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LIQUID CRYSTAL DISPLAY APPARATUS
CONTAINING DRIVER IC WITH
GRAYSCALE VOLTAGE GENERATING
CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a grayscale voltage gener-
ating circuit, a driver integrated circuit (IC) and a liquid
crystal display apparatus, and more particularly relates to a
liquid crystal display in which pixels are driven by a driver IC
with a grayscale voltage generating circuit.

2. Description of the Related Art

In recent years, the number of grayscale levels in a color
liquid crystal display (LCD) has been increased from 260,000
color levels in 6-bit representation to 16,700,000 color levels
in 8-bit representation. Moreover, a product of 1,000,000,000
color levels in 10-bit representation has been developed. In
such a situation, a grayscale voltage generating circuit is one
of important basic circuits to generate voltages matched to y
characteristic of each liquid crystal panel. Conventionally, a
grayscale power supply IC is provided independently from
the IC for the LCD driver IC and is used to adjust the y
characteristic of the liquid crystal display driver (hereafter, to
be referred to as an LCD driver).

However, the grayscale voltage generating circuit is built in
each of a plurality of LCD driver ICs to reduce the cost of the
liquid crystal display apparatus. In this case, the grayscale
voltages outputted from the respective liquid crystal driver
ICs indicate values different from each other, depending on
offset voltages caused due to amplifiers of the grayscale
power supply circuits. Thus, a problem of a display block
unevenness is caused. In particular, in case thata LCD driver
is stuck on COG (Chip On Glass) and wirings are formed, its
wiring resistance is large. Thus, the y characteristic changes
for each LCD driver IC, depending on a current flowing
through a y resistance determining the y characteristic. There-
fore, this becomes a large factor involving the display block
unevenness.

In operational amplifiers for a grayscale voltage generating
circuit, typically, a 6-bit product has five amplifiers on a
positive side and five amplifiers on a negative side. Also, an
8-bit product has nine amplifiers on a positive side and nine
amplifiers on a negative side. In these amplifiers, a power
supply efficiency is considered and its output voltage is in a
range of a power supply voltage or a voltage close to the
ground voltage (GND). Also, the grayscale voltage generat-
ing circuit is provided as a dedicated IC outside the LCD
driver IC in many cases. However, there is a case thatitis built
in the LCD driver IC. In this case, since the amplifier must be
composed of CMOS transistors, the driving performance of a
driver is limited.

FIG. 1 is a block diagram showing the configuration of a
conventional LCD source driver 1100A and a conventional
LCD panel 1300. With reference to FIG. 1, the LCD source
driver 1100A 1in the conventional example has a data register
11 for receiving 6-bit digital display data R, G and B, a latch
circuit 12 for latching the digital display data in synchroni-
zation with a strobe signal ST, a D/A converter 13 composed
of n-stage digital/analog converting circuits provided in par-
allel, a grayscale voltage generating circuit 14 for generating
grayscale voltages having v characteristic based on the char-
acteristic of the LCD panel, and an output amplifier section 15
for buffering a voltage outputted from the D/A converter 13.
Here, the output amplifier section 15 has n voltage followers
15,t015,.
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2

The LCD panel 1300 has thin film transistors (TFTs) 16, to
16, provided at the intersection regions between data lines
and scanning lines. Also, pixel capacitances 17, to 17,, are
connected to the TFTs 16, to 16,,. Here, gates of the TFTs 16,
to 16,, are connected to the scanning lines, and sources thereof
are connected to the data lines. Also, ends of the pixel capaci-
tances 17, to 17, on one side are connected to drains of the
TFTs 16, to 16, and ends on the other side are connected to
aCOM node. FIG. 1 shows the TFTs 16, to 16, connected to
one scanning line and the pixel capacitances 17, to 17,. Usu-
ally, the LCD panel 1300 has a plurality of scanning lines. The
TFTs 16, to 16, are connected to this scanning line and the
data lines, and the pixel capacitances 17, to 17, are provided
in the shape of an array. An LCD gate driver (not shown)
sequentially drives the gates of the TFTs 16, to 16,,connected
to the scanning lines one by one. The D/A converter 13
performs D/A conversion on the 6-bit digital display data
latched by the latch circuit 12 and sends to N voltage follow-
ers 15, to 15,,. Then, the D/A converter 13 sends data signals
through the TFTs 16, to 16,, to pixels as the pixel capacitances
17, to 17, Here, the grayscale voliage generating circuit 14
generates grayscale voltages as reference voltages for the data
signal supplied on the data line. In the D/A converter 13, one
of the grayscale voltages is selected by a decoder composed
of a ROM switch (not shown). In a conventional grayscale
voltage generating circuit disclosed in Japanese Patent No.
2590456 (first conventional example), a resistance ladder
circuit is provided. This resistance ladder circuit is driven by
voltage followers, in order to reduce impedance at an output
node of each grayscale voltage and finely adjust the voltage
value of the grayscale voltage.

FIG. 2 is a block diagram showing the configuration of the
conventional grayscale voltage generating circuit 14. With
reference to FIG. 2, the grayscale voltage generating circuit
14 is provided with a resistance ladder circuit 1102 built in an
LCD source driver 1100A, an external resistance ladder cir-
cuit 1401 provided outside the LCD source driver 1100A; a
buffer amplifier section 1101 having a plurality of operational
amplifiers OP, to OP, functioning as voltage followers; and a
constant voltage generating circuit for outputting a reference
voltage V,. Here, the built-in resistance ladder circuit 1102
hasresistances R, toR,_, connected in series and respectively
connected to the output ends of the operational amplifiers
OP, to OP,,. Also, the external resistance ladder circuit 1401
has the constant voltage generating circuit and resistances R,
to R,,_,, connected in series. The resistances R, to R,,_,, are
connected to non-inversion input terminals of the operational
amplifiers OP, to OP,,.

The operational amplifiers OP, to OP_ output grayscale
voltages V,, to'V,, based on tap voltages of the resistances R,
to R,_;, in the external resistance ladder circuit 1401. Here,
the resistances Ry, to R,,_,. in the external resistance ladder
circuit 1401 are variable resistances. By changing those resis-
tance values, the tap voltages applied to the operational
amplifiers OP, to OP, are adjusted. At this time, the voltages
applied to the operational amplifiers OP, to OP, are adjusted
such that the grayscale voltages V., to V, outputted from the
external resistance ladder circuit 1401 are the optimal volt-
ages for the characteristic of the LCD panel 1300.

The reference voltage V, is supplied to the grayscale volt-
age generating circuit 14. The reference voltage V, is gener-
ated by a stable external constant voltage generating circuit
such as a band gap reference. The grayscale voltages V_,
Vauois Vauens = = =5 Vg and 'V, are finally determined based
on the ladder resistances Ry, Ry, Ry, ---, R, s and R,
respectively. That is, the grayscale voltages V,,, V.

. A gm gn-1
Vuozs ===, Vg and 'V, are determined as follows.
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Vgn:I/;'Vgnfl:Vr{(Rnfz'*'Rn{%d" o HRV(R,

R otR 3t +Ro)} s

Ve1=VARg/(R, 1, +R, >+R, 3+... +Ry)}

Here, if a resistance ratio of the resistances R, to R, _, to
determine the grayscale voltages V,, toV,, inan LCD source
driver 10 and a resistance ratio of the resistances R, to R _;,
to determine the grayscale voltages V,, to V,, are equal to
each other, the output currents of the operational amplifiers
0P, to OP,,_, become zero.

However, an output current I, in the n-th operation ampli-
fier OP,, (the operational amplifier that outputs the maximum
grayscale voltage V) is given by the following equation (1)
in a discharge direction

L=V Vo) (R +RA+. .. 4R, 1
Also, an output current I, of the first operational amplifier
OP, (the operational amplifier that outputs the minimum
grayscale voltage V) is given by the following equation (2)
in the discharge direction.

L=V Vo )/(Ri+Ro+. .. +R, ;) (2)

Thus, the operation amplifier OP, and the operation amplifier
OP, need to be designed as the output stages that can output
the output currents I, and [, respectively. In particular, when
they are designed by using MOS transistors, a mutual con-
ductance gm of the MOS transistor which determines a drive
performance is small as compared with a bipolar transistor.
Therefore, attention should be paid thereto.

Also, Japanese Laid Open Patent Application (JP-A-Heisei
10-142582: second conventional example) discloses a tech-
nique in which reduction in an output dynamic range of an
operational amplifier is improved in a liquid crystal grayscale
voltage generating circuit.

Also, an LCD driver in which a plurality of LCD driver ICs
are connected in parallel to increase the number of grayscale
levels to be displayed on a liquid crystal is disclosed in Japa-
nese Laid Open Patent Application (JP-A-Heisei 5-119744:
third conventional example). FIG. 3 is a block diagram show-
ing the configuration of an LCD source driver 1100B using
two LCD source driver ICs, each of which has a built-in
grayscale voltage generating circuit. With reference to FIG. 3,
the LCD source driver 1100B has a first LCD source driver IC
110-1 and a second LCD source driver IC 110-2. The first
LCD source driver IC 110-1 is provided with a grayscale
voltage generating circuit 14'-1, a data register 11-1, a latch
circuit 12-1, a /A converter 13-1 and an output amplifier
section 15-1. The grayscale voltage generating circuit 14'-1 is
provided with a negative side grayscale resistance group
142-1 composed of a group of resistances R;-110 R,,5,_)-1
and a positive side grayscale resistance group 141-1 com-
posed of a group of resistances R, »,,,-1 to R,,_;-1; opera-
tional amplifiers 143,-1 and 143,-1 which are connected to
the negative side grayscale resistance group 142-1; and
operational amplifiers 143;-1 and 143,-1 which are con-
nected to the positive side grayscale resistance group 141-1.
The configuration of the second LCD source driver IC 110-2
is similar to that of the first LCD source driver IC 110-1. The
reference numerals of the similar components are used in
which an additional number “1” of the component of the first
LCD source driver IC 110-1 is replaced with “2”.

The non-inversion input terminals of the operational
amplifiers 143 ,,-1 and 143 ,,-2 are connected to a first constant
voltage source V,, and the non-inversion input terminals of
the operational amplifiers 143,-1 and 143,-2 are connected to
a second constant voltage source V,, for supplying a voltage
lower than the first constant voltage source V,,,. Thus, the
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operational amplifier 143 ,-1 supplies the highest voltage to
the positive side grayscale resistance group 141-1. Similarly,
the operational amplifier 143 ,-2 supplies the highest voltage
to the positive side grayscale resistance group 141-2. Also,
the operational amplifier 143,-1 supplies the lowest voltage
to the positive side grayscale resistance group 141-1. Simi-
larly, the operational amplifier 143,-2 supplies the lowest
voltage to the positive side grayscale resistance group 141-2.
Moreover, the non-inversion input terminals of the opera-
tional amplifiers 143,-1 and 143,-2 are connected to a third
constant voltage source V,_, and the non-inversion input
terminals of the operational amplifiers 143,-1 and 143,-2 are
connected to a fourth constant voltage source V, _ for supply-
ing a voltage lower than the third constant voltage source
V. Thus, the operational amplifier 143,-1 supplies the
highest voltage to the negative side grayscale resistance group
142-1. Similarly, the operational amplifier 143,-2 supplies
the highest voltage to the negative side grayscale resistance
group 142-2. Also, the operational amplifier 143,-1 supplies
the lowest voltage to the negative side grayscale resistance
group 142-1. Similarly, the operational amplifier 143 -2 sup-
plies the lowest voltage to the negative side grayscale resis-
tance group 142-2. Also, when the two or more LCD source
driver ICs are used, the non-inversion input terminals of the
operational amplifiers are commonly connected to the power
supply voltages, respectively.

Inthe first to fourth constant voltage sources V,, V., Vo
and V; _, since they are usually constituted to use resistance
division, their impedances are high. Thus, buffer amplifiers
are required. In this example, the operational amplifiers 143,
to 143, carry out the roles as the buffer amplifiers. The LCD
panel changes the brightness in response to the output from
the LCD source driver 1100B having such a configuration.
For example, in the LCD panel of a normally white type, the
values of the first to fourth constant voltage sources V,,,, V, .,
V. and V,_ are set such that the high voltage side of the
positive side grayscale corresponds to a black level, the low
voltage side corresponds to a white level, the low voltage side
of the negative side grayscale corresponds to the black side,
and the high voltage side corresponds to the white level.

As mentioned above, in the conventional technique, the
LCD source driver contains the plurality of LCD source
driver ICs. In this case, a variation in the ladder resistances is
caused in each LCD source driver IC. Accordingly, the gray-
scale characteristic is different among the respective driver
1Cs, and a problem of the display block unevenness is caused.
Moreover, the difference in the offset voltage of the opera-
tional amplifier for the grayscale voltage generating circuit,
which is built in the LCD driver, causes the generation of the
grayscale voltage that is different between the LCD source
driver ICs. Therefore, there is a possibility that the problem of
the display block unevenness is caused. In detail, the gray-
scale voltage is determined based on resistance division in
each LCD source driver IC. A resistance division ratio is
varied for each LCD source driver IC, although this is natural.
As a result, the grayscale characteristics of the first LCD
source driver IC 110-1 and second LCD source driver 1C
110-2 are different. In this case, if the two driver ICs are
arranged systematically and the liquid crystal panel is driven
in response to the data signals based on the respective gray-
scale voltages, the boundary between the LCD panels driven
by the respective driver ICs can be recognized by a human’s
eye. It should be noted that the human’s eye is said to be
possible to recognize the difference of 10 mV in the voltage
applied to the liquid crystal, as the different grayscale.

In order to solve the above problems, the outputs of the
grayscale power supply operational amplifiers are considered
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to be commonly connected. However, in the conventional
technique, the offset voltages of the respective operational
amplifiers are different. Thus, if the outputs are short-cir-
cuited, the power supply operational amplifier is abnormally
operation. For this reason, it is difficult to connect the outputs
of the grayscale power supply operational amplifiers to each
other. Therefore, in the conventional examples, it is difficult
to commonly connect the LCD driver ICs in which the gray-
scale voltage generating circuits are built.

SUMMARY

In an aspect of the present invention, a liquid crystal dis-
play (LCD) driver integrated circuit includes a grayscale volt-
age generating circuit configured to generate a plurality of
grayscale voltages from a set of supply reference voltages;
and a converting section having connection terminals and
configured to drive each of a plurality of data lines of a liquid
crystal display panel through one of the connection terminals
based on one of the plurality of grayscale voltages which is
determined based on an input data, when each ofa plurality of
scanning lines of the liquid crystal display panel is driven.
The grayscale voltage generating circuit includes a resistance
circuit having resistances connected in series; and a plurality
of voltage buffers connected to the resistance circuit to bias
the resistance circuit. When two of the LCD driver integrated
circuits are used, non-inversion input terminals of pairs of one
ofthe plurality of voltage buffers in one ofthe two LCD driver
integrated circuits and corresponding one of the plurality of
voltage buffers in the other of the two LCD driver integrated
circuits are connected in common to the reference voltage
generating circuit, and a part of the connection terminals in
one of the two LCD driver integrated circuits and a corre-
sponding part of the connection terminals in the other of the
wo LCD driver integrated circuits are connected to each
other.

Here, the plurality of voltage buffers includes two voltage
buffers connected to ends of the resistance circuit.

Also, the grayscale voltage generating circuit may further
include a protection resistance connected between the resis-
tance circuit and an output of each of the two voltage buffers.

Also, all of the connection terminals in one of the two LCD
driver integrated circuits and all of the connection terminals
in the other of the two LCD driver integrated circuits may be
connected to each other.

Also, all of the connection terminals other than the con-
nection terminal corresponding to the ends in one of the two
LCD driver integrated circuits and all of the connection ter-
minals other than the connection terminal corresponding to
the ends in the other of the two LCD driver integrated circuits
may be connected to each other.

In this case, the grayscale voltage generating circuit may
include the plurality of voltage buffers connected to nodes
between the resistances of the resistance circuit to bias the
resistance circuit. The reference voltage generating circuit
may generate the set of supply reference voltages for the
plurality of voltage buffers.

In another aspect of the present invention, an liquid crystal
display (LCD) apparatus includes an LCD panel having a
plurality of data lines and a plurality of scanning lines,
wherein pixels are provided at intersections of the plurality of
data lines and the plurality of scanning lines; a reference
voltage generating circuit configured to generate a set of
supply reference voltages; and two driver integrated circuits
connected to each other through the plurality of data lines.
Each of the plurality of driver integrated circuits includes a
grayscale voltage generating circuit configured to generate a
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plurality of grayscale voltages from the set of supply refer-
ence voltages; and a converting section having connection
terminals and configured to drive each of the plurality of data
lines through one of the connection terminals based on one of
the plurality of grayscale voltages which is determined based
on an input data, when each of the plurality of scanning lines
is driven. The grayscale voltage generating circuit includes a
resistance circuit having resistances connected in series; and
a plurality of voltage buffers connected to the resistance cir-
cuit to bias the resistance circuit. Non-inversion input termi-
nals of pairs of one of the plurality of voltage buffers in one of
the two driver integrated circuits and corresponding one of the
plurality of voltage buffers in the other of the two driver
integrated circuits are connected in commion to the reference
voltage generating circuit. At least a part of the connection
terminals in one of the two driver integrated circuits and a
corresponding part of the connection terminals in the other of
the two driver integrated circuits are connected to each other.

According to the present invention, it is possible to
improve the image quality of the liquid crystal displaying
panel that is driven by using the plurality of driver ICs. Also,
it is possible to improve the displaying trouble (block uneven-
ness) in the liquid crystal displaying panel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration of a
conventional liquid crystal display apparatus;

FIG. 2 is a block diagram showing a configuration of a
grayscale voltage generating circuitin the conventional liquid
crystal display apparatus;

FIG. 3 is a block diagram showing a configuration of a
plurality of LCD source driver ICs according to a conven-
tional liquid crystal display apparatus;

FIG. 4 is a block diagram showing a configuration of a
liquid crystal display according to the present invention;

FIG. 5 is a block diagram showing a configuration of an
LCD source driver according to a first embodiment of the
present invention;

FIG. 6 is a block diagram showing a configuration of the
LCD source driver according to a second embodiment of the
present invention;

FIG. 7 is a block diagram showing a configuration of a
grayscale voltage generating circuit according to the second
embodiment of the present invention; and

FIG. 8 is a block diagram showing a configuration of the
LCD source driver according to a third embodiment of the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, a liquid crystal display apparatus containing a
source driver with a grayscale voltage generating circuit
according to the present invention will be described in detail
with reference to the attached drawings. In the drawings, the
same or similar reference numerals and symbols indicate the
same, similar or equivalent components.

(Configuration of Liquid Crystal Display Apparatus)

FIG. 41s a block diagram showing the configuration of the
liquid crystal display apparatus according to the first embodi-
ment of the present invention. With reference to FIG. 4, the
liquid crystal display apparatus according to the present
invention has an LCD (Liquid Crystal Display) source driver
100, an LCD gate driver 200, an LCD panel 300 and a refer-
ence voltage generating circuit 400. On the LCD panel 300,
there are a plurality of data lines X, to X,, (p is a natural
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number of 2 or more) arrayed in a row direction; a plurality of
scanning lines Y, to'Y,, (q is a natural number of 2 or more)
arrayed in a column direction, and pixels P, to P,_, provided
in regions in which the data lines X, to X,, and the scanning
lines Y, toY , intersect. Here, the pixels P, | to P, have TETs
(Thin Film Transistor) 6, to 6, and pixel capacitances 7,
107,,,,- The gates of the TFTs 6, to 6, are connected to the
scanning lines Y, toY,, and sources are connected to the data
h.nes X, 0 X,,,. Also, epds of the pixels 7, to 7, on one
side are connected to drains of the TFTs 6, to 6,,,,, and the
other ends thereof are connected through a COM terminal to
a common electrode. Hereinafter, for example, the pixel pro-
vided at the position at which the data line X, and the scan-
ning line Y, intersect is referred to as the pixel P, .

The LCD source driver 100 has a plurality of LCD source
driver ICs 10 and drives the data lines X in the LCD panel 300.
The LCD source driver 100 in this embodiment has two LCD
source driver ICs 10-1 and 10-2 as an example. The LCD
source driver IC 10-1 outputs data signals to drive the data
lines X, to X,,. The LCD source driver IC 10-2 outputs the
data signals to drive the data lines X ,,, to X, . Hereinafter,
the additional numbers “~1” and “~2” are added to the com-
ponents provided in the LCD source drivers ICs 10-1 and
10-2. Also, when the LCD source driver IC 10-1 and the LCD
source driver 1C 10-2 are not discriminated, they will be
described under the assumption that the additional numbers
are not added.

Each LCD source driver IC 10 is provided with a data
register 1 for acquiring digital display data R, G and B; a latch
circuit 2 for latching the digital display data in synchroniza-
tion with a strobe signal ST; a D/A converter 3 composed of
digital/analog converting circuits of n parallel stages; a gray-
scale voltage generating circuit 4 having a gamma conversion
characteristic corresponding to a characteristic of a liquid
crystal; and an ourput amplifier section 5 for buffering a
voltage outputted from the D/A converter 3.

The grayscale voltage generating circuit 4 generates gray-
scale voltages V., to V_, serving as the reference voltages for
the data signals that indicates the grayscale of each pixel P. In
accordance with the reference voltages supplied from the
reference voltage generating circuit 400 provided outside the
LCD source driver 100, the grayscale voltage generating cir-
cuit 4 applies the grayscale voltages V,, to V, to the D/A
converter 3. The number n of grayscale voltages V,; to V,, is
arbitrary. However, in case of a 6-bit product, for example,
when n=10, the grayscale voltages V, to V,, are outputted.
Here, although it is omitted, the grayscale voltage V, is
divided by the resistances and outputted to the D/A converter
3. In case of the 6-bit product, the grayscale voltages corre-
sponding to 64 grayscale levels based on the resistance divi-
sion are outputted to the D/A converter 3. In the D/A con-
verter 3, the grayscale voltage is selected by a decoder
composed of ROM switches (not shown). Also, the selected
grayscale voltage is converted into a display signal that is an
analog signal, and amplified by the output amplifier section 5
and outputted to each data line X, and each pixel P is driven.

As described later, a part or all of nodes N in which the
grayscale voltages are generated in the grayscale voltage
generating circuit 4 according to the present invention is
commonly connected to a part or all of nodes N in which the
grayscale voltages are generated by a different grayscale volt-
age generating circuit 4, and have the same voltage. For this
reason, the magnitudes of the display signals based on the
same grayscale voltage outputted by the adjacent LCD driver
ICs 10-1 and 10-2 can be made uniform, thereby improving
the block unevenness. That is, one feature of the present
invention is in the configuration in which the nodes having the
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grayscale voltages determined based on the resistance divi-
sion are commonly connected and set at the same voltage
between the plurality of driver ICs. The present invention will
be described below in detail in the first to third embodiments.

First Embodiment

The liquid crystal display according to the first embodi-
ment of the present invention will be described below with
reference to FIGS. 4 and 5. The liquid crystal display in the
first embodiment is configured in such a manner that the LCD
source driver 100 shown in FIG. 4 is defined as an LCD source
driver 100A, and the reference voltage generating circuit 400
is defined as a reference voltage generating circuit 400A.

FIG. 51s a block diagram showing the configuration of the
LCD source driver 100A in the first embodiment. With refer-
ence to FIG. 5, the LCD source driver 100A has a first LCD
source driver IC 10-1 and a second LCD source driver IC
10-2. An LCD source driver IC 10A has a grayscale voltage
generating circuit 4A, the data register 1, the latch section 2,
the D/A converter 3 and the output amplifier section 5.

The grayscale voltage generating circuit 4A is provided
with a positive side grayscale resistance group 41, a negative
side grayscale resistance group 42, four operational amplifi-
ers 43, to 43, that are the operational amplifier circuits form-
ing voltage followers, and four resistances R, to R ,. The
negative side grayscale resistance group 42 is composed of
resistances R, to R, ;. The resistances R, to R, , are
connected in series through nodes N, to N, 5, in turns.
Also, one end of the R, that is not connected to the resistance
R, is connected through the node N, to theresistance R ,;,and
one end of the R, »,_, that is not connected to the resistance
Ry,2_» is connected through the node N, ., to the resistance
R,,. The positive side grayscale resistance group 41 is com-
posed of resistances R .., to R, _,. The resistances R, ),
to R,,_; are connected in series through the nodes N, 5, to
N,,_, inturn. Also, oneend of the resistance R 5, | thatis not
connected to the resistance R/, » is connected through the
node N, »,, to the resistance R ,; and one end of the resis-
tance R,_; that is not connected to the resistance R,_, is
connected through the node N, to the resistance R ..

The output ends of the operational amplifiers 43, and 43,
are connected through the resistances R, and R, to the
nodes N, N, of the negative side grayscale resistance
group, respectively. Also, the output ends of the operational
amplifiers 43, and 43, are connected to the nodes N, and
N, of the positive side grayscale resistance group through the
resistances R ; and R , respectively. Here, the reference volt-
age generating circuit 400A has constant voltage sources
Vi Vo, V. and V. A non-inversion input terminal 44, of
the operational amplifier 43, is connected to the constant
voltage source V,,, and a non-inversion input terminal 445 of
the operational amplifier 43, is connected to the constant
voltage source V,,, that supplies a voltage lower than the first
constant voltage source V. Thus, the operational amplifier
43, supplies the highest voltage in the positive side grayscale
resistance group 41 to the node N,,. Similarly, the operational
amplifier 43 supplies the lowest voltage in the positive side
grayscale resistance group 41 to the node N, , ;. Moreover,
a non-inversion input terminal 44, of the operational ampli-
fier 43, is connected to the third constant voltage source V,_,
and a non-inversion input terminal 44, of the operational
amplifier 43, is connected to the fourth constant voltage
source V _ that supplies a voltage lower than the third con-
stant voltage source V,,_. Thus, the operational amplifier 43,
supplies the highest voltage in the negative side grayscale
resistance group 42 to the node N,,). Similarly, the opera-
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tional amplifier 43, supplies the lowest voltage in the negative
side grayscale resistance group 42 to the node N,. As for the
magnitudes of the reference voltages supplied from the con-
stant voltage sources V,,,, V;,, V. and V,_, for example, in
the LCD panel of the normally white type, the values of the
first to fourth voltages V,,, V,,,V,_andV;_ are set such that
the high voltage side of the positive side grayscale resistance
group 41 corresponds the white level, the low voltage side
corresponds to the black level, the low voltage side of the
negative side grayscale resistance group 42 corresponds to
the black level, and the high voltage side corresponds to the
white level.

The negative side grayscale resistance group 42 and the
positive side grayscale resistance group 41 are connected to
the D/A converter 3 through the nodes N, to N, . The respec-
tive nodes N, to N,, supply the grayscale voltages V,; o V,,,
which are based on the voltages supplied from the operational
amplifiers 43, to 43, to the D/A converter 3. On the other
hand, thenodes N, _; to N -11in the first LCD source driver IC
10A-1 and the nodes N, -2 to N, -2 in the corresponding sec-
ond LCD source driver IC 10A-2 are commonly connected.
Thus, the grayscale voltages V,,,-1to V-1 in the first LCD
source driver IC 10A-1 and the grayscale voltages V,,-2 to
V-2 in the second LCD source driver IC 10A-2 have the
same voltages, respectively.

As mentioned above, in the LCD source driver 100A
according to the present embodiment, the non-inversion input
terminals 44-1 and 44-2 of the respective operational ampli-
fiers 43-1 to 43-2 inthe two LCD source driver ICs 10A-1 and
10A-2 are commonly connected to the reference voltage gen-
erating circuit 400A, and between the two LCD source driver
ICs 10A-1 and 10A-2, they are connected in parallel to the
nodes N;-1toN, -1 andthenodes N,-2to N -2 that supply the
grayscale voltages V, to V. Also, the resistance R, for
preventing the abnormal current from flowing due to the
shorted state between the output ends of the operational
amplifiers 43-1 and 43-2 is provided between the operational
amplifier 43 and the positive side grayscale resistance group
41 and the negative side grayscale resistance group 42, in
each LCD source driver IC 10A.

(operation of LCD Source Driver 100A in First Embodiment)

With reference to FIG. 5, this shows a design example of a
resistance value of the resistance R,. Here, the design
example of the resistance value of the resistance R, is indi-
cated by paying attention to the grayscale voltage V, at the
node N,. A voltage value of the grayscale voltage V_, is
assumed to be V. That is, the voltage values of the nodes
N,-1 and N -2 that are a common connection point of the
LCD source driver IC 10 are assumed to be V,. Also, an
offset voltage of the operational amplifier 43,-1 in the first
LCD source driver [C 10A-1 is assumed to be V,,,,, an offset
voltage of the operational amplifier 43,-2 in the second LCD
source driver IC 10A-2 is assumed to be V,,,, a resistance
value of the resistance R, added to the output of the opera-
tional amplifier 43, is assumed to be R, and the total resis-
tance value in all of the resistances R, ., to R,_, in the
positive side grayscale resistance group 41 is assumed to be
R.,. Moreover, when the influences of the offset voltage of
the operational amplifier 43 ; and the additional resistanceR
connected to the output of the operational amplifier 43, are
ignored, the voltage value at thenode N,/»),; becomes V.
Here, when the law of [superposition Principle] is used, the
V,, is calculated as follows.
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Ro ff (Rt /2)
Ra + Ra // (R+l /2)

Rolf (R1 /2) R,
Re+Ra/(Ri/D " " Ri+Ru

Vir = (Vs +Vio1)

(Vig+ + Vio2)

Here, in the actual design, R ,<<R,,. Thus, R //(R,,/2)~Ra.
Therefore, the V| is approximately represented by the equa-
tion (2).

Vior + Vi

Vip=Vy 7

The equation (2) indicates that the value V| of the grayscale
voltage V,, which is supplied to the D/A converter 3 from the
node N,, is the value where an average value (V;5,+V;4,)/2
of the offset voltages in the two operational amplifiers 43,-1
and 43,-2 is added to the reference voltage V,,. That is, the
offset voltages of the grayscale power supply operational
amplifiers in the respective LCD source driver ICs 10A-1 and
10A-2 are averaged, and the displaying grayscale is deter-
mined at the common grayscale voltage. Thus, even if the
different LCD source driver ICs 10A-1 and 10A-2 drive the
data lines X in response to the grayscale voltage based on the
same reference supply power supply, the display block
unevenness is never generated in the LCD panel 300.

The current value flowing through the operational ampli-
fier 43 will be verified below. When the output current value
flowing through the operational amplifier 43 is assumed to be
Ira1» this 1s represented by the equation (3).

Vior + VIOZ)
2 Vit - Vi
T 2R,

Vigs + Vior — (VH+ +

Ra

Ira1 =

Here, the output current value I, ,, flowing through the opera-
tional amplifier 43 is required to be within the drive current
range of the operational amplifier 43. For example, if the
value (V,5,-V;0,) in the above equation is assumed to be 20
mV at maximum and R, is assumed to be 100€, I, .; becomes
100 pA.

In this way, the value of the resistance R , is determined in
accordance with the offset voltage in the operational amplifier
43. Naturally, as this resistance R, is smaller, an error from the
desirable grayscale voltage V, becomes smaller. However,
reversely, if it is too small, an unnecessary current caused by
the offset voltage becomes large. That is, they have a trade-off
relation. While they are considered, the resistance R , is pref-
erably optimally designed.

Asmentioned above, since the resistance R, is inserted into
the output of the grayscale power supply operational ampli-
fier 43, this has an effect of improving a phase margin for a
capacitive load in the operational amplifier 43, in addition to
the effect of preventing the abnormal current. This results
from the improvement of the capacitance characteristic to the
load, because the resistance is inserted outside the feedback
loop of the operational amplifier 43.

Second Embodiment
The liquid crystal display apparatus according to the sec-

ond embodiment of the present invention will be described
below with reference to FIGS. 6 and 7. The liquid crystal
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display apparatus in the second embodiment is configured
such that the LCD source driver 100A and the reference
voltage generating circuit 400A in the first embodiment are
replaced with an LCD source driver 100B and a reference
voltage generating circuit 400B, respectively.

FIG. 6is a block diagram showing the configuration of the
LCD source driver 100B in the second embodiment. FIG. 7 is
ablock diagram showing the detailed configuration ofa gray-
scale voltage generating circuit 4B in the second embodi-
ment. With reference to FIG. 6, the LCD source driver 100B
has a first LCD source driver IC 10B-1 and a second LCD
source driver IC 10B-2. The LCD source driver IC 10B has
the grayscale voltage generating circuit 4B, the data register
1, the latch section 2, the D/A converter 3 and the output
amplifier section 5.

The grayscale voltage generating circuit 4B has the posi-
tive side grayscale resistance group 41, the negative side
grayscale resistance group 42, operational amplifiers 45, to
45, that are the operational amplifiers forming the voltage
followers, and resistances R, to R ,,,,. The grayscale voltage
generating circuit 4B in the second embodiment has the m
operational amplifiers 45, to 45, in which the number m of
the operational amplifiers is equal to or less than the number
n of the nodes N, to N, in the positive side grayscale resis-
tance group 41 and negative side grayscale resistance group
42 of the first embodiment. As for the number of the opera-
tional amplifiers 45, typically, a 6-bit product has a total 0f 10
(m=10) operational amplifiers 45, which are composed of five
on the positive side and five on the negative side. Or, an 8-bit
product has a total of 18 (m=18) operational amplifiers 45,
which are composed of nine on the positive side and nine on
the negative side. Also, the output ends of the operational
amplifiers 45, to 45, are connected through the resistances
R, toR,,, toanyofthenodes N, to N, . On the other hand, the
reference voltage generating circuit 400B has m constant
voltage sources V, to V.. Non-inversion input terminals 46,
to 46, of the operational amplifiers 45, to 45, are connected
to the constant voltage sources V, to V, . However, they are
connected as mentioned above, between theresistance R, the
operational amplifier 45, the non-inversion input terminal 46
and the constant voltage source V in which the same sub-
scripts are assigned.

The negative side grayscale resistance group 42 and the
positive side grayscale resistance group 41 are connected
through the nodes N, to N, to the D/A converter 3. The
respectivenodes N, toN,, supply the grayscale voltages V., to
V,,» which are based on the voltages from the operational
amplifiers 45, to 45, to the D/A converter 3. On the other
hand, thenodes N,-1to N -1 in the first LCD source driver IC
10B-1 and the nodes N,-2 to N, -2 in the second LCD source
driver IC 10B-2 are commonly connected. Thus, the gray-
scale voltages V,;-1t0 V-1 in the first LCD source driver IC
10B-1and theV,,-2t0 V-2 inthe second LCD source driver
IC 10A-2 in which the subscript numbers correspond thereto
have the same voltages, respectively.

As mentioned above, in the LCD source driver 100B
according to the present embodiment, the non-inversion input
terminal 46-1 of the operational amplifier 45-1 in the first
LCD source driver IC 10B-1 and the non-inversion input
terminal 46-2 of the operational amplifier 45-2 in the second
LCD source driver IC 10B-2 are commonly connected to the
corresponding power supply voltages V, to V,, in the refer-
ence voltage generating circuit 400B. Also, between the two
LCD source driver ICs 10B-1 and 10B-2, the nodes N,-1 to
N, -1 that supply the grayscale voltages V,, to V,,, are con-
nected in parallel to the corresponding nodes N;-2 to N, -2.
Moreover, the resistance R, for preventing the abnormal cur-
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rent from flowing due to the shorted state between the opera-
tional amplifiers 45-1 and 45-2 is provided between the node
N connected to the output end of the operational amplifier 45
and the positive side grayscale resistance group 41 and the
negative side grayscale resistance group 42.

The detailed configuration of the grayscale voltage gener-
ating circuit 4B according to the present invention will be
described below with reference to FIG. 7. The output ends of
the operational amplifiers 45 serving as the voltage follower
are usually connected to the nodes N at a rate of one per
several nodes. That is, the n grayscale voltages can be gener-
ated by the m reference power supplies. In detail, the output
ends of the operational amplifiers 45, to 45,,,,, are connected
to every several nodes N from one end (the node N, ) to the
other end (the node N, ) in the negative side grayscale
resistance group 42. Similarly, the output ends of the opera-
tional amplifiers 45, , to 45,, are connected to every sev-
eral nodes N from one end (thenode N,,»), ;) to the other end
(the node N,)) in the positive side grayscale resistance group
41. For example, the operational amplifier 45, and the opera-
tional amplifier 45, can supply the grayscale voltages V, to
V,; including the middle grayscale from the nodes N, to Ni.
Also, all of the nodes N, to N are connected to the nodes N
to N, to which the other LCD source driver ICs 10B corre-
spond. Moreover, as mentioned above, the resistance R, is
provided between the operational amplifier 45 and thenode N
connected to the operational amplifier 45.

(Operation of Led Source Driver 100B)

The operation of the LCD source driver 100B in the second
embodiment is basically same as the first embodiment. Thus,
the detailed description thereof is omitted. In the second
embodiment, similarly 1o the first embodiment, the output
ends of the operational amplifiers 45 of the different LCD
source driver ICs 10B are connected through the resistance R,
to each other. Thus, it is possible to prevent the abnormal
current from being generated between the operational ampli-
fiers 45-1 to 45-2. Thus, even in the configuration that has the
m operational amplifiers 45 for determining the grayscale
signal V,, of the middle grayscale level, the outputs of the
operational amplifiers 45 between the plurality of LCD
source driver [Cs 10B can be connected to each other. More-
over, the grayscale characteristic can be freely determined in
the LCD source driver 100B based on the reference voltages
V, to'V,, that can be externally set. Also, as described in the
first embodiment, the offset voltages of the respective gray-
scale power supply operational amplifiers 45 in the first and
second LCD source driver ICs 10B-1, 10B-2 are averaged,
thereby determining the displaying grayscale at the common
grayscale voltage. Therefore, even if the LCD source driver
IC 10B drives the data line X in response to the grayscale
voltage based on the same reference supply power supply, the
block unevenness is never generated on the LCD panel 300.

Third Embodiment

The liquid crystal display according to the third embodi-
ment of the present invention will be described below with
reference to FIG. 8. The liquid crystal display in the third
embodiment is configured such that the LCD source driver
100A in the first embodiment is replaced with the LCD source
driver 100C.

FIG. 81s a block diagram showing the configuration of the
LCD source driver 100C in the third embodiment. With ref-
erence to F1G. 8, the LCD source driver 100C has a first LCD
source driver IC 10C-1 and a second LCD source driver I1C
10C-2. The LCD source driver IC10C has a grayscale voltage
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generating circuit 4C, the data resistance 1, the latch circuit 2,
the D/A converter 3 and the output amplifier section 5.

The grayscale voltage generating circuit 4C is configured
such that the resistances R , to R , in the grayscale voltage
generating circuit 4A in the first embodiment are set to 0Q
and only the connections between the node N ;-1 and the node
N,-2, between the node N1 and the node N2,
between the node N, ), ;-1 and the node N, ), ,-2 and
between the node N, -1 and the node N,-2 are opened. The
third embodiment is effective in case that the resistances
cannot be provided at the output end of the operational ampli-
fier 43. In this case, in order to prevent the abnormal current
from flowing due to the shorted state between the outputs of
the operational amplifiers 43, the connection between the
nodes N in which in the first embodiment, the operational
amplifiers 43 are connected to the output ends of the opera-
tional amplifiers 43 of the other LCD source drivers without
any intervention of the resistance are opened, and the other
nodes are commonly connected.

(Operation of LCD Source Driver 100C)

The operation of the LCD source driver 100C in the third
embodiment is basically the same as that of the first embodi-
ment. Thus, the detailed description will be omitted. In the
third embodiment, the LCD source driver IC 10C-1 and the
LCD source driver IC 10C-2 are opened between the nodes N
that supply the highest voltage Vg, ,) or V, and the lowest
voltage V., or Vg, ,,, in the grayscale voltage V. The
highest voltage V-, or V,,,, and the lowest voltage V,,, or
Vet inthe grayscale voltage are the grayscale voltages to
drive the data lines X close the white and black displaying,
with regard to the operation of the LCD module. This gray-
scale is low in sensibility, and a slight voltage error between
the LCD source drivers 10C is not recognized as a grayscale
error. Thus, this is hard to recognize as the block unevenness.

As mentioned above, according to the LCD source driver
100 based on the present invention, even if the grayscale
power supply operational amplifiers built in the plurality of
LCD source driver ICs 10 have the different offset voltages,
the display block unevenness is never generated in the LCD
panel 300. Also, the effect of improving the phase margin for
the capacitive load in the operational amplifier 43 can be
expected.

Although the embodiments of the present invention have
been detailed as mentioned above, the specific configuration
is not limited to the above-mentioned embodiments. Even the
change belonging to the range without departing from the
scope and spirit of the present invention is included in the
present invention.

What is claimed is:

1. A liquid crystal display (LCD) data driver integrated

circuit, comprising:

a grayscale voltage generating circuit configured to gener-
ate a plurality of grayscale voltages from a set of supply
reference voltages;

a plurality of connection terminals corresponding in num-
ber to said plurality of grayscale voltages; and

a converting section connected to said connection termi-
nals and configured to drive each of a plurality of data
lines of a liquid crystal display panel through one of said
connection terminals based on one of said plurality of
grayscale voltages which is determined based on an
input data, when each of a plurality of scanning lines of
the liquid crystal display panel is driven,

wherein said grayscale voltage generating circuit com-
prises:

a resistance circuit having resistances connected in
series; and

aplurality of voltage buffers connected to said resistance
circuit to bias said resistance circuit, and

20

25

40

45

50

55

60

14

wherein, when said LCD data driver integrated circuit
comprises a first LCD data driver integrated circuit used
inan LCD apparatus to drive a first portion of the display
of the LCD apparatus and a second LCD data driver
integrated circuit, similar to said first LCD data driver
integrated circuit, is used to drive a second portion of the
display, non-inversion input terminals of said plurality
of voltage buffers in said first LCD data driver integrated
circuit are connected in common to non-inversion ter-
minals of corresponding ones of said plurality of voltage
buffers in said second LCD data driver integrated circuit,
and

at least a portion of said connection terminals in said first

LCD data driver integrated circuit and a corresponding
portion of said connection terminals in said second LCD
data driverintegrated circuit are connected to each other.

2. The LCD data driver integrated circuit according to
claim 1, wherein said plurality of voltage buffers comprises
two voltage buffers connected to ends of said resistance cir-
cuit.

3. The LCD data driver integrated circuit according to
claim 2, wherein said grayscale voltage generating circuit
further comprises:

a protection resistance connected between said resistance

circuit and an output of each of said two voltage buffers.

4. The LCD data driver integrated circuit according to
claim 3, wherein all of said connection terminals in one of
said two LCD data driver integrated circuits and all of said
connection terminals in the other of said two LCD data driver
integrated circuits can be respectively interconnected to each
other such that a connection terminal in one LCD data driver
integrated circuit will connect to a corresponding connection
terminal in the other LCD data driver integrated circuit.

5. The LCD data driver integrated circuit according to
claim 2, wherein all of said connection terminals other than
said connection terminal corresponding to said ends in one of
said two LCD data driver integrated circuits and all of said
connection terminals other than said connection terminal cor-
responding to said ends in the other of said two LCD data
driver integrated circuits can be respectively interconnected
to each other such that a connection terminal in one LCD data
driver integrated circuit will connect to a corresponding con-
nection terminal in the other LCD data driver integrated cir-
cuit.

6. The LCD data driver integrated circuit according to
claim 1, wherein said grayscale voltage generating circuit
comprises said plurality of voltage buffers connected to nodes
between said resistances of said resistance circuit to bias said
resistance circuit, and

said reference voltage generating circuit generates the set

of supply reference voltages for said plurality of voltage
buffers.

7. An liquid crystal display (LCD) apparatus, comprising:

anLCD panel having a plurality of data lines and a plurality

of scanning lines, wherein pixels are provided at inter-
sections of said plurality of data lines and said plurality
of scanning lines;

a reference voltage generating circuit configured to gener-

ate a set of supply reference voltages; and

two driver integrated circuits connected to each other

through said plurality of data lines,

wherein each of said plurality of driver integrated circuits

comprises:

a grayscale voltage generating circuit configured to gen-
erate a plurality of grayscale voltages from the set of
supply reference voltages; and
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a converting section connected to a plurality of connec-
tion terminals and configured to drive each of said
plurality of data lines through one of said connection
terminals based on one of said plurality of grayscale
voltages which is determined based on an input data,
when each of said plurality of scanning lines is driven,
a number of said plurality of connection terminals
corresponding to a number of said plurality of gray-
scale voltages,

said grayscale voltage generating circuit comprising:

a resistance circuit having resistances connected in
series; and

aplurality of voltage buffers connected to said resistance
circuit to bias said resistance circuit,

non-inversion input terminals of pairs of one of said plu-

rality of voltage buffers in one of said two driver inte-
grated circuits and corresponding one of said plurality of
voltage buffers in the other of said two driver integrated
circuits are connected in common to said reference volt-
age generating circuit, and

atleast a portion of said connection terminals in one of said

two driver integrated circuits and a corresponding por-

tion of said connection terminals in the other of said two
driver integrated circuits are connected to each other.

8. The LCD apparatus according to claim 7, wherein said
plurality of voltage buffers comprises two voltage buffers
connected to ends of said resistance circuit.

9. The LCD apparatus according to claim 8, wherein said
grayscale voltage generating circuit further comprises:

a protection resistance connected between said resistance

circuit and an output of each of said two voltage buffers.

10. The LCD apparatus according to claim 9, wherein all of
said connection terminals in one of said two driver integrated
circuits and all of said connection terminals in the other of
said two driver integrated circuits are respectively intercon-
nected to each other such that a connection terminal in one
LCD driver integrated circuit connects to a corresponding
connection terminal in the other LCD driver integrated cir-
cuit.

11. The LCD apparatus according to claim 8, wherein all of
said connection terminals other than said connection terminal
corresponding to said ends in one of said two driver integrated
circuits and all of said connection terminals other than said
connection terminal corresponding to said ends in the other of
said two driver integrated circuits are respectively intercon-
nected to each other such that a connection terminal in one
LCD driver integrated circuit connects to a corresponding
connection terminal in the other LCD driver integrated cir-
cuit.

12. The LCD apparatus according to claim 7, wherein said
grayscale voltage generating circuit comprises said plurality
of voltage buffers connected to nodes between said resis-
tances of said resistance circuit to bias said resistance circuit,
and

said reference voltage generating circuit generates the set

of supply reference voltages for said plurality of voltage

buffers.

13. A method of displaying data in a liquid crystal display
(LCD) apparatus which comprises an LCD panel having a
plurality of data lines and a plurality of scanning lines,
wherein pixels are provided at intersections of said plurality
of data lines and said plurality of scanning lines, said method
comprising:

generating a set of supply reference voltages;

generating a plurality of grayscale voltages from the set of

supply reference voltages;
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driving each of said plurality of data lines for a first portion
ofthe LCD panel through one of connection terminals of
a first LCD driver integrated circuit based on one of said
plurality of grayscale voltages which is determined
based on an input data, when each of said plurality of
scanning lines is driven in said first portion of the LCD
panel;

driving each of said plurality of data lines for a second

portion of the LCD panel through one of connection
terminals of a second LCD driver integrated circuit,
when each of said plurality of scanning lines is driven in
the second portion of the LCD panel; and

connecting at least a portion of said connection terminals in

said first LCD driver integrated circuit and a correspond-
ing portion of said connection terminals of said second
LCD driver integrated circuit to each other.

14. The method according to claim 13, wherein non-inver-
sion input terminals of pairs of one of a plurality of voltage
buffers in said first LCD driver integrated circuit and corre-
sponding one of said plurality of voltage buffers in said sec-
ond LCD driver integrated circuit are connected in common
to the set of supply reference voltages.

15. The method according to claim 14, wherein said gen-
erating a plurality of grayscale voltages comprises:

connecting a protection resistance between said resistance

circuit and an output of each of two voltage buffers as
said plurality of voltage buffers, and

said driving comprises:

respectively interconnecting all of said connection termi-

nalsinone of said two driver integrated circuits and all of
said connection terminals in the other of said two driver
integrated circuits to each other such that a connection
terminal in one LCD driver integrated circuit connects to
a corresponding connection terminal in the other LCD
driver integrated circuit.

16. The method according to claim 14, wherein all of said
connection terminals other than said connection terminal cor-
responding to said ends in one of said two driver integrated
circuits and all of said connection terminals other than said
connection terminal corresponding to said ends in the other of
said two driver integrated circuits are respectively intercon-
nected to each other such that a connection terminal in one
LCD driver integrated circuit connects to a corresponding
connection terminal in the other LCD driver integrated cir-
cuit.

17. The LCD data driver integrated circuit according to
claim 1, wherein said plurality of connection terminals com-
prises nodes of said converting section that serve as input
nodes of said converting section for receiving said plurality of
grayscale voltages into said converting section, said plurality
of connection terminals thereby respectively interconnecting
said grayscale voltages between said two LCD data driver
integrated circuits at the input nodes of the converting section
of each said two LCD data driver integrated circuits.

18. The LCD data driver integrated circuit according to
claim 17, wherein said respective interconnecting of said
grayscale voltages at said input node of said converting sec-
tion of said two LCD data driver integrated circuits thereby
reduces any difference between respective grayscale voltages
in said two LCD data driver integrated circuits.

19. The LCD apparatus of claim 7, wherein said plurality of
connection nodes comprise nodes of said converting section
that serve to receive said plurality of grayscale voltages into
said converting section, said plurality of connection nodes
thereby permitting said grayscale voltages to be respectively
interconnected between said two LCD driver integrated cir-
cuits at the input nodes of the converting section of each said
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wo LCD driver integrated circuits, thereby reducing any
difference between respective grayscale voltages in said two
LCD driver integrated circuits.

20. The method of claim 14, wherein said plurality of
connection terminals comprises nodes of said converting sec-
tion that serve to receive said plurality of grayscale voltages
into said converting section, said plurality of connection
nodes thereby permitting said grayscale voltages to be

18

respectively interconnected between said two LCD driver
integrated circuits at the input nodes of the converting section
of each said two LCD driver integrated circuits, thereby
reducing any difference between respective grayscale volt-

5 ages in said two LCD driver integrated circuits.
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