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FIG, 6
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates in general to liquid
crystal display devices and, in more particular, to a tech-
nique usefully applicable to an image signal drive unit (drain
driver or drivers) of a liquid crystal display device with
multilevel gradation/tone display abilities.

[0003] 2. Description of the Related Art

[0004] Liquid crystal display devices of the active matrix
type having an active element (e.g. thin-film transistor) on a
per-pixel basis and driving this active element to perform a
switching operation have widely been employed as the
display device of a notebook personal computer or the like.

[0005] These active-matrix liquid crystal display
(AMLCD) devices are such that due to application of an
image signal voltage (gradation/tone voltage corresponding
to display data, as will be referred to as gradation/tone
voltage hereinafter) to a pixel electrode via such active
element, any cross-talk is absent between respective pixels
and thus, it is no longer necessary to employ “special”
driving methods for prevention of crosstalk unlike simple-
matrix liquid crystal display devices, thereby enabling suc-
cessful achievement of multi-gradation-level or “gray-scale”
display abilities.

[0006] As one of the active-matrix liquid crystal display
devices, there is known a TFT liquid crystal display module,
which comprises a liquid crystal display panel of the thin-
film transistor (TFT) scheme, also called TEFT-LCD panel,
drain drivers as disposed on the upper side of the liquid
crystal display panel, and gate drivers and an interface
section as disposed along side faces of the liquid crystal
display panel.

[0007] FIG. 24 is a block diagram showing a schematic
configuration of one example of related art TFT liquid
crystal display module.

[0008] As shown in FIG. 24, a plurality of drain drivers
130 are disposed along a long edge side of the liquid crystal
display panel (TFT-LCD) 10 whercas a plurality of gate
drivers 140 are laid out along a short edge side of the liquid
crystal display panel 10.

[0009] Control signals that are output from a host com-
puter side such as a personal computer and consist essen-
tially of display data (image signal) of three primary colors
of red (R), green (G) and blue (B), a clock signal(s), a
display timing signal(s), and synchronization signals (hori-
zontal sync signal and vertical sync signal) are input to a
display control device (TFT controller) 110 via an interface
connector.

[0010] A control signal(s) and display data and the like
from the display control device 110 are input to each drain
driver 130 via a TFT controller substrate 301 and drain
driver substrate 302.

[0011] In addition, the control signal(s) from the display
control device 110 will be input to each gate driver 140
through the TFT controller substrate 301 and a gate driver
substrate 303.
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[0012] Note that depiction of a wiring layer(s) on or over
the TFT controller substrate is eliminated in FIG. 24.

[0013] Also note that although more than one wiring layer
other than the wiring layer shown in FIG. 24 is also
provided on the drain driver substrate and gate driver
substrate, only four lines of wiring layers for the drain driver
substrate 302 and only two lines of wiring layers for the gate
driver substrate 303 are depicted in FIG. 24.

[0014] The drain drivers 130 and gate drivers 140 are
constituted from semiconductor chips (ICs), wherein these
semiconductor chips (ICs) are mounted on a film substrate
by either the so-called tape carrier techniques or chip-on-
film techniques.

[0015] As shown in FIG. 25 a wiring layer (COFA) is
formed on the film substrate 310 from the periphery, wherein
terminals (BUMP) being provided at the periphery of semi-
conductor chip (IC) are coupled by bonding to this wiring
layer (COFA).

[0016] Here, drain driver terminals (BUMP) are typically
provided along the peripheral portions thereof, one example
of which is shown in FIG. 26.

[0017] As shown in FIG. 26, input terminals (BUMP2)
are disposed along one side for enabling connection of
wiring leads from the drain driver substrate 302 whereas
output terminals (BUMP1) are disposed at either the remain-
ing three sides or four peripheral portions including right
and left spaces of a side along which the input terminals
(BUMP2) are disposed.

[0018] Additionally output circuits 330 within the drain
drivers corresponding to respective output terminals
(BUMP1) are typically laid out into a linear array in a way
identical to output terminal positions.

[0019] Note that such liquid crystal display device has
been recited, for example, in Japanese Patent Laid-Open No.
281930/1997.

[0020] 1In recent years, in liquid crystal display devices
such as TFT liquid crystal display modules, with the increas-
ing demand for larger display screen sizes of liquid crystal
display panels, they are in the tendency toward increase in
pixel number of a liquid crystal display panel and also
requirement for achievement of higher precision; and, in
accordance therewith, gate signal lines and drain signal lines
also increase in number resulting in a likewise increase in
input/output terminal number of the drain drivers.

[0021] For instance, with an XGA-format liquid crystal
display panel, the requisite number of drain signal lines is
3,072 (=1,024x3 (RGB)). Assuming that drain drivers with
384 output terminals are used, the required number of drain
drivers in the XGA-LCD panel becomes as large as 8
(=3,072/384).

[0022] 1In contrast, with the quest for higher precision
further advances up to UXGA specifications, the resultant
number of drain signal lines is 4,800 (=1,600x3 (RGB)). As
in the previous case, supposing that drain drivers with the
384 output terminal number are used, the required drain
driver number in UXGA-LCD panels becomes 12.5 (=4,
800/384).

[0023] 1In this way, the higher the precision of liquid
crystal display panels, the greater the drain line number per
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liquid crystal display panel, resulting in an increase in
number of drain drivers required.

[0024] Whereby the resulting load capacitance of the
display control device 110 increases accordingly, resulting
in occurrence of a problem as to an incapability to drive the
drain drivers 130.

[0025] In order to prevent the number of drain drivers
from changing even when a liquid crystal display panel
increases in precision, it should be required to increase the
output terminal number per drain driver.

[0026] Generally, semiconductor chips (ICs) making up
the drain drivers are such that the outer shape thereof is like
a laterally elongated plate shape, wherein if output terminals
(BUMP) per drain driver increase in number then it becomes
necessary to increase the length of a semiconductor chip
(IC) along its lateral direction.

[0027] In addition, while semiconductor chips (ICs) are
fabricated by cutaway processes after having formed a
plurality of ones on a single semiconductor wafer, the
greater the lateral directional length of semiconductor chips
(ICs) with a further increased length in lateral direction
thereof, the less the number of chips obtainable from a single
wafer, resulting in an undesirable increase in price of a
single semiconductor chip (IC).

[0028] Further, with laterally lengthened semiconductor
chips (ICs) with a further increased length in the lateral
direction thereof, there is an anxiety that excessive increase
beyond the exposure range can take place when forming
semiconductor chips (ICs) through the so-called step-and-
repeat exposure process on the surface of a single semicon-
ductor wafer.

[0029] To avoid this, it will be required to make use of
exposure apparatus of high price, resulting in an increase in
price of a single semiconductor chip (IC).

[0030] On the other hand, while liquid crystal display
devices are under strict requirement for lower prices, there
is a problem that the higher the semiconductor chip (IC)
making up the drain driver 130, the higher the price of a
liquid crystal display device.

[0031] In addition, with an increase in drain signal lines,
there is a tendency to inevitable increase in pitch of the
output terminals (BUMPL) of drain drivers 130; thus, there
is a problem that probing becomes difficult during screening
of semiconductor chips (ICs).

[0032] Furthermore, with such increase in drain signal
lines, the circuit scale of a single drain driver 130 tends to
grow larger; thus, there is a problem that a voltage drop-
down due to the presence of wiring lead impedances within
semiconductor chip (IC) becomes no longer negligible.

SUMMARY OF THE INVENTION

[0033] The the invention was made in order to avoid the
problems faced with the related art, and a primary object of
the invention is to provide a technique capable of sufficiently
handling or coping with any increases in pixel number of a
liquid crystal display element in the liquid crystal display
device while at the same time enabling achievement of a low
price.
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[0034] Tt is another object of the invention to provide a
technique adaptable for use in a liquid crystal display device
for enabling simplified execution of test/inspection proce-
dures even when the output terminal number of a semicon-
ductor integrated circuit device of an image line drive unit
increases.

[0035] Tt is still another object of the invention to provide
a technique in the liquid crystal display device for enabling
prevention of any possible voltage dropdown otherwise
occurring due to a wiring layer(s) within a semiconductor
integrated circuit device even when the output terminal
number of the semiconductor integrated circuit device of
image line drive unit increases.

[0036] These objects and new features of the invention
will become apparent from the description of the specifica-
tion and the accompanying drawings.

[0037] A summary of representative ones of the inventions
as disclosed herein will be explained in brief below.

[0038] To be brief, the invention is concerned with a liquid
crystal display device which comprises a liquid crystal
display element having a plurality of pixels and a plurality
of image signal lines for applying a gradation/tone voltage
corresponding to display data to the plurality of pixels and
image signal line drive unit for supplying to each the image
signal line a gradation/tone voltage corresponding to display
data, wherein the image line drive unit has more than one
semiconductor integrated circuit device, and the semicon-
ductor integrated circuit device has a first output terminal
section which is provided for example at a central portion in
a short side direction of the semiconductor integrated circuit
device and also in a longitudinal direction of the semicon-
ductor integrated circuit device, and a pair of output circuit
units provided on both sides of the first output terminal
section in a short side direction of the semiconductor inte-
grated circuit device for generating a gradation/tone voltage
to be supplied to each image signal line.

[0039] In addition, the invention is concerned with a liquid
crystal display device which comprises a liquid crystal
display element having a plurality of pixels and a plurality
of image signal lines for applying a gradation/tone voltage
corresponding to display data to the plurality of pixels and
image signal line drive unit for supplying to each image
signal line a gradation/tone voltage corresponding to display
data, wherein the image line drive unit has a plurality of
semiconductor integrated circuit devices, and each semicon-
ductor integrated circuit device has an input circuit unit as
provided in a short side direction of the semiconductor
integrated circuit device, a first output terminal section
provided on both sides of the input circuit unit in a longi-
tudinal direction of the semiconductor integrated circuit
device and also provided in the longitudinal direction of the
semiconductor integrated circuit device, and a pair of output
circuit units provided on both sides of the first output
terminal section in the short side direction of the semicon-
ductor integrated circuit device, for generating a gradation/
tone voltage to be supplied to each image signal line.

[0040] Additionally, according to one preferred form of
the invention, in a region other than the first output terminal
section and the output circuit unit, is provided a second
output terminal section as provided along a peripheral
portion of two short sides of at least the semiconductor
integrated circuit device.
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[0041] In addition, according to one preferred form of the
invention, the pair of output circuit units are such that a
positive polarity output circuit unit for generation of a
positive gradation/tone voltage and a negative polarity out-
put circuit unit for generation of a negative gradation/tone
voltage are provided alternately.

[0042] In addition, according to one preferred form of the
invention, one output circuit unit of the pair of output circuit
units is provided with a positive polarity output circuit unit
for generation of a positive gradation/tone voltage, and a
remaining output circuit unit of the pair of output circuit
units is provided with a negative polarity output circuit unit
for generation of a negative gradation/tone voltage.

[0043] In addition, according to one preferred form of the
invention, the output circuit unit has a buffer circuit, a
decoder circuit, a data latch circuit, and a shift register
circuit, wherein the buffer circuit, decoder circuit, data latch
circuit and shift register circuit are disposed from the first
output terminal section toward the short side direction of the
semiconductor integrated circuit device in an order of the
buffer circuit, decoder circuit, data latch circuit and shift
register circuit.

[0044] Additionally, the invention is concerned with a
liquid crystal display device comprising a liquid crystal
display element having a plurality of pixels and a plurality
of image signal lines for applying a gradation/tone voltage
corresponding to display data to the plurality of pixels and
image signal line drive unit for supplying to each image
signal line a gradation/tone voltage corresponding to display
data, wherein the image line drive unit has a plurality of
semiconductor integrated circuit devices, and each semicon-
ductor integrated circuit device has an input circuit unit as
provided in a short side direction of the semiconductor
integrated circuit device, a plurality of output terminal
sections provided on both sides of the input circuit unit in a
longitudinal direction of the semiconductor integrated cir-
cuit device and also provided in the longitudinal direction of
the semiconductor integrated circuit device, and a pair of
output circuit units provided per each output terminal sec-
tion on both sides of each output terminal section in the short
side direction of the semiconductor integrated circuit device
for generating a gradation/tone voltage to be supplied to
each image signal line.

[0045] Additionally, the invention is concerned with a
liquid crystal display device comprising a liquid crystal
display element having a plurality of pixels and a plurality
of image signal lines for applying a gradation/tone voltage
corresponding to display data to the plurality of pixels and
image signal line drive unit for supplying to each image
signal line a gradation/tone voltage corresponding to display
data, wherein the image line drive unit has a film substrate
with a plurality of wiring layers formed thereover and more
than one semiconductor integrated circuit device as mounted
on the film substrate, the semiconductor integrated circuit
device has in a region other than peripheral part of the
semiconductor integrated circuit device a plurality of bump
electrodes as provided in the longitudinal direction of the
semiconductor integrated circuit device, and part of the
wiring layers of the film substrate is connected at one end to
each bump electrode of the semiconductor integrated circuit
device and also provided to extend from the one end up to
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the peripheral part of the film substrate while letting part
including the one end be covered by the semiconductor
integrated circuit device.

[0046] Additionally, the invention is concerned with a
liquid crystal display device comprising a liquid crystal
display element having a pair of substrates and a liquid
crystal layer interposed between the pair of substrates and
also having a plurality of pixels and a plurality of image
signal lines for application of a gradation/tone voltage
corresponding to display data to the plurality of pixels of the
liquid crystal layer, and an image signal drive unit for
supplying a gradation/tone voltage corresponding to display
data to each image signal line, wherein the image signal line
drive unit has more than one semiconductor integrated
circuit device as mounted on one substrate of the pair of
substrates, the semiconductor integrated circuit device has in
a region other than peripheral part of the semiconductor
integrated circuit device a plurality of bump electrodes as
provided in a longitudinal direction of the semiconductor
integrated circuit device, part of the image signal lines being
formed on the one substrate is such that a terminal section
is connected to each bump electrode of the semiconductor
integrated circuit device while letting a region including the
terminal section be covered by the semiconductor integrated
circuit device.

[0047] In addition, according to one preferred form of the
invention, the plurality of bump electrodes are formed into
a plurality of columns in the longitudinal direction of the
semiconductor integrated circuit device.

[0048] In addition, according to one preferred form of the
invention, more than one bump electrode of a partial column
of the plurality of columns is arranged so that a length in the
longitudinal direction of the semiconductor integrated cir-
cuit device is longer than a length of a bump electrode in the
longitudinal direction of the semiconductor integrated cir-
cuit device, the bump electrode belonging to a column in a
direction in which the wiring layer of the film substrate is
extended than the column.

[0049] Additionally, the invention is concerned with a
liquid crystal display device comprising a liquid crystal
display element having a plurality of pixels and a plurality
of image signal lines for applying a gradation/tone voltage
corresponding to display data to the plurality of pixels and
image signal line drive unit for supplying to each image
signal line a gradation/tone voltage corresponding to display
data, wherein the image line drive unit has a film substrate
with a plurality of wiring layers formed thereover and more
than one semiconductor integrated circuit device as mounted
on the film substrate, the semiconductor integrated circuit
device has a plurality of bump electrodes, and portions of the
plurality of bump electrodes are electrically connected
together by a wiring layer as provided at the film substrate.

[0050] Additionally, the invention is concerned with a
liquid crystal display device comprising a liquid crystal
display element having a plurality of pixels and a plurality
of image signal lines for applying a gradation/tone voltage
corresponding to display data to the plurality of pixels, and
an image signal line drive unit for supplying to each image
signal line a gradation/tone voltage corresponding to display
data, wherein the image line drive unit has a film substrate
with a plurality of wiring layers formed thereover and more
than one semiconductor integrated circuit device as mounted
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on the film substrate, the semiconductor integrated circuit
device has a plurality of bump electrodes, portions of the
plurality of bump electrodes are electrically connected
together by a wiring layer as provided at the film substrate,
and an input signal is externally applied to the wiring layer
for connection between the bump electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] FIG. 1 is a block diagram schematically showing
a configuration of a liquid crystal display module of the TET
type to which the the invention is applied;

[0052] FIG. 2 is a diagram showing an equivalent circuit
of one example of the liquid crystal display panel shown in
FIG. 1;

[0053] FIG. 3 is a diagram showing an equivalent circuit
of another example of the liquid crystal display panel shown
in FIG. 1;

[0054] FIG. 4 is a diagram for explanation of the polarity
of a liquid crystal drive voltage as output from a drain driver
to a drain signal line (D) in case a dot inversion method is
used as a drive method of the liquid crystal display module;

[0055] FIG. 5 is a block diagram schematically showing
a configuration of one example of the drain driver shown in
FIG. 1,

[0056] FIG. 6 is a block diagram used to explain more
practically a configuration of one example of the drain driver
shown in FIG. 5;

[0057] FIG. 7 is a block diagram used to explain more
practically a configuration of another example of the drain
driver shown in FIG. 5;

[0058] FIG. 8 is a circuit diagram showing a schematic
configuration of one example of a high-voltage decoder
circuit and low-voltage decoder circuit shown in FIGS. 6
and 7;

[0059] FIG. 9 is a circuit diagram showing a schematic
arrangement of one example of the high-voltage amplifier
circuit and low-voltage amplifier circuit shown in FIGS. 6
and 7;

[0060] FIG. 10 is a circuit diagram showing a differential
amplifier circuit for use in an operational amplifier of the
low-voltage amplifier circuit shown in FIG. 9;

[0061] FIG. 11 is a circuit diagram showing a differential
amplifier circuit for use in an operational amplifier of the
high-voltage amplifier circuit shown in FIG. 9;

[0062] FIG. 12 is a circuit diagram showing a circuit
configuration of a selector circuit as one example of an
output selection circuit shown in FIG. 7;

[0063] FIG. 13 is a diagram showing a layout of internal
circuitry of a semiconductor chip (IC) making up the drain
driver of Embodiment 1 of the the invention;

[0064] FIG. 14 is a diagram showing a layout of a wiring
layer (COFA) on a film substrate in accordance with
Embodiment 1 of the invention;

[0065] FIG. 15 is a diagram showing a layout of internal
circuitry of a semiconductor chip (IC) constituting a drain
driver of Embodiment 2 of the invention;
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[0066] FIG. 16 is a pictorial diagram showing a structure
of a related known decoder circuit within a semiconductor
chip (IC);

[0067] FIG. 17 is a pictorial diagram showing a structure
of a decoder circuit within a semiconductor chip (IC) in
accordance with Embodiment 2 of the invention;

[0068] FIG. 18 is a diagram showing a layout of internal
circuitry of a semiconductor chip (IC) constituting a drain
driver of Embodiment 3 of the invention;

[0069] FIG. 19 is a diagram showing a layout of a wiring
layer (COFA) on a film substrate of Embodiment 3 of the
invention;

[0070] FIG. 20 is a diagram for explanation of disposal of
output terminals (BUMP1) of a semiconductor chip (IC)
making up a drain driver of Embodiment 4 of the invention;

[0071] FIG. 21 is a diagram for explanation of part of a
terminal (BUMP) of a semiconductor chip (IC) making up
a drain driver of Embodiment 5 of the invention along with
part of a wiring layer (COFB) that is formed on a film
substrate;

[0072] FIG. 22 is a diagram for explanation of a modified
example of FIG. 21;

[0073] FIG. 23 is a diagram for explanation of a modifi-
cation of FIG. 21;

[0074] FIG. 24 is a block diagram showing a schematic
configuration of one example of a related art TFT liquid
crystal display module;

[0075] FIG. 25 is a diagram showing a related art film
substrate with drain drivers mounted thereon; and

[0076] FIG. 26 is a diagram showing a configuration of
the terminal section of a related art drain driver.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0077] Preferred embodiments of the the invention will be
explained with reference to the accompanying drawings
below.

[0078] Note that in all the drawings used to explain the
embodiments of the invention, those having same functions
will be designated by same reference characters and any
repetitive explanation thereof will be eliminated.

[0079] (Embodiment 1)

[0080] <Basic Arrangement of Display Device to Which
the Invention is Applied>

[0081] FIG. 1 is a block diagram schematically showing
an arrangement of a liquid crystal display module of the TFT
type to which the invention is applied.

[0082] The liquid crystal display module (LCM) shown in
FIG. 1 is such that drain drivers 130 are disposed along one
side on the long edge side of a liquid crystal display panel
(TFT-LCD) 10 whereas gate drivers 140 are laid out along
one side on the short edge side of the liquid crystal display
panel 10.

[0083] The liquid crystal display panel 10 is constituted
from 1,600x800x3 picture elements, for example.
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[0084] Additionally here, a single picture element is to be
understood to mean one pixel (Pix) of red (R), green (G) and
blue (B).

[0085] Control signals being output from a host computer
side such as a personal computer, which signals consist
essentially of three-color display data (image signal) of red
(R), green (G) and blue (B), clock signal, display timing
signal and synchronization signals (horizontal sync signal,
vertical sync signal) are input via an interface connector to
a display control device (TFT controller) 110.

[0086] In the illustrative embodiment an interface unit 100
is mounted on the above-noted TFT controller substrate 301
shown in FIG. 24, the drain drivers 130 are mounted on the
drain driver substrate 302 shown in FIG. 24, and the gate
drivers 140 are on the gate driver substrate 303 shown in
FIG. 24.

[0087] Here, semiconductor chips (ICs) making up the
drain drivers 130 and gate drivers 140 are mounted on a film
substrate 310 by either so-called tape carrier package tech-
niques or chip-on-film techniques.

[0088] Note that the above semiconductor chips (ICs) may
alternatively be mounted directly on one transparent sub-
strate of the liquid crystal display panel 10 by chip-on-glass
technologies.

[0089] <Arrangement of Liquid Crystal Display Panel 10
Shown in FIG. 1>

[0090] FIG. 2 is a diagram showing an equivalent circuit
of one example of the liquid crystal display panel 10 shown
in FIG. 1.

[0091] As shown in this FIG. 2, the liquid crystal display
panel 10 has a plurality of picture elements or pixels that are
formed into a matrix form.

[0092] Each pixel is disposed within a cross-over or
“intersection” region defined by two neighboring signal
lines (drain signal lines (D) or gate signal lines (G)) and two
neighboring signal lines (gate signal lines (G) or drain signal
lines (D)).

[0093] Each pixel has thin-film transistors (TFT1, TEFT2),
wherein source electrodes of such thin-film transistors
(TFT1, TFT2) are connected to a pixel electrode (ITO1).

[0094] Additionally, since a liquid crystal layer is pro-
vided between the pixel electrode (ITO1) and a common
electrode (ITO2), a liquid crystal capacitor (CLC) is equiva-
lently connected between the pixel electrode (ITO1) and
common electrode (ITO2).

[0095] Further, an additional capacitor (CADD) is con-
nected between the source electrodes of the thin-film tran-
sistors (TFT1, TFT2) and a gate signal line (G) of the
previous stage.

[0096] FIG. 3 is a diagram showing an equivalent circuit
of another example of the liquid crystal display panel 10
shown in FIG. 1.

[0097] While in the example shown in FIG. 2 the addi-
tional capacitor (CADD) is formed between the pre-stage
gate signal line (G) and the source electrode, the equivalent
circuit of the example shown in FIG. 3 is different therefrom
in that the storage capacitor (CSTG) is formed between a
common signal line (CN) and source electrode.
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[0098] Although the the invention is applicable to the
both, the former scheme is such that a pre-stage gate signal
line (G) pulse jumps into the pixel electrode (ITO1) through
the additional capacitor (CADD) whereas the latter scheme
is such that such jump-in will no longer take place enabling
achievement of more excellent displaying.

[0099] Note that FIGS. 2 and 3 show equivalent circuits
of liquid crystal display panels of the type employing
longitudinal electric field schemes. In FIGS. 2-3, “AR” is a
display region.

[0100] Additionally, although FIGS. 2-3 are circuit dia-
grams, illustration is made in a way corresponding to
actually implementable geometric layouts.

[0101] In the liquid crystal display panels 10 shown in
FIGS. 2-3, drain electrodes of thin-film transistors (TFT1,
TFT2) of each of the pixels that are disposed in a column
direction are connected to drain signal lines (D) respectively,
wherein each drain signal line (D) is connected to a drain
driver 130 which applies a gradation/tone voltage to liquid
crystal of each pixel in the column direction.

[0102] In addition, gate electrodes of thin-film transistors
(TFT1, TFT2) in each of the pixels that are disposed in a row
direction are connected to gate signal lines (G) respectively,
wherein each gate signal line (G) is connected to a gate
driver 140 which supplies within one horizontal scanning
time period a scan drive voltage (positive bias voltage or
negative bias voltage) to the gate electrodes of the thin-film
transistors (TFT1, TFT2) of each pixel in the row direction.

[0103] <Arrangement and Operation Summary of Inter-
face Unit 100 Shown in FIG. 1>

[0104] The interface unit 100 shown in FIG. 1 is made up
from a display control device 110 and a power supply circuit
120.

[0105] The display control device 110 is formed of a
single semiconductor integrated circuit (LSI), which is oper-
able to control and drive the drain drivers 130 and gate
drivers 140 on the basis of display data (R-G'B) and respec-
tive display control signals including but not limited to a
clock signal, display timing signal, horizontal sync signal
and vertical sync signal as transmitted from a computer main
body side.

[0106] Upon inputting of the display timing signal, the
display control device 110 judges it as a display startup
position and then outputs a start pulse (display data accept
start signal) to a first drain driver 130 via a signal line 135
and further outputs the received display data of simple one
column to drain drivers 130 through a display data bus line
133.

[0107] In such an event the display control device 110
outputs via a signal line 131 a display data latch-use clock
(CL2) (simply referred to as “clock (CL2)” hereinatter)
which is a display control signal for latching display data at
a data latch circuit of each drain driver 130.

[0108] Tt should be noted that even in this embodiment
also, the control signals and display data or the like from the
display control device 110 are input to each drain driver 130
via the TFT controller substrate 301 and drain driver sub-
strate 302 in the above-stated way shown in FIG. 24.
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[0109] Display data from the computer main body side is
of 6 bits for example and will be transferred on a per-unit
time basis with single pixel being as a unit, that is, with
respective data bits of red (R), green (G) and blue (B) being
combined together into one set.

[0110] In addition a latching operation of the data latch
circuit at the first drain driver 130 will be controlled in
response to the start pulse as input to the first drain driver
130.

[0111] Upon termination of the latch operation of the data
latch circuit at this first drain driver 130, the start pulse is
input from the first drain driver 130 to a second drain driver
130 for control of a latch operation of a data latch circuit at
the second drain driver 130.

[0112] Thereafter, a similar operation will be repeated for
controlling the latch operation of a data latch circuit at each
drain driver 130, thereby preventing incorrect display data
from being written into the data latch circuit.

[0113] Upon termination of inputting of the display timing
signal or alternatively when a predefined length of time is
elapsed from a time point at which the display timing signal
was inputted, the display control device 110 regards it as
termination of display data of one horizontal portion and
then outputs to each drain driver 130 via a signal line 132 an
output timing control clock (CL1) (simply referred to as
clock (CL1) hereafter) which is a display control signal for
outputting the display data being stored or accumulated at
the data latch circuit at each drain driver 130 to more than
one drain signal line (D) of the liquid crystal display panel
10.

[0114] Additionally when the first display timing signal is
input after input of a vertical sync signal, the display control
device 110 judges it as a first display line and then outputs
a frame start instruction signal to the gate driver(s) 140 via
a signal line 142.

[0115] Further, the display control device 110 outputs
based on a horizontal sync signal a clock (CL3) that is a shift
clock of one horizontal scan time period to the gate driver(s)
140 via a signal line 141 for sequential application of a
positive bias voltage to each gate signal line (G) of the liquid
crystal display panel 10 once at a time whenever one
horizontal scan period has elapsed.

[0116] Thus, a plurality of thin-film transistors (TFT1,
TFT2) connected to each gate signal line (G) of the liquid
crystal display panel 10 are rendered conductive within the
one horizontal scan time period.

[0117] With the above operation, an image will be dis-
played on the liquid crystal display panel 10.

[0118] <Arrangement of Power Supply Circuit 120 Shown
in FIG. 1>

[0119] The power supply circuit 120 shown in FIG. 1 is
configured from a positive voltage generation circuit 121, a
negative voltage generator circuit 122, a common electrode
(opposite or “counter” electrode) voltage generator circuit
123, and a gate electrode voltage generator circuit 124.

[0120] The positive voltage generator circuit 121 and
negative voltage generator circuit 122 are each formed of a
serial resistance voltage divider circuit, wherein the positive
voltage generator circuit 121 is designed to output a five-
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value gradation/tone reference voltage of the positive polar-
ity (V"0 to V"4) whereas the negative voltage generator
circuit 122 outputs a five-value gradation/tone reference
voltage of the negative polarity (V"5 to V"9).

[0121] These five-value gradation/tone reference voltage
of the positive polarity (V"0 to V"4) and five-value grada-
tion/tone reference voltage of the negative polarity (v"5 to
V"9) are supplied to each drain driver 130.

[0122] In addition, a polarity inversion signal (AC-modi-
fied signal M) from the display control device 110 is also
supplied to each drain driver 130 via a signal line 134.

[0123] The common electrode voltage generator circuit
123 generates a drive voltage to be applied to a common
electrode (ITO2) whereas the gate electrode voltage genera-
tor circuit 124 generates drive voltages (positive bias voltage
and negative bias voltage) being applied to the gate elec-
trodes of thin-film transistors (TFT1, TFT2).

[0124] <AC-Modified Drive Method of Liquid Crystal
Display Module Shown in FIG. 1>

[0125] Generally the liquid crystal layer is such that if the
same voltage (DC voltage) is being applied a long time then
the liquid crystal layer’s inclination or tilt is fixed resulting
in occurrence of after-image phenomena, which in turn
causes a decrease in lifetime of the liquid crystal layer.

[0126] To avoid this, the liquid crystal display module is
designed so that any voltage being applied to the liquid
crystal layer is converted to an AC-like voltage—say, AC-
modified—once at a time whenever a predefined length of
time has elapsed; more specifically, let a voltage being
applied to a pixel electrode potentially change toward the
positive voltage side/negative voltage side in units of pre-
determined time periods with the voltage as applied to a
common electrode being as a standard or “reference.”

[0127] XKnown drive methodology for applying such AC-
modified voltage to this liquid crystal layer includes two
methods: a common symmetry method, and common inver-
sion method.

[0128] The common inversion method is the method that
alternately inverts the voltage being applied to the common
electrode and the voltage applied to pixel electrode to have
positive and negative polarities.

[0129] In contrast, the common symmetry method is the
method that makes the voltage being applied to the common
electrode constant in potential while alternately inverting the
voltage as applied to the pixel electrode into positive and
negative polarities with the voltage applied to the common
electrode being as a reference.

[0130] Although the common symmetry method has a
disadvantage that the amplitude of a voltage being applied to
pixel electrode (ITO1) becomes two times greater than that
in the common inversion method resulting in presence of an
incapability to make use of any low breakdown-voltage
drivers unless “special” liquid crystals low in threshold
voltage is newly developed, it is possible to use either dot
inversion methods or N-line inversion methods excellent
both in lower power consumption and in higher display
quality.
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[0131] One typical dot inversion method will next be
explained below.

[0132] FIG. 4 is a diagram used to explain the polarity of
a liquid crystal drive voltage (i.e. gradation/tone voltage
being applied to pixel electrode (ITO1)) that is output from
a drain driver 130 onto its associative drain signal line (D)
in case the dot inversion method is used as a liquid crystal
display module driving method.

[0133] As shown in FIG. 4, in the case where the dot
inversion method is used as the liquid crystal display module
drive method, at an odd-numbered line of an odd-numbered
frame for example, a liquid crystal drive voltage (indicated
by “@” in FIG. 4) that is of the negative polarity relative to
a liquid crystal drive voltage (VCOM) to be applied to the
common electrode (ITO2) is applied from a drain driver 130
to an odd-numbered drain signal line (D) whereas a liquid
crystal drive voltage (indicated by “O” in FIG. 4) that is
positive in polarity relative to the liquid crystal drive voltage
(VCOM) being applied to the common electrode (ITO2) is
applied to an even-numbered drain signal line (D).

[0134] Further, at an even-numbered line of the odd-
numbered frame, a liquid crystal drive voltage of the posi-
tive polarity is applied from drain driver 130 to odd-
numbered drain signal line (D) while letting a liquid crystal
drive voltage of the negative polarity be applied to even-
numbered drain signal line (D).

[0135] In addition, the polarity per each line is inverted in
units of frames. More specifically, as shown in FIG. 4, at an
odd-numbered line of even-numbered frame, a positive
liquid crystal drive voltage is applied from drain driver 130
to odd-numbered drain signal line (D) whereas a negative
liquid crystal drive voltage is applied to even-numbered
drain signal line (D).

[0136] Further, at even-numbered line of even-numbered
frame, a negative liquid crystal drive voltage is applied from
drain driver 130 to odd-numbered drain signal line (D)
whereas a positive liquid crystal drive voltage is applied to
even-numbered drain signal line (D).

[0137] The use of this dot inversion method permits
voltages being applied to neighboring drain signal lines (D)
to have reversed polarities, which in turn makes it possible
for currents flowing into common electrodes (ITO2) and/or
thin-film transistor (TFT1, TFT2) gate electrodes to cancel
out each other between neighboring ones, resulting in a
decrease in resultant power consumption.

[0138] Another advantage lies in an ability to render the
common electrode (ITO2)’s voltage level stable to thereby
greatly suppress or minimize display quality reducibilities
because of the fact that the common electrode (ITO2)—
flowing current becomes less thereby preventing voltage
dropdown from becoming greater.

[0139] <Arrangement of Drain Driver 130 Shown in FIG.
1>
[0140] FIG. 5 is a block diagram schematically showing

a configuration of one example of the drain driver 130
shown in FIG. 1.

[0141] Note that the drain driver 130 is formed of a single
semiconductor integrated circuit (LSI).
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[0142] InFIG. 5 a gradation/tone voltage generator circuit
151 generates a positive gradation/tone voltage with 64
gradation levels or “gray scales” based on the positive-
polarity five-value gradation/tone reference voltage (V"0 to
V"4) as input from the positive voltage generator circuit 121
and also a negative gradation/tone voltage with 64 gray
scales based on the negative five-value gradation/tone ref-
erence voltage (V"5 to V"9) being input from the negative
voltage generator circuit 122, and then outputs the respec-
tive 64-gray-scale gradation/tone voltages of the positive
and negative polarities to a decoder circuit 157 through a
voltage bus line(s).

[0143] Additionally a shift register circuit 153 generates a
data accept signal based on a shift clock synchronized with
a clock (CL2) being output from a clock control circuit 152
and then outputs it to a latch circuit (1) 155.

[0144] Display data to be input from the display control
device 110 is temporarily latched at an input latch circuit
154.

[0145] This input latch circuit 154 latches the display data
based on a clock from a clock control circuit 152.

[0146] The latch circuit (1) 155 is operable based on the
data accept signal as output from shift register circuit 153 to
latch an output line-equivalent number of 6-bit display data
per each color being output from the input latch circuit 154
in a way synchronous with the clock (CL2) as input from
display control device 110.

[0147] A latch circuit (2) 156 latches the display data
within the latch circuit (1) 155 in accordance with a clock
(CL1) being input from the display control device 110.

[0148] The display data as taken into or “imported” to this
latch circuit (2) 156 will then be input to the decoder circuit
157 via internal level-shift circuitry.

[0149] The decoder circuit 157 selects from either the
positive 64-gray-scale gradation/tone voltage or negative
64-gray-scale gradation/tone voltage a single gradation/tone
voltage corresponding to the display data (voltage indicative
of the one selected from among 64 gradation levels) and then
outputs it to a buffer circuit 158.

[0150] The buffer circuit 158 amplifies (current-amplifies)
the input gradation/tone voltage for output to each drain
signal line (D).

[0151] FIG. 6 is a block diagram that is used to more
practically explain a configuration of one example of the
drain driver 130 shown in FIG. 5.

[0152] In FIG. 6, reference numeral “153” designates the
shift register circuit shown in FIG. 5, and 157 denotes the
decoder circuit shown in FIG. 5, wherein a data latch unit
262 represents latching of the latch circuit (1) 155 and latch
circuit (2) 156 shown in FIG. 5 whereas a level shift circuit
263 indicates a level-shift circuit within the latch circuit (2)
shown in FIG. 5.

[0153] Further, an amplifier circuit 264 and an output
selector circuit 265 for changing over or switching an output
of the amplifier circuit 264 constitute the buffer circuit 157
shown in FIG. 5.

[0154] Here, a display data selector circuit 261 and the
output selector circuit 265 are controlled based on a polarity
inversion signal (M).
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[0155] In addition, Y1,Y2, Y3,Y4, Y5 and Y6 designate
first, second, third, fourth, fifth and sixth drain signal lines
(D), respectively.

[0156] Inthe drain driver 130 shown in FIG. 6, the display
data selector circuit 261 is operable to switch a data accept
signal as input by the display data selector circuit 261 to the
data latch unit 262 (in more detail, latch circuit (1) 155
shown in FIG. 5) and then input continuous display data to
the neighboring data latch units 262.

[0157] The decoder circuit 157 is formed of a high-voltage
decoder circuit 251 which selects from among positive-
polarity gradation/tone voltages of 64 gray scale levels being
supplied from the gradation/tone voltage generator circuit
151 a gradation/tone voltage of the positive polarity that
corresponds to display data to be output from each data latch
circuit 262 (in greater detail, latch circuit (2) 156 shown in
FIG. 5), and a low-voltage decoder circuit 252 which selects
from among negative gradation/tone voltages of 64 gray
scales being supplied from the gradation/tone voltage gen-
erator circuit 151 a gradation/tone voltage of the negative
polarity that corresponds to display data to be output from
each data latch circuit 262.

[0158] The high-voltage decoder circuit 251 and low-
voltage decoder circuit 252 are provided in units of neigh-
boring data latch units 262.

[0159] The amplifier circuit 264 is formed of a high-
voltage amplifier circuit 271 and low-voltage amplifier
circuit 272.

[0160] A positive gradation/tone voltage as generated at
the high-voltage decoder circuit 251 is input to the high-
voltage amplifier circuit 271, which then outputs a positive
gradation/tone voltage.

[0161] A negative gradation/tone voltage as generated at
the low-voltage decoder circuit 252 is input to the low-
voltage amplifier circuit 272, which then outputs a negative
gradation/tone voltage.

[0162] With the dot inversion method, gradation/tone volt-
ages of continuous display data will become reversed in
polarity to each other while a serial array layout or “queue”
of amplifier circuits 264 becomes the high-voltage amplifier
circuit 271—low-voltage amplifier circuit 272—high-volt-
age amplifier circuit 271—low-voltage amplifier circuit 272;
thus, it becomes possible to output either positive or nega-
tive gradation/tone voltage to each drain signal line (D) by
causing the display data selector circuit 261 to switch
display data being input to the data latch unit 262 and then
input continuous display data to alternately neighboring data
latch units 262 while in a way synchronized therewith letting
the output selector circuit 265 switch an output voltage as
output from either the high-voltage amplifier circuit 271 or
low-voltage amplifier circuit 272 and then output it to more
than one drain signal line (D) from which the gradation/tone
voltage of continuous display data will be output—for
example, a first drain signal line (Y1) and second drain
signal line (Y2).

[0163] FIG. 7 is a block diagram used to more practically
explain the configuration of another example of the drain
driver 130 shown in FIG. 3.

[0164] This example shown in FIG. 7 is the one which is
arranged to utilize the fact that gradation/tone voltages of
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neighboring display data of respective colors become
reversed in polarity to each other for causing the display data
selector circuit 261 to switch display data being input to the
data latch unit 262 and then input continuous display data of
respective colors to neighboring data latch units 262 while
in a way synchronized therewith letting the output selector
circuit 265 switch an output voltage as output from either the
high-voltage amplifier circuit 271 or low-voltage amplifier
circuit 272 and then output it to certain drain signal lines (D)
from which the gradation/tone voltages of continuous dis-
play data of respective colors will be output—e.g. the first
drain signal line (Y1) and fourth drain signal line (Y4).

[0165] With the examples shown in FIGS. 6 and 7, these
are aimed at reduction in chip size of semiconductor chips
(ICs) by reducing the requisite number of low-voltage
circuits and high-voltage circuits only to that corresponding
to ¥4 of the terminal number, rather than setting it at the total
number of output terminals involved.

[0166] FIG. 8 is a circuit diagram showing a schematic
configuration of one example of the high-voltage decoder
circuit 251 and low-voltage decoder circuit 252 shown in
FIGS. 6 and 7.

[0167] With the example shown in FIG. 8, the high-
voltage decoder circuit 251 or the low-voltage decoder
circuit 252 shown in FIG. 6 is constituted from a transistor
array or “train” (TRP2, TRP3) with a serial connection of
enhancement MOS transistors and depression MOS transis-
tors.

[0168] The high-voltage amplifier circuit 271 and low-
voltage amplifier circuit 272 shown in FIGS. 6-7 are each
formed of a voltage follower circuit, wherein the inverting
input terminal (BUMP) (-) and output terminal (BUMP) of
an operational amplifier or “ope-amp” (OP) are directly
connected together with its non-inverting input terminal
(BUMP) (+) being used as an input terminal (BUMP) as
shown in FIG. 9 by way of example.

[0169] Here, the ope-amp (OP) for use in the low-voltage
amplifier circuit 272 is formed for example of a differential
amplifier circuit such as shown in FIG. 10; further, the
ope-amp (OP) used for the high-voltage amplifier circuit 271
is formed for example of a differential amplifier circuit
shown in FIG. 11.

[0170] FIG. 12 is a circuit diagram showing a circuit
configuration of one selector circuit of one example of the
output selector circuit 265 shown in FIG. 7.

[0171] As shown in FIG. 12, one selector circuit of the
output selector circuits 265 shown in FIG. 7 has a PMOS
transistor (PM1) that is connected between the high-voltage
amplifier circuit 271 and n-th drain signal (Yn), a PMOS
transistor (PM2) being connected between the high-voltage
amplifier circuit 271 and (n+3)th drain signal (Yn+3), an
NMOS transistor (NM1) connected between the low-voltage
amplifier circuit 272 and (n+3)th drain signal (Yn+3), and an
NMOS transistor (NM2) coupled between the low-voltage
amplifier circuit 272 and n-th drain signal (Yn).

[0172] The PMOS transistor (PM1) has its gate electrode
to which an output of a NOR circuit (NOR1) that has been
inverted by an inverter (INV) is input after having been
level-shifted by a level shift circuit (LS) whereas the PMOS
transistor (PM2) has its gate electrode to which an output of
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a NOR circuit (NOR2) that has been inverted by an inverter
(INV) is input after having been level-shifted by a level shift
circuit (LS).

[0173] Similarly an output of a NAND circuit (NAND2)
which has been inverted by an inverter (INV) is input to the
gate electrode of the NMOS transistor (NM1) after having
level-shifted by level shift circuit (LS) whereas an output of
a NAND circuit (NAND1) that has been inverted by inverter
(INV) is input to the gate electrode of the NMOS transistor
(NM2) after having level-shifted by level shift circuit (LS).

[0174] Here, a polarity inversion signal (M) is input to the
NAND circuit (NAND1) and NOR circuit (NOR1) while a
polarity inversion signal (M) which has been inverted by
inverter (INV) is input to the NAND circuit (NAND2) and
NOR circuit (NOR2).

[0175] In addition an output enable signal (ENB) is input
to the NAND circuits (NAND1, NAND2) whereas an output
enable signal (ENB) that has been inverted by inverter
(INV) is input to the NOR circuits (NOR1, NOR2).

[0176] A truth value table of the NAND circuits (NANDI1,
NAND2) and NOR circuits (NOR1, NOR2) is shown in
Table 1 along with ON/OFF states of respective MOS
transistors (PM1, PM2, NM1, NM2) at that time.
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(PM2) and NMOS transistor (NM2) turn on or off causing
an output of the high-voltage amplifier circuit 271 to be
output to the drain signal line (Yn+3) with an output of the
low-voltage amplifier circuit 272 being output to drain
signal line (Yn), or alternatively causing the output of
high-voltage amplifier circuit 271 to be output to the drain
signal line (Yn) with the output of low-voltage amplifier
circuit 272 being output to drain signal line (Yn+3).

[0183] <Characteristic Arrangement of Liquid Crystal
Display Module of This Embodiment>

[0184] FIG. 13 is a diagram showing a layout of internal
circuitry of a semiconductor chip (IC) making up the drain
driver 130 of this embodiment.

[0185] As shown in FIG. 13, this embodiment is charac-
terized in that a specified number of output circuit blocks
each of which consists essentially of the shift register circuit
153, data latch unit 262, decoder circuit 157 and buffer
circuit 158 are stacked over each other into two stages in the
short side direction of semiconductor chip (IC), the number
corresponding to an output terminal number.

[0186] And, as shown in FIG. 13, an output terminal
(bump electrode) region (a) 20 is provided at a central
portion in the short side direction of semiconductor chip (IC)

TABLE 1
ENB M NORI PM1 NAND2 NM1 NANDI PM2 NOR2 NM2
L * L OFF H OFF H OFF OFF
H H L OFF H OFF L ON H ON
L H ON L ON H OFF OFF

Symbol “*” represents irrelevancy to AC-modified signal (M).

[0177] As apparent from Table 1, when the output enable
signal (ENB) is at “Low” level (referred to hereinafter as
“L” level) the NAND circuits (NAND1, NAND?2) are set at
“High” level (H level) whereas the NOR circuits (NORI1,
NOR?2) are at L level causing respective MOS transistors
(PM1, PM2, NM1, NM2) to be in the OFF state.

[0178] Upon switching of a scan line, both the high-
voltage amplifier circuit 271 and low-voltage amplifier
circuit 272 are in unstable states.

[0179] This output enable signal (ENB) is provided in
order to prevent an output of each amplifier circuit (271,
272) from being output onto each drain signal line (D)
within scan line switching or changeover periods.

[0180] It should be noted that although with this embodi-
ment the inverted signal of a clock (CL1) is used as this
output enable signal (ENB), it will also be possible to
internally generate it through a process of counting the clock
(CL2) or other similar suitable processes.

[0181] Also note that as apparent from Table 1 also, when
the output enable signal (ENB) is at H level, each NAND
circuit (NAND1, NAND?2) is at either H level or L level in
accordance with the polarity inversion signal (M)’s H level
or L level while allowing each NOR circuit (NOR1, NOR2)
to be at H level or L level.

[0182] Whereby, the PMOS transistor (PM1) and NMOS
transistor (NM1) turn on or off and the PMOS transistor

while letting the output circuit blocks that are so disposed as
to be stacked over each other into the two stages be provided
in an order of sequence, from this output terminal region (a)
20, of the buffer circuit 158, decoder circuit 157, data latch
unit 262 and shift register circuit 153.

[0187] Additionally an input circuit/lead wiring region 23
is provided at a central portion along the longitudinal
direction of the semiconductor chip (IC) for supplying
display data and a clock(s) to the output circuit blocks that
are disposed so that they are stacked into two stages.

[0188] In this way, with the illustrative embodiment, dis-
posing those output terminal portions of the same shape in
an adjacent region (output terminal region (a)) makes it
possible to delete any dead spaces, which in turn enables
reduction or shrinkage of the area of such output terminal
section. Additionally reference numeral “22” denotes an
input terminal region.

[0189] With this embodiment, in view of the fact that the
output circuit blocks are disposed so that these are stacked
over each other into two stages, the shift register circuit 153
is disposed on a per-stage basis.

[0190] Due to this, the drain driver 130 of this embodi-
ment is such that a shift register circuit formation region
increases when compared to the drain drivers 130 shown in
FIGS. 6-7.

[0191] However, in light of the fact that the shift register
circuit 153 is low-voltage circuitry manufacturable by low
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breakdown voltage processes and is small in circuit scale,
even if it becomes two times greater, the resultant increase
in area stays negligible.

[0192] In this way, with this embodiment, since the gra-
dation/tone voltage output circuit section which occupies
large part of the semiconductor chip (IC) making up the
drain driver 130 is specifically arranged to be subdivided
into two parts, it is possible to make the semiconductor chip
(IC)’s length in the longitudinal direction thereof almost half
(%) in comparison with an arrangement for letting such
circuits be linearly disposed in the chip’s longitudinal direc-
tion.

[0193] Note here that in this embodiment, the length of the
semiconductor chip (IC) in its short side direction becomes
virtually two times greater when compared to an arrange-
ment that the gradation/tone voltage output circuits shown in
FIG. 26 are linearly disposed in the chip’s longitudinal
direction.

[0194] To be brief, with this embodiment, an outer shape
of the semiconductor chip (IC) constituting the drain driver
130 becomes much like a square rather than an elongated
plate shape.

[0195] Accordingly, with this embodiment, it is possible to
increase the number of chips obtainable from a single wafer
as compared to traditional elongate plate-shaped ones while
at the same time making it possible to employ low-price
apparatus when forming semiconductor chips (ICs) on a
single semiconductor wafer by the so-called step-and-repeat
exposure techniques; thus, it is possible to reduce production
costs of such semiconductor chips (ICs).

[0196] It mustbe noted that in this embodiment, geometri-
cal positioning or layout of output terminals (BUMP1) is
determinable by the size of semiconductor chip (IC) and the
output terminal number plus distance between output ter-
minals; in case the semiconductor chip (IC) is large in size,
a minimal area of such semiconductor chip (IC) is attainable
by disposing it in an output terminal region (a) 20 in FIG.
13, which is nearest to the buffer circuit 158.

[0197] Incase the semiconductor chip (IC) is small in size,
it may be designed to use an output terminal region (b) 21.

[0198] Additionally with this embodiment, since the out-
put terminals (BUMP1) are disposed at part in close prox-
imity to the center of the semiconductor chip (IC), in case
the semiconductor chip (IC) is mounted on a film substrate
by chip-on-film techniques, more than one wiring layer
(COFA) on or over the film substrate for connection between
the output terminals (BUMP1) of semiconductor chip (IC)
and the drain lines (D) of the liquid crystal display panel 10
will partly overlap the semiconductor chip (IC).

[0199] Due to this, with this embodiment, letting the
wiring layer (COFA) overlying the film substrate have a
layout such as shown in FIG. 14 makes it possible to
electrically connect together the output terminals (BUMP1)
of semiconductor chip (IC) and the drain lines (D) of the
liquid crystal display panel 10 without causing the wiring
layer (COFA) overlying film substrate 310 and the output
terminals (BUMP1) of semiconductor chip (IC) to be
brought into contact with each other as shown in FIG. 13.

[0200] Additionally, although it has been well known in
the semiconductor memory device art to provide the termi-
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nal region at the center portion of a semiconductor chip, the
reason for provision of the terminal region at the center in
such semiconductor memories is in order to reduce on-chip
lead delays, and is not for semiconductor chip cost reduction
as in the the invention as disclosed and claimed herein.

[0201] (Embodiment 2)

[0202] FIG. 15 is a diagram showing a layout of internal
circuitry of a semiconductor chip (IC) constituting a drain
driver 130 of Embodiment 2 of the the invention.

[0203] This embodiment is the one which is arranged so
that a respective one of the output circuit blocks which are
disposed and stacked into two stages in the way as has been
explained in the above-noted Embodiment 1 is separated
into an output circuit block for outputting a gradation/tone
voltage of the positive polarity and an output circuit block
for generating a negative-polarity gradation/tone voltage.

[0204] More specifically it is separated into an output
circuit block (corresponding to an upper-side output circuit
block in FIG. 16, which is represented as “HV” herein) in
which the decoder circuit 157 is the high-voltage decoder
circuit 251 whereas the amplifier circuit 264 consists essen-
tially of the high-voltage amplifier circuit 271 and an output
circuit block (corresponding to a lower-side output circuit
block in FIG. 16, which is represented as “LV” herein) in
which the decoder circuit 157 is low-voltage decoder circuit
252 whereas the amp circuit 264 consists essentially of the
low-voltage amplifier circuit 272.

[0205] Additionally the shift register 153 is rendered
operative upon receipt of a shift clock as generated at the
shift clock generator circuit 254 within clock control cir-
cuitry, wherein the shift direction of such shift register
circuit 153 is indicated by dot-line arrow in FIG. 15.

[0206] In FIG. 15, numerals added to decoder circuit part
correspond to output terminals (BUMPL): The FIG. 15°s
numerals are interchangeable in accordance with the level
(H level or L level) of a polarity inversion signal (M) in such
a way that No. 1 is changed to No. 2 and No. 2 is to No. 1,
for example.

[0207] Due to this, with this embodiment, the shift register
circuit 153 is required to output a data accept signal per
every set of three output terminals (BUMP1).

[0208] Additionally, according to the above-stated
embodiment, the shift register circuit 153 is designed to
output the data accept signal per every set of six output
terminals (BUMP1).

[0209] In this embodiment, it is possible to achieve circuit
area shrink at the decoder circuit 157 that has a specified
number of voltage bus lines which number is given by 64
gray-scale levelsx2=128 lines and the data latch circuit unit
262 having a predetermined number of display data buses
which number is given as 6 bitsx6=36 lines.

[0210] FIG. 16 is a pictorial diagram showing the struc-
ture of a known decoder circuit 157 within a semiconductor
chip (IC).

[0211] As shown in FIG. 16, conventionally the decoder
circuit 157 is such that switching elements are disposed
beneath a selected number, 128 in total, of aluminum wiring
leads (referred to as “AlL leads” hereinafter) 150 of voltage
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bus lines of 64 gradation levels or “gray-scales” on the low
voltage side and voltage bus lines of 64 gray scales on the
high voltage side.

[0212] Here, looking at the high voltage side (indicated by
“High” in FIG. 16) by way of example, to-be-used ones of
such 128 voltage bus lines are only 64 lines corresponding
to 64 gray-scale levels on the high voltage side; thus, a space
for use with the remaining 64 low-voltage-side lines is a
dead region under an assumption that the size of switching
element does not serve as any limitation.

[0213] The same goes with the low voltage side; hence, let
an area at this time be (axb).

[0214] FIG. 17 is a pictorial diagram showing a structure
of the decoder circuit 157 within a semiconductor chip (IC)
in accordance with this embodiment.

[0215] As shown in FIG. 17, switch elements of the
high-voltage decoder 251 are disposed beneath wiring leads
of 64 gray-scale levels on the high voltage side whereas
switch elements of the low-voltage decoder 252 are laid out
under wiring leads of 64 gray-scale levels on the low voltage
side.

[0216] Due to this, with this embodiment, any dead region
is no longer present unlike the related art decoder circuit 157
shown in FIG. 17.

[0217] Note here that at presently available manufacturing
processes, the AL leads 150 are controlling the area in most
cases so that it is sufficiently possible to dispose switch
elements beneath the Al leads 150.

[0218] The area at this time is given as (axb)/2, which
becomes half (%) of the traditional decoder circuit 157
shown in FIG. 17.

[0219] In this way, with this embodiment, it is possible to
reduce by half the resultant circuit area irrespective of the
equality of functionality.

[0220] Even in the data latch circuit 262 also, for the
identically same reason, it is possible to half-reduce the
circuit area; thus, it is possible to significantly reduce an
overall area of the drain driver circuitry.

[0221] (Embodiment 3)

[0222] FIG. 18 is a diagram showing a layout of internal
circuitry of a semiconductor chip (IC) constituting a drain
driver 130 of Embodiment 3 of the invention.

[0223] This embodiment shown herein is the one which is
arranged so that the output circuit blocks as have been
explained in Embodiment 1 are disposed and stacked over
each other into four stages.

[0224] Even with this embodiment, it is possible by dis-
posing the output terminals (BUMP1) of the same shape in
adjacent regions to reduce dead spaces to thereby reduce the
area of an output terminal region 20.

[0225] Note that although in this embodiment, the area
might increase by a degree corresponding to the decoder
circuit 157 and data latch unit 262 when compared to the
case of the two-stage arrangement of Embodiment 1 stated
supra, it is possible to further reduce the length in the
longitudinal direction (lateral direction).
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[0226] Thus, it is possible to attain accommodation within
an exposure region(s) when forming semiconductor chips
(ICs) on a wafer by step-and-repeat exposure techniques
with an increase in the number of output terminals.

[0227] In addition, with this embodiment, as output ter-
minals (BUMP1) are disposed into two stages at part adja-
cent to a central portion of the semiconductor chip (IC), a
wiring layer (COFA) overlying a film substrate for connec-
tion between the output terminals (BUMP1) of semiconduc-
tor chip (IC) and drain lines (D) of liquid crystal display
panel 10 partly overlaps the semiconductor chip (IC) in case
where the semiconductor chip (IC) is mounted on the film
substrate by chip-on-film techniques.

[0228] Due to this, with this embodiment, it is possible by
letting the wiring layer (COFA) overlying the film substrate
have a layout shown in FIG. 19 to electrically connect the
output terminals (BUMP1) of semiconductor chip (IC) and
the drain lines (D) of liquid crystal display panel 10 without
causing the wiring layer (COFA) of film substrate 310 to
come into contact with the terminals (BUMPL) of semicon-
ductor chip (IC) as shown in FIG. 18.

[0229] (Embodiment 4)

[0230] FIG. 20 is a diagram for explanation of disposal of
output terminals (BUMP1) of a semiconductor chip (IC)
making up a drain driver 130 of Embodiment 4 of the
invention.

[0231] As shown in FIG. 20, with this embodiment,
output terminals (BUMP1) are formed into two separate
arrays or “columns,” wherein these output terminals
(BUMP1) are clectrically connected to drain lines (D) of
liquid crystal display panel 10 by a wiring layer (COFA)
with multiple leads as formed on or over a film substrate
3105

[0232] In this case, if the output terminals (BUMPL) are
formed into a plurality of columns then the distance or lead
pitch is narrowed of the wiring layer (COFA) formed on the
film substrate 310, which leads to a likewise decrease in
distance between the wiring layer (COFA) of film substrate
310 and its neighboring output terminals (BUMP1), result-
ing in occurrence of a disadvantage that the possibility of
creation of electrical shorting defects gets higher.

[0233] Then, with this embodiment, such risks of shorting
defect creation may be avoided by specifically designing the
terminals (BUMP1) so that those adjacent to the lead
take-out direction of the wiring layer (COFA) of film sub-
strate 310 (i.e. the second column of terminals (BUMP1)
with respect to the first column of terminals (BUMP1) in
FIG. 20) are shortened in length in column direction of the
output terminals (BUMP1) to thereby lengthen the distance
(La of FIG. 20) between the wiring layer (COFA) of film
substrate 310 and its neighboring output terminals
(BUMPL).

[0234] In addition, in case probe test/inspection is carried
out, problems can occur due to deviation of a probe and an
output terminal (BUMP1) as the distance (pitch) of output
terminals (BUMP1) becomes smaller.

[0235] Then, with this embodiment, in case probing is
done for the output terminals (BUMP1) as disposed into n
(N=>1) stages at specified intervals each corresponding to n
pins, let those output terminals (BUMP1) (first column of
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output terminals (BUMP1) in FIG. 15) that are disposed far
from the takeout direction of the wiring layer (COFA)
formed on the film substrate 310 increase in length in
column direction thereof and then perform probe test/in-
spection at this column, thereby avoiding problems occur-
ring due to deviation of the probe and output terminal
(BUMP1) during the probe test procedure.

[0236] In this way, with this embodiment, letting those
output terminals (BUMP1) (first column of output terminals
(BUMP1) in FIG. 20) adjacent to the takeout direction of
the wiring layer (COFA) as formed on the film substrate 310
decrease in length in the column direction makes it possible
to preclude electrical shorting defects between the output
terminals (BUMP1) and the wiring layer (COFA) formed on
the film substrate 310 and further makes it possible to avoid
upon-connection defects due to deviation between the probe
and output terminal (BUMP1) during probe testing.

[0237] (Embodiment 5)

[0238] FIG. 21 is a diagram for explanation of part of
terminals (BUMP) of a semiconductor chip (IC) making up
a drain driver 130 of Embodiment 5 of the invention along
with part of a wiring layer (COFB) with multiple leads as
formed on a film substrate 310.

[0239] The wiring layer (COFB) shown in FIG. 21 is the
one that connects together the terminals (BUMP) of the
semiconductor chip (IC) as mounted on the film substrate
310.

[0240] As higher precision and higher performance plus
further increases in screen sizes of liquid crystal display
devices are advanced, the drain driver 130 is required to
offer higher performances; if this is the case, an output delay
due to influence of load impedances will become problem-
atic in power supply wiring layer(s) and clock wiring
layer(s) or else within the semiconductor chip (IC) that
makes up the drain driver 130.

[0241] Then, as in this embodiment, reinforcing or replac-
ing metal wiring leads of the semiconductor chip (IC) by the
wiring layer (COFB) of film substrate 310 which is low in
impedance makes it possible to improve the driving ability
of the drain driver 130.

[0242] In addition, as shown in FIG. 22, it will also be
possible to connect together a plurality of terminals (BUMP)
by the same lead and further connect this wiring layer
(COFB) to an input terminal(s) of a wiring layer being
formed at outer periphery of the film substrate 310.

[0243] Alternatively, as shown in FIG. 23, those terminals
(BUMP) that are not able to be put at the outer periphery of
the semiconductor chip (IC) are provided on the inside
thereof while connecting the wiring layer (COFB) of film
substrate 310 to the internally provided terminals (BUMP)
being provided on the inside, thereby enabling supplement
of a voltage(s) to the internally provided terminals (BUMP).

[0244] It should be noted that although in each embodi-
ment, a specific embodiment has been stated in which the the
invention is applied to the liquid crystal display panel of the
longitudinal electric field mode, the invention should not be
limited to this and may also be applicable to liquid crystal
display panels of the lateral electric field mode.

[0245] Also note that although in each embodiment, a
specific one with the dot inversion scheme being applied as
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the driving method thereof has been explained, the invention
should not be limited to this and may also be applicable to
common inversion methods for inverting drive voltages as
applied to the pixel electrode (ITO1) and common electrode
(ITO2) in units of lines or alternatively in units of frames.

[0246] Further, the invention is also applicable to simple-
matrix liquid crystal display devices.

[0247] Although the invention made by the inventor(s) as
named herein has been explained in detail based on the
preferred embodiments, the invention should not be limited
only to the embodiments and, obviously, may be modified
and altered into a variety of forms without departing from
the true spirit and scope of the invention.

[0248] Effects and advantages obtainable by a represen-
tative one of the inventive concepts as disclosed herein will
be explained in brief below.

[0249] (1) In accordance with the the invention, it is
possible to reduce costs of the liquid crystal display device.

[0250] (2) According to the invention, it is possible to
simplify the liquid crystal display device test/inspection
procedure.

[0251] (3) According to the invention, it is possible to
prevent any unwanted voltage dropdown otherwise occur-
ring due to wiring layers on the inside of a semiconductor
integrated circuit device(s).

What is claimed is:

1. A liquid crystal display device comprising a liquid
crystal display element having a plurality of pixels and a
plurality of image signal lines for applying a gradation/tone
voltage corresponding to display data to said plurality of
pixels, and an image signal line drive unit for supplying to
each image signal line a gradation/tone voltage correspond-
ing to display data, wherein:

said image line drive unit has more than one semicon-
ductor integrated circuit device,

said semiconductor integrated circuit device has a first
output terminal section provided in a longitudinal
direction of said semiconductor integrated -circuit
device, and

a pair of output circuit units provided on both sides of said
first output terminal section in a short side direction of
said semiconductor integrated circuit device, for gen-
erating a gradation/tone voltage to be supplied to each
image signal line.

2. The liquid crystal display device as claimed in claim 1,
wherein in a region other than said first output terminal
section and said output circuit unit, is provided a second
output terminal section along a peripheral portion of two
short sides of at least said semiconductor integrated circuit
device.

3. A liquid crystal display device comprising a liquid
crystal display element having a plurality of pixels and a
plurality of image signal lines for applying a gradation/tone
voltage corresponding to display data to said plurality of
pixels, and an image signal line drive unit for supplying to
each image signal line a gradation/tone voltage correspond-
ing to display data, wherein:

said image line drive unit has a plurality of semiconductor
integrated circuit devices,
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each semiconductor integrated circuit device has an input
circuit unit as provided at a central portion in a longi-
tudinal direction of said semiconductor integrated cir-
cuit device and also provided in a short side direction
of said semiconductor integrated circuit device,

a first output terminal section provided on both sides of a
central portion of the short side direction of said
semiconductor integrated circuit device of said input
circuit unit and also provided in the longitudinal direc-
tion of said semiconductor integrated circuit device,
and

a pair of output circuit units provided on both sides of said
first output terminal section in the short side direction
of said semiconductor integrated circuit device, for
generating a gradation/tone voltage to be supplied to
each image signal line.

4. A liquid crystal display device comprising a liquid
crystal display element having a plurality of pixels and a
plurality of image signal lines for applying a gradation/tone
voltage corresponding to display data to said plurality of
pixels, and an image signal line drive unit for supplying to
each image signal line a gradation/tone voltage correspond-
ing to display data, wherein:

said image signal line drive unit has a plurality of semi-
conductor integrated circuit devices,

each semiconductor integrated circuit device has an input
circuit unit as provided in a short side direction of said
semiconductor integrated circuit device,

a first output terminal section provided on both sides of
said input circuit unit in a longitudinal direction of said
semiconductor integrated circuit device and also pro-
vided in the longitudinal direction of said semiconduc-
tor integrated circuit device, and

a pair of output circuit units provided on both sides of said
first output terminal section in the short side direction
of said semiconductor integrated circuit device for
generating a gradation/tone voltage to be supplied to
cach image signal line.

5. The liquid crystal display device as claimed in claim 4,
wherein in a region other than said first output terminal
section and said output circuit unit, is provided a second
output terminal section as provided along a peripheral
portion of two short sides of at least said semiconductor
integrated circuit device.

6. The liquid crystal display device as claimed in claim 4,
wherein said output circuit unit has a buffer circuit, a
decoder circuit, a data latch circuit, and a shift register
circuit, and said buffer circuit, decoder circuit, data latch
circuit and shift register circuit are disposed from said first
output terminal section toward the short side direction of
said semiconductor integrated circuit device in an order of
said buffer circuit, decoder circuit, data latch circuit and shift
register circuit.

7. The liquid crystal display device as claimed in claim 4,
wherein said pair of output circuit units are such that a
positive polarity output circuit unit for generation of a
positive gradation/tone voltage and a negative polarity out-
put circuit unit for generation of a negative gradation/tone
voltage are provided alternately.

8. The liquid crystal display device as claimed in claim 7,
wherein said positive polarity output circuit unit and nega-
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tive polarity output circuit unit each have a buffer circuit, a
decoder circuit, a data latch circuit, and a shift register
circuit, and said buffer circuit, decoder circuit, data latch
circuit and shift register circuit are sequentially disposed
from said first output terminal section toward the short side
direction of said semiconductor integrated circuit device in
an order of said buffer circuit, decoder circuit, data latch
circuit and shift register circuit.

9. The liquid crystal display device as claimed in claim 4,
wherein one output circuit unit of said pair of output circuit
units is provided with a positive polarity output circuit unit
for generation of a positive gradation/tone voltage, and a
remaining output circuit unit of said pair of output circuit
units is provided with a negative polarity output circuit unit
for generation of a negative gradation/tone voltage.

10. The liquid crystal display device as claimed in claim
9, wherein said positive polarity output circuit unit and
negative polarity output circuit unit each have a buffer
circuit, a decoder circuit, a data latch circuit, and a shift
register circuit, and said buffer circuit, decoder circuit, data
latch circuit and shift register circuit are sequentially dis-
posed from said first output terminal section toward the short
side direction of said semiconductor integrated circuit
device in an order of said buffer circuit, decoder circuit, data
latch circuit and shift register circuit.

11. A liquid crystal display device comprising a liquid
crystal display element having a plurality of pixels and a
plurality of image signal lines for applying a gradation/tone
voltage corresponding to display data to said plurality of
pixels, and an image signal line drive unit for supplying to
each image signal line a gradation/tone voltage correspond-
ing to display data, wherein:

said image line drive unit has a plurality of semiconductor
integrated circuit devices,

each semiconductor integrated circuit device has an input
circuit unit as provided in a short side direction of said
semiconductor integrated circuit device,

a plurality of output terminal sections provided on both
sides of said input circuit unit in a longitudinal direc-
tion of said semiconductor integrated circuit device and
also provided in the longitudinal direction of said
semiconductor integrated circuit device, and

a pair of output circuit units provided per each output
terminal section on both sides of each output terminal
section in the short side direction of said semiconductor
integrated circuit device for generating a gradation/tone
voltage to be supplied to each image signal line.

12. A liquid crystal display device comprising a liquid
crystal display element having a plurality of pixels and a
plurality of image signal lines for applying a gradation/tone
voltage corresponding to display data to said plurality of
pixels, and an image signal line drive unit for supplying to
each image signal line a gradation/tone voltage correspond-
ing to display data, wherein:

said image line drive unit has a film substrate with a
plurality of wiring layers formed thereover and more
than one semiconductor integrated circuit device as
mounted on said film substrate,

said semiconductor integrated circuit device has in a
region other than peripheral part of said semiconductor
integrated circuit device a plurality of bump electrodes
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as provided in the longitudinal direction of said semi-
conductor integrated circuit device, and

part of the wiring layers of said film substrate is connected
at one end to each bump electrode of said semiconduc-
tor integrated circuit device and also provided to extend
from said one end up to the peripheral part of said film
substrate while letting part including said one end be
covered by said semiconductor integrated circuit
device.

13. The liquid crystal display device as claimed in claim
12, wherein said plurality of bump electrodes are formed
into a plurality of columns in the longitudinal direction of
said semiconductor integrated circuit device.

14. The liquid crystal display device as claimed in claim
13, wherein more than one bump electrode of a partial
column of said plurality of columns is arranged so that a
length in the longitudinal direction of said semiconductor
integrated circuit device is longer than a length of a bump
electrode in the longitudinal direction of said semiconductor
integrated circuit device, said bump electrode belonging to
a column in a direction in which the wiring layer of said film
substrate is extended than said column.

15. A liquid crystal display device comprising a liquid
crystal display element having a pair of substrates and a
liquid crystal layer interposed between said pair of sub-
strates and also having a plurality of pixels and a plurality of
image signal lines for application of a gradation/tone voltage
corresponding to display data to the plurality of pixels of
said liquid crystal layer, and an image signal drive unit for
supplying a gradation/tone voltage corresponding to display
data to each image signal line, wherein:

said image signal line drive unit has more than one
semiconductor integrated circuit device as mounted on
one substrate of said pair of substrates,

said semiconductor integrated circuit device has in a
region other than peripheral part of said semiconductor
integrated circuit device a plurality of bump electrodes
as provided in a longitudinal direction of said semi-
conductor integrated circuit device, and

part of the image signal lines being formed on said one
substrate is such that a terminal section is connected to
each bump electrode of said semiconductor integrated
circuit device while letting a region including said
terminal section be covered by said semiconductor
integrated circuit device.
16. The liquid crystal display device as claimed in claim
15, wherein said plurality of bump electrodes are formed
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into a plurality of columns in the longitudinal direction of
said semiconductor integrated circuit device.

17. The liquid crystal display device as claimed in claim
16, wherein more than one bump electrode of a partial
column of said plurality of columns is arranged so that a
length in the longitudinal direction of said semiconductor
integrated circuit device is longer than a length of a bump
electrode in the longitudinal direction of said semiconductor
integrated circuit device, said bump electrode belonging to
a column in a direction in which one of said image signal
lines is extended than said column.

18. A liquid crystal display device comprising a liquid
crystal display element having a plurality of pixels and a
plurality of image signal lines for applying a gradation/tone
voltage corresponding to display data to said plurality of
pixels, and an image signal line drive unit for supplying to
each image signal line a gradation/tone voltage correspond-
ing to display data, wherein:

said image line drive unit has a film substrate with a

plurality of wiring layers formed thereover and more
than one semiconductor integrated circuit device as
mounted on said film substrate,

said semiconductor integrated circuit device has a plural-
ity of bump electrodes, and

portions of said plurality of bump electrodes are electri-
cally connected together by a wiring layer as provided
at said film substrate.

19. A liquid crystal display device comprising a liquid
crystal display element having a plurality of pixels and a
plurality of image signal lines for applying a gradation/tone
voltage corresponding to display data to said plurality of
pixels, and an image signal line drive unit for supplying to
each image signal line a gradation/tone voltage correspond-
ing to display data, wherein:

said image line drive unit has a film substrate with a

plurality of wiring layers formed thereover and more
than one semiconductor integrated circuit device as
mounted on said film substrate,

said semiconductor integrated circuit device has a plural-
ity of bump electrodes,

portions of said plurality of bump electrodes are electri-
cally connected together by a wiring layer as provided
at said film substrate, and

an input signal is externally applied to the wiring layer for
connection between said bump electrodes.

* * * * *
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