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(57) ABSTRACT

Disclosed is a liquid crystal display panel driving circuit for
driving a liquid crystal display panel with a resolution of N
bits. N-bit digital data including upper X bits and lowerY bits
is inputted. The liquid crystal display panel driving circuit
includes a resistor string unit according to areas, a DAC
converter switching unit according to areas, and an interpo-
lation amplifier. The resistor string unit outputs analog refer-
ence voltages at different ratios according to three areas. The
DAC converter switching unit receives the N-bit digital data,
selects (Y+1) analog voltages from the analog reference volt-
ages based on the upper X bits, outputs the (Y+1) analog
voltages, and outputs the (Y+1) analog voltages of different
combinations based on the lower Y bits. The interpolation
amplifier receives the (Y+1)analog voltages and generates an
interpolated output voltage by setting weights for the (Y+1)
analog voltages by using multi-factors.
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Fig 3.
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LIQUID CRYSTAL DISPLAY PANEL
DRIVING CIRCUIT

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play panel driving circuit, and more particularly, to a liquid
crystal display panel driving circuit with a significantly
reduced area.

[0003] 2. Description of the Related Art

[0004] Recently, the resolution of a display panel such as a
television has been increased day by day. With the increase in
the resolution of the display panel, the size of a driving circuit
for driving a panel in a source driver IC (integrated circuit) of
a display apparatus has also been increased.

[0005] Insuchaliquid crystal display panel driving circuit,
the area of a circuit is an important factor. When the size of the
driving circuit is increased, since the manufacturing cost of
the liquid crystal display driving circuit and system is
increased and thus competitiveness thereof is reduced, tech-
nologies for reducing the area of the liquid crystal display
driving circuit are required.

[0006] FIG. 1 is a diagram illustrating one example of a
liquid crystal display panel driving circuit in accordance with
the related art.

[0007] The liquid crystal display panel driving circuit 100
illustrated in FIG. 1 includes a resistor string unit 110, DAC
(digital-to-analog converter) switching units 121 and 122,
buffers 131 and 132, and an output switching unit 140.
[0008] The resistor string unit 110 and the digital to analog
converter switching units 121 and 122 will be collectively
referred to as a resistor DAC.

[0009] The resistor string unit 110 includes resistors seri-
ally connected to one another. When N-bit digital data is
inputted, since the resistor string unit 110 includes 2" resis-
tors and generates different reference voltages at respective
connection nodes among the resistors, 2 reference voltages
can be generated.

[0010] Intheliquidcrystal display panel driving circuit, the
first DAC switching unit 121 receives digital data from a
timing controller, selects a single analog reference voltage
corresponding to the digital data from the 2% reference volt-
ages generated by the resistor string unit 110, and outputs the
selected reference voltage, and the buffer 131 drives the load
of the data line of a liquid crystal display panel.

[0011] According to animage display scheme of the liquid
crystal display panel, since output of the liquid erystal display
panel driving circuit is used for driving different pieces of
data and an image is displayed through a combination of
colors according to each data, a DAC and a buffer (or an
amplifier) are necessarily provided for each output corre-
sponding to inputted digital data (refer to the first DAC
switching unit 121 and the m? DAC switching unit 122, and
the buffers 131 and 132 in FIG. 1).

[0012] The most important factor for the resolution of the
liquid crystal display panel is the resolution of the DAC. As
the resolution of the DAC is increased, natural color sense can
be achieved.

[0013] However, in order to increase the resolution of the
DAC, the bit number N of inputted digital data increases and
thus the number of resistors required for the resistor string
unit 110 and transistors constituting the DAC switching unit

Apr. 28,2011

increases by geometric progression, resulting in an increase
in the area of the driving circuit. As a result, the manufactur-
ing cost may increase.

SUMMARY OF THE INVENTION

[0014] Accordingly, the present invention has been made in
an effortto solve the problems occurring in the related art, and
an object of the present invention is to provide a liquid crystal
display panel driving circuit with a significantly reduced cir-
cuitarea, in which the area of a DAC circuit taking the bulk of
the liquid crystal display panel driving circuit can be signifi-
cantly reduced by allowing functions of the DAC circuit to be
partially performed by an amplifier.

[0015] In order to achieve the above object, according to
one aspect of the present invention, there is provided a liquid
crystal display panel driving circuit for driving a liquid crystal
display panel with a resolution of N bits, N-bit digital data
inputted to the liquid crystal display panel driving circuit
including upper X bits and lower Y bits, the liquid crystal
display panel driving circuit including: a resistor string umt
according to areas configured to output analog reference volt-
ages at different ratios according to three areas divided based
on a voltage range ofthe N-bit digital data; a digital-to-analog
converter switching unit according to areas configured to
receive the N-bit digital data, select (Y+1) analog voltages
from the analog reference voltages, which are received from
the resistor string units according to areas, based on the upper
X bits, output the (Y+1) analog voltages, and output the
(Y+1)analog voltages of different combinations based on the
lower Y bits; and an interpolation amplifier configured to
receive the (Y+1) analog voltages and generate an interpo-
lated output voltage by setting weights for the (Y+1) analog
voltages by using multi-factors determined by a value of the
Y.

[0016] According to another aspect of the present inven-
tion, there is provided a liquid crystal display panel driving
circuit for driving a liquid crystal display panel with a reso-
lutionof N bits, N-bit digital data inputted to the liquid crystal
display panel driving circuit including upper X bits and lower
Y hits, the liquid crystal display panel driving circuit includ-
ing: a digital-to-analog converter switching unit configured to
select (Y+1) analog voltages from analog reference voltages,
which are generated based on the upper X bits, according to
the N-bit digital data, and output the (Y+1) analog voltages;
and an interpolation amplifier configured to receive the (Y+1)
analog voltages and generate an interpolated output voltage
by setting weights for the (Y+1) analog reference voltages by
using multi-factors determined by a value of the Y, wherein
the interpolation amplifier includes: a non-inversion input
section including a plurality of transistors that receive the
(Y+1) analog reference voltages outputted from the digital-
to-analog converter switching unit according to areas, and
each transistor having a multi-factor according to the number
of the lower Y bits; an inversion input section including a
plurality of transistors that receive the output voltage of the
interpolation amplifier and form pairs together with the non-
inversion input section, and each transistor having a multi-
factor according to the number of the lower Y bits; a load
section operating as an active load of the non-inversion input
section and the inversion input section; a first bias application
section configured to drive the interpolation amplifier in
response to a first bias voltage; a second bias application
section including a plurality of transistors that receive a sec-
ond bias voltage through gates thereof and have same multi-
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factors as those of the transistors of the non-inversion input
section, and supplying a current to the non-inversion input
section; and a output section configured to output the output
voltage according to voltages changed in the load section,
wherein among the transistors constituting the non-inversion
input section, the inversion input section, and the second bias
application section, transistors having a same multi-factor
form differential pairs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] 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:

[0018] FIG. 1 is a diagram illustrating one example of a
liquid crystal display driving circuit in accordance with the
related art;

[0019] FIG. 2 is a diagram illustrating one example of a
liquid crystal display driving circuit in accordance with an
embodiment of the present invention;

[0020] FIG. 3 is a diagram illustrating an output range
according to input of the analog-to-digital converter switch-
ing unit illustrated in FIG. 2;

[0021] FIG. 4 is a detailed circuit diagram of the interpola-
tion amplifier illustrated in FIG. 2; and

[0022] FIG. 5 is a diagram illustrating an example of an
output voltage of the analog-to-digital converter switching
unit and an output voltage of the interpolation amplifier illus-
trated in FIG. 2 when Y=2.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0023] Reference will now be made in greater detail to a
preferred embodiment of the present invention, an example of
which is illustrated in the accompanying drawings.

[0024] FIG. 2 is a diagram illustrating a liquid crystal dis-
play driving circuit in accordance with an embodiment of the
present invention.

[0025] The liquid crystal display driving circuit 200 illus-
trated in FIG. 2 includes resistor string units 211 to 213
according to areas, DAC switching units 221 to 226 according
to areas, interpolation amplifiers 230 and 240, and an output
switch unit 250.

[0026] Referringto FIG. 3, inputted N-bit digital data (N bit
input) includes upper X bits and lower Y bits (X and Y is an
integer which is equal to or more than 0). For example, when
the N-bit digital data (N bit input) is 10 bits and the upper X
bits are 7 bits, the lower Y bits are 3 bits.

[0027] The resistor string units 211 to 213 according to
areas are configured to output analog reference voltages at
different ratios according to three areas divided based on the
voltage range of the N-bit digital data.

[0028] Specifically, the resistor string units 211 to 213
according to areas are classified as the upper area resistor
string unit 211, the intermediate area resistor string unit 212,
and the lower area resistor string unit 213 according to the
size of the generated reference voltage.

[0029] Theupper area resistor string unit 211 is configured
to generate the highest analog reference voltage in the range
of the X bits which are the upper bits. In the upper area resistor
string unit 211, a plurality of resistors are disposed in a row
and the analog reference voltage are generated from connec-
tion points among the resistors. The upper area resistor string
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unit 211 includes 2"*¥ resistors. When the (44X (an expo-
nent of 2) is not an integer, the number of resistors is selected
using a rounded-off integer value.

[0030] Theintermediate area resistor string unit 212 is con-
figured to generate analog reference voltages of an interme-
diate range, except for the highest reference voltage and the
lowest reference voltage, in the range of the X bits which are
the upper bits. In the intermediate area resistor string unit 212,
a plurality of resistors are disposed in a row and the analog
reference voltage are generated from connection points
among the resistors. The intermediate area resistor string unit
212 includes 2 resistors.

[0031] The lower area resistor string unit 213 is configured
to generate the lowest analog reference voltage in the range of
the X bits which are the upper bits. In the lower area resistor
string unit 213, a plurality of resistors are disposed in a row
and the analog reference voltage are generated from connec-
tion points among the resistors. The lower area resistor string
unit 213 includes 2¥ resistors. When the (42X (an expo-
nent of 2) is not an integer, the number of resistors is selected
using a rounded-off integer value. The resistor string units
211 to 213 according to areas include a positive resistor string
unit (not shown) for generating a positive reference voltage
and a negative resistor string unit (not shown) for generating
a negative reference voltage.

[0032] The DAC switching units 221 to 223 according to
areas are configured to receive the N-bit digital data, select
(Y+1) analog voltages from the analog reference voltages,
which are received from the resistor string units 211 to 213
according to areas, based on the upper X bits, output the
(Y+1) analog voltages, and output the (Y+1) analog voltages
of different combinations based on the lower Y bits.

[0033] The DAC switching units 221 to 223 according to
areas are classified as the upper area DAC switching unit 221,
the intermediate area DAC switching unit 222, and the lower
area DAC switching unit 223.

[0034] The upper area DAC switching unit 221 is con-
trolled by the N-bit digital input data (N bit input) to receive
the reference voltages outputted from the upper area resistor
string unit 211, selects (Y+1) reference voltages, and trans-
mits (Y+1) output signals to the interpolation amplifier 230.
The (Y+1) output signals have the same voltage level. For
example, when Y=2, the upper area DAC switching unit 221
outputs (V1, V1 and V1).

[0035] The intermediate area DAC switching unit 222 is
controlled by the N-bit digital input data (N bit input) to
receive the reference voltages outputted from the intermedi-
ate area resistor string unit 212, selects (Y+1) reference volt-
ages, and transmits (Y+1) output signals to the interpolation
amplifier 230. For example, when Y=2, the intermediate area
DAC switching unit 222 outputs the output signals of (V1,V1
and V1), (V1, V1 and V2), (V2, V1 and V2) or (V2, V2 and
V1) through a combination of V1 and V2 according to the
digital data of the lower bits as illustrated in FIG. 5. The V1
and V2 are values extracted from the reference voltages ofthe
resistor string units 211 to 213 according to areas based on the
upper bits. The V2 is higher than the V1 by a predetermined
voltage and is an analog reference voltage which is the nearest
the V1.

[0036] The lower area DAC switching unit 223 is con-
trolled by the N-bit digital input data (N bit input) to receive
the reference voltages outputted from the lower area resistor
string unit 213, selects (Y+1) reference voltages, and trans-
mits (Y+1) output signals to the interpolation amplifier 230.
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The (Y+1) output signals have the same voltage level. For
example, when Y=2, the lower area DAC switching unit 223
outputs (V1, V1 and V1).

[0037] The resistor string units 211 to 213 according to
areas may include a switching element or a transistor. For
example, the upper area DAC switching unit 221 may be
configured to receive the reference voltages outputted from
the upper area resistor string unit 211, and output the (Y+1)
analog voltages through 2'/>¥ transistors which are controlled
by the N-bit digital input data (N bit input).

[0038] Furthermore, the intermediate area DAC switching
unit 222 may be configured to receive the reference voltages
outputted from the intermediate area resistor string unit 212,
and output the (Y+1) analog voltages through 2*/** transistors
which are controlled by the N-bit digital input data (N bit
input).

[0039] Furthermore, the lower area DAC switching unit
223 may be configured to receive the reference voltages out-
putted from the lower area resistor string unit 213, and output
the (Y+1) analog voltages through 2'/** transistors which are
controlled by the N-bit digital input data (N bit input).
[0040] The interpolation amplifier 230 is configured to
receive the (Y+1) analog reference voltages and generate
interpolated output voltages by setting a weight for each of
the (Y+1) analog reference voltages according to a multi-
factor determined by the Y value.

[0041] When the reference voltages are received from the
upper area DAC switching unit 221 and the lower area resistor
string unit 213, the interpolation amplifier 230 outputs the
received reference voltages as is. When the reference voltages
are received from the intermediate area DAC switching unit
222, the interpolation amplifier 230 applies the multi-factor to
the received reference voltages to generate output voltages.
[0042] The interpolation amplifier 230 includes a positive
buffer (not shown) for driving the positive reference voltage
and a negative buffer (not shown) for driving the negative
reference voltage.

[0043] The output switch unit 250 is configured to receive
the output of the interpolation amplifiers 230 and 240 and
supply voltages Out<1>to Out<K>to a liquid crystal display
panel. The output switch unit 250 is configured to control a
polarity inversion function for inverting the polarity of an
output signal to positive polarity or negative polarity in
response to a control signal ctrl, a charge share function for
reducing current consumption when changing positive polar-
ity and negative polarity, an output enable function and the
like. For example, the output switch unit 250 may include a
multiplexer.

[0044] That is, according to an image display scheme of the
liquid crystal display panel, since the output of the liquid
crystal display panel driving circuit is used for driving differ-
ent pieces of data and an image is displayed through a com-
bination of colors according to each data, the DAC switching
units 221 to 223 according to areas and the interpolation
amplifier 230 are necessarily provided for each output.
[0045] In more detail, referring to FIG. 2, in the liquid
crystal display panel driving circuit according to the embodi-
ment of the present invention, the inputted digital data (N bit
input)is plural, and aplurality of the DAC switching units and
a plurality of the interpolation amplifiers are provided corre-
sponding to the digital data. The first to M DAC switching
units 221 to 223 and 224 to 226 according to areas receive
different pieces of digital data, and the first to M interpola-
tion amplifiers 230 and 240 operate by receiving output volt-
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ages from the first to M” DAC switching units. Then, the
output switch unit 250 is configured to select the output of the
interpolation amplifiers 230 and 240 in response to the con-
trol signal and transmit the selected output to the liquid crystal
display circuit.

[0046] FIG. 4 is a detailed circuit diagram of the interpola-
tion amplifier 230 illustrated in FIG. 2.

[0047] Referring to FIG. 4, the interpolation amplifier 230
includes a non-inversion input section 231, an inversion input
section 232, a first bias application section 234, a second bias
application section 233, a load section 235, and an output
section 236.

[0048] The non-inversion input section 231 includes a plu-
rality of transistors M1 to M5 that receive the (Y+1) analog
reference voltages YA, YB, YC, YD and YE outputted from
the DAC switching units 221 to 223 according to areas, and
each transistor has a multi-factor according to the number of
the lower Y bits.

[0049] The inversion input section 232 includes a plurality
of transistors M6 to M10 that receive the output voltage of the
interpolation amplifier 230 and form pairs together with the
non-inversion input section 231, and each transistor has a
multi-factor according to the number of the lower Y bits.
[0050] The load section 235 operates as an active load of
the non-inversion input section 231 and the inversion input
section 232.

[0051] The first bias application section 234 is configured
to drive the interpolation amplifier 230 in response to a first
bias voltage Bias 1.

[0052] The second bias application section 233 includes a
plurality of transistors M 11 to M15 that receive a second bias
voltage Bias 2 through gates thereof and have the same multi-
factors as those of the transistors of the non-inversion input
section 231, and supplies a current to the inversion input
section 232 and the non-inversion input section 231.

[0053] The output section 236 is configured to output the
output voltage Out according to voltages changed in the load
section 235.

[0054] Among the transistors constituting the non-inver-
sion input section 231, the inversion input section 232, and the
second bias application section 233, transistors having the
same multi-factor form differential pairs.

[0055] In more detail, the load section 235 includes a sev-
enteenth transistor M17 and an eighteenth transistor M18.
[0056] The seventeenth transistor M17 receives a supply
voltage VDDA through a first terminal thereof. The eigh-
teenth transistor M18 receives the supply voltage VDDA
through a first terminal thereof, and has a gate terminal con-
nected to a gate terminal of the seventeenth transistor M17
and a second terminal connected to the gate terminal of the
eighteenth transistor M18.

[0057] The non-inversion input section 231 includes the
first to fifth transistors M1 to M5.

[0058] The first transistor M1 receives the first output sig-
nal YA of the DAC switching unit according to areas through
a gate thereof, and has a first terminal connected to a second
terminal of the seventeenth transistor M17. The second tran-
sistor M2 receives the second output signal YB of the DAC
switching unit according to areas through a gate thereof, and
has a first terminal connected to the second terminal of the
seventeenth transistor M17. The third transistor M3 receives
the third output signal YC of the DAC switching unit accord-
ing to areas through a gate thereof, and has a first terminal
connected to the second terminal of the seventeenth transistor



US 2011/0096054 A1

M17. The fourth transistor M4 receives the fourth output
signal YD of the DAC switching unit according to areas
through a gate thereof, and has a first terminal connected to
the second terminal of the seventeenth transistor M17. The
fifth transistor M5 receives the fifth output signal YE of the
DAC switching unit according to areas through a gate thereof,
and has a first terminal connected to the second terminal of the
seventeenth transistor M17.

[0059] WhenY-1,Y-2 and Y-3 are smaller than 0, that is,
when the multi-factors of each transistor are smaller than 1,
the second to fourth transistors M2 to M4 are deleted.
[0060] Theinversioninput section 232 includes the sixth to
tenth transistors M6 to M10.

[0061] The sixth transistor M6 receives the output signal
Out of the interpolation amplifier 230 through a gate thereof,
and has a first terminal connected to the second terminal of the
eighteenth transistor M18 and a second terminal connected to
a second terminal of the first transistor M1. The seventh
transistor M7 receives the output signal Out of the interpola-
tion amplifier 230 through a gate thereof, and has a first
terminal connected to the second terminal of the eighteenth
transistor M18 and a second terminal connected to a second
terminal of the second transistor M2. The eighth transistor
M8 receives the output signal Out of the interpolation ampli-
fier 230 through a gate thereof, and has a first terminal con-
nected to the second terminal of the eighteenth transistor M18
and a second terminal connected to a second terminal of the
third transistor M3. The ninth transistor M9 receives the
output signal Out of the interpolation amplifier 230 through a
gate thereof, and has a first terminal connected to the second
terminal of the eighteenth transistor M18 and a second termi-
nal connected to a second terminal of the fourth transistor M4.
The tenth transistor M10 receives the output signal Out of the
interpolation amplifier 230 through a gate thereof, and has a
first terminal connected to the second terminal of the eigh-
teenth transistor M18 and a second terminal connected to a
second terminal of the fifth transistor M5. As described
above, the gates of the sixth to tenth transistors M6 to M10 are
connected to the output terminal of the interpolation amplifier
230 to form a feedback loop.

[0062] The output section 236 includes a nineteenth tran-
sistor M19, a twentieth transistor M20, and a frequency com-
pensation capacitor c1.

[0063] The nineteenth transistor M19 receives the supply
voltage VDDA through a first terminal thereof, and has a gate
terminal connected to the second terminal of the seventeenth
transistor M17. A voltage of a second terminal of the nine-
teenth transistor M19 serves as an output voltage. The twen-
tieth transistor M20 has a first terminal connected to the
second terminal of the nineteenth transistor M19, a gate ter-
minal to which the first bias voltage is applied, and a second
terminal connected to a ground voltage GNDA.

[0064] The frequency compensation capacitor cl is con-
nected between the gate terminal and the second terminal of
the nineteenth transistor M19.

[0065] The first bias application section 234 includes a
sixth transistor M16 having a gate terminal to which the first
bias voltage Bias 1 is applied and a first terminal connected to
the ground voltage GNDA.

[0066] Thesecondbias application section 233 includes the
eleventh to fifteenth transistors M11 to M15.

[0067] The eleventh transistor M11 has a gate terminal to
which the second bias voltage Bias 2 is applied, a first termi-
nal connected to a second terminal of the sixth transistor M16,
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and a second terminal connected to the second terminal of the
first transistor M1. The twelfth transistor M12 has a gate
terminal to which the second bias voltage Bias 2 is applied, a
first terminal connected to the second terminal of the sixth
transistor M16, and a second terminal connected to the sec-
ond terminal of the second transistor M2. The thirteenth tran-
sistor M12 has a gate terminal to which the second bias
voltage Bias 2 is applied, a first terminal connected to the
second terminal of the sixth transistor M16, and a second
terminal connected to the second terminal of the third tran-
sistor M3. The fourteenth transistor M14 has a gate terminal
to which the second bias voltage Bias 2 is applied, a first
terminal connected to the second terminal of the sixth tran-
sistor M16, and a second terminal connected to the second
terminal of the fourth transistor M4. The fifteenth transistor
M15 has a gate terminal to which the second bias voltage Bias
2 is applied, a first terminal connected to the second terminal
of the sixth transistor M16, and a second terminal connected
to the second terminal of the fifth transistor M5.

[0068] The first transistor M1, the sixth transistor M6, and
the eleventh transistor M11 form a differential pair and have
the same multi-factor of 2. The second transistor M2, the
seventh transistor M7, and the twelfth transistor M12 form a
differential pair and have the same multi-factor of 20" The
third transistor M3, the eighth transistor M8, and the thir-
teenth transistor M13 form a differential pair and have the
same multi-factor of 22, The fourth transistor M4, the
ninth transistor M9, and the fourteenth transistor M14 form a
differential pair and have the same multi-factor of 2=, The
fifth transistor M5, the tenth transistor M10, and the fifteenth
transistor M15 form a differential pair and have the same
multi-factor of 2.

[0069] Among the transistors forming a differential pair,
transistors having the same size corresponding to a multi-
factor are connected in parallel to one another. For example,
the second transistor M2 having a multi-factor of 4 forms a
structure in which four transistors having the same size are
connected in parallel to one another, and receives the second
output signals of the DAC switching units according to areas
through the gate thereof.

[0070] Preferably, the transistors M1 to M10 constituting
the non-inversion input section 231 and the inversion input
section 232 have the same size. Preferably, the transistors
M11 to M15 constituting the second bias application section
233 have the same size.

[0071] A single current source is provided for the input
terminal of the interpolation amplifier 230 to increase a cur-
rent flowing through the input terminal of the interpolation
amplifier 230 by increasing a multi-factor. A current flowing
through the differential pairs is distributed by the multi-fac-
tors of the eleventh to fifteenth transistors M11 to M15 con-
stituting the differential pairs.

[0072] Thus, even if each transistor constituting the differ-
ential pairs receives the same voltage through the input ter-
minal thereof, a difference occurs in the output voltage of the
interpolation amplifier 230 due to the difference of the multi-
factors. Consequently, the liquid crystal display panel driving
circuit in accordance with the embodiment of the present
invention may gererate a voltage difference according to the
lower bits by using the interpolation amplifier 230 having the
multi-factors.

[0073] When the Y-1,Y-2 or Y-3 (an exponent of 2 cor-
responding to the multi-factor) is equal to 0 or a negative
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number smaller than 0, transistors and input/output nodes of
a corresponding differential pair are deleted.

[0074] Forexample, when'Y=2, the differential pair includ-
ing the third, eighth and thirteenth transistors M3, M8 and
M13 and the differential pair including the fourth, ninth and
fourteenth transistors M4, M9 and M14 are deleted.

[0075] When is larger than 5, a differential pair is addi-
tionally provided. For example, when Y=5, a twenty-first
transistor M21 is added to the non-inversion input section
231, atwenty-second transistor M22 is added to the inversion
input section 232, and a twenty-third transistor M23 is added
to the second bias application section 233.

[0076] The transistors M1 to M15 constituting the non-
inversion input section 231, the inversion input section 232
and the second bias application section 233 have multi-fac-
tors, respectively.

[0077] FIG. 5illustrates the output of the intermediate area
DAC switching unit 222 and the interpolation amplifier 230
illustrated in FIG. 2 when Y=2.

[0078] That is, FIG. 5 illustrates the case where digital data
is 8 bits, upper bits are 6 bits and lower bits are 2 bits, and the
output signal of the intermediate area DAC switching unit 222
according to data of Y2 and Y1 (the lower bits).

[0079] For example, when Y2=0 and Y1=1, YA=VI,
YB=V1 and YC=V2.

[0080] Furthermore, when Y=2, multi-factors inputted to
the interpolation amplifier 230 are 1, 2 and 1. In addition,
weights are 1/(1+2+1), 2/(142+1) and 1/(1+2+41), i.e., 0.25,
0.5 and 0.23, respectively. That is, the weights of the transis-
tors constituting the non-inversion input section 231, the
inversion input section 232 and the second bias application
section 233 are calculated by the multi-factor of each transis-
tor/the sum of the multi-factors of all transistors.

[0081] WhenY2=0and Y1=1, the output of the intermedi-
ate area DAC switching unit 222 is V1, V1 and V2 and the
output voltage of the interpolation amplifier 230 is 0.25V1+
0.5V1+0.25V2 (=0.75V1+0.25V2).

[0082] Consequently, the liquid crystal display panel driv-
ing circuit in accordance with the embodiment of the present
invention is configured to generate reference voltages from
the resistor string units by using upper bits of digital data and
output reference voltages corresponding to lower bits from
the interpolation amplifier 230 by using the lower bits.
[0083] The present invention is not limited to the liquid
crystal display panel driving circuit. For example, the present
invention can be applied to driving circuits of general display
apparatuses.

[0084] Inthe liquid crystal display driving circuit in accor-
dance with the embodiment of the present invention, a circuit
area is significantly reduced. In the driving circuit in accor-
dance with the related art, the number of resistors in resistor
string units is 2”¥ and the number of transistors in DAC switch-
ing units is 2%, Meanwhile, in the driving circuit in accor-
dance with the embodiment of the present invention, the
number of resistors is 2°+2(2*¥) and the number of transis-
tors is 25+2(2Y) and (27734224 20=D#3 transistors are
additionally provided to an interpolation amplifier. However,
since the total number of the resistors and the transistors is
significantly reduced, the effect of area reduction can be
achieved.

[0085] Although a preferred embodiment of the present
invention has been described for illustrative purposes, those
skilled in the art will appreciate that various modifications,
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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 liquid crystal display panel driving circuit for driving
aliquid crystal display panel with a resolution of N bits, N-bit
digital data inputted to the liquid crystal display panel driving
circuit including upper X bits and lower Y bits, the liquid
crystal display panel driving circuit comprising:

aresistor string unit according to areas configured to output
analog reference voltages at different ratios according to
three areas divided based on a voltage range of the N-bit
digital data;

a digital-to-analog converter switching unit according to
areas configured to receive the N-bit digital data, select
(Y+1) analog voltages from the analog reference volt-
ages, which are received from the resistor string units
according to areas, based on the upper X bits, output the
(Y+1) analog voltages, and output the (Y+1) analog
voltages of different combinations based on the lower Y
bits; and

an interpolation amplifier configured to receive the (Y+1)
analog voltages and generate an interpolated output volt-
age by setting weights for the (Y+1) analog voltages by
using multi-factors determined by a value of the Y.

2. The liquid crystal display panel driving circuit according
to claim 1, wherein the inputted digital data is plural, the
digital-to-analog converter switching unit and the interpola-
tion amplifier are provided in plurality corresponding to the
digital data, and an output switch unit is further provided to
transmit the output voltages of the interpolation amplifiers to
a liquid crystal display panel.

3. The liquid crystal display panel driving circuit according
to claim 1, wherein the resistor string unit according to areas
comprises:

an upper area resistor string unit including resistors
serially connected to one another to generate analog
reference voltages corresponding to a highest voltage of
the X bits at connection points of the resistors;

an intermediate area resistor string unit including 2* resis-
tors serially connected to one another to generate analog
reference voltages corresponding to voltages, except for
the highest voltage and a lowest voltage of the X bits, at
connection points of the resistors; and

a lower area resistor string unit including 2"/** resistors
serially connected to one another to generate analog
reference voltages corresponding to the lowest voltage
of the X bits at connection points of the resistors.

4. The liquid crystal display panel driving circuit according
to claim 3, wherein the digital-to-analog converter switching
unit according to areas comprises:

an upper area digital-to-analog converter switching unit
configured to receive the analog reference voltages from
the upper area resistor string unit and output the (Y+1)
analog voltages through 2" transistors controlled by
the N-bit digital data;

an intermediate area digital-to-analog converter switching
unit configured to receive the analog reference voltages
from the intermediate area resistor string unit and output
the (Y+1) analog voltages through 2 transistors con-
trolled by the N-bit digital data; and

a lower area digital-to-analog converter switching unit
configured to receive the analog reference voltages from

21/2X
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the lower area resistor string unit and output the (Y+1)
analog voltages through 212X transistors controlled by
the N-bit digital data.

5. Theliquid crystal display panel driving circuit according
to claim 4, wherein the intermediate area digital-to-analog
converter switching unit is configured to output the (Y+1)
analog reference voltages of the different combinations based
on the data of the lower Y bits, and when levels of (Y+1)
analog reference voltages are different from one other, the
(Y+1) analog reference voltages are signals with adjacent
voltage levels among the analog reference voltages outputted
from the intermediate area resistor string unit.

6. Theliquid crystal display panel driving circuit according
to claim 4, wherein the upper area digital-to-analog converter
switching unit or the lower area digital-to-analog converter
switching unit is configured to output the (Y+1) analog ref-
erence voltages with a same voltage level.

7. Theliquid crystal display panel driving circuit according
to claim 4, wherein the upper area resistor string unit or the
lower area resistor string unit is configured to calculate a
value of the 2"** by using a rounded-off integer value and
select the number of resistors when the 2'"** (an exponent of
2) is not an integer.

8. Theliquid crystal display panel driving circuit according
to claim 1, wherein the output switch unit has at least one of
a function for changing polarity of output of the interpolation
amplifier to positive polarity or negative polarity in response
to a control signal ctrl, a charge share function for reducing
current consumption, and an output enable function.

9. Theliquid crystal display panel driving circuit according
to claim 1, wherein the resistor string unit according to areas
comprises:

a positive resistor string unit for generating a positive ana-

log reference voltage; and

a negative resistor string unit for generating a negative
analog reference voltage.

10. The liquid crystal display panel driving circuit accord-

ing to claim 9, wherein the interpolation amplifier comprises:

a positive buffer for driving the positive analog reference
voltage; and

a negative buffer for driving the negative analog reference
voltage.

11. The liquid crystal display panel driving circuit accord-

ing to claim 1, wherein the interpolation amplifier comprises:

a non-inversion input section including a plurality of tran-
sistors that receive the (Y+1) analog reference voltages
outputted from the digital-to-analog converter switching
unit according to areas, and each transistor having a
multi-factor according to the number of the lower Y bits;

an inversion input section including a plurality of transis-
tors that receive the output voltage of the interpolation
amplifier and form pairs together with the non-inversion
input section, and each transistor having a multi-factor
according to the number of the lower Y bits;

a load section operating as an active load of the non-
inversion input section and the inversion input section;

a first bias application section configured to drive the inter-
polation amplifier in response to a first bias voltage;

a second bias application section including a plurality of
transistors that receive a second bias voltage through
gates thereof and have same multi-factors as those of the
transistors of the non-inversion input section, and sup-
plying a current to the non-inversion input section; and
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an output section configured to output the output voltage
according to voltages changed in the load section,

wherein among the transistors constituting the non-inver-
sion input section, the inversion input section and the
second bias application section, transistors having a
same multi-factor form differential pairs.

12. A liquid crystal display panel driving circuit for driving
aliquid crystal display panel with a resolution of N bits, N-bit
digital data inputted to the liquid crystal display panel driving
circuit including upper X bits and lower Y bits, the liquid
crystal display panel driving circuit comprising:

a digital-to-analog converter switching unit configured to
select (Y+1) analog voltages from analog reference volt-
ages, which are generated based on the upper X bits,
according to the N-bit digital data, and output the (Y+1)
analog voltages; and

an interpolation amplifier configured to receive the (Y+1)
analog voltages and generate an interpolated output volt-
age by setting weights for the (Y+1) analog reference
voltages by using multi-factors determined by a value of
theY,

wherein the interpolation amplifier comprises:

a non-inversion input section including a plurality of tran-
sistors that receive the (Y+1) analog reference voltages
outputted from the digital-to-analog converter switching
unit according to areas, and each transistor having a
multi-factor according to the number of the lowerY bits;

an inversion input section including a plurality of transis-
tors that receive the output voltage of the interpolation
amplifier and form pairs together with the non-inversion
input section, and each transistor having a multi-factor
according to the number of the lower Y bits;

a load section operating as an active load of the non-
inversion input section and the inversion input section;

a first bias application section configured to drive the inter-
polation amplifier in response to a first bias voltage;

a second bias application section including a plurality of
transistors that receive a second bias voltage through
gates thereof and have same multi-factors as those of the
transistors of the non-inversion input section, and sup-
plying a current to the non-inversion input section; and

an output section configured to output the output voltage
according to voltages changed in the load section,

wherein among the transistors constituting the non-inver-
sion input section, the inversion input section, and the
second bias application section, transistors having a
same multi-factor form differential pairs.

13. The liquid crystal display panel driving circuit accord-
ing to claim 12, wherein the first bias voltage or the second
bias voltage is supplied from a bias circuit provided outside
the interpolation amplifier.

14. The liquid crystal display panel driving circuit accord-
ing to claim 12, wherein the digital-to-analog converter
switching unit is configured to output three analog reference
voltages when Y=2, and

the non-inversion input section comprises:

a first transistor for receiving a first output signal of the
digital-to-analog converter switching unit through a gate
thereof, and having a multi-factor of 1;

a second transistor for receiving a second output signal of
the digital-to-analog converter switching unit through a
gate thereof, and having a multi-factor of 2; and
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a third transistor for receiving a third output signal of the
digital-to-analog converter switching unit through a gate
thereof, and having a multi-factor of 3.

15. The liquid crystal display panel driving circuit accord-
ing to claim 12, wherein the transistors constituting the non-
inversion input section, the transistors constituting the inver-
sion input section, and the transistors constituting the second
bias application section have a same size.
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16. The liquid crystal display panel driving circuit accord-
ing to claim 12, wherein a single current source is provided
for an input terminal of the interpolation amplifier to increase
a current flowing through the input terminal of the interpola-
tion amplifier by increasing a multi-factor, and a current
flowing through the differential pairs is distributed by the
multi-factors of the differential pairs.

* sk * sk *
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