltage of
the upstream node N2 are raised less by the threshold volt-
ages, compared to the case in which the NMOS transistors
M46 and M47 are not disposed. In this way, since the voltage
of the upstream node N2 is raised less by the threshold volt-
ages, a recovery time is shortened correspondingly when
raising the voltage of the upstream node N2 to an original
level. Due to this fact, the recovery time of the output voltage
GMB_OUT of the gamma buffer is shortened correspond-
ingly (see FIG. 5).

[0053] FIGS. 6(a) and 6(b) are graphs showing that arecov-
ery time upon occurrence of'a power drop and a recovery time
upon occurrence of a bouncing in the voltage of a ground
terminal are shortened according to the present invention.
That is to say, it is to be appreciated that the rising time T1 and
the falling time T3 in the output voltage of the channel buffer
are improved by the gamma buffer operating as shown in
FIGS. 3 and 4. Also, it is to be appreciated that the setting
times T2 and T4 of the channel buffer are improved by the
gamma buffer operating as shown in FIGS. 3 and 4.

[0054] As is apparent from the above description, in the
embodiments of the present invention, in a gamma buffer
circuit adopted in a source driver of a liquid crystal display
device, since MOS transistors of a differential amplification
section and a current mirror section are connected with each
other through diode coupling type MOS transistors, a recov-
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ery time after a voltage drop of a power supply terminal and
arecovery time after a voltage bouncing of a ground terminal
can be shortened. Also, the matching characteristic of an
input transistor is improved, and due to this fact, a random
offset is reduced.

[0055] Although a preferred embodiment of the present
invention has been described for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and the spirit of the invention as disclosed in
the accompanying claims.

What is claimed is:

1. A source driver circuit of a liquid crystal display device
including a gamma buffer, the gamma buffer comprising:

a differential amplification section having two NMOS tran-
sistors and configured to differentially amplify an input
signal,

a current mirror section having two PMOS transistors and
configured to operate as a current mirror;

an enable section having one NMOS transistor and config-
ured to convert the differential amplification section
from a standby mode to an enable mode by a bias volt-
age;

a power drop speed improvement section configured to
respectively connect drains of the two PMOS transistors
of the current mirror section and drains of the two
NMOS transistors of the differential amplification sec-
tion through two diode coupling type MOS transistors,
and shorten a recovery time after a power drop; and

an output section having a PMOS transistor and an NMOS
transistor and configured to be determined in a bias level
thereof by the bias voltage and generate an output volt-
age according to a voltage of a downstream node on one
side of the current mirror section.

2. The source driver circuit according to claim 1, wherein
the liquid crystal display device comprises a COG (chip-on-
glass) type liquid crystal display device.

3. The source driver circuit according to claim 1, wherein
the two MOS transistors of the power drop speed improve-
ment section includes both a PMOS transistor and an NMOS
transistor.

4. The source driver circuit according to claim 1, wherein
the power drop speed improvement section comprises:

a first PMOS transistor having a source which is connected
to a drain of a first PMOS transistor of the current mirror
section and a gate and a drain which are connected to a
drain of a first NMOS transistor of the differential ampli-
fication section; and

a second PMOS transistor having a source which is con-
nected to a drain of a second PMOS transistor of the
current mirror section and a gate and a drain which are
connected to a drain of a second NMOS transistor of the
differential amplification section.

5. A source driver circuit of a liquid crystal display device

including a gamma buffer, the gamma buffer comprising:

a differential amplification section having two PMOS tran-
sistors and configured to differentially amplify an input
signal,

a current mirror section having two NMOS transistors and
configured to operate as a current mirror;

an enable section having one PMOS transistor and config-
ured to convert the differential amplification section
from a standby mode to an enable mode by a bias volt-
age;
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a power drop speed improvement section configured to
respectively connect drains of the two PMOS transistors
ofthe differential amplification section and drains of the
two NMOS transistors of the current mirror section
through two diode coupling type MOS transistors, and
shorten a recovery time after a bouncing in a voltage of
a ground terminal; and

an output section having an NMOS transistor and a PMOS
transistor and configured to be determined in a bias level
thereof by the bias voltage and generate an output volt-
age according to a voltage of an upstream node on one
side of the current mirror section.
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7. The source driver circuit according to claim 5, wherein

the power drop speed improvement section comprises:

a first NMOS transistor having a drain and a gate which are
connected to a drain of a first PMOS transistor of the
differential amplification section and a source which is
connected to a drain of a first NMOS transistor of the
current mirror section; and

a second NMOS transistor having a drain and a gate which
are connected to a drain of a second PMOS transistor of
the differential amplification section and a source which
is connected to a drain of a second NMOS transistor of
the current mirror section.

8. The source driver circuit according to claim 5, wherein

6. The source driver circuit according to claim 5, wherein
the two MOS transistors of the power drop speed improve-
ment section includes both a PMOS transistor and an NMOS
transistor. kok ok ok ok

the liquid crystal display device comprises a COG (chip-on-
glass) type liquid crystal display device.
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