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SOURCE DRIVER OF LIQUID CRYSTAL
DISPLAY

FIELD OF THE INVENTION

The present invention relates to a source driver of a TFT-
LCD or TFT-OELD; and, more particularly, to a source driver
of a LCD, which is capable of improving an accuracy and
resolution.

DESCRIPTION OF RELATED ART

FIG. 1 is a block diagram of a general TFT-LCD (thin film
transistor—liquid crystal display).

Referring to FIG. 1, the TFT-LCD includes a liquid crystal
panel 400, a timing controller 100, a plurality of gate drivers
200, a plurality of source drivers 300, and a voltage generator
500.

The plurality of gate drivers 200 are enabled by the timing
controller 100 and sequentially drives gate lines of the liquid
crystal panel 400. The plurality of source drivers 300 are
enabled by the timing controller 100 and drives source lines
of the liquid crystal panel 400 to allow the liquid crystal panel
400 to display data. The voltage generator 500 generates
various voltages that the system requires.

The liquid crystal panel 400 has a plurality of unit pixels,
each of which consists of a liquid crystal capacitor C1 and a
switching thin film transistor T1. The unit pixels are arranged
in matrix. Sources of the thin film transistors T1 are respec-
tively connected to the source lines that are driven by the
source driver 300, and gates of the thin film transistors T1 are
respectively connected to the gate lines that are driven by the
gate driver 200.

Insuch a TFT-LCD, the gate driver 200 sequentially drives
the gate lines under control of the timing controller 100, and
the source driver 300 receives data from the timing controller
100 and applies an analog signal to the source lines. In this
manner, the TFT-LCD displays the data.

FIG. 2 is a block diagram of the source driver 300 of the
TFT-LCD shown in FIG. 1.

Referring to FIG. 2, the source driver 300 includes a digital
controller 310, a register 320 for storing digital data provided
from the digital controller 310, a level shifter 330 for convert-
ing a level of a signal provided from the register 320, a
digital-to-analog converter (DAC) 340 for converting a digi-
tal signal passing through the level shifter 330 into an analog
signal, an analog bias part 350, and a buffering part for buff-
ering an output of the DAC 340 by a bias provided from the
analog bias part 350 and supplying it to the source lines of the
liquid crystal panel (400 in FIG. 1).

The digital controller 310 receives a source driver start
pulse (SSP), a data clock and a digital data from the timing
controller (100 in FIG. 1), transfers the digital data to the
register 320, and controls the register 320.

The register 320 includes a shift register 321, a sampling
register 322 and a holding register 323. All digital data are
stored in the sampling register 322 through the shifter register
321. The digital data stored in the sampling register 322 are
transferred to the DAC 340 through the holding register 323
and the level shifter 330 in response to a control signal LOAD
provided from the timing controller (100 in FIG. 1).

The DAC 340 includes a gradation voltage generator 342
for making an input voltage nonlinearly so as to express
brightness linearly, and a decoder 344 for decoding an output
of the gradation voltage generator 342 by using the digital
signal passing through the level shifter 330 as a select signal.
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2

The buffering part 360 is configured with a unity gain amp
and supplies a signal having the same voltage level as the
analog signal to the source lines of the liquid crystal panel at
higher power.

FIG. 3 is a circuit diagram of the DAC shown in FIG. 2.

Referring to FIG. 3, the respective outputs of the gradation
voltage generator 342 are selected through six switches 344
connected in sequence and are then outputted. In this manner,
since the gradation voltage is selected through the six
switches controlled by the digital signals D<6:1>, a separate
decoder is not required.

FIG. 4 is a circuit diagram of another conventional DAC.
The respective outputs of the gradation voltage generator 342
are selected through one switch and are outputted as the
analog signal AN_OUT. Accordingly, there is required a 6 64
decoder for generating a control signal to control the respec-
tive switches.

Also, various DACs can be implemented by combining the
DACs showninFIGS. 3 and 4. That is, the DAC having a 6-bit
resolution can use one switch to maximum six switches con-
nected in series at the respective outputs, and a 6x64 decoder
for generating the control signal can be used. Also, a structure
having no decoder can be provided. For example, two
switches serially connected to the respective outputs can be
used and two 3x8 decoders can be used to select the respective
switches. Alternatively, three switches connected in series
can be used and three 2x4 decoders can be used.

Meanwhile, 64 resistors are required so as to obtain a 6-bit
resolution by using the DAC 340, and the decoder and the
switch are required so as to select the gradation voltage.
Accordingly, if the DAC is implemented to have an 8-bit or
10-bit resolution, a circuit area increases about 4 times or 16
times. That is, in order to increase a resolution by N-bit, the
circuit area increases 2 times.

Like this, if the area of the DAC 340 increases, the area of
the TFT-LCD driver chip increases, so that a manufacturing
cost rises. Consequently, price competitiveness is reduced.

Accordingly, in order to minimize the increase of the cir-
cuit area, the DAC is implemented with two stages, which
will be described below with reference to the accompanying
drawings.

FIG. 5 is a circuit diagram of a conventional two-stage
DAC. A first DAC 346 converts the upper 6-bit digital signals
D<«8:3> into the analog signals and includes a resistor string
346a for dividing an upper voltage VREF_H and a lower
voltage VREF_L, and a decoder 3464 for outputting two
consecutive analog voltages V,,,; and V,,in response to the
digital signals D<2:1>. A second DAC 347 converts the lower
2 bits D<2:1> and includes a capacitor part 347 for dividing
voltage levels of the two analog voltages V., and V,,and a
switching part 347a for controlling the voltage levels divided
through the capacitors 3475.

The resistor string 3464 of the first DAC is shared and is the
gradation voltage generator 342 shown in FIG. 2.

However, in the case of the DAC implemented with the
capacitors, the accuracy of the output signal is lowered. This
is caused by charge injection and clock feedthrough, which
occur in the switches connected to the capacitors. The error of
the output voltage due to the charge injection and clock
feedthrough is proportional to the driving voltage of the MOS
transistors used as the switches. Since the TFT-LCD uses a
voltage of 7-16 V as the driving voltage, it is difficult to meet
the accuracy aimed at the design. Although the accuracy can
be improved by increasing the capacitance, the circuit area is
increased and the operating speed is reduced.
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In order to solve these problems, the two-stage DACs are
respectively implemented with the resistor string, as shown in
FIG. 6.

Referring to FIG. 6, first and second DACs 348 and 350
include resistor strings 348a and 350a for dividing the applied
voltage and switching parts 3485 and 3504 for outputting the
analog voltages corresponding to the digital signals D<8:3>
and D<2:1> among the voltages outputted by the resistor
strings 348a and 350a.

The first and second DACs 348 and 350 are connected
through the unity gain amp 349, so that the divided voltage
level of the front stage cannot be influenced by the resistor
string 350a of the rear stage. That is, since the resistor strings
348a and 350 of the first and second stages are connected in
parallel through the switching parts 3485 and 3505, it is
possibleto solve the problem that the outputted analog signals
cannot have voltage level difference of a constant ratio and
thus the analog signals corresponding to the digital signals
cannot be outputted.

Meanwhile, since the accuracy of the unity gain amp
designed in a general CMOS process is about 20 mV. There-
fore, if the DAC is implemented with such a unity gain amp,
itis difficult to expect the accuracy of about 20 mV or more in
the 6-bit resolution.

In addition, since two unity-gain amps are added to the
channel, the circuit area is increased.

Therefore, due to the offset voltage of the unity gain amp,
the DAC implemented with the unity gain amp has a limit in
designing the high gradation DAC having the accuracy of
more than the offset voltage of the unity gain amp.

SUMMARY OF THE INVENTION

Itis, therefore, an object of the present invention to provide
a source driver of a liquid crystal display, capable of improv-
ing anaccuracy and resolution without using a unity gain amp
in a DAC,

In accordance with an aspect of the present invention, there
is provided a TFT-LCD source driver for driving L channels
of a liquid crystal panel (where L is a positive integer), the
TFT-LCD source driver comprising a plurality of DACs (digi-
tal-to-analog converters) for converting (M+N)-bit different
digital signals into analog signals (where M and N are posi-
tive integers), the DAC including: a coarse gradation voltage
generator, configured with resistors connected in series, for
generating 2™ gradation voltages; a first decoder for selecting
two consecutive voltages among the 2 gradation voltages in
response to M-bit digital signals; a fine gradation voltage
generator, configured with 2V resistors connected in series,
for receiving output voltages of the first decoder and output-
ting 2V gradation voltages; and a second decoder for selecting
one of the 2" gradation voltages in response to the N-bit
digital signals and outputting the selected gradation voltage
as the analog signal.

In accordance with another aspect of the present invention,
there is provided a An apparatus for converting adigital signal
into an analog signal, including: I, DACs (digital-to-analog
converters) including: a first decoder for selecting two con-
secutive voltages among the 2™ gradation voltages in
response to M-bit digital signals; a fine gradation voltage
generator, configured with 2V resistors connected in series,
for receiving output voltages of the first decoder and output-
ting 2V gradation voltages; and a second decoder for selecting
one of the 2" gradation voltages in response to the N-bit
digital signals and outputting the selected gradation voltage
as the analog signal; and a coarse gradation voltage generator,
configured with 2 resistors connected in series, for generat-
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4

ing 2™ gradation voltages, wherein the first decoder and the
fine gradation voltage generator are connected together with-
out unity gain amp; and a resistance (R ;) of the fine gradation
voltage generator meets an equation

oM -1)-L-R

Rey = oM ON

where R is a resistance of the coarse gradation voltage gen-
erator.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the instant
invention will become apparent from the following descrip-
tion of preferred embodiments taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is a block diagram of a general TFT-LCD;

FIG. 2 is a block diagram of a source driver of the TFT-
LCD shown in FIG. 1;

FIG. 3 is a circuit diagram of a conventional DAC shown in
FIG. 2;

FIG. 4 is a circuit diagram of another conventional DAC;

FIG. 5 is acircuit diagram ofa further another conventional
DAC;

FIG. 6 is a circuit diagram of a still further another con-
ventional DAC;

FIG. 7 is a circuit diagram of a DAC in accordance with an
embodiment of the present invention;

FIG. 8 is an equivalent circuit diagram of the DAC shown
in FIG. 7 when an output error of the DAC is largest;

FIG. 9 is an equivalent circuit diagram of an actual DAC in
accordance with an embodiment of the present invention;

FIG.10is a graph illustrating an output voltage of the DAC
shown in FIG. 9;

FIG. 11 is an equivalent circuit diagram of the DAC when
a first resistance of resister string is adjusted; and

FI1G. 12 is a graph illustrating an output voltage of the DAC
shown in FIG. 11.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the present invention will be described in
detail with reference to the accompanying drawings.

FIG. 7 is a circuit diagram illustrating a DAC of a source
driver in accordance with an embodiment of the present
invention.

Referring to FIG. 7, the DAC includes a coarse gradation
voltage generator 820, a first decoder 840, a fine gradation
voltage generator 920, and a second decoder 940.

The coarse gradation generator 820 is configured with 2*
resistors connected in series and generates 2* gradation volt-
ages. The first decoder 840 selects two consecutive voltages
(for example, VH and VL) among the output voltages of the
coarse gradation voltage generator 820 in response to M-bit
digital signals D<M+N:N+1>. The fine gradation voltage
generator 920 is configured with 2% resistors connected in
series, and receives the output voltages of the first decoder
840 and outputs 2" gradation voltages. The second decoder
940 selects one output voltage among the output voltages of
the fine gradation voltage generator 920 and outputs an ana-
log signal AN_OUT in response to N-bit digital signals D<N:
1>,

A first DAC 800 includes the coarse gradation voltage
generator 820 and the first decoder 840, and a second DAC
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900 includes the fine gradation voltage generator 920 and the
second decoder 940. (M+N) digital signals D<M+N:1> are

converted into the analog signals AN_OUT through two
stages, that s, the first and second DACs 800 and 900.

Here, the coarse gradation voltage generator 820 is shared
by L DACs, which drive L channels of the liquid crystal panel.

Meanwhile, unlike the conventional DAC (refer to FIG. 6),
the first decoder 840 and the fine gradation voltage generator
920 are connected together without any unity gain amp.
Accordingly, the resistor string of the coarse gradation volt-
age generator 820 is connected in parallel to that of the fine
gradation voltage generator 920. Therefore, in order to mini-
mize the error due to the parallel connection, resistance Rch
of the fine gradation voltage generator 920 must meet Equa-
tion 1 below.

eY-1)-L-R (Eq. 1)

7 . ON

ch =

In Equation 1, R denotes the resistance of the coarse gra-
dation voltage generator 820. If resistances are different, R
denotes the largest resistance among them.

That is, the DAC of the source driver adjusts the resistance
of the resistor string contained in the fine gradation voltage
generator 920, which is connected in parallel without using
the unity gain amp. Thus, the DAC of the source driver can
minimize the influence of the parallel connection. Conse-
quently, since there is no limit due to the offset voltage of the
unity gain amp, the accuracy can be improved and the bits of
the digital signal can be increased. In addition, the area occu-
pied by the unity gain amp can be reduced.

Therefore, the high-gradation DAC having the high accu-
racy can be implemented.

Meanwhile, the resistance Rch of the fine gradation voltage
generator 920 is a resistance given when a voltage level dif-
ference between an ideal voltage level V,; . and an actual
voltage level V5, in a 1-bit digital signal meets Equation 2
below.

(Eq. 2)
Vissg = Vizsg < 5ViLs

That is, the ideal voltage level V|, ¢ s a voltage level in
case where the resistor string ratio of the front stage is not
influenced by the resistor string of the rear stage, and the
actual voltage level V; o, is a voltage level in case where the
resistor string ratio of the front stage is influenced by the
resistor string of the rear stage.

A degree of the output error is about ¥4V, ;5. However,
The degree of the output error can be reduced below 14V, o
by changing the coefficient of Equation 2.

In addition, in case where the L. channels output the same
analog signals, the largest error occurs due to the influence of
the parallel connection. In such a case, the resistor string of
the L fine gradation voltage generators 920 is connected in
parallel to one resistor of the coarse gradation voltage gen-
erator 820, as shown in FIG. 8.

FIG. 8 is an equivalent circuit diagram of the DAC shown
in FIG. 7, in which the resistor string of the L fine gradation
voltage generator 920 are connected in parallel to the resistor
string of the coarse gradation voltage generator 820 when the
1 channels generate the same output.
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Referring to FIG. 8, it can be seen that the actual voltage
level V,; & corresponding to 1-bit digital signal has a rela-
tionship of (VH'-VL')/2" Accordingly, substituting in Equa-
tion 2, the result is given by

—_

(Eq. 3)

Vy =V =V -V = 5(Vy = Vi)

2

Referring to FIG. 8, (V/-V,") is a voltage applied on both
terminals of the resistor R' of the coarse gradation voltage
generator connected in parallel to the resistor string of the fine
gradation voltage generator 920 and is R'x(VREF_H-
VREF_L)/R,,,.;- In the ideal case, a voltage applied on both
terminals of the resistor R of the coarse gradation voltage
generator 820 is Rx(VREF_H—VREF_L)/R,,,,;. Accord-
ingly, substituting in Equation 3, the result is given as Equa-
tion 4 below.

R

(R:,a,)_(R_

]
total

(Eq. 4

1, R
]Sz(@)

R,.../ denotes a total resistance of the coarse voltage gen-
erator 820 when the resistor string of the L fine gradation
voltage generator 920 is connected in parallel to the resistor
string of the coarse voltage generator 820. R, , , denotes a
total resistance of 2* serially-connected resistor strings con-
nected of the coarse voltage generator 820.

Referring to FIG. 8, the total resistance R, of the coarse
voltage generator 820 is Rx(2-1)+R'. Also, in the ideal case,
the total resistance R, of the coarse voltage generator 820
is Rx2™. Substituting in Equation 4, the result is obtained as
follows.

R

R R (Eq. 3)
(RXZM)_(RX(ZM Z 1)+R/] = (szMﬂ)

When the resistor strings of the L fine gradation voltage
generators 920 are connected in parallel to the resistors of the
fine gradation voltage generator 920, the resistance R' is given
as

=
X
—_—
=
&
=
g
B

R,j, so:ardenotes atotal resistance of 2 serially-connected
resistor strings of the fine gradation voltage generator 920.
Substituting in Equation 3, the result is obtained as follows.

@M - 1.L-R (Eq. 6)

Rchj.otal = 5) i

The total resistance R, ,,,.; of the fine gradation voltage
generator 920is R ,x2". Substituting in Equation 6, the result
of Equation 1 can be obtained.

Meanwhile, when the resistor R1 and the resistor R2 are
connected in parallel, a voltage level applied to the resistor
R1|R2 becomes ¥4 of a voltage level applied to the resistor R1
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when the resistor R2 has the same resistance as the resistor
R1. That is, in view of the resistance of the fine gradation
voltage generator 930, R, ,.../L=R, thatis, R, ,,../RL.

If 2-1=2" because M is sufficiently large in Equation 6,
it can be intuitively seen that the resistance of the fine grada-
tion voltage generator is identical to Equation 6.

As described above, if the DAC is implemented with two
stages, the rear stage adjusts the resistance and thus the gap
between the stages can be connected without any unity gain
amp. Accordingly, since the limit in the accuracy of the DAC
due to the offset voltage of the conventional unity gain amp
can be removed, the DAC having high accuracy can be imple-
mented. In addition, the unity gain amp required at channels
can be removed, thereby reducing the area.

The first decoder 840 of the DAC is implemented with one
MOS switch to M MOS switch arrays connected in series. It
is presumed that a total resistance of an ideal first decoder 840
is 0Q2. However, the first decoder 840 of an actual DAC has a
resistance that cannot be ignored compared with the resis-
tance of the fine gradation voltage generator 920. A descrip-
tion will be made about a problem due to the resistance of the
first decoder 840 actually implemented.

FIG. 9 is an equivalent circuit diagram of a DAC in accor-
dance with the present invention. The output voltages V_ /
V., and V,/V;, from the adjacent resistors R, and Ry, of
the coarse gradation voltage generator 820 is decoded by the
fine gradation voltage generator 920.

As shown in FIG. 9, the resistors Ry, /Rgy; and R/
Rgpns respectively connected to both ends of the resistor
strings of the fine gradation voltage generators 920 and 920'
are turn-on resistors within the first decoders 840 and 840'.

FIG. 10 is a graph illustrating an output voltage of the DAC
shown in FIG. 9. X axis represents the analog signal
AN_OUT of the DAC corresponding to the applied digital
signal, and Y axis represents the voltage level of the analog
signal AN_OUT. Also, a reference symbol “¥” represents the
analog output of the ideal DAC, and a reference symbol “o”
represents the analog output of the actually-implemented
DAC.

Referring to FIGS. 9 and 10, the fine gradation voltage
generator 920 receives the voltages V;, and V;, applied on
both terminals of the resistor RN of the coarse gradation
voltage generator 820 and divides the voltages. At this point,
due to the turn-on resistance of the switch in the first decoder
840, the voltage level V,, of the first output signal AN_OUT,,
rises higher than the level V. of the expected first output
signal, and the voltage level of the last output signal
AN_OUT, | drops lower than the voltage level Vo v, 0f
the expected last output signal. Also, the voltage level V,, of
the first output signal AN_OUT,, rises and the voltage level
V, of thelast output signal AN_OUT,, ; drops. Therefore, the
voltage levels of the signals AN_OUT,,,, and AN_OUT,,,,
which are divided through the resistors R_;,;, and R,
arranged in series between the output node of the first voltage
V, and the output node of the last voltage V5, are also
higher or lower than the expected voltage levels.

The voltage level difference (V,~V,._,) between the volt-
ageV,,_, of the last analog signal AN_OUT,,_, and the volt-
age V, of the first analog signal AN_OUT,, are greater than
the voltage level difference corresponding to 1-bit digital
signal.

That is, it can be seen that voltage level gaps of the analog
signals are not equal due to the turn-on resistance of the
switches within the first decoder 840.

Meanwhile, the problem due to the turn-on resistance of
the MOS switch can be solved by extending the width of the
MOS switch making the size of the resistor string of the fine

20

25

40

45

50

60

65

8

gradation voltage generator larger. However, this may cause
the increase of the circuit area and serves as a limit factor in
the conversion speed of the DAC.

Accordingly, in the resistor string of the fine gradation
voltage generator 920, one resistance of the two resistors
connected to the first decoder 840 is added to the turn-on
resistance of the entire switch within the first decoder 840 in
order to equalize the voltage level gaps ofthe analog signal. In
this manner, it is adjusted to meet the resistance R _, proposed
in Equation 1. That is, the resistance can be expressed as

(Eq. 7)

In Equation 7, R ;' denotes the resistance adjusted by one
of the resistors connected to the first decoder, and R _;, denotes
the resistance of the fine gradation voltage generator, which is
calculated by Equation 7. Also, Rsy- 7074, denotes the turn-
on resistance of all the switches in the first decoder.

FIG. 11 is an equivalent circuit diagram of the DAC when
the first resistance of resister string is adjusted.

As shown in FIG. 11, the resistance of the resistor string in
the fine gradation voltage generator 920 is calculated based
on Equation 1 and one resistance R, of the resistor string is
300 KQ. Also, the total resistance of the switches in the first
decoder 840 is 200 KQ. Therefore, the first resistance R ;' of
the resistor string in the fine gradation voltage generator 920
is 100 KQ.

FIG. 12 is a graph illustrating the output voltage of the
DAC shown in FIG. 11.

Referring to FIG. 12, the voltage level V,; of the analog
signal of the DAC implemented considering the resistance of
the first decoder 840 is slightly higher than the analog signal
of the ideal DAC as a whole. However, the rising level is the
same as the resistance of the switches disposed at one side of
the first decoder 840. Consequently, the analog signal of the
DAC in accordance with the present invention has the equal
voltage level difference.

That is, the differential non-linearity (DNL) is equal. Here,
the DNL is the voltage level difference of the analog signal
outputted from the DAC.

If adjusting the upper voltage Vg zr , and the lower volt-
ageV - ; supplied tothe coarse gradation voltage generator
820, the analog signal of the DAC can have the same voltage
level as the analog signal of the ideal DAC.

Meanwhile, since the resistance of the rear stage is adjusted
when the DAC is implemented in two-stage parallel structure,
each stage can be connected without any unity gain amp.
Accordingly, since it is possible to remove the limit of the
accuracy of the DAC due to the offset voltage of the conven-
tional unity gain amp, the DAC having the high accuracy can
be implemented. In addition, the unity gain amp required in
the respective channels can be removed, thus reducing the
area.

Further, the constant gradation gaps can be made by adjust-
ing the resistance of the resistors connected to the first
decoder in the fine gradation voltage generator, considering
the resistance of the switches between the respective stages.

Although the TFT-LCD has been described as one
example, the present invention can also be applied to a TFT-
OELD.

In accordance with the inventive source driver, the DAC
having the two-stage parallel structure can be implemented
by adjusting the resistance of the resistor string of the rear
stage without any unity gain amp. Therefore, the accuracy
and the resolution can be improved and the chip area can be
reduced. Further, the analog signals having the equal grada-
tion gaps can be outputted by adjusting one resistance of the
resistor string contained in the DAC of the rear stage.

—
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The present application contains subject matter related to
Korean patent application No. 2004-60389, filed in the
Korean Patent Office on Jul. 30, 2004, the entire contents of
which being incorporated herein by reference.

While the present invention has been described with
respect to the particular embodiments, it will be apparent to
those skilled in the art that various changes and modifications
may be made without departing from the spirit and scope of
the invention as defined in the following claims.

What is claimed is:

1. A TFT-LCD source driver for driving [ channels of a
liquid crystal panel (where L is a positive integer), the TFT-
LCD source driver comprising I DACs (digital-to-analog
converters) for converting (M+N)-bit different digital signals
into analog signals (where M and N are positive integers), the
DAC comprising:

a coarse gradation voltage generator, configured with 2*
resistors connected in series, for generating 2* grada-
tion voltages;

a first decoder for selecting two consecutive voltages
among the 2¥ gradation voltages in response to M-bit
digital signals;

a fine gradation voltage generator, configured with 2V
resistors connected in series, for receiving output volt-
ages of the first decoder and outputting 2™ gradation
voltages; and

a second decoder for selecting one of the 2% gradation
voltages in response to the N-bit digital signals and
outputting the selected gradation voltage as the analog
signal,

wherein the I DACs share the coarse gradation voltage
generator, the first decoder and the fine gradation voltage
generator are connected together without a unity gain
amp, and a resistance (R ) of the fine gradation voltage
generator meets an equation

@Y -1)-L-R

Rewz= — o

where R is a resistance of the coarse gradation voltage gen-
erator.

2. The source driver as recited in claim 1, wherein if the
coarse gradation voltage generator has various resistances,
the resistance R is the largest resistance among the various
resistances.
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3. The source driver as recited in claim 2, wherein when
one resistance of the two resistors connected to the first
decoder in a resistor string of the fine gradation voltage gen-
erator is added to a turn-on resistance of all switches con-
tained in the first decoder, the added resistance meets the
equation.

4. An apparatus for converting a digital signal into an
analog signal, comprising:

L DACs (digital-to-analog converters) including:

a first decoder for selecting two consecutive voltages
among 2¥ gradation voltages in response to M-bit
digital signals (where L. and M are positive integers);

a fine gradation voltage generator, configured with 2
resistors connected in series, for receiving output
voltages of the first decoder and outputting 2" grada-
tion voltages (where N is a positive integer); and

a second decoder for selecting one of the 2% gradation
voltages in response to the N-bit digital signals and
outputting the selected gradation voltage as the ana-
log signal; and

a coarse gradation voltage generator, configured with 2%

resistors connected in series, for generating the 2/ gra-

dation voltages,

wherein the first decoder and the fine gradation voltage

generator are connected together without a unity gain

amp; and

a resistance (R_;,) of the fine gradation voltage generator

meets an equation

oM -1)-L-R

Roy = oM N’

where R is a resistance of the coarse gradation voltage
generator.

5. The apparatus as recited in claim 4, wherein if the coarse
gradation voltage generator has various resistances, the resis-
tance R is the largest resistance among the various resis-
tances.

6. The apparatus as recited in claim 5, wherein when one
resistance of two resistors connected to the first decoder in a
resistor string of the fine gradation voltage generator is added
to a turn-on resistance of all switches contained in the first
decoder, the added resistance meets the equation.
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