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7) ABSTRACT

A liquid crystal display device including a liquid crystal
panel having a plurality of pixels, a driving circuit applying
a video signal voltage to each of the pixels in accordance
with display data. The driving circuit has a first circuit, a
second circuit, and a switching circuit which connects an
output terminal of the first circuit with an input terminal of
the second circuit. The first circuit outputs a first voltage and
a second voltage in accordance with first display data, and
outputs the second voltage and a third voltage in accordance
with second display data. The second voltage is lower than
the first voltage, and the third voltage is lower than the
second voltage.
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FIG, 5
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FIG, 6
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FIG, 12
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FIG, 13
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FIG, 14
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FIG, 16
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation of U.S. application Ser. No.
09/165,742, filed Oct. 5, 1998, the subject matter of which
is incorporated by reference herein.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a liquid crystal
display device of the type used for a personal computer or
a work station, particularly, the invention relates to a tech-
nique to be effectively applied to a video signal line driving
circuit (drain driver) of a liquid crystal display for the
purpose enabling multilevel gradation display.

[0003] An active-matrix liquid crystal display made up of
an active element (e.g., thin film transistor) for each pixel
and operating to produce a display by switching the active
element is widely used as a display for a notebook computer.
Because, in the active-matrix liquid crystal display, a video
signal voltage (gradation voltage) is applied to a pixel
electrode through an active element, there is no crosstalk
between pixels, and so it is unnecessary to use a special
driving method for preventing crosstalk, unlike a passive-
matrix liquid crystal display. Thus, with an active-matrix
liquid crystal display, multilevel gradation display is pos-
sible.

[0004] ATEFT liquid crystal display module, provided with
a TFT (Thin Film Transistor) liquid crystal display panel
(TFT-LCD), a drain driver provided on the upper side of the
liquid crystal display panel, and a gate driver and an
interface section provided on the side of the liquid crystal
display panel, is a known type of active-matrix liquid crystal
display.

[0005] The TFT liquid crystal display module has a mul-
tilevel gradation voltage generation circuit in the drain
driver and, moreover, has a gradation voltage selection
circuit for selecting a gradation voltage corresponding to
display data, out of multilevel gradation voltages generated
by the multilevel gradation voltage generation circuit in
order to realize multilevel gradation display. This technique
is disclosed in Japanese Patent Application No. 86668/1996.

[0006] In general, the gradation voltage selection circuit in
the drain driver has a transistor group for selecting gradation
voltages of multilevel gradation generated by the multilevel
gradation voltage generation circuit in the drain driver,
whose gate clectrode is provided with a transistor group to
whose electrodes the bit values of display data are applied.

[0007] For example, the gradation voltage generation cir-
cuit generates gradation voltages of 64 levels. Moreover,
when it is assumed that the gradation voltage generation
circuit is a decoder circuit to which bit values and their
inverted bit values of 6-bit display data are input, 12
transistors are cascade-connected to the gradation voltage
selection circuit for each of 64 levels of gradation.

[0008] Meanwhile, in the case of a liquid crystal display,
multilevel gradation display has further progressed from a
64-level gradation display to a 256-level gradation display in
recent years.
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[0009] Moreover, to display a picture having such a mul-
tilevel gradation on a liquid crystal display panel, the
gradation voltage selection circuit in the drain drive requires
16 transistors for each of 256 levels of gradation. Therefore,
there are problems is that the area occupied by the gradation
voltage selection circuit increases in size, and the chip size
of the semiconductor integrated circuit (IC chip) constituting
the drain driver increases.

[0010] Furthermore, in the case of a liquid crystal display,
such as a TFT liquid crystal display module, the display
screen is further increased in scale, and, therefore, the
display screen size tends to be increased. Furthermore, to
eliminate unnecessary spaces and improve the fine appear-
ance of the display, it is necessary to minimize those regions
outside the display region of the display, that is, minimize
the frame portion of the display (frame minimization).

[0011] However, when the area occupied by the gradation
voltage selection circuit increases and the chip size of the
semiconductor integrated circuit (IC chip) constituting the
drain driver increases, there arises a problem in that these
increases directly conflict with the need for frame minimi-
zation.

[0012] The present invention has been made to solve the
above-mentioned problems, and its object is to provide a
technique for making it possible for a liquid crystal display
to generate gradation voltages having more gradations, such
as 256 gradations, without increasing the chip size of the
video signal line driving circuits.

[0013] The above object and novel features of the present
invention will become apparent from the description pro-
vided by this specification and the accompanying drawings.

SUMMARY OF THE INVENTION

[0014] An outline of typical features of the invention
disclosed in this application will be briefly described below.

[0015] A liquid crystal display is provided with a liquid
crystal panel having a plurality of pixels and a driving circuit
for applying a video signal voltage to each of the pixels in
accordance with display data, wherein

[0016] the driving circuit has a first circuit for outputting
two voltages in accordance with one display data value and
a second circuit for outputting one of a plurality of voltages
generated from the two voltages.

[0017] The liquid crystal display is provided with a liquid
crystal panel having a plurality of pixels arranged like a
matrix and a driving circuit for applying a video signal
voltage to each of the pixels in accordance with display data,
wherein

[0018] the driving circuit has a first circuit for outputting
a first voltage and a second voltage in accordance with one
display data value, a second circuit for receiving the first and
second voltages and outputting one of a plurality of voltages
generated from the first and second voltages, and a switch
circuit for switching input terminals of the second circuit to
which the first and second voltages are input.

[0019] The liquid crystal display is provided with a liquid
crystal panel having a plurality of pixels arranged like a
matrix and a driving circuit for applying a video signal
voltage to each of the pixels in accordance with display data,
wherein
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[0020] the driving circuit has a first circuit for outputting
a first voltage and a second voltage in accordance with first
display data, and for outputting the first voltage and a third
voltage in accordance with second display data, and a
second circuit for receiving two voltages output by the first
circuit and for outputting one of a plurality of voltages
generated from two voltages output by the first circuit.

[0021] The liquid crystal display is provided with a liquid
crystal panel having a plurality of pixels arranged like a
matrix and a driving circuit for applying a video signal
voltage to each of the pixels in accordance with m-bit
display data, wherein

[0022] the driving circuit has a first voltage generation
circuit for generating (2n+1) (where 2=n=m) first gradation
voltages and

[0023] a second voltage generation circuit for receiving
two voltages output by the first voltage generation circuit in
accordance with high-order n-bit data of the m-bit display
data, and for outputting one of a plurality of voltages
generated from two voltages outputted by the first voltage
generation circuit in accordance with low-order (m-n)-bit
data of the m-bit display data.

[0024] The liquid crystal display is provided with a liquid
crystal panel having a plurality of pixels arranged like a
matrix and a driving circuit for applying a video signal
voltage to each of the pixels in accordance with m-bit
display data, wherein

[0025] the driving circuit has a first voltage generation
circuit for generating (2n+1) (where 2 =n=m) first gradation
voltages and for outputting two voltages in accordance with
high-order e-bit data of the m-bit display data, a second
voltage generation circuit for receiving two voltages out-
putted by the first voltage generation circuit at a first input
terminal and a second input terminal and for outputting one
of a plurality of voltages generated from two voltages
outputted by the first voltage generation circuit in accor-
dance with low-order (m-n)-bit data of the m-bit display
data, and a switch circuit for connecting the output of the
first voltage generation circuit to the first and second input
terminals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a schematic block diagram showing the
structure of a TFT liquid crystal display module representing
an embodiment of the present invention;

[0027] FIG. 2 is a circuit diagram of an equivalent circuit
representing an example of the liquid crystal display panel
shown in FIG. 1;

[0028] FIG. 3 is a circuit diagram of an equivalent circuit
representing another example of the liquid crystal display
panel shown in FIG. 1,

[0029] FIG. 4 is a signal diagram showing the relation
between the liquid crystal driving voltage outputted to a
drain signal line (D) from the drain driver shown in FIG. 1,
that is, the liquid crystal driving voltage applied to a pixel
electrode (ITOL) and the liquid crystal voltage applied to a
common electrode (ITO2);

[0030] FIG. 5 is a schematic block diagram of an example
of the drain driver shown in FIG. 1;
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[0031] FIG. 6 is a schematic block diagram of an example
of the drain driver shown in FIG. 5;

[0032] FIG. 7 is a circuit diagram of a conventional
high-voltage decoder circuit and low-voltage decoder cir-
cuit;

[0033] FIG. 8 is a circuit diagram of a high-voltage
decoder circuit and a positive-polarity gradation voltage
generation circuit representing an embodiment of the present
invention;

[0034] FIG. 9 is a table and FIGS. 9A to 9D are circuit
diagrams showing the on/off states of the values of the
low-order two bits (DO and D1) of display data in the
capacitor voltage dividing circuit of an embodiment of the
present invention,

[0035] FIG. 10 is a circuit diagram of another example of
a high-voltage decoder circuit representing an embodiment
of the present invention,

[0036] FIG. 11 is a circuit diagram showing an example of
a capacitance-type potential dividing circuit of the high-
voltage decoder circuit shown in FIG. 10,

[0037] FIG. 12 is a circuit diagram showing a high-
voltage decoder circuit representing an embodiment of the
present invention;

[0038] FIG. 13 is a schematic diagram for illustrating the
gate width of a MOS transistor constituting the high-voltage
decoder circuit of an embodiment of the present invention;

[0039] FIG. 14 is a circuit diagram of the high-voltage
decoder circuit representing an embodiment of the present
invention;

[0040] FIGS. 15A to 15E show the assembled liquid
crystal display module of each of the above embodiments,
showing a front view as seen from the display side of a liquid
crystal display panel, a left side view, a right side view, a top
side view, and a bottom side view, respectively;

[0041] FIG. 16 is an elevation view of the assembled
liquid crystal display module as viewed from the rear side of
a liquid crystal display panel;

[0042] FIG. 17A is a sectional view of the liquid crystal
display module of FIG. 15A, taken along the line I-I of FIG.
15A and FIG. 17B is a sectional view of the liquid crystal
display module of FIG. 15A, taken along the line II-II of
FIG. 15A;

[0043] FIG. 18A is sectional view of the liquid crystal
display module of FIG. 15A, taken along the line III-IIT of
FIG. 15A and FIG. 18B is a sectional view of the liquid
crystal display module of FIG. 15A, taken along the line
IVAV of FIG. 15A;

[0044] FIGS. 19A and 19B show a flexible printed circuit
board (FPC1) and a flexible printed circuit board (FPC2),
before being bent, mounted around a liquid crystal display
panel of the liquid crystal display module;

[0045] FIG. 20is an enlarged perspective view of the joint
between the liquid crystal display panel and the flexible
printed circuit boards (FPC1 and FPC2) of FIG. 19A; and

[0046] FIG. 21 is a graph showing the relation between
the voltage applied to a liquid crystal layer and the trans-
mittance.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0047] Embodiments of the present invention will be
described with reference to the accompanying drawings.

[0048] In the drawings illustrating the various embodi-
ments of the present invention, components having the same
function are denoted by the same symbol and their repetitive
description will be omitted.

[0049] FIG. 1 is a block diagram showing the schematic
structure of a TFT liquid crystal display representing an
embodiment of the present invention.

[0050] In the case of the liquid crystal display (LCM) of
this embodiment, a drain driver 130 is provided on the upper
side of a liquid crystal display panel (TFT-LCD) 10, and a
gate driver 140 and an interface section 100 are arranged on
the sides of the liquid crystal display panel 10.

[0051] The interface section 100 is mounted on an inter-
face board and the drain driver 130 and the gate driver 140
are also respectively mounted on exclusive printed circuit
boards.

[0052] FIG. 2 is an illustration showing an equivalent
circuit of an example of the liquid crystal display panel 10
shown in FIG. 1.

[0053] Though FIG. 2 is a circuit diagram, it is drawn so
as to correspond to the actual geometric arrangement, in
which the liquid crystal display panel 10 has a plurality of
pixels arranged in the form of a matrix.

[0054] Each pixel is disposed in an intersectional region
defined by two adjacent signal lines (drain signal lines (D)
or gate signal lines (G)) and two adjacent signal lines (gate
signal lines (G) or drain signal lines (D)).

[0055] Each pixel has thin film transistors (TFT1 and
TFT2), source electrodes of the thin film transistors (TFT1
and TFT2) of each pixel being connected to a pixel electrode
(ITO1), and a liquid crystal layer (LC) is formed between the
pixel electrode (ITO1) and a common electrode (ITO2).
Therefore, a liquid crystal capacitor (CLC) is equivalently
connected between the source electrodes of the thin film
transistors (TFT1 and TFT2) and the common electrode
(ITO2).

[0056] Moreover, an additional capacitor (CADD) is con-
nected between the source electrodes of the thin film tran-
sistors (TFT1 and TFT2) and the gate signal line (G) of the
preceding stage.

[0057] FIG. 3 is an illustration showing an equivalent
circuit of another example of the liquid crystal display panel
10 shown in FIG. 1.

[0058] In the case of the example shown in FIG. 2, an
additional capacitor (CADD) is provided between the gate
signal line (G) of the preceding stage and the source elec-
trodes. However, in the case of the equivalent circuit shown
in FIG. 3, the circuit is different in that a holding capacitor
(CSTQG) is provided between a common signal line (COM)
and a source electrode.

[0059] The present invention can be applied to both pan-
els. In the case of the former system (FIG. 2), pulses of the
gate signal (G) of the preceding stage enter the pixel
electrode (ITO1) through the additional capacitor (CADD).
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In the case of the latter system (FIG. 3), however, a more
preferable display can be produced because no pulse enters
the pixel electrode (ITO1). Moreover, in FIGS. 2 and 3,
symbol AR denotes the display region.

[0060] In the case of the liquid crystal display panel 10
shown 1 FIGS. 2 or 3, the drain electrodes of thin film
transistors (TFT1 and TFT2) of each pixel arranged in the
column direction are connected to a drain signal line (D),
and the drain signal line (D) is connected to the drain driver
130 for applying a video signal voltage (display data volt-
age) to the liquid crystal of each pixel in the column
direction.

[0061] Moreover, the gate electrodes of the thin film
transistors (TFT1 and TFT2) of each pixel arranged in the
row direction are connected to a gate signal line (G), and the
gate signal line (G) is connected to the gate driver 140 for
supplying a scan driving voltage (positive bias voltage or
negative bias voltage) to the thin film transistors (TFT1 and
TFT2) of each pixel in the row direction for one horizontal
scanning period. In this case, the liquid crystal display panel
1 shown in FIG. 1 is constituted of 640x3x480 pixels.

[0062] The interface section 100 shown in FIG. 1 is
constituted by a display controller 110 and a power supply
circuit 120.

[0063] The display controller 110 is constituted by one
semiconductor integrated circuit (LSI), and it controls and
drivers the drain driver 130 and gate driver 140 in accor-
dance with display control signals, such as a clock signal, a
display timing signal, a horizontal sync signal and vertical
sync signal, sent from the main computer along with display
data (R.G.B).

[0064] When the display controller 110 receives a display
timing signal, it judges the signal to be a display start
position signal and outputs received display data of one
simple column to the drain driver 130 through a bus line 133.

[0065] In this case, the display controller 110 outputs a
display data latching clock signal (D2) serving as a display
control signal for latching display data to the data latch
circuit of the drain driver 130 through a signal line 131.

[0066] The display data sent from the main computer is
transferred in units of a pixel, that is, in sets of data for red
(R), green (G), and blue (B) in a unit cycle. In this case, the
display data is constituted of 18 bits (6 bits for each color).

[0067] When the input of a display timing signal is com-
pleted or a predetermined certain time passes after the
display timing signal is inputted, the display controller 110
judges that the display data for one horizontal line has been
completed and outputs an output timing control clock signal
(D1) serving as a display control signal for outputting the
display data stored in the latch circuit of the drain driver 130
to the drain signal line (D) of the liquid crystal display panel
10 to the drain driver 130 through a signal line 132.

[0068] Moreover, when the display controller 110 receives
a first display timing signal after receiving a vertical sync
signal, it judges that the first display timing signal is a first
display line and outputs a frame start instruction signal to the
gate driver 140 through a signal line 142.

[0069] Furthermore, the display controller 110 outputs a
clock signal (G1) serving as a shift clock of one horizontal
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scanning period to the gate driver 140 through a signal line
141 so as to successively apply a positive bias voltage to
each signal line (G) of the liquid crystal display panel 10
during every horizontal scanning period in accordance with
a horizontal sync signal.

[0070] Hence, a plurality of thin film transistors (TFT1
and TFT2) connected to each gate signal line (G) of the
liquid crystal display panel 10 are turned on for one hori-
zontal scanning period. According to the above operations,
an image is displayed on the liquid crystal display panel 10.

[0071] The power supply unit 120 shown in FIG. 1 is
constituted by a positive voltage generation circuit 121, a
negative voltage generation circuit 122, a common electrode
(facing-electrode) voltage generation circuit 123, and a gate
electrode voltage generation circuit 124.

[0072] The positive voltage generation circuit 121 and the
negative voltage generation circuit 122 are each constituted
by a series resistance-type potential dividing circuit. The
positive voltage generation circuit 121 outputs five-level
negative-polarity gradation reference voltages (V"0 to V"4)
and the negative voltage generation circuit 122 outputs
five-level negative-polarity gradation reference voltages
(V"5 to V"9). The positive-polarity gradation reference
voltages (V"0 to V'4) and the negative-polarity gradation
reference voltages (V"5 to V"9) are supplied to each drain
driver circuit 130. Moreover, a dc/ac converting signal
(de/ac converting timing signal; M) is supplied from the
display controller 110 to each drain driver circuit 130
through a signal line 133.

[0073] The common electrode voltage generation circuit
123 generates a driving voltage to be applied to the common
electrode (ITO2), and the gate electrode voltage generation
circuit 124 generates driving voltages (positive bias voltage
and negative bias voltage) to be applied to the thin film
transistors (TFT1 and TFT2).

[0074] In general, when the same voltage (DC voltage) is
applied to a liquid crystal layer (LC) for a long time, the tilt
of the liquid crystal layer (LC) is fixed and as a result, an
afterimage phenomenon occurs and the service life of the
layer (LC) is shortened.

[0075] To prevent the above phenomenon, a conventional
liquid crystal display converts a video signal voltage to be
applied to the liquid crystal layer (LC) to ac periodically,
that is, changes a video signal voltage to be applied to the
pixel electrode (ITO1) to the positive voltage side and the
negative voltage side every certain time relative to the video
signal voltage of the common electrode (ITO2).

[0076] The common symmetry method and common
inverting method are known as driving methods for applying
an AC voltage to the liquid crystal layer (L.C). The common
symmetry method is a method of keeping the voltage to be
applied to the common electrode (ITO2) constant and alter-
nately inverting the voltage to be applied to the pixel
electrode (ITO1) to the positive voltage side and the nega-
tive voltage side relative to the voltage to be applied to the
common electrode (ITO2).

[0077] The commonsymmetry method has a disadvantage
in that the amplitude of the voltage to be applied to the pixel
electrode (ITO1) becomes twofold compared to the case of
the common inverting method and a low-voltage driver
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cannot be used. However, the dot inverting method or the
V-line inverting method, which are excellent in terms of
small power consumption and display quality, can be used.
In the liquid crystal display of this embodiment, the dot
inverting method is used as the driving method.

[0078] FIG. 4 is an illustration showing the relation
between the video signal voltage to be output to a drain
signal line (D) from the drain driver 130 shown in FIG. 1,
that is, the video signal voltage to be applied to the pixel
electrode (ITO1) and the video signal voltage to be applied
to the common electrode (ITO2).

[0079] In FIG. 4, the video signal voltage to be outputted
to a drain signal line (D) from the drain driver 130 is a video
signal voltage applied when displaying black on the display
screen of the liquid crystal display panel 10.

[0080] As shown in FIG. 4, a video signal voltage (VDH)
to be output to the odd drain signal line (D) from the drain
driver 130 and a video signal voltage (VDL) to be output to
the even drain signal line (D) from the drain driver 130 have
opposite polarities relative to the driving voltage (VCOM) to
be applied to the common electrode (ITO2), that is, when the
video signal voltage (VDH) to be output to the odd drain
signal line (D) has a positive polarity (or negative polarity),
the video signal voltage (VDL) to be output to the even drain
signal line (D) has a negative polarity (or positive polarity).
Moreover, the polarity is inverted for every line. Further-
more, the polarity for each line is inverted for every frame.

[0081] By using the dot inverting method, voltages to be
applied to adjacent drain signal lines (D) have polaritics
opposite to each other. Therefore, the currents flowing
through the common electrode (ITO2) and gate electrode
(G) offset each other, and, thus, it is possible to reduce the
power consumption.

[0082] Furthermore, because the current flowing through
the common electrode (ITO2) is small and the voltage drop
does not become large, the voltage level at the common
electrode (ITO2) is stabilized and any deterioration of the
display quality can be minimized.

[0083] FIG. 5 is a block diagram showing the schematic
structure of an example of the drain driver 130 shown in
FIG. 1. The drain driver 130 is constituted by one semi-
conductor integrated circuit (LSI).

[0084] In FIG. 5, a positive-polarity gradation voltage
generation circuit 151a generates positive-polarity gradation
voltages for 64-level gradation in accordance with five-level
positive-polarity gradation reference voltage (V"0 to V"4)
inputted from the positive voltage generation circuit 121 and
outputs the voltages to an output circuit 157 through a
voltage bus line 158a. A negative-polarity gradation voltage
generation circuit 1515 generates negative-polarity grada-
tion voltages for 64-level gradation in accordance with
negative-polarity five-value gradation reference voltages
(V"5 to V"9) inputted from the negative voltage generation
circuit 122 and outputs the voltages to the output circuit 157
through a voltage bus line 158b.

[0085] Moreover, a shift register circuit 153 in a control
circuit 152 of the drain driver 130 generates a signal for
capturing the data in an input register circuit 154 in accor-
dance with a display data latching clock signal (D2) inputted
from the display controller 110 and outputs the signal to the
input register circuit 154.
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[0086] The input register circuit 154 latches 6-bit display
data for each color synchronously with the display data
latching clock signal (D2) in accordance with a data cap-
turing signal outputted from the shift register circuit 153.

[0087] A storage register circuit 155 latches the display
data in the input register circuit 154 in correspondence with
an output timing control clock signal (D1) inputted from the
display controller 110. The display data captured by the
storage register circuit 155 is inputted to the output circuit
157 through a level shift circuit 156.

[0088] The output circuit 157 selects one gradation volt-
age corresponding to display data out of positive-polarity
gradation voltages for 64-level gradation or negative-polar-
ity gradation voltages for 64-level gradation and outputs the
voltage to each drain signal line (D).

[0089] FIG. 6 is a block diagram illustrating the structure
of the drain driver 130 shown in FIG. 5, mainly the structure
of the output circuit 157.

[0090] In FIG. 6, numeral 153 denotes the shift register
circuit in the control circuit 152 shown in FIG. 5 and 156
denotes the level shift circuit shown in FIG. 5. A data
latching section 265 comprises the input register circuit 154
and storage register circuit 155 shown in FIG. 5. Moreover,
a decoder section (gradation voltage selection circuit) 261,
an amplifier circuit pair 263, and a switching section (2) 264
for switching the outputs of the amplifier circuit pair 263
constitute the output circuit 157 shown in FIG. 5.

[0091] In this case, a switching section (1) 262 and the
switching section (2) 264 are controlled by a dc/ac convert-
ing signal (M). Moreover, symbols Y1, Y2, Y3, Y4, Y5, and
Y6 denote first, second, third, fourth, fifth, and sixth drain
signal lines (D).

[0092] The drain driver 130 shown in FIG. 6 switches
data-capturing signals inputted to the data latching section
265 (more specifically, the input register 154 shown in FIG.
5) by the switching section (1) 262 and inputs display data
for each color to the mutually adjacent data latching sections
265 for the respective colors.

[0093] The decoder section 261 is constituted of a high-
voltage decoder circuit 278 for selecting a gradation voltage
corresponding to the display data outputted from the data
latching sections 265 (more specifically, the storage register
155 shown in FIG. 5) out of positive-polarity gradation
voltages for 64-level gradation outputted from the gradation
voltage generation circuit 151a through the voltage bus line
1584 and a low-voltage decoder circuit 279 for selecting a
gradation voltage corresponding to the display data output-
ted from the data latching sections 265 out of negative-
polarity gradation voltages for 64-level gradation outputted
from the gradation voltage generation circuit 1515 through
the voltage bus line 158b. The high-voltage decoder circuit
278 and low-voltage decoder circuit 279 are provided for the
adjacent data latching sections 265.

[0094] The amplifier circuit pair 263 is constituted of a
high-voltage amplifier circuit 271 and a low-voltage ampli-
fier circuit 272. The positive-polarity gradation voltage
selected by the high-voltage decoder circuit 278 is inputted
to the high-voltage amplifier circuit 271, which outputs a
positive-polarity video signal voltage. The negative-polarity
gradation voltage selected by the low-voltage decoder cir-
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cuit 279 is inputted to the low-voltage amplifier circuit 272,
which outputs a negative-polarity video signal voltage.

[0095] In the dot inverting method, video signal voltages
of adjacent colors have polarities opposite to each other and
moreover, the high-voltage amplifier circuit 271 and the
low-voltage amplifier circuit 272 of the amplifier circuit pair
263 are arranged in the order of the high-voltage amplifier
circuit 271, low-voltage amplifier circuit 272, high-voltage
amplifier circuit 271, and low-voltage amplifier circuit 272.
Therefore, it is possible to output a positive-polarity or
negative-polarity video signal voltage to each drain signal
line (D) by switching data capturing signals inputted to the
data latching section 165 by means of the switching section
(1) 262, inputting display data for each color to the mutually
adjacent data latching sections 265 for respective colors, and
correspondingly to the inputting, switching the output volt-
ages outputted from the high-voltage amplifier circuit 271 or
low-voltage amplifier circuit 272 by the switching section
(2) 264, and outputting the voltage to drain signal lines (D)
to which a video signal voltage for each color is outputted,
such as the first drain signal line Y1 and the fourth drain
signal line Y4.

[0096] FIG. 7 is a circuit diagram showing structures of
the conventional high-voltage decoder circuit 278 and the
low-voltage decoder circuit 279. Moreover, FIG. 7 sche-
matically illustrates structures of the positive-polarity gra-
dation voltage generation circuit 151a and negative-polarity
gradation voltage generation circuit 151b.

[0097] As shown in FIG. 21, the relation between the
voltage applied to the liquid crystal layer and the transmit-
tance is not linear. The change of transmittance against the
voltage applied to the liquid crystal layer is small at portions
where the transmittance is high and low, but it is large at the
intermediate portion.

[0098] Therefore, in the conventional positive-polarity
gradation voltage generation circuit 151a or negative-polar-
ity gradation voltage generation circuit 1515, the portions
between the quinary gradation reference voltages (V'0 1o
V"4, V"5 to V"9), the differences between which are small
in intermediate portions (V"2 to V"3, V"6 to V"8) and large
in the portions (V"1 to V"2, V"3 to V"4, V"5 to V"6, V"8 to
V"9) other than the intermediate portions, and which are
supplied from a power supply circuit, are divided to generate
64 gradation voltages.

[0099] Thereby, an image of 64-level gradation which is
almost linear is displayed on the liquid crystal display panel
10.

[0100] The high-voltage decoder circuit 278 has 64 tran-
sistor series (TRP2) constituted of six high-breakdown-
voltage PMOS transistors and six high-breakdown-voltage
depression PMOS transistors connected to the output termi-
nals in series. Positive-polarity gradation voltages for 64
levels of gradation outputted from the gradation voltage
generation circuit 151a through the voltage bus line 1584 are
inputted to terminals on the opposite side to the output
terminals of the transistor series (TRP2).

[0101] Moreover, bit values (T) or their inverted bit values
(B) of 6-bit display data outputted from the level shift circuit
156 are selectively applied to the gate electrodes of six
high-breakdown-voltage PMOS transistors and six high-
breakdown-voltage depression PMOS transistors constitut-
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ing each of the transistor series (TRP2) in accordance with
a predetermined combination.

[0102] The low-voltage decoder circuit 279 has 64 tran-
sistor series (TRP3) constituted of six high-breakdown-
voltage NMOS transistors and six high-breakdown-voltage
depression NMOS transistors connected to the output ter-
minals in series. Negative-polarity gradation voltages for 64
levels of gradation outputted from the gradation voltage
generation circuit 1515 through the voltage bus line 158b are
inputted to terminals on the opposite side to the output
terminals of the transistor series (TRP3).

[0103] Moreover, bit values (T) or their inverted bit values
(B) of 6-bit display data outputted from the level shift circuit
156 are selectively applied to the gate electrodes of six
high-breakdown-voltage NMOS transistors and six high-
breakdown-voltage depression NMOS transistors constitut-
ing each of the transistor series (TP3) in accordance with a
predetermined combination.

[0104] The high-voltage decoder circuit 278 and the low-
voltage decoder circuit 279 are constituted by connecting six
same-polarity MOS transistors and six same-polarity
depression MOS transistors in series on the same signal line
in accordance with a predetermined connective relation and
electrically connecting a nonselected bit value (T) or
inverted bit value (B) portion among bit values (T) or
inverted bit values (B) of display data with the depression
MOS transistors.

[0105] Thus, the conventional high-voltage decoder cir-
cuit 278 and low-voltage decoder circuit 279 are constituted
so that 12 MOS transistors are dependent for every 64 levels
of gradation. Therefore, the total number of MOS transistors
for each drain signal line (D) is 768 (64x12).

[0106] Recently, for liquid crystal displays, a gradation
display has progressed from 64 to 256 levels of gradation.
However, to perform 256-level gradation display by using a
conventional high-voltage decoder circuit 278 and a low-
voltage decoder circuit 279, the total number of MOS
transistors needed for each drain signal line (D) is 4,096
(256x16).

[0107] Therefore, there is a problem that the area occupied
by the decoder section 261 increases and the chip size of the
semiconductor integrated circuit constituting the drain
driver increases.

[0108] FIG. 8 is a circuit diagram showing the structures
of the high-voltage decoder circuit 278 and positive-polarity
gradation voltage generation circuit 151¢ of the liquid
crystal display representing an embodiment of the present
invention.

[0109] As shown in FIG. 8, the positive-polarity gradation
voltage generation circuit 151a does not generate 64 grada-
tion voltages, unlike the conventional example, but gener-
ates first positive-polarity gradation voltages of a 17-level
gradation in accordance with the five-level positive-polarity
gradation reference voltages (V"0 to V"4) inputted from the
positive voltage generation circuit 121. In this case, each
voltage dividing resistor of a resistance-type potential divid-
ing circuit constituting the positive-polarity gradation volt-
age generation circuit 151¢ is weighted in a predetermined
way in correspondence with the relation between the voltage
applied to the liquid crystal layer and the transmittance.

Sep. 27, 2001

[0110] The high-voltage decoder circuit 278 has a decoder
circuit 301 for selecting first mutually adjacent gradation
voltages (VOUTA and VOUTB) of first gradation voltages
of the 17-level gradation, a multiplexer 302 for outputting
the first gradation voltage (VOUTA) selected by the decoder
circuit 301 to a terminal (P1) or a terminal (P2) and for
outputting the first gradation voltage (VOUTB) selected by
the decoder circuit 301 to a terminal (P2) or the terminal
(P1), and a second gradation voltage generation circuit 303
for dividing the potential difference (AV) between the first
gradation voltages (VOUTA and VOUTB), which are adja-
cent to each other and are outputted from the multiplexer
302, and for generating voltages of Ya&Auml;V, %(=
¥)&AumLV, %&Auml;V, and %(=1)&Auml; V.

[0111] The decoder circuit 301 is constituted of a first
decoder circuit 311 for selecting first gradation voltages
corresponding to the high-order four bits (D2 to D5) of the
6-bit display data out of the odd first gradation voltages and
a second decoder circuit 312 for selecting first gradation
voltages corresponding to the high-order three bits (D3 to
D5) of the 6-bit display data out of the even first gradation
voltages.

[0112] The first decoder circuit 311 is so constituted as to
select the first first-gradation voltage (V1) and 17-th first-
gradation voltage (V17) once and the third first-gradation
voltage (V3) to 15-th first-gradation voltage (V15) twice
consecutively according to the high-order four bits (D2 to
D5) of the 6-bit display data.

[0113] However, the second decoder circuit 312 is so
constituted as to select the second first-gradation voltage
(V2) to the 16-th first-gradation voltage (V16) once accord-
ing to the high-order three bits (D3 to D5) of the 6-bit
display data.

[0114] In FIG. 8, symbol o denotes a switching device
(e.g., PMOS transistor) which is turned on when the data bit
is at a low level (hereafter referred to as Llevel) and symbol
@ denotes a switching element (e.g., NMOS transistor)
which is turned on when the data bit is set at a High level
(hereafter referred to as H level).

[0115] Table 1 shows the relation between the high-order
four bits (D2 to D3) of 6-bit display data and the gradation
voltages selected by the first decoder circuit 311 and the
second decoder circuit 312.

TABLE 1
D5 D4 D3 D2 VOUTA VOUTB Pl P2
0 0 0 0 Vi V2 Vi V2
0 ¢ 0 1 V3 V2 V2 V3
0o o 1 1 V3 \! V3 V4
0o o 1 1 V5 \! \Z! Vs
o 1 0 0 V5 \i \& V6
o 1 0 1 V7 \i \( V7
0 1 1 0 V7 V3 V7 \%
0 1 1 1 V9 V3 \£ \
10 0 0 V9 V10 Vo VIO
1 0 0 1 Vi1 V10 vio  vil
10 1 0 Vi1 vi2 Vil V12
10 1 1 Vi3 vi2 V2 Vi3
1 10 0 Vi3 Vi4 Vi3 Vid
1 10 1 Vis Vi4 Vi4  Vi5
1 1 1 0 V15 V16 vVis  Vi6
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[0116] In this case, since V'"0<V"1<V"2<V"3<V"4, as
seen from Table 1, when the value of bit 3 (D2) of the
display data is L-level, a gradation voltage lower than the
gradation voltage VOUTB is outputted as the gradation
voltage VOUTA. Moreover, when the value of bit 3 (D2) of
the display data is H-level, a gradation voltage higher than
the gradation voltage VOUTB is outputted as the gradation
voltage VOUTA.

[0117] Therefore, the multiplexer 302 is switched in cor-
respondence with the H level or L level of the value of bit
3 (D2) of the display data. That is, the gradation voltage
VOUTA is outputted to the terminal (P1) when the value of
the bit 3 (D2) of the display data is L-level; and the gradation
voltage VOUTB is outputted to the terminal (P1) and the
gradation voltage VOUTA is outputted to the terminal (P2)
when the value of the bit 3 (D2) of the display data is
H-level.

[0118] Thus, letting the gradation voltage of the terminal
(P1) be (Va) and that of the terminal (P2) be (Vb), it is
possible to satisfy the inequality Va<Vb and the design of
the second gradation voltage generation circuit 303 is facili-
tated.

[0119] However, it is also possible to control data values
(D1) and (D0) so as to generate a desired voltage without
always using the multiplexer 302.

[0120] The second gradation voltage generation circuit
303 is constituted by a switching device (S1) connected
between the terminal (P1) and the input terminal of the
high-voltage amplifier circuit 271, a capacitor (C1) whose
one end is connected to the input terminal of the high-
voltage amplifier circuit 271 and whose other end is con-
nected to the terminal (P1) through a switching device (S2)
and to the terminal (P2) through a switching device (S5), a
capacitor (C2) whose one end is connected to the input
terminal of the high-voltage amplifier circuit 271 and whose
other end is connected to the terminal (P1) through a
switching device (S3) and to the terminal (P2) through a
switching device (S4), and a capacitor (C3) connected
between the terminal (P2) and the input terminal of the
high-voltage amplifier circuit 271.

[0121] In this case, the capacitance of the capacitor (C1)
is made equal to that of the capacitor (C3) and the capaci-
tance of the capacitor (C2) is set to a value twice as large as
those of the capacitor (C1) and capacitor (C3). moreover, the
switching devices (S1 to S5) are turned on/off in accordance
with the values of the low-order two bits (DO and D1) of the
display data, as shown in FIG. 9. Furthermore, FIG. 9
shows the values of the gradation voltages outputted from
the second gradation voltage generation circuit 303 corre-
sponding to the values of the low-order two bits (D0 and D1)
of the display data, and FIGS. 9A to 9D show the structure
of the second gradation voltage generation circuit 303
corresponding to the values of the low-order two bits (DO
and D1) of the display data.

[0122] Moreover, though a desired voltage is generated by
a capacitor, it is also possible to generate a divided voltage
between two voltages generated by a first generation circuit
by using resistors. Furthermore, it is possible to generate a
voltage between the two voltages by inserting a diode or a
switching device.

[0123] The low-voltage decoder circuit 219 can be also
constituted similarly to the high-voltage decoder circuit 278.
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In this case, the low-voltage decoder circuit 279 selects
negative-polarity first gradation voltages for the 17-level
gradation generated from the negative-polarity gradation
voltage generation circuit 151b.

[0124] Moreover, the negative-polarity gradation voltage
generation circuit 1515 generates negative-polarity first gra-
dation voltages for the 17-level gradation in accordance with
the quinary negative-polarity first-gradation reference volt-
ages (V"5 to V"9) inputted from the negative-voltage gen-
eration circuit 122, and moreover, each voltage-dividing
resistor of a resistance-type potential dividing circuit con-
stituting the negative-polarity gradation voltage generation
circuit 1515 is weighted in a predetermined way in accor-
dance with the relation between the voltage applied to the
liquid crystal layer and the transmittance.

[0125] 1In the low-voltage decoder circuit 279, since
V"5>V"6>V"7>V"8>V"9, letting the gradation voltage of
the terminal (P1) be (Va) and that of the terminal (P2) be
(Vb), the inequality Va>Vb is always satisfied.

[0126] Thus, in the liquid crystal display of the embodi-
ment of the present invention, the number of switching
devices constituting a decoder circuit is 64 (=(9+7)x4) for
the first decoder circuit 311, and 24 (=(3x8)) for the second
decoder circuit 312. Therefore, the total number of switch-
ing devices (MOS transistors) constituting a decoder circuit
for each drain line (D) is 88. Thus, it is possible to greatly
decrease the number of MOS transistors compared to the
total number of 768 MOS transistors for each drain line (D)
required by the conventional system.

[0127] Moreover, by decreasing the number of switching
devices, it is possible to reduce the internal current of the
drain driver 130. Therefor, it is possible to reduce the overall
power consumption of the liquid crystal display (LCM) and
thereby, improve the reliability of the liquid crystal display
(LCM).

[0128] FIG. 10 is a circuit diagram showing the structure
of another example of the high-voltage decoder circuit 278
of the liquid crystal display representing an embodiment of
the present invention. FIG. 10 shows a circuit structure for
generating gradation voltages for 256-level gradation by
using PMOS transistors as switching devices. Therefore, the
bit values and their inverted values of the 8-bit display data
values (DO to D7) are applied to the gates of PMOS
transistors in accordance with a predetermined combination.

[0129] The high-order five bits of the 8 bit display data are
inputted to a decoder circuit 301 shown in FIG. 10. There-
fore, a positive-polarity gradation voltage generation circuit
151a generates positive-polarity first gradation voltages for
33-level gradation in accordance with quinary positive-
polarity gradation reference voltages (V"0 to V"4) inputted
from a positive-voltage generation circuit 121. In this case,
each dividing resistor of a resistance-type potential dividing
circuit constituting the positive-polarity gradation voltage
generation circuit 1514 is weighted in a predetermined way
in accordance with the relation between the voltage to be
applied to the liquid crystal layer and the transmittance.

[0130] The decoder circuit 301 is constituted by a first
decoder circuit 311 for selecting first gradation voltages
corresponding to the high-order five bits (D3 to D7) of the
8-bit display data out of the odd first gradation voltages, and
a second decoder circuit 312 for selecting first gradation
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voltages corresponding to the high-order four bits (D4 to
D7) of the 8-bit display data out of the even first gradation
voltages.

[0131] First gradation voltages (VOUTA and VOUTB)
adjacent to each other of the first gradation voltages for
33-level gradation selected by the first decoder circuit 311 or
second decoder circuit 312 in accordance with a combina-
tion of the values of the high-order five bits of the 8-bit
display data are outputted to the terminal (P1) or terminal
(P2) by a multiplexer 302.

[0132] In this case, the first decoder circuit 311 is so
constituted as to select the first first-gradation voltage (V1)
and the 33rd first-gradation voltage (433) once and the third
first-gradation voltage (V3) to the 31st first-gradation volt-
age (V31) twice consecutively by using the high-order five
bits (D3 to D7) of the 8-bit display data. The second decoder
circuit 312 is so constituted as to select the second first-
gradation voltage (V2) to 32nd first-gradation voltage (V32)
once by using the high-order four bits (D4 to D7) of the 8-bit
display data. Moreover, in FIG. 10, symbol o denotes a
PMOS transistor and symbol @ denotes an NMOS transis-
tor.

[0133] The multiplexer 302 outputs the gradation voltage
VOUTB to the terminal (P1) and the gradation voltage
VOUTA to the terminal (P2) when the value of bit 4 (D3) of
the 8-bit display data is L-level, and outputs the gradation
voltage VOUTA to the terminal (P1) and the gradation
voltage VOUTB to the terminal (P2) when the value of bit
4 (D3) of the display data is in-level. Thereby, letting the
gradation voltage of the terminal (P1) be (Va) and that of the
terminal (P2) be (Vb), it is possible to always satisfy the
inequality Va<Vb.

[0134] FIG. 11 s a circuit diagram showing an example of
the structure of a second gradation voltage generation circuit
303 of the high-voltage decoder circuit 278 shown in FIG.
10.

[0135] The second gradation voltage generation circuit
303 has a capacitor (Col) connected between the terminal
(P2) and the input terminal of the amplifier circuit (high-
voltage amplifier circuit 271), a capacitor (Co2) whose one
end is connected to the input terminal of the amplifier circuit
and whose other end is connected to the terminal (P1)
through a switching device (SOT) and to the terminal (P2)
through a switching device (S02), a capacitor (Co3) whose
one end is connected to the input terminal of the amplifier
circuit and whose other end is connected to the terminal (P1)
through a switching device (S11) and to the terminal (P2)
through a switching device (S12), a capacitor (Co4) whose
one end is connected to the input terminal of the amplifier
circuit and whose other end is connected to the terminal (P1)
through a switching device (S21) and to the terminal (P2)
through a switching device (S22), and a switching device
(SST) connected between the terminal (P2) and the input
terminal of the amplifier.

[0136] In this case, the capacitance of the capacitor (sol)
and that of the capacitor (Co2) are the same value, the
capacitance of the capacitor (Co3) is twice as large as that
of the capacitor (Col), and the capacitance of the capacitor
(Co4) is four times as large as that of the capacitor (Col).

[0137] Moreover, as shown in FIG. 11, the switching
device (SST) is controlled by a reset pulse (/CR) and the
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switching devices (Sol, S02, S11, S12, S21, and S22) are
controlled by switching control circuits (SG1 to SG3) to
which a reset pulse (/CR), a timing pulse (/TCK), and
low-order three bits (DO to D2) of the display data are
inputted. Symbol/means that a signal of which the name is
added with the symbol/is a low-enable signal.

[0138] Each of the switching control circuits (SG1 to SG3)
is provided with a NAND circuit (NAND), and AND circuit
(AND), and a NOR circuit (NOR). Table 2 is the truth table
of the NAND circuit (NAND), the AND circuit (AND), and
the NOR circuit (NOR).

TABLE 2
JCR  /TCK /D NAND AND NOR  snl  Sm2
L H * H L L OFF  ON
H H * H L H OFF  OFF
L H L L H ON  OFF
L H H L OFF  ON
[0139] Symbol * means that there is no relation with
display data.
[0140] By using Table 2, the operation of the second

gradation voltage generation circuit 303 will be briefly
described below. First, when the reset pulse (/CR) is at the
L level, the switching device (SS1) is turned on. Moreover,
because the H-Level reset pulse (/CR) is inputted to the
NOR circuit (NOR), the output of the NOR circuit (NOR)
becomes L-level and the switching devices (S02, S12, and
$22) are turned on.

[0141] In this case, the timing pulse (/TCK) is at the H
level and the L-level timing pulse (/TCK) is inputted to the
NAND circuit (NAND). Therefore, the output of the NAND
circuit (NAND) becomes H level and the switching devices
(S01, S11, and S21) are turned off. Thereby, both ends of the
capacitors (Col to Co4) are connected to the terminal (P2).
Therefore, the capacitors (Col to Co4) are discharged and
the potential difference between the capacitors is set to 0 V.

[0142] Then, when the reset pulse (/CR) becomes H-level
and the timing pulse (/TCK) becomes L-level, the switching
devices (S01, S02, S11, S12, 821, and S$22) are turned on or
off in correspondence with the values of low-order three bits
(DO to D2) of the display data.

[0143] Thereby, letting the gradation voltage of the termi-
nal (P1) be (Va) and that of the terminal (P2) be (Vb),
gradation voltages of Va+1/8 &Auml;, Va+2/8 &Auml;, . . .
,and Vb (Va+8/8 A) are outputted from the second gradation
voltage generation circuit 302.

[0144] Moreover, it is possible to constitute the low-
voltage decoder circuit 279 similarly to the high-voltage
decoder circuit 278.

[0145] Thus, in the case of the high-voltage decoder
circuit 278 shown in FIG. 10, the number of switching
devices constituting a decoder circuit is 160 (=(17+15)x5)
for the first decoder circuit 311 and 64 (=4x16) for the
second decoder circuit 312. Therefore, the total number of
switching devices (MOS transistors) constituting a decoder
circuit for each drain signal line (D) is 224. Thus, it is
possible to greatly decrease the number of MOS transistors,
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compared to the total number of MOS transistors of 4,096
needed for each drain signal line (D) of the conventional
system.

[0146] FIG. 12 is a circuit diagram showing the structure
of the high-voltage decoder circuit 278 of the liquid crystal
display of an embodiment of the present invention, and FIG.
13 is a schematic view showing the gate width of a MOS
transistor constituting the high-voltage decoder circuit 278
of the liquid crystal display of an embodiment of the present
invention. In FIG. 12, symbol 0 denotes a MOS transistor
and symbol @ denotes an NMOS transistor.

[0147] In the case of the high-voltage decoder circuit 278
shown in FIG. 10, MOS transistors to whose gates the same
voltage is applied for each decoding row further continue for
higher bits of display data. Therefore, even if the MOS
transistors to whose gates the same voltage is applied for
each column and which continue for each decoding row are
replaced with one MOS transistor, there is no functional
problem.

[0148] This embodiment is constituted by applying the
same voltage to each column and replacing MOS transistors
continuing for each decoding row with one MOS transistor.
Moreover, in this embodiment, as shown in FIG. 13, letting
the gate width of a minimum-size MOS transistor be W, the
gate width of the MOS transistor at a high-order place of the
minimum-size MOS transistor is set to 2 W, the gate width
of the MOS transistor at a higher order place of the MOS
transistor at the high-order place is set to 4 W, and the gate
width (W) of the MOS transistor (high-order-bit-side MOS
transistor) to whose gate the high-order bit of display data is
applied is set to two to the (m-j)-th power times the gate
width of the minimum-size MOS transistor. In this case, m
denotes the number of bits of the display data and j denotes
the bit number of the most significant bit among the bits
constituted by the minimum-size MOS transistor.

[0149] In this embodiment, letting the resistance of the
minimum-size¢ MOS transistor be R, the combined resis-
tance of the MOS transistor of each decoding row is approx.
2 R (=R+R/2+R/4+R/8+R/16) for the decoder circuit 311
and approx. 2 R (=R+R/2+R/4+R/8) for the decoder circuit
312, FIG. 12 also illustrates the resistance of the MOS
transistor of each place, when letting the resistance of the
minimum-size MOS transistor be R.

[0150] In this case, for the high-voltage decoder circuit
278 shown in FIG. 10, letting the resistance of the mini-
mum-size MOS transistor be R, the combined resistance of
the MOS transistor of each decoding row is 5 R (=R+R+
R+R+R) for the decoder circuit 311 and 4 R (=R+R+R+R)
for the decoder circuit 312.

[0151] Therefore, in this embodiment, it is possible to
reduce the combined resistance of the MOS transistor of
each decoding row and allow a large discharge current to
flow when redistributing the charge to each capacitor con-
stituting the second gradation voltage generation circuit 303.
Thus, it is possible to increase the operation speed of the
decoder circuit and equalize the combined resistance of the
decoder circuit 311 with that of the decoder circuit 312.
Thereby, it is possible to reduce the speed difference
between two-level gradation.

[0152] Moreover, generally, in the case of a MOS transis-
tor, the threshold voltage (V,) is changed in the positive
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direction due to the substrate-source voltage (Vyg) and
thereby, the drain current (I,g) decreases. That is, the
resistance of the MOS transistor increases.

[0153] Therefore, in this embodiment, as shown in FIG.
12, the PMOS transistor region is separated from the NMOS
transistor region on both sides of the gradation voltage
(gradation voltage V16 (or V18), V15 (or V17) in FIG. 12)
equal to the substrate source voltage (Vy). Thereby, this
embodiment makes it possible to prevent the resistance from
increasing due to the substrate bias effect in the MOS
transistor constituting the decoder circuit.

[0154] FIG. 14 is a circuit diagram showing the structure
of a low-voltage decoder circuit 279 of the liquid crystal
display of an embodiment of the present invention. As
shown in FIG. 14, the low-voltage decoder circuit 279 can
be constituted similarly to the high-voltage decoder circuit
278.

[0155] In the case of the low-voltage decoder circuit 279,
however, when separating a PMOS transistor region from an
NMOS transistor region on both sides of the gradation
voltage (gradation voltage V16 (or V18), V15 (or V17) in
FIG. 14) equal to the substrate-source voltage (Vy), the
PMOS transistor region and the NMOS transistor region are
opposite to the case of the high-voltage decoder circuit 278.
In this case, it is assumed that VI>V2>V3 . .. >32>V33,

[0156] Moreover, in each of the above embodiments, cach
MOS transistor constituting the decoder circuit 301 is a
high-breakdown-voltage MOS transistor or a MOS transis-
tor in which only the gate electrode portion has a high-
breakdown-voltage structure. Moreover, the MOS transistor
of the decoder circuit 301 on its low-order bit side can be a
MOS transistor having a low drain-source breakdown volt-
age. In this case, it is possible to further downsize the
decoder circuit 301.

[0157] Moreover, in the second gradation voltage genera-
tion, circuit 303 resistors can be used instead of the capaci-
tors. In this case, however, it is necessary to use resistors
having high resistances and, moreover, the magnitude rela-
tion between the resistances of the resistors must be opposite
to that of the capacitors.

[0158] For example, in the case of the second gradation
voltage generation circuit 303 shown in FIG. 8, when
resistors are used instead of the capacitors, the resistances of
the resistors which replace the capacitors (C1) and (C3)
must be two times the resistance of the resistor which
replaces the capacitor (C2).

[0159] FIGS. 15A to 15E provide an illustration of the
assembled liquid crystal display relevant each of the above
embodiments, in which a front view, left side view, right side
view, bottom side view, and top side view, viewed from the
display surface side of the liquid crystal display panel, are
shown, respectively. FIG. 16 is an illustration of the
assembled liquid crystal display, as viewed from the back of
the liquid crystal display panel.

[0160] The liquid crystal display of each of the above
embodiments is provided with a mold case (ML) and a
shield case (SHD). Symbols HLD1, HLD2, HLD3, and
HLD4 denote fitting holes respectively formed in the mold
case (ML) and the shield case (SHD). The liquid crystal
display is mounted on a notebook computer by passing



US 2001/0024183 Al

screws through these four fitting holes. An inverter circuit
unit for driving a backlight is provided in a recess between
the fitting holes (HLD1 and HLD2) to supply a driving
voltage to a cold-cathode fluorescent lamp (LP) through a
connector (LCT) and lamp cables (LCP1 and LCP2).

[0161] Display data, display control signals, and power
from the computer are supplied to an interface section 100
through an interface connector (CT1) located at the back of
the module.

[0162] FIG. 17(A) is a sectional view of the liquid crystal
display shown in FIG. 15A, taken along the line I-I of FIG.
15A, and FIG. 17B is a sectional view of the liquid crystal
display shown in FIG. 15A, taken along the line II-II of
FIG. 15A. FIG. 18A is a sectional view of the liquid crystal
display shown in FIG. 15A, taken along the line III-III of
FIG. 15A and FIG. 18B is a sectional view of the liquid
crystal display shown in FIG. 15A, taken along the line
IV-IV of FIG. 13A.

[0163] In FIGS. 17A, 17B, 18A and 18B, symbol SHD
denotes a shield case (upper case) covering the peripheral
part of the liquid crystal panel and the driving circuit of the
liquid crystal display panel. Symbol ML denotes a mold case
(lower case) where the backlight unit is housed. Symbols
LF1 and LF2 denote first and second lower shield cases
covering the lower case (ML).

[0164] Symbol WSPC denotes a frame spacer covering the
periphery of the backlight unit. Symbols SUB1 and SUB2
denote glass substrates constituting the liquid crystal display
panel. In FIG. 18A and FIG. 18B, the glass substrate
(SUBL1) is a substrate on which thin film transistors (TFT1
and TFT2) and a pixel electrode (ITO1) are formed and the
glass substrate (SUB2) is a substrate on which a color filter
and a common electrode (ITO2) are formed.

[0165] Symbol FUS denotes a sealing material, BM
denotes an opaque film formed on the glass substrate
(SUB2), POLL1 denotes a top polarizing plate attached to the
glass substrate (SUB2), POL2 denotes a bottom polarizing
plate attached to the glass substrate (SUB1), VINCI denotes
a visual-field expansion film attached to the glass substrate
(SUB2), and VINC2 denotes a visual-field expansion film
attached to the glass substrate (SUB2).

[0166] In each of the above embodiments the dependence
on the visual-field, which is a problem peculiar to the liquid
crystal panel in that the contrast varies depending on the
angle at which the user views the screen, is eliminated by
attaching the visual field expansion films (VINCI1) and
VINC2) to the glass substrates (SUB1 and SUB2). It is
possible to provided the visual-field expansion films
(VINC1 and VINC2) outside the polarizing plates (POL1
and POL2). However, by providing the visual-field expan-
sion films (VINC1 and VINC2) between the polarizing
plates (POL1 and POL 2) and the glass substrates (SUB1 and
SUB), it is possible to improve the visual-field expansion
effect.

[0167] Symbol LP denotes a cold-cathode fluorescent
lamp, LS denotes a lamp reflection sheet, GLB denotes a
light guide plate, RFS denotes a reflection sheet, and SPS
denotes a prism sheet. Symbol POR denotes a polarized-
light reflection plate, which is used to improve the brightness
of the liquid crystal display panel. The polarized-light reflec-
tion plate (POP) has a function of passing the light along
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only a specific polarization axis and reflecting the light of
polarization axes other than the specific polarization axis.
Therefore, by making the polarization axis of the light
passing through the polarized-light reflection plate (POP)
coincide with the polarizing axis of the bottom polarizing
plate (POL2), the light which is conventionally absorbed by
the bottom polarizing plate (POL2) is changed to the polar-
ized light passing through the bottom polarizing plate
(POL2), while the light reciprocates between the polarized-
light reflection plate (POR) and the light guide plate (GLB)
and is emitted from the polarized-light reflection plate
(POR). Therefore, it is possible to improve the contrast of
the liquid crystal display panel.

[0168] The frame spacer (WSPC) firmly presses the light-
guiding plate (GLB) to the mold case (ML) by holding the
periphery of the light guide plate (GLB) and inserting the
hook of the frame spacer (WSPC) into the hole of the mold
case (ML) to prevent the light guide plate (GLB) from
colliding with the liquid crystal display panel. Moreover,
because a diffusion sheet (SPS), the prism sheet (PRS), and
the polarized-light refection plate (POR) are also held by the
frame spacer (WSPC), it is possible to mount the backlight
unit on the liquid crystal display module without deforming
the diffusion sheet (SPS), prism sheet (PRS), and polarized-
light reflection plate (POR).

[0169] Symbol GC1 denotes a rubber cushion disposed
between the frame spacer (WSPC) and the glass substrate
(SUB1). Symbol LPC3 denotes a lamp cable for supplying
a driving voltage to the cold-cathode fluorescent lamp (LP),
which is a flat cable, so as to minimize its mounting space,
and this lamp cable is disposed between the frame spacer
(WSPC) and the lamp reflection sheet (LS). The lamp cable
(LPC3) is attached to the reflection sheet (LS) by a double-
sided adhesive tape. Therefore, when replacing the cold-
cathode fluorescent lamp (LP), it is possible to replace it
together with the lamp reflection sheet (LS). Therefore, it is
unnecessary to remove the lamp cable (LPC3) from the lamp
reflection sheet (LS), making it is easy to replace the
cold-cathode fluorescent lamp (LP).

[0170] Symbol OL denotes an O-ring, which serves as a
cushion between the cold-cathode fluorescent lamp (LP) and
the lamp reflection sheet (LS). The O-ring (OL) is made of
synthetic resin for preventing the luminance of the cold-
cathode fluorescent lamp (LP) from deteriorating. Moreover,
in order that the O-ring (OL) may prevent a high-frequency
current from leaking from the cold-cathode fluorescent lamp
(LP), it is made of an insulating material having a low
permittivity. Furthermore, the O-ring serves as a cushion for
preventing the cold-cathode fluorescent lamp (LP) from
colliding with the light guide plate (GLB).

[0171] Symbol IC1 denotes a semiconductor chip consti-
tuting the drain driver 130 for supplying the video signal
voltage to the drain signal line (D) of the liquid crystal
display panel 10, which is mounted on the glass substrate
(SUB1). Because the semiconductor chip (IC1) is mounted
only on one side of the glass substrate (SUB1), it is possible
to decrease the size of the frame region of the opposite side
to the side on which the semiconductor chip (IC1) is
mounted. Moreover, because the cold-cathode fluorescent
lamp (LP) and lamp reflection sheet (LS) are so arranged as
to be superposed on each other below the portion, on which
the semiconductor chip (IC1) is mounted, of the glass
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substrate (SUBL), it is possible to compactly store the
cold-cathode fluorescent lamp (LP) and the lamp reflection
sheet (LS) in the liquid crystal display.

[0172] Symbol IC2 denotes a semiconductor chip consti-
tuting the gate driver 140 for supplying the scan driving
voltage to the gate signal line (G) of the liquid crystal
display panel 10, which is mounted on the glass substrate
(SUBL1). Because the semiconductor chip (IC2) is also
mounted on only one side of the glass substrate (SUB1), it
is possible to decrease the size of the frame region of the
opposite side to the side on which the semiconductor chip
(IC2) is mounted.

[0173] Symbol FPC1 denotes a flexible printed circuit
board on the gate signal line side, which is connected to the
external terminals of the glass substrate (SUBI) by an
anisotropic conductive film to supply power and the driving
signal to the semiconductor chip (IC2). Symbol FPC2
denotes a flexible printed circuit board on the drain signal
line side, which is connected to the external terminals of the
glass substrate (SUBL) to supply power and the driving
signal to the semiconductor chip (IC1). Chip parts (EP) such
as resistors and capacitors are mounted on the flexible
printed circuit boards (FPC1 and FPC2).

[0174] In the case of each of the above embodiments, in
order to reduce the frame area of the liquid crystal panel 10,
the flexible printed circuit board (FPC2) is so bent as to
enclose the lamp reflection sheet (LS), and a part (portion b)
of the flexible printed circuit board (FPC2) is secured
between the mold case (ML) and the second shield case at
the back of the backlight unit. Therefore, the mold case
(ML) is provided with a cutout for ensuring a space for chip
parts (EP) mounted on the flexible printed circuit board
(FPC2).

[0175] The flexible printed circuit board (FPC2) is con-
stituted of a thin portion (portion a) where it is easily bent
and a thick portion (portion b) for multilayer wiring. More-
over, in the case of cach of the above embodiments, the
lower shield case is constituted of a first lower shield case
(LF1) and a second lower shield case (LF2) so as to cover
the back of the liquid crystal display module. Therefore, by
removing the second lower shield case (LF2), it is possible
to expose the reflection sheet (LS). Therefore, it is easy to
replace the cold-cathode fluorescent lamp (LP).

[0176] Symbol PCB denotes an interface board on which
the display controller 110 and the power supply circuit 120
are mounted, which is also constituted of a multilayer
printed circuit board. In the case of each of the above
embodiments, in order to reduce the frame area of the liquid
crystal panel 10, the interface board (PCB) is so arranged as
to be superposed on each other below the flexible printed
circuit board (FPC1) and is bonded to the glass substrate
(SUBL) by a double-sided adhesive tape (BAT).

[0177] The interface board (PCB) is provided with a
connector (CTR3) and a connector (CTR4). The connector
(CTR4) is electrically connected with the connector (CT3)
of the flexible printed circuit board (FPC2). Similarly, the
connector (CTR3) is electrically connected with the con-
nector (CT3) of the flexible printed circuit board (FPCL).

[0178] FIG. 19A and 19B provide an illustration showing
the flexible printed circuit board (FPC1) and the flexible
printed circuit board (FPC2) before being bent, which are
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mounted around the liquid crystal display panel 10. more-
over, FIG. 20 is an enlarged view of the portion where the
liquid crystal display panel 10 is connected with the flexible
printed circuit boards (FPC1 and FPC2) in FIG. 19A.

[0179] InFIGS. 19A, 19B and 20, symbol TCON denotes
a semiconductor chip constituting the display controller 110,
DTM denotes a drain terminal, and GTM denotes a gate
terminal.

[0180] In FIGS. 17A and 18A, symbol SUB denotes a
reinforcing plate that is disposed between the lower shield
case (LF1) and the connector (CT4) to prevent the connector
(CT4) from coming off the connector (CTR4). Symbol SPC4
denotes a spacer provided between the shield case (SHD)
and the top polarizing plate (POLL), which is made of
nonwoven fabric and attached to the shield case (SHD) by
an adhesive.

[0181] In the case of each of the above embodiments, the
top polarizing plate (POLI) and the visual-field expansion
film (VINC]) are led from the glass substrate (SUB2) to
hold the top polarizing plate (POLI) and the visual-field
expansion film (VINC1) by the shield case (SHD). Each of
the above embodiments is ensured to have a sufficient
strength by adopting the above structure even if the frame
region is decreased in size.

[0182] Symbol DSPC denotes a drain spacer which is
provided between the shield case (SHD) and the glass
substrate (SB1) to prevent the shield case (SHD) from
colliding with the glass substrate (SUB1). Moreover,
because the drain spacer (DSPC) is so provided as to cover
the semiconductor chip (IC1), a notch (NOT) is formed in
the portion of the semiconductor chip (IC1). Thereby, the
shield case (SHD) and drain spacer (DSPC) do not collide
with the semiconductor chip (IC1). Furthermore, because
the drain spacer (DSPC) holds the flexible printed circuit
board (FPC2) over the external connection terminals of the
glass substrate (SUB1), it prevents the flexible printed
circuit board (FPC2) from separating from the glass sub-
strate (SUB1). Symbol FUS denotes a sealing material for
sealing the liquid crystal filling port of the liquid crystal
display panel.

[0183] The present invention has been specifically
described above in conjunction with the above embodi-
ments. However, the present invention is not restricted to the
specific embodiments described herein. It is matter of course
that various modifications of the present invention are
allowed as long as they do not deviate from the gist of the
present invention.

[0184] In the above embodiments, it is possible to
decrease the total number of switching devices of the
decoding circuit and decrease the chip size of video signal
line driving means.

[0185] Thereby, it is possible to generate gradation volt-
ages for multilevel gradation such as 256-level gradation
without increasing the chip size of the video signal line
driving means.

1. A liquid crystal display device comprising:

a liquid crystal panel having a plurality of pixels;

a driving circuit applying a video signal voltage to each of
the pixels in accordance with display data, the driving

circuit having a first circuit, a second circuit, and a
switching circuit;
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the switching circuit connecting an output terminal of the
first circuit with an input terminal of the second input;

wherein the first circuit outputs a first voltage and a
second voltage in accordance with first display data,
and outputs the second voltage and a third voltage in
accordance with second display data, the second volt-
age being lower than the first voltage, and the third
voltage being lower than the second voltage.

2. A liquid crystal display device comprising:

a liquid crystal panel having a plurality of pixels;

a driving circuit applying a video signal voltage to each of
the pixels in accordance with display data, the driving
circuit having a first circuit, a second circuit, and a
switching circuit;

the switching circuit connecting an output terminal of the
first circuit with an input terminal of the second input;

wherein the first circuit outputs two voltages of a first
voltage and a second voltage in accordance with first
display data, and outputs two voltages of the second
voltage and a third voltage in accordance with second
display data, the second voltage being lower than the
first voltage, and the third voltage being lower than the
second voltage; and

wherein the second circuit has a first input terminal and a
second input terminal into which the output voltages of
the first circuit are input, and outputs one of a plurality
of voltages that are generated from the two voltages
outputted by the first circuit.

12
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3. A liquid crystal display device comprising:
a liquid crystal panel having a plurality of pixels;

a driving circuit applying a video signal voltage to each of
the pixels in accordance with display data, the driving
circuit having a first circuit, a second circuit, and a
switching circuit;

wherein the first circuit outputs a first voltage to a first
output terminal, and a second voltage to a second
output terminal in accordance with first display data,
and outputs a second voltage to a second output ter-
minal and outputs a third voltage to the first output
terminal in accordance with the second display data,
the second voltage being lower than the first voltage,
and the third voltage being lower than the second
voltage;

wherein the second circuit has a first input terminal and a
second input terminal into which the output voltages of
the first circuit are input, and outputs one of a plurality
of voltages that are generated from the two voltages
outputted by the first circuit; and

wherein the switching circuit changes between a first
connection and a second connection, the first connec-
tion connecting the first output terminal to the first
input terminal and the second output terminal to the
second input terminal, and the second connection con-
necting the first output terminal to the second input
terminal and the second output terminal to the first
input terminal.
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