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1
LIQUID CRYSTAL DISPLAY

FIELD OF THE INVENTION

The present invention relates to a liquid crystal display,
and more particularly concerns an active-matrix driving-
type liquid crystal display that is preferably used in the field
of flat panel displays.

BACKGROUND OF THE INVENTION

Conventionally, liquid crystal displays using a nematic
liquid crystal have been widely used in watches, calculators
and other articles as segment-type liquid crystal displays. In
recent years, thanks to their features such as thinness,
light-weight and low power consumption, the liquid crystal
displays of this type have been used as various displays for
word processors, personal computers and navigation
systems, and have rapidly broaden their markets. In
particular, much attention has been focused on liquid crystal
displays of the active-matrix type in which active elements
such as TFTs (Thin Film Transistors) are used as switching
elements, with pixels arranged in a matrix format.

There have been ever-increasing demands for the liquid
crystal displays of this type in wider fields including dis-
plays of note-type or desktop-type personal computers,
portable televisions and space-saving televisions, and dis-
plays of digital cameras and digital video cameras, because
they have advantages, such as a great reduction in thickness
(depth), easiness for providing full-color devices and
smaller power consumption, as compared with, for example,
CRTs (Cathode Ray Tube).

A conventional active-matrix-type liquid crystal display
of the light-transmission type is constituted by a light-
transmitting active-matrix substrate on which an active-
matrix circuit consisting of TFTs is formed, an opposing
substrate having common electrodes formed thereon that is
aligned face to face with the active-matrix substrate, and a
liquid crystal layer that is interpolated between the active-
matrix substrate and the opposing substrate.

FIG. 23 is a circuit diagram that schematically shows one
example of the active-matrix circuit on the active-matrix
substrate. A plurality of pixel electrodes 91 are formed on
the active-matrix substrate in a matrix format. Normally, the
pixel electrodes 91 are arranged in the row direction and
column direction, with several hundreds pixels being
aligned in each direction.

Moreover, common electrodes (not shown) are formed on
the opposing substrate, not shown, in a manner so as to face
the pixel electrodes 91 through the liquid crystal layer, and
a voltage is applied to the liquid crystal layer by the pixel
electrodes 91 and the common electrodes. Here, in general,
the common electrodes are formed virtually on the entire
surface of the opposing substrate.

Furthermore, TFTs 92, which are active elements serving
as switching means for selectively driving the pixel elec-
trodes 91, are formed on the active-matrix substrate, and
connected to the pixel electrodes 91. In order to provide
color display, color filter layers (not shown) of red, green,
blue, etc. are formed on the opposing substrate, the active-
matrix substrate or another member.

Scanning lines 93 are connected to the gate electrodes of
the TFTs 92, and gradation signal lines 94 are also connected
to the source electrodes of the TFTs 92. The scanning lines
93 and the gradation signal lines 94 are allowed to pass
around the pixel electrodes 91 arranged in the matrix format,
and placed so as to intersect each other. Gate signals are
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inputted through the scanning lines 93 so that the TFTs 92
are controlled and driven. Moreover, at the time of driving
the TFTs 92, data signals are inputted to the pixel electrodes
91 through the gradation signal lines 94. Here, scanning
signal input terminals 93a are connected to ends of the
scanning lines 93, and data signal input terminals 94a are
connected to ends of the gradation signal lines 94.

Moreover, the drain electrodes of the TFTs 92 are con-
nected to the pixel electrodes 91, and also connected to
added capacitances 95. Then, each electrode on the opposing
side of the added capacitance 95 with respect to the insu-
lating layer is connected to each of common electrodes 96.
The added capacitance 95 is used for holding a voltage that
is applied to the liquid crystal layer.

In the active-matrix-type liquid crystal display, the liquid
crystal layer sandwiched between the active-matrix sub-
strate and the opposing substrate is normally set to have an
average thickness of 3.0 to 4.5 um; thus, a liquid crystal
capacitance is formed by the pixel electrodes 91, the com-
mon electrodes and the liquid crystal layer. Here, the added
capacitances 95 are connected in parallel with the liquid
crystal capacitance.

In the active-matrix-type liquid crystal display having the
above-mentioned arrangement, however, the scanning lines
93 and the gradation signal lines 94 are arranged to intersect
each other on the same substrate, and these large number of
intersections are highly susceptible to short-circuiting and
the resulting defects. This has caused a reduction in the yield
and high costs.

In order to solve the problem with such a construction
having intersecting scanning lines and gradation signal lines
on the same substrate, a liquid crystal display, for example,
as shown in FIG. 24, has been proposed. This liquid crystal
display has a construction explained as follows:

A number of switching elements 101 with three terminals,
constituted by amorphous silicon semiconductors, are
installed on one of substrates 100 in a matrix format. Here,
a scanning line 102 is connected to one terminal of the
switching element 101 for each line, and a reference signal
line 103 is connected to another terminal of the switching
element 101 for each line. Moreover, a pixel electrode 104
is connected to the other terminal of each of the switching
elements 101.

A plurality of gradation signal lines 106 are placed in a
direction orthogonal to the scanning lines 102 on an oppos-
ing substrate 105 that is placed in a manner so as to face the
substrate 100. The gradation signal lines 106 also function as
opposing electrodes at portions facing pixel electrodes 104.

In this arrangement, the scanning lines and the gradation
signal lines are not made to intersect each other on the same
substrate, and placed on respectively different substrates;
therefore, it is possible to reduce the rate of occurrence of
line defects. Thus, it becomes possible to improve the yield
and also to reduce costs. Additionally, hereinafter, the con-
struction of a liquid crystal display shown in FIG. 23 is
referred to as the present construction, and the construction
of a liquid crystal display shown in FIG. 24 is referred to as
“opposing source construction”.

As described above, there have been ever-increasing
demands for large-size panels and high-precision devices
with respect to liquid crystal displays. One of the major
problems with the achievement of the large-size panels and
high-precision devices is degradation in the display quality
due to signal delays. Here, the signal delays refer to signal
delays in the common signal line in the case of the present
construction, and also refer to signal delay in the reference
signal line in the opposing source construction.
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As the panel size increases, the signal wire becomes
longer, thereby increasing the resistivity of the signal wire
itself and the parasitic capacitance imposed on the signal
wire. Since the size of the signal delay is in proportion to a
product of the resistivity of the signal wire and the load
capacitance, the enlargement of the panel size, which
increases both the resistivity of the signal wire and the load
capacitance, causes a great signal delay. Consequently, in a
certain area inside the display area in the liquid crystal
display, there might be a failure in which a desired voltage
is not applied to the liquid crystal within a writing period,
resulting in a state in which the liquid crystal is not suffi-
ciently charged, that is, an insufficient charge-supply state.
This state causes so-called shadowing, resulting in degra-
dation in the display quality.

Referring to FIG. 19, the following description will
discuss the shadowing. For example, as illustrated in FIG.
19, suppose that an image pattern (hereinafter, referred to as
a shadowing pattern) is displayed so that only the area 31 in
the center has a black display with the other areas having
half-tone displays. Here, in FIG. 19, the area on the right
side of the center area 31 is referred to as area 32, the area
on the left side of the center area 31 is referred to as area 33,
the areas above arcas 31, 32 and 33 are referred to as arca
34, and the areas below areas 31, 32 and 33 are referred to
as area 35.

In the case of a normally white display, the black display
has a greater liquid crystal capacitance than the white
display. In other words, in the display state of this type, the
load capacitance of a lateral signal wire contained in the
areas 31, 32 and 33, that is, a lateral wire connected to the
pixels that carry out a black display, is greater than the load
capacitance of a signal wire contained in areas 34 and 35 due
to the influence of area 31 having a black display. In other
words, the signal delay in the lateral signal wire connected
to the pixels that carry out a black display is greater in such
a manner that depending on cases, there is a difference
between the applied voltage to the liquid crystal at areas 32,
33 and the applied voltage to the liquid crystal at areas 34,
35. Consequently, in the areas located on both sides of the
black display area, a desired voltage is not applied to the
liquid crystal due to the signal delay, with the result that an
insufficient charge occurs and these areas have a display
different from that of the other halftone areas. This is a
phenomenon referred to as the shadowing due to signal
delay.

The above-mentioned description has discussed a prob-
lem with the enlargement of the panel size in the liquid
crystal display, and a similar problem arises with an attempt
to achieve the high precision. In other words, the high-
precision apparatus makes the writing time of the signal
shorter, and consequently becomes more susceptible to
influences of a signal delay, thereby resulting in degradation
in the display quality in the same manner as described
above.

As described above, as an attempt is made so as to achieve
the large-size panel and high precision in a liquid crystal
display, problems arise from an increase in the resistivity of
each signal wire, an increase in the load capacitance to each
signal wire, a reduction in the writing time of the signal, etc.,
thereby causing a signal delay and the resulting degradation
in the display quality such as the shadowing.

In order to reduce the signal delay as described above, and
to eliminate an insufficient charge supply to the liquid
crystal, effective methods are to reduce the resistivity of the
signal wire and to minimize the load capacitance to the
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4

signal wire. More specifically, (1) in order to reduce the
resistivity of the signal wire, a metal film forming the signal
wire is made thicker, (2) in order to reduce the resistivity of
the signal wire, the line width of the signal wire is made
thicker, and (3) in order to minimize the load capacitance to
the signal wire, the distance between the signal wires is
widened. These arrangements make it possible to reduce the
signal delay.

However, in the above-mentioned arrangement (1), since
the metal film needs to be stacked thicker, the film-forming
time of the metal film is prolonged, resulting in degradation
in the productivity. Moreover, a difficult controlling process
is required upon etching the metal film into a predetermined
pattern, resulting in a reduction in the rate of non-defective
products and high costs.

In the above-mentioned arrangements (2) and (3), the
thickened signal wire or the widened distance between the
signal wires causes a reduction in areas to be used as pixels,
resulting in a reduction in the aperture ratio. The decreased
aperture ratio decreases the transmittance and luminance of
the liquid crystal display, resulting in degradation in the
display quality.

As described above, the above-mentioned arrangements
(1) to (3) tend to raise problems of a reduction in the rate of
non-defective products and a decrease in the aperture ratio,
resulting in high costs and degradation in the display quality.

Moreover, another arrangement may be proposed in
which signals are inputted from both sides of the panel, that
is, from both sides of each signal wire, so that it is possible
to decrease the signal delay and also to compensate for the
insufficient supply of charge. However, in order to input
signals from both sides of the panel, it is necessary to install
drivers for inputting signals on both sides of the panel. In
other words, the number of drivers is doubled, resulting in
a problem of very high costs.

Furthermore, with respect to the means for reducing the
shadowing caused by the signal delay without modifying the
design of the inside of the panel, a method for applying a
voltage to each pixel by using a dot-inversion driving
system. Here, an explanation will be given of the dot-
inversion driving system and the line-inversion driving
system.

First, referring to FIG. 23 and FIGS. 21(a) and 21(b), an
explanation will be given of the line-inversion driving
system. In the case when, as shown in FIG. 23, a signal is
inputted to a certain scanning line 93 in such a manner that
all the TFTs 92 connected to the scanning line 93 are turned
on, supposing that a displayed image is a solid image,
voltage signals having the same polarity are applied to all the
adjacent gradation signal lines 94. In other words, all the
voltages to be applied to the pixel electrodes 91 connected
to the scanning line 93 have the same polarity.

‘When, upon completion of the scanning process for one
line, such a signal as to turn all the TFTs 92 on is inputted
to the next scanning line 93, applied voltage signals having
a polarity reversed to that at the time of the previous
scanning process preceded by one line are inputted to all the
gradation signal lines 94. In other words, at this time, all the
voltages to be applied to the pixel electrodes 91 connected
to the scanning line 93 have the same polarity, with the
polarity being reversed to that at the time of the previous
scanning process preceded by one line.

FIG. 21(a) shows part of the state of the voltage polarity
applied to each pixel at the time when the above-mentioned
scanning process is repeated. When, after completion of the
scanning process for one screen, a scanning process for the



US 6,433,765 B1

5

next screen is carried out, voltages having a polarity
reversed to that at the time of the scanning process of the
previous screen is applied to the pixel electrodes 91 for each
line. FIG. 21(b) shows this state. More specifically, in the
case when the line inversion driving is carried out, refresh-
ing of the screen is carried out by repeating the state of FIG.
21(a) and the state of FIG. 21(b).

Next, referring to FIG. 23 and FIGS. 22(a) and 22(b), an
explanation will be given of the dot-inversion driving sys-
tem. In the case when, as shown in FIG. 23, a signal is
inputted to a certain scanning line 93 in such a manner that
all the TFTs 92 connected to the scanning line 93 are turned
on, supposing that a displayed image is a solid image,
applied voltage signals having respectively different polari-
ties are inputted to the adjacent gradation signal lines 94. In
other words, the voltages to be applied to the adjacent pixel
electrodes 91 connected to the scanning line 93 have the
respectively reversed polarities.

When, upon completion of the scanning process for the
one line in question, such a signal as to turn all the TFTs 92
on is inputted to the next scanning line 93, applied voltage
signals having a polarity reversed to that at the time of the
previous scanning process preceded by one line are inputted
to all the gradation signal lines 94. In other words, at this
time, the voltages to be applied to the adjacent pixel elec-
trodes 91 connected to the scanning line 93 have the
respectively reversed polarities, with each polarity being
reversed to that at the time of the previous scanning process
preceded by one line.

FIG. 22(a) shows part of the state of the voltage polarity
applied to each pixel at the time when the above-mentioned
scanning process is repeated. When, after completion of the
scanning process for one screen, a scanning process for the
next screen is carried out, voltages having a polarity
reversed to that at the time of the scanning process of the
previous screen is applied to the pixel electrodes 91 for each
line. FIG. 22(b) shows this state. More specifically, in the
case when the line inversion driving is carried out, refresh-
ing of the screen is carried out by repeating the state of FIG.
22(a) and the state of FIG. 22(b).

In the case of the line inversion driving system, when the
shadowing pattern as shown in FIG. 19 is displayed, it is
necessary for the common signal line 96 which is connected
to the scanning electrode 93 to which the signal for turning
the TFTs 92 on is inputted and the corresponding opposing
electrodes to apply or remove a charge having the same
polarity to or from all the pixel electrodes 91 connected to
the scanning line 93. Therefore, this system is highly sus-
ceptible to an insufficient charge supply due to the signal
delay, causing the generation of shadowing.

In contrast, in the case of the dot inversion driving system,
voltages that are applied to the pixel electrodes 91 connected
to one scanning line 93 have respectively reversed polarities
with respect to the adjacent pixel electrodes 91; therefore, it
is not necessary for the common signal line 96 to apply or
remove a great charge. Therefore, this system is less sus-
ceptible to an insufficient charge supply due to the signal
delay and the resulting shadowing.

Therefore, as described above, with respect to the method
for reducing the shadowing caused by the signal delay, it is
more effective to use a method for applying a voltage to each
pixel by the dot inversion driving system.

However, the dot inversion driving system has the fol-
lowing limitations: a source driver capable of outputting a
doubled voltage is required so as to allow the gradation
voltages of the adjacent pixels to be amplified reversely to
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each other, and the common signal line 96 and the opposing
electrode simultaneously form references for a plus charge
and a minus charge so that it is possible to output a signal
line voltage two times as much as that at the time of line
inversion driving process. This causes other limitations such
as the necessity of a source driver having a higher voltage
resistant property. As a result, this driving system causes an
increase in the cost of a source driver as compared with the
line inversion driving system.

Here, as described above, in the above-mentioned oppos-
ing source comnstruction, since the scanning lines and the
gradation signal lines are formed on individually different
substrates without intersecting each other on the same
substrate; therefore, the rate of occurrence of line defects is
reduced so that the yield is improved and the cost is
decreased. Moreover, since no signal wires intersect each
other on the same substrate, it is possible to reduce the
capacitance imposed on the signal wires, and consequently
to reduce the signal delay. However, as an attempt is further
made to achieve large-size liquid crystal panels with higher
precision, it becomes more difficult to produce them without
causing degradation in the display quality and an increase in
the costs.

Here, an explanation will be given of the fact that as
compared with the current construction, the opposing source
construction causes more problems in achieving large-size
liquid crystal panels and higher precision. As shown in FIG.
23, in the current construction, the flow of image signals
based upon image data is described as follows: The image
signal is allowed to reach one of the pixel electrodes 91 from
the gradation signal line 94 through the TFT 92 so that a
voltage is applied to the liquid crystal between the pixel
electrode 91 and the opposing electrode.

In contrast, in the opposing source construction as shown
in FIG. 24, when an image signal is inputted to the gradation
signal line 106, a current flows to the pixel electrode 104
from the reference signal line 103 through the TFT 101 so
that a voltage is applied to the liquid crystal.

As described above, in the current construction, the output
of the source driver connected to the respective gradation
signal lines 94 and the reference voltage in the opposing
electrode is used so as to apply a voltage to the liquid crystal.
In contrast, in the opposing source construction, the output
of the source driver connected to the respective gradation
signal lines 106 and the reference voltage in the reference
signal line 103 is used so as to apply a voltage to the liquid
crystal.

In the current construction, it is the opposing electrode to
which the reference voltage is inputted. This opposing
clectrode is generally formed by a transparent conductive
film having a thickness of 1500 to 4500 A, and its width is
set to approximately the same as the width of each pixel
area. In other words, with respect to the opposing electrode,
since its width is made comparatively wider so that the
resistance is made comparatively smaller. In contrast, in the
opposing source construction, it is the reference signal line
103 to which the reference voltage is inputted. Since this
reference signal line 103 is formed by an opaque metal thin
film, it is necessary to make its width as thin as possible so
as not to cause a reduction in the aperture ratio in the liquid
crystal panel. Therefore, the reference signal line 103 has a
comparatively high resistivity. Consequently, as compared
with the current construction, the opposing source construc-
tion tends to cause an insufficient supply of charge due to a
signal delay in the reference signal line 103, resulting in
large shadowing.



US 6,433,765 B1

7
SUMMARY OF THE INVENTION

The objective of the present invention is to prevent
shadowing in a liquid crystal display having an opposing
source construction by eliminating an insufficient supply of
charge to the liquid crystal due to a delay in the reference
signal while maintaining the advantages of the opposing
source construction, and consequently to provide a large-
size liquid crystal display with high precision that is superior
in display quality.

In order to achieve the above-mentioned objective, the
liquid crystal display of the present invention, which com-
prises:

a pixel substrate;

an opposing substrate aligned face to face with the pixel
substrate with a gap in between;

a liquid crystal layer that is sandwiched in the gap
between the pixel substrate and the opposing substrate;

a plurality of pixel electrodes formed on the pixel sub-
strate in a matrix format;

opposing electrodes formed on the opposing substrate in
association with the pixel electrodes;

a plurality of scanning lines and a plurality of reference
signal lines that are placed in parallel with each other in each
of the border areas between the pixel electrodes on the pixel
substrate;

a gradation signal line that is placed in a direction
orthogonal to the scanning lines on the opposing substrate
and that is electrically connected to the opposing electrodes;
and

a switching element of a three-terminal type having
respective terminals electrically connected to the scanning
line, the reference signal line and the pixel electrode on the
pixel substrate, is characterized by further comprising:

a reference signal main line that is placed so as to
electrically connect the reference signal lines with each
other on the periphery of the area in which the reference
signal lines are placed; and

a voltage applying circuit for applying a reference signal
voltage to a reference signal circuit constituted by the
reference signal lines and the reference signal main line, and
for controlling the applying voltage in response to voltage
variations in the reference signal circuit,

wherein: the reference signal main line includes an input
main line and an output main line, the input main line and
the output main line being electrically connected to each
other through the reference signal line, with their portions
other than the connected portions through the reference
signal line being in an electrically insulated state or in a high
impedance state, and an input section for applying a voltage
from the voltage applying circuit is placed in the input main
line and an output section for feeding a voltage back to the
voltage applying circuit is placed in the output main line.

In the above-mentioned arrangement, the input main line
and the output main line are placed as the reference signal
main line, the input main line and the output main line are
electrically connected through the reference signal line, with
their portions other than the connected portions through the
reference signal line being in an electrically insulated state
or in a high impedance state, and an input section for
applying a voltage from the voltage applying circuit is
placed in the input main line and an output section for
feeding a voltage back to the voltage applying circuit is
placed in the output main line; therefore, a voltage applied
to the reference signal circuit through the input section is
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outputted from the output section after passing through the
reference signal line. Consequently, the voltage applying
circuit is allowed to accurately detect minute voltage varia-
tions caused by the respective reference signal lines inside
the reference signal circuit, and can carry out a proper
voltage-compensating process by adjusting the applying
voltage based upon the detected voltage variations. With this
arrangement, without a reduction in the aperture ratio caused
by the widened line width of the reference signal line and the
widened distance between the line gaps, it is possible to
prevent shadowing caused by an insufficient supply of
charge due to a delay in the reference signal, and conse-
quently to provide a liquid crystal display that is superior in
display quality.

Moreover, in the above-mentioned arrangement, the lig-
uid crystal display has the so-called opposing source con-
struction so that the scanning lines and the gradation signal
lines are formed on independently different substrates;
therefore, since the scanning lines and the gradation signal
lines are not made to intersect each other on the same
substrate, it is possible to reduce the rate of occurrence of
line defects. Consequently, it becomes possible to improve
the yield and also to reduce the production costs.

Here, “the state having a high impedance” refers to a state
having an impedance sufficiently greater than the impedance
within a panel so as to allow accurate detection of voltage
variations inside the panel.

For a fuller understanding of the nature and advantages of
the invention, reference should be made to the ensuing
detailed description taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(a) through 1(f) are schematic drawings each of
which shows a simplified example of a simplified construc-
tion of a reference signal circuit installed in a liquid crystal
display in accordance with one embodiment of the present
invention.

FIG. 2 is a perspective view that shows a schematic
construction of one portion of the liquid crystal display.

FIG. 3 is a cross-sectional view taken along line A—A' of
FIG. 2.

FIG. 4 is a circuit diagram that shows wiring between a
reference signal circuit constituted by reference signal lines
and a reference signal main line and a voltage applying
circuit for applying a voltage to the reference signal circuit.

FIG. 5(a) is a plan view that shows the reference signal
circuit having an arrangement for providing high imped-
ances on the upper side section and lower side section of the
reference signal main line, and FIG. 5(b) is a schematic
drawing thereof.

FIGS. 6(a) through 6(g) are plan views each of which is
an example showing how to connect a voltage applying line
and a voltage feedback line to the reference signal circuit.

FIG. 7 is a plan view that shows an assembled state of a
liquid crystal display having a normal opposing source
construction.

FIG. 8 is a plan view that shows an assembled state of the
liquid crystal display in which a wiring substrate has been
installed.

FIG. 9 is a plan view that shows an assembled state of the
liquid crystal display in which a conductive section has been
installed.

FIG. 10 is a perspective view that shows connections of
wires on the pixel substrate, wires on the opposing substrate
and the conductive section.
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FIG. 11 is a plan view obtained when FIG. 10 is viewed
from above.

FIG. 12 is a cross-sectional view taken along line B—B'
in FIG. 11.

FIGS. 13(a) through 13(g) are plan views each of which
exemplifies wiring in which the voltage applying line and
voltage feedback line are connected to the reference signal
circuit through the conductive section and the reference
signal transfer pad.

FIG. 14(a) is a plan view showing an arrangement in
which an output main line is divided into three blocks; and
FIG. 14(b) is a plan view showing an arrangement in which
an input main line and an output main line are respectively
divided into three blocks.

FIG. 15 is a circuit diagram that shows wiring between the
reference signal circuit which indicates an impedance of the
reference signal line and an impedance of the reference
signal main line and the voltage applying circuit for apply-
ing a voltage to the reference signal line.

FIG. 16(a) is an explanatory drawing that shows an
arrangement of the reference signal circuit in the case when
the reference signal main line is divided into a plurality of
portions, and FIG. 16(b) is an explanatory drawing that
shows an arrangement of the reference signal circuit in the
case when the reference signal main line is placed in a
manner so as to entirely surround the display panel.

FIG. 17 is an explanatory drawing that shows input
waveforms that are inputted to respective areas on a display
screen from voltage applying lines in the case when a
shadowing pattern is displayed on the display screen, as well
as output waveforms that are fed back to voltage feedback
lines from the respective areas on the display screen.

FIGS. 18(a) and 18(b) are explanatory drawings that
show variations in the output waveform of the reference
signal line.

FIG. 19 is an explanatory drawing that shows the shad-
owing pattern.

FIG. 20 is a plan view that shows the reference signal
circuit having an arrangement as a comparative example in
which the reference signa main line surrounds the display
panel.

FIGS. 21(«) and 21(b) are explanatory drawings each of
which shows one portion of the polarity of a voltage that is
applied to each pixel in a dot-inversion driving system.

FIGS. 22(a) and 22(b) are explanatory drawings each of
which shows one portion of the polarity of a voltage that is
applied to each pixel in a dot-inversion driving system.

FIG. 23 is a circuit diagram that schematically shows one
example of an active-matrix circuit in an active-matrix
substrate having a conventional construction.

FIG. 24 is a schematic perspective view that shows an
arrangement of a liquid crystal display having the opposing
source construction.

DESCRIPTION OF THE EMBODIMENTS

Referring to Figures, the following description will dis-
cuss one embodiment of the present invention.

FIG. 2 is a perspective view that shows a schematic
construction of one portion of the liquid crystal display, and
FIG. 3 is a cross-sectional view taken along line A—A' of
FIG. 2. The liquid crystal display is provided with: a pixel
substrate 1, an opposing substrate 2 placed with a predeter-
mined gap to the pixel substrate 1, and a liquid crystal layer
3 that is sandwiched in the gap between the pixel substrate
1 and the opposing substrate 2.
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The pixel substrate 1 has an arrangement in which: on an
insulating transparent substrate 4 are formed switching
elements 5 that are constituted by amorphous silicon
semiconductors, etc. and placed in a matrix format, scanning
lines 6 connected to one terminal of the switching elements
5 for respective rows, reference signal lines 7 connected to
another terminal of the switching elements 5 for respective
rows, and pixel electrodes 8 connected to still another
terminal of the respective switching elements 5. Moreover,
a reference signal main line 9 is installed on the peripheral
portion of the pixel substrate 1, and each reference signal
line 7 is connected to the reference signal main line 9 at both
ends thereof.

The opposing substrate 2, aligned face to face with the
pixel substrate 1, has an arrangement in which gradation
signal lines 11 are formed on an insulating transparent
substrate 10 in a direction orthogonal to the scanning lines
6. These gradation signal lines 11 are also allowed to serve
as opposing electrodes at portions thereof opposing to the
pixel electrodes 8.

Next, referring to FIG. 3,. an explanation will be given of
a sequence of manufacturing processes of the pixel substrate
1. First, for example, Ta is stacked on the insulating trans-
parent substrate 4 with a thickness of approximately 3000 A
by using a sputtering method, etc., and this is patterned so
that the scanning lines 6 and the reference signal lines 7 are
formed.

Next, for example, SiNx is stacked with a thickness of
2000 to 4000 A by using a plasma CVD (Chemical Vapor
Deposition) method so that a gate insulating film 12 is
formed. Successively, by using a plasma CVD method, an
a-Si layer 13 and an n+a-Si film 12 are stacked as channel
layers with a thickness of approximately 1500 A and a
thickness of approximately 400 A respectively.

After the channel sections have been patterned, a hole
section 16 is formed in the gate insulating film 12 by etching,
and a transparent conductive film, made of ITO (Indium Tin
Oxide), etc., is then stacked by sputtering, etc. with a
thickness of approximately 1000 to 1500 A. Then, this
transparent conductive film is patterned so that the pixel
electrodes 8 and wires 15 which connect the switching
elements 5 and the reference signal lines 7 through the hole
section 16 are formed. Moreover, for example, SiNx is
stacked by a plasma CVD method with a thickness of
approximately 2000 A, and this is patterned so that a
protective film 17 is formed.

Next, referring again to FIG. 3, an explanation will be
given of a sequence of manufacturing processes of the
opposing substrate 2. First, a color filter layer 18 and a black
matrix layer 19 are formed on the surface of the insulating
transparent substrate 10 on the pixel substrate 1 side, and an
over-coat layer 20, which is a flattening layer, is further
formed on the surfaces of the color filter layer 18 and the
black matrix layer 19 on the pixel substrate 1 side.
Moreover, a plurality of gradation signal lines 11 are formed
in a direction orthogonal to the scanning lines 6 on the
surface of the over-coat layer 20 on the pixel substrate 1
side, and these are patterned so that the opposing electrode
sections and wiring sections between the opposing elec-
trodes are formed by a patterning process.

FIG. 4 is a circuit diagram that shows wiring of a
reference signal circuit 21 constituted by the reference signal
lines 7 and the reference signal main line 9 and a voltage-
applying circuit 22 for applying a voltage to the reference
signal circuit 21. The voltage-applying circuit 22 amplifies
an input reference signal Sg by using an operational ampli-
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fier (adjustment means) OP so that a voltage is applied to the
reference signal circuit 21 through a voltage application line
L1. Moreover, a voltage feedback line 1.2 is connected to the
reference signal circuit 21 so that a voltage of the reference
signal circuit 21 at the connecting point is fed back to the
voltage-applying circuit 22. The voltage feedback line 1.2 is
connected to a signal input line of the operational amplifier
OP through a resistor R1 so that the amplification factor of
the reference signal Sg is determined by the value of the
resistor R1 and the value of a resistor R2 connected to the
input section of the reference signal Sg. Moreover, a resistor
R3, which is connected to the ground input of the opera-
tional amplifier OP, is used for setting an offset voltage in the
reference signal circuit 21.

Moreover, the voltage application line L1 and the voltage
feedback line 1.2 are connected in parallel with each other by
using a capacitor Cf and a resistor Rf. The resistor Rf is a
variable resistor, and the value of the resistor is varied so that
the amount of feedback from the voltage feedback line 1.2 to
the voltage-applying line L1, that is, the amplification factor
of the voltage can be changed.

In the present embodiment, the reference signal circuit 21
and the voltage-applying circuit 22 are connected in a
manner as described above; therefore, the following func-
tions and effects are obtained. Even in the case when the
reference signal voltage becomes irregular due to the dis-
tribution of resistances and capacitances of the respective
wires within the display panel, the voltage feedback line [.2
feeds a variation in the reference voltage back to the
voltage-applying circuit 22 so that the degree of amplifica-
tion of the operational amplifier can be changed in a direc-
tion so as to make the applied voltage constant. Therefore,
this makes it possible to apply a uniform reference signal
voltage to the inside of the display panel; thus, it becomes
possible to reduce the generation of shadowing due to a
delay in the reference signal, and consequently to prevent
degradation in the display quality.

Here, too large an amount of voltage feedback from the
voltage feedback line 1.2 tends to give adverse effects to
normally displaying portions, causing difficulties in carrying
out normal display. In order to prevent this problem, it is
necessary to adjust the amplification factor (the amount of
feedback) of the operational amplifier so as to provide an
optimal display while preventing shadowing by properly
adjusting the resistivity of the resistor Rf that connects the
voltage feedback line L2 and the voltage-applying line L1.

Next, an explanation will be given of a specific arrange-
ment of the reference signal circuit 21 in accordance with the
present embodiment.

FIGS. 1(a) through 1(f) are schematic drawings each of
which shows a simplified structural example of the con-
struction of the reference signal circuit 21. This structural
example of the reference signal circuit 21 is arranged in such
a manner that, in the event of a minute voltage variation
within the reference signal circuit 21, the variation is
detected and the corresponding feedback is made to the
voltage applying circuit 22 so as to compensate for the
variation.

First, an explanation will be given of a reference signal
circuit shown in FIG. 20 as a comparative example.
Normally, the reference signal main line 9 also needs to
function as a light-shielding member, with the result that it
is often formed into a shape considerably thicker than each
of the reference signal lines 7 within the display panel. As
a result, the resistivity of the reference signal main line ¢
becomes smaller than the resistivity of the reference signal
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line 7, and upon application of a voltage, a more current is
allowed to flow toward the reference signal main line 9 that
has a smaller resistivity. Therefore, with respect to the
voltage variation detected by the voltage detection section,
more variations in the reference signal main line 9 tend to be
detected as compared with variations in the reference signal
lines 7 within the display panel, resulting in a failure in
accurately detect and compensate for minute voltage varia-
tions within the display panel. In contrast, the liquid crystal
display of the present embodiment can solve the above-
mentioned problem by installing a reference signal circuit
having an arrangement as described below.

In an arrangement shown in FIG. 1(a), the reference
signal circuit 21 is arranged in such a manner that the
reference signal main line 9 is separated to an input main
line (partial main line) 9A and an output main line (partial
main line) 9B when it is patterned; thus, the voltage varia-
tion inside the reference signal circuit 21 is fed back to the
voltage-applying circuit 22 by connecting the voltage appli-
cation line L1 and the voltage feedback line 1.2. In other
words, in order to appropriately feed the voltage variation in
the reference signal circuit 21 back to the voltage application
circuit, the portion for applying the reference voltage and the
portion for feeding back the reference voltage are provided
in a separated manner. With this arrangement, even a minute
voltage variation occurring inside the reference signal circuit
21 can be detected, and the voltage application circuit
adjusts the application voltage in accordance, with the
voltage variation so that the reference signal voltage can be
compensated.

In order to make the reference signal voltage uniform
inside the display panel and provide a superior display by
compensating the voltage of the reference signal, it is
necessary to take the following point into consideration. As
described above, the above-mentioned arrangement makes it
possible to control the amount of feedback (amplification
factor) to an optimal value so as to reduce shadowing by
adjusting the resistivity of the resistor Rf. However, since
the amplification factor is always maintained at a constant
value with respect to the entire display panel, in order to
carry out a uniform voltage compensation with respect to the
entire display panel, the voltage detection portion needs to
be set at a portion in which the impedance of the entire
reference signal circuit 21 is accurately detected, that is, a
portion which hardly susceptible to influences of unneces-
sary impedances from portions not related to display.
Therefore, the separation of the reference signal main line 9
should be designed by taking the above-mentioned point
into consideration.

Moreover, since the reference signal main line 9 also
functions as a light-shielding member, it is also necessary to
keep the separation area SP between the input main line 9A
and the output main line 9B as small as possible upon
separating the input and output by means of patterning.

In an arrangement as shown in FIG. 1(a), the reference
signal main line 9 is separated at an upper left portion and
a lower left portion in the Figure so as to form the input main
line 9A and the output main line 9B. In this arrangement, the
reference signal voltage can be applied while eliminating the
influences of impedances from the upper side portion and
lower side portion of the reference signal main line 9.

In an arrangement as shown in FIG. 1(b), the reference
signal main line 9 is separated at an upper right portion and
a lower left portion in the Figure so as to form the input main
line 9A and the output main line 9B. In this arrangement, the
reference signal voltage can be detected while eliminating
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the influences of impedances from the upper side portion of
the reference signal main line 9.

In an arrangement as shown in FIG. 1(c), the reference
signal main line 9 is separated at an upper left portion and
a lower right portion in the Figure so as to form the input
main line 9A and the output main line 9B. In this
arrangement, the reference signal voltage can be detected
while eliminating the influences of impedances from the
lower side portion of the reference signal main line 9.

In an arrangement as shown in FIG. 1(d), the reference
signal main line 9 is separated at an upper right portion and
a lower right portion in the Figure so as to form the input
main line 9A and the output main line 9B. In this
arrangement, the reference signal voltage can be detected
while eliminating the influences of impedances from both of
the upper side portion and lower side portion of the reference
signal main line 9.

In an arrangement as shown in FIG. 1(e), the reference
signal main line 9 is separated at an upper center portion and
a lower center portion in the Figure so as to form the input
main line 9A and the output main line 9B. In this
arrangement, both of the detection of the reference signal
voltage and the application of the reference signal voltage
can be carried out under the same influences of impedances
from the upper side portion and lower side portion of the
reference signal main line 9.

In an arrangement as shown in FIG. 1(f), the reference
signal main line 9 is separated at four portions, that is, upper
left, lower left, upper right and lower left portions, in the
Figure so as to form the input main line 9A and the output
main line 9B. In this arrangement, the reference signal
voltage can be detected and also can be applied while
eliminating the influences of impedances from both of the
upper side portion and lower side portion of the reference
signal main line 9.

As described above, at the time of applying the reference
signal voltage as well as detecting the reference signal
voltage, the influences of impedances from the reference
signal main line 9 can be minimized so that it is possible to
detect even a minute voltage variation in the reference signal
lines 7 inside the reference signal circuit 21 more accurately
and consequently to compensate for the variation. Thus, it
becomes possible to improve the display quality of the liquid
crystal display.

Next, referring to FIGS. 5(a) and 5(b), an explanation will
be given of an arrangement in which, different from the
above-mentioned arrangement in which the reference signal
main line 9 is separated at the time of patterning, the input
and output separation with respect to the reference signal
circuit 21 is provided by adjusting impedances.

In FIG. 5(a), in the case when the source driver to which
the gradation signal is inputted is placed on the lower side
of the display panel, the gradation signal lines 11 connected
to the source driver are supposed to be placed at the lower
side portion of the reference signal main line 9 on the
opposing substrate 2. In this case, a capacitance is formed
between the gradation signal lines 11 and the lower side
portion of the reference signal main line 9, with the result
that the lower side portion of the reference signal main line
9 has a very high impedance. Similarly, when the gradation
signal lines 11 are formed up to a position corresponding to
the upper side portion of the reference signal main line 9, a
capacitance is formed between the upper side portion of the
reference signal main line 9 and the gradation signal lines 11
so that the upper side portion of the reference signal main
line 9 is allowed to have a high impedance. In other words,
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this arrangement allows both the upper side portion and the
lower side portion of the reference signal main line 9 to have
high impedances respectively so that less currents are
allowed to flow in the upper side portion and the lower side
portion of the reference signal main line 9 by such adjust-
ments in impedances. FIG. 5(b) schematically shows a state
in which the upper side portion and the lower side portion of
the reference signal main line 9 become high.

In the above-mentioned arrangement, the impedances are
raised by increasing the capacitances generated in the upper
side portion and the lower side portion of the reference
signal main line 9; however, the impedances may be raised
by increasing resistivities by narrowing the line widths in the
upper side portion and the lower side portion of the reference
signal main line 9. However, the narrowed line widths in the
upper side portion and the lower side portion of the reference
signal main line 9 raise another problem of degradation in
the light-shielding property.

Next, referring to FIGS. 6(a) through 6(g), the following
description will discuss examples of the connection of the
voltage application line 1.1 and the voltage feedback line [.2
to the reference signal line 21.

FIGS. 6(a) and 6(b) show examples in which the connec-
tion portion of the voltage feedback line [.2 to the reference
signal circuit 21 is changed. In this manner, the connection
portion of the voltage feedback line 1.2 to the reference
signal circuit 21 is not limited to the center of the right side
portion of the reference signal main line 9, and the position
may be freely changed depending on mutual positional
relationships with the other components in the liquid crystal
display.

Moreover, the connection portions of the voltage appli-
cation line [.1 and the voltage feedback line 1.2 to the
reference signal circuit 21 are not limited to one portion, and
they may be connected at a plurality of portions. FIGS. 6(c)
through 6(e) respectively show structural examples in which
a plurality of connection portions to the reference signal
circuit 21 are provided for the voltage application line L1
and the voltage feedback line [.2. This arrangement in which
a plurality of connection portions to the reference signal
circuit 21 are provided for the voltage application line L1
and the voltage feedback line [.2 makes it possible to detect
a minute voltage variation in the reference signal circuit 21
more accurately. Consequently, it becomes possible to fur-
ther improve the display quality.

In order to detect the voltage variation with more
precision, an arrangement as shown in FIG. 6(f) may be
proposed. In this arrangement, the output main line 9B is
separated into three blocks, and the voltage variation is
detected for each block. With this arrangement, it is possible
to detect and compensate for a minute voltage variation in
the reference signal circuit 21 more accurately. Here, the
number in which the output main line 9B is separated is not
intended to be limited by three, two or not less than three
may of course be adopted.

Moreover, as illustrated in FIG. 6(g), not only the output
main line 9B, but also the input main line 9A, may be
separated into a plurality of blocks; thus, it becomes possible
to detect and compensate for a minute voltage variation in
the reference signal circuit 21 more accurately.

Here, the following description will discuss the relation-
ship on impedances in the reference signal circuit 21 in more
detail. Here, suppose that the total impedance of all the
reference signal lines 7 is Rpixel and that the impedance of
the reference signal main line 9 is Rgaku. As shown in FIG.
16(b), in the case when the reference signal main line 9 is
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installed in such a manner so as to surround all the periphery
of the display panel, an impedance between the voltage
application line L1 and the voltage feedback line [.2 is given
as a parallel impedance between Rpixel and Rgaku. At this
time, if the impedance of Rgaku is not sufficiently great as
compared with that of Rpixel, the sensitivity for reducing
shadowing in the display pixel becomes low due to the
variation in the amplification factor of the operational ampli-
fier OP. Therefore, as illustrated in FIG. 16(@), in order to
sufficiently increase Rgaku, it is necessary to separate the
reference signal main line 9 into a plurality portions. In this
manner, the reference signal main line 9 is separated into the
input main line 9A and the output main line 9B so that
Rgaku is reduced to a level that is virtually ignorable,
thereby making it possible to improve the sensitivity to the
amplification variation of the operational amplifier OP. In
other words, it is more effective to use the arrangement of
FIG. 16(a) than to use the arrangement of FIG. 16(b) in an
attempt to reduce shadowing.

In the arrangement of FIG. 16(a), in the case when the
impedance of each of the input main line 9A and the output
main line 9B is set sufficiently smaller than the impedance
Rpixel of all the reference signal lines 7 in the reference
signal circuit 21, the impedance of each reference signal line
7 to the operational amplifier OP is made uniform.
Therefore, when the same metal layer is used to form the
reference signal lines 7 and the reference signal main line 9
in the reference signal circuit 21, it is more preferable to
make the line width of the reference signal main line 9
sufficiently thicker than the line width of the reference signal
line 7.

In FIG. 16(a), when each of the impedances of the input
main line 9A and the output main line 9B is set sufficiently
smaller than the impedance Rpixel of all the reference signal
lines 7 in the reference signal circuit 21, the impedances of
the respective reference signal lines 7 are made uniform with
respect to the operational amplifier OP. Therefore, in the
case when the same metal layer is used to form the reference
signal lines 7 and the reference signal main line 9 in the
reference signal circuit 21, it is preferable to make the line
width of the reference signal main line 9 sufficiently thicker
than the line width of the reference signal line 7.

Next, an explanation will be given of a driving method for
reducing shadowing in the liquid crystal display having the
above-mentioned arrangement. Here, in FIG. 15, suppose
that the impedance Rgaku of the reference signal main line
9 is sufficiently greater than the impedance Rpixel of all the
reference signal lines 7 in the reference signal circuit 21, and
that the influences from the impedance Rgaku are ignorable.
FIG. 17 shows an explanatory drawing that shows an input
waveform that is applied from the voltage-applying line [.1
to the respective areas on the display screen and an output
waveform that is fed back from the respective areas on the
display screen to the voltage feedback line [.2 when the
shadowing pattern is displayed on the display screen.

The input reference signal Sg is amplified by the inversion
amplification circuit constituted by the operational amplifier
OP. In this case, the amplification factor at the time of
ignoring the adjusting-use variable resistor Rf increases to
two times the term—(Rpixel+R1)/R2.

Normally, in areas 34 and 35 in FIG. 17, in comparison
with input waveforms (a) and (c) in the voltage-applying
line L1, output waveforms (a') and (c") in the voltage
feedback line L2 hardly have any changes; therefore, the
amplification factor is maintained at two times the term-—
(Rpixel+R1)/R2. In contrast, in an area containing the black
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display area 31, in comparison with an input waveform (b),
a change appears in an output waveform (b"), and the
resulting output wave (b') derived from a delayed input
waveform (b) is outputted. In the output waveform (b'), the
rising of the voltage is delayed by the signal delay, resulting
in a state in which the voltage supply is insufficient; and this
state tends to cause shadowing.

In this state, however, the impedance Rpixel of the
reference signal lines 7 becomes greater due to the difference
between the output waveform (a') as well as (¢') and the
output waveform (b"). More specifically, in a portion of the
output waveform (b') that gradually rises, an amplification
factor greater than two times the term—(Rpixel+R1)/R2 can
be obtained. Consequently, the input waveform in the
voltage-applying line L1 is changed from a waveform
shown in FIG. 18(a) to a waveform shown in FIG. 18(b).
When the input voltage has a waveform shown in FIG.
18(b), the portion of the output waveform (b') that rises
gradually in FIG. 17 is allowed to rise abruptly, thereby
making it possible to eliminate the insufficiency in the
voltage supply. Therefore, if no improving attempt is made,
the area 32 appears whiter than the area 34 on the screen;
however, the arrangement of the present embodiment makes
it possible to provide virtually the same luminance to the
area 34 and the area 32, and consequently to reduce shad-
owing.

Next, an explanation will be given of an assembling
method of the liquid crystal display of the present embodi-
ment. As illustrated in FIG. 7, in the normal opposing source
structure, a gate control substrate 23 is placed in its con-
nected state to the pixel substrate 1, and a source control
substrate 24 is placed in its connected state to the opposing
substrate 2.

In the liquid crystal display of the present embodiment,
the application portion and the detection portion for the
reference signal voltage are placed on the pixel substrate 1
on which the reference signal circuit 21 is formed. Then, the
voltage variation of the reference signal occurring in the
reference signal circuit 21 is detected, and the voltage
variation is transmitted to the voltage-applying circuit 22. In
order to realize this construction, as illustrated in FIG. 8, it
is proposed that, in addition to the gate control substrate 23
and the source control substrate 24, a wiring substrate 25 for
transmitting the voltage variation is installed in its connected
state to the pixel substrate 1, as shown in FIG. 8.

Moreover, as illustrated in FIG. 9, an arrangement may be
made so as to detect the voltage variation of the reference
signal circuit 21 on the pixel substrate 1 from the opposing
substrate 2 through a conduction section 26 so that the
voltage application portion and the voltage detection portion
for the reference signal circuit 21 can be placed on respec-
tively different substrates. In other words, the detected
voltage variation is transmitted to the gate control substrate
23 on which the voltage-applying circuit 22 is formed
through the conduction section 26 and the source control
substrate 24. In this arrangement, it is possible to assemble
the liquid crystal display of the present embodiment without
the necessity of newly installing the wiring substrate 25 and
changing the shape of the pixel substrate 1.

Next, a detailed explanation will be given of the arrange-
ment for detecting the voltage variation of the reference
signal circuit 21 on the pixel substrate 1 from the opposing
substrate 2 through the conduction section 26. FIG. 10 is a
perspective view that shows a state in which the conduction
section 26 is connected to wires on the pixel substrate 1 and
wires on the opposing substrate 2; FIG. 11 is a plan view of
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FIG. 10; and FIG. 12 is a cross-sectional view taken along
B—B' in FIG. 11.

FIG. 10 shows a gradation signal line 11 on the opposing
substrate 2 side, a scanning line 6 on the pixel substrate 1
side, a reference signal line 7, a reference signal main line
9 and a conduction section 26. Moreover, a reference signal
transfer pad 27 is placed on the opposing substrate 2 side so
as to be connected to the conduction section 26.

As illustrated in FIG. 12, on the opposing substrate 2 side,
in the same manner as explained in the opposing source
construction, a gradation signal line 11 and a reference
signal transfer pad 27 are placed are stacked on a black
matrix layer 19 and an over-coat layer 20 that are formed on
an insulating transparent substrate 10.

On the pixel substrate 1 side, a scanning line 6, a reference
signal line 7 and a reference signal main line 9 are formed
on the insulating transparent substrate 4, and on the top of
these, a gate insulating film 12 and a protective film 17 are
stacked. A hole section 28 is formed in the gate insulating
film 12 and the protective film 17 corresponding to a portion
on which the conduction section 26 is placed, a metal film
of the reference signal main line 9 is exposed so that
conduction is provided between the reference signal transfer
pad 27 and the reference signal main line 9 through the
conduction section 26. With respect to the conduction sec-
tion 26, paste, such as carbon paste, silver paste and gold
paste, is used.

An explanation will be given of a specific structural
example in which the conduction section 26, as well as the
reference signal transfer pad 27, is connected to the refer-
ence signal circuit 21. FIGS. 13(a) through 13(g) are sche-
matic views that shows simplified structural examples of the
reference signal circuit 21. In the same manner as the
structural examples shown in FIGS. 1(«) through 1(d), in the
structural examples of the reference signal circuit 21 shown
here, provision is made so that, when a minute voltage
variation occurs in the reference signal circuit 21, the
variation is detected, and a feed back is made to the
voltage-applying circuit 22 so as to carry out a compensating
operation.

As described above, in order to make the reference signal
voltage uniform inside the display panel and provide a
superior display by compensating the voltage of the refer-
ence signal, it is necessary to take the following point into
consideration. As described above, the above-mentioned
arrangement makes it possible to control the amount of
feedback (amplification factor) to an optimal value so as to
reduce shadowing by adjusting the resistivity of the resistor
Rf. However, since the amplification factor is always main-
tained at a constant value with respect to the entire display
panel, in order to carry out a uniform voltage compensation
with respect to the entire display panel, the voltage detection
portion needs to be set at a portion in which the impedance
of the entire reference signal circuit 21 is accurately
detected, that is, a portion which hardly susceptible to
influences of unnecessary impedances from portions not
related to display. Therefore, the separation of the reference
signal main line 9 should be designed by taking the above-
mentioned point into consideration.

Morecover, in the case of the above-mentioned structure,
the place from which the voltage variation is detected is
provided as a portion at which the reference signal transfer
pad 27 and the reference signal circuit 21 is connected
through the conduction section 26. Therefore, upon separat-
ing the reference signal main line 9 into the input main line
9A and the output main line 9B, it is necessary to install the
conduction section 26 on the output main line 9B.
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Moreover, since the reference signal main line 9 also
functions as a light-shielding member, it is also necessary to
keep the separation area SP between the input main line 9A
and the output main line 9B as small as possible upon
separating the input and output by means of patterning.

In an arrangement as shown in FIG. 13(a), the reference
signal main line 9 is separated at an upper left portion and
a lower left portion in the Figure so as to form the input main
line 9A and the output main line 9B. In this arrangement, the
reference signal voltage can be applied while eliminating the
influences of impedances from the upper side portion and
lower side portion of the reference signal main line 9.

In an arrangement as shown in FIG. 13(b), the reference
signal main line 9 is separated at an upper right portion and
a lower left portion in the Figure so as to form the input main
line 9A and the output main line 9B. In this arrangement, the
reference signal voltage can be detected while eliminating
the influences of impedances from the upper side portion of
the reference signal main line 9.

In an arrangement as shown in FIG. 13(c), the reference
signal main line 9 is separated at an upper center portion and
a lower center portion in the Figure so as to form the input
main line 9A and the output main line 9B. In this
arrangement, both of the detection of the reference signal
voltage and the application of the reference signal voltage
can be carried out under the same influences of impedances
from the upper side portion and lower side portion of the
reference signal main line 9.

In an arrangement as shown in FIG. 13(d), the reference
signal main line 9 is separated at four portions, that is, upper
left, lower left, upper right and lower left portions, in the
Figure so as to form the input main line 9A and the output
main line 9B. In this arrangement, the reference signal
voltage can be detected and also can be applied while
eliminating the influences of impedances from both of the
upper side portion and lower side portion of the reference
signal main line 9.

As described above, at the time of applying the reference
signal voltage as well as detecting the reference signal
voltage, the influences of impedances from the reference
signal main line 9 can be minimized so that it is possible to
detect even a minute voltage variation in the reference signal
lines 7 inside the reference signal circuit 21 more accurately
and consequently to compensate for the variation. Thus, it
becomes possible to improve the display quality of the liquid
crystal display.

Next, referring to FIGS. 13(e) through 13(g) and FIGS.
14(a) and 14(b), the following description will discuss
examples of the connection of the voltage application line
L1 and the voltage feedback line L2 to the reference signal
line 21.

FIG. 13(e) exemplifies a case in which the connection
portion of the voltage feedback line 1.2 to the reference
signal circuit 21, that is, the location of the conductive
section 26, is set in the center of the right side portion of the
reference signal main line 9 so that the reference signal
transfer pad 27 is formed from the conductive section 26 to
the source control substrate, not shown. In this manner, the
location of the conductive section 26 may be set at any
position on the output main line 9B, and the location may be
freely changed depending on mutual positional relationships
with the other components in the liquid crystal display.

Moreover, the connection portions of the voltage appli-
cation line L1 and the voltage feedback line 1.2 to the
reference signal circuit 21 are not limited to one portion, and
they may be connected at a plurality of portions. FIGS. 13(f)
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and 13(g) respectively show structural examples in which a
plurality of connection portions to the reference signal
circuit 21 are provided for the voltage application line L1
and the voltage feedback line 1.2. This arrangement in which
a plurality of connection portions to the reference signal
circuit 21 are provided for the voltage application line L1
and the voltage feedback line .2 makes it possible to detect
a minute voltage variation in the reference signal circuit 21
more accurately. Consequently, it becomes possible to fur-
ther improve the display quality.

In order to detect the voltage variation with more
precision, an arrangement as shown in FIG. 14(a) may be
proposed. In this arrangement, the output main line 9B is
separated into three blocks, and the voltage variation is
detected for each block. With this arrangement, it is possible
to detect and compensate for a minute voltage variation in
the reference signal circuit 21 more accurately. Here, the
number in which the output main line 9B is separated is not
intended to be limited by three, two or not less than three
may of course be adopted.

Moreover, as illustrated in FIG. 14(b), not only the output
main line 9B, but also the input main line 9A, may be
separated into a plurality of blocks; thus, it becomes possible
to detect and compensate for a minute voltage variation in
the reference signal circuit 21 more accurately.

As described above, in the liquid crystal display in
accordance with the present embodiment, the reference
signal main line 9 is separated to the input main line 9A and
the output main line 9B in an insulating state with each
other, and the voltage application line .1 for applying a
voltage from the voltage-applying circuit 22 and the voltage
feedback line .2 for feeding a voltage back to the voltage-
applying circuit 22 are respectively connected to the input
main line 9A and the output main line 9B. Therefore, the
voltage applied to the input main line 9A is outputted from
the output main line 9B after passing through the respective
reference signal lines 7. Consequently, the voltage-applying
circuit 22 is allowed to accurately detect minute voltage
variations caused by the respective reference signal lines 7
inside the reference signal circuit 21, and can carry out a
proper voltage-compensating process by adjusting the
applying voltage based upon the detected voltage variations.
With this arrangement, without a reduction in the aperture
ratio caused by the widened line width of the reference
signal line 7 and the widened distance between the line gaps,
it is possible to prevent shadowing caused by an insufficient
supply of charge due to a delay in the reference signal, and
consequently to provide a liquid crystal display that is
superior in display quality.

Moreover, in the above-mentioned arrangement, the lig-
uid crystal display has the so-called opposing source con-
struction so that the scanning lines 6 and the gradation signal
lines 11 are formed on independently different substrates;
therefore, since the scanning lines 6 and the gradation signal
lines 11 are not made to intersect each other on the same
substrate, it is possible to reduce the rate of occurrence of
line defects. Consequently, it becomes possible to improve
the yield and also to reduce the production costs.

Additionally, in the present embodiment, the explanation
has been given of constructions on the assumption that a
liquid crystal display of the light-transmission type is
adopted; however, the same construction is also applied to a
liquid crystal display of the reflection type with the same
functions and effects.

As described above, the liquid crystal display of the
present invention, which is provided with: a pixel substrate;

10

15

20

25

30

35

40

45

50

55

60

65

20

an opposing substrate aligned face to face with the pixel
substrate with a gap in between; a plurality of pixel elec-
trodes formed on the pixel substrate in a matrix format;
opposing electrodes formed on the opposing substrate in
association with the pixel electrodes; a plurality of scanning
lines and a plurality of reference signal lines that are placed
in parallel with each other in each of the border arcas
between the pixel electrodes on the pixel substrate; a gra-
dation signal line that is placed in a direction orthogonal to
the scanning lines on the opposing substrate and that is
electrically connected to the opposing electrodes; and a
switching element of a three-terminal type having respective
terminals electrically connected to the scanning line, the
reference signal line and the pixel electrode on the pixel
substrate, is characterized by further comprising: a reference
signal main line that is placed so as to electrically connect
the reference signal lines with each other on the periphery of
the area in which the reference signal lines are placed; and
a voltage applying circuit for applying a reference signal
voltage to the reference signal circuit constituted by the
reference signal lines and the reference signal main line, and
for controlling the applying voltage in response to voltage
variations in the reference signal circuit. In this arrangement,
the reference signal main line includes an input main line
and an output main line, the input main line and the output
main line being electrically connected to each other through
the reference signal line, with their portions other than the
connected portions through the reference signal line being in
an electrically insulated state or in a high impedance state,
and an input section for applying a voltage from the voltage
applying circuit is placed in the input main line and an
output section for feeding a voltage back to the voltage
applying circuit is placed in the output main line.

In this arrangement, a voltage applied to the reference
signal circuit through the input section is outputted from the
output section after passing through the reference signal
line. Consequently, the voltage applying circuit is allowed to
accurately detect minute voltage variations caused by the
respective reference signal lines inside the reference signal
circuit, and can carry out a proper voltage-compensating
process by adjusting the applying voltage based upon the
detected voltage variations. With this arrangement, without
a reduction in the aperture ratio caused by the widened line
width of the reference signal line and the widened distance
between the line gaps, it is possible to prevent shadowing
caused by an insufficient supply of charge due to a delay in
the reference signal, and consequently to provide a liquid
crystal display that is superior in display quality.

Moreover, in the above-mentioned arrangement, the lig-
uid crystal display has the so-called opposing source con-
struction so that the scanning lines and the gradation signal
lines are not made to intersect each other on the same
substrate; thus, it is possible to reduce the rate of occurrence
of line defects. Consequently, it becomes possible to
improve the yield and also to reduce the production costs.

In the liquid crystal display of the present invention, it is
preferable to provide an arrangement in which: a conductive
portion made from a conductive material, which extends
from the input section or the output section placed on the
pixel substrate to reach the opposing substrate, is further
placed in the area sandwiched by the pixel substrate and the
opposing substrate, and an electrical connection between the
input section and the wire from the voltage-applying circuit
or an electrical connection between the output section and
the wire from the voltage-applying circuit is made through
the conductive portion.

In the case when the input section and the output section
are placed in a separate manner on the pixel substrate, the



US 6,433,765 B1

21

respective sections are placed at positions apart from each
other. For example, assuming that the voltage-applying
circuit is placed on the gate control substrate on which a
driver for driving a scanning signal is placed, and that the
input section is placed at a position close to the gate control
substrate, the output section needs to be placed at a position
farthest from the gate control substrate. In this case, the wire
extending from the output section to reach the voltage-
applying circuit is made to once pass through the wiring
substrate placed at a position opposite to the gate control
substrate with respect to the pixel substrate, and to reach the
gate control substrate from the wiring substrate through a
source control substrate on which a driver for driving a
gradation signal.

In contrast, in the above-mentioned arrangement, the
input section or the output section is electrically connected
to the wire that reaches the voltage-applying circuit through
the conductive section; therefore, for example, in the above-
mentioned structural example, the voltage from the output
section is fed back to the voltage-applying circuit on the gate
control substrate from the wire on the opposing substrate
through the source control substrate via the conductive
section. Therefore, since no wiring substrate as described
above is required, it is possible to simplify the assembled
structure of the liquid crystal display, to reduce the size of
the apparatus as a whole, and to cut the material costs and
production costs.

Moreover, in the liquid crystal display of the present
invention, it is preferable to install the input section and/or
output section at a plurality of positions. This arrangement
allows the voltage-applying circuit to compensate for minute
voltage variations occurring in the reference signal lines
more accurately without having any influences from imped-
ances of the input main line and the output main line. Thus,
it becomes possible to provide a liquid crystal display
having superior display quality.

Furthermore, in the liquid crystal display of the present
invention, it is preferable to allow the input main line and the
output main line to have impedances lower than that of the
reference signal lines. This arrangement allows the voltage-
applying circuit to compensate for minute voltage variations
occurring in the reference signal lines more accurately
without having any influences from impedances of the input
main line and the output main line. Thus, it becomes
possible to provide a liquid crystal display with superior
display quality.

In the liquid crystal display of the present invention, it is
preferable to design the input main line and output main line
so as to have a line width thicker than the above-mentioned
reference signal line. This arrangement makes it possible to
easily achieve a construction having a low impedance.

Moreover, in the liquid crystal display of the present
invention, it is preferable to design the input main line
and/or output main line so as to be separated into a plurality
of blocks. This arrangement allows voltage variations to be
detected for each block, thereby allowing the voltage-
applying circuit to compensate for minute voltage variations
occurring in the reference signal lines more accurately. Thus,
it becomes possible to provide a liquid crystal display
having superior display quality.

Furthermore, in the liquid crystal display of the present
invention, it is preferable to design the gradation signal line
to be formed to reach positions corresponding to the upper
side portion and lower side portion of the reference signal
main line. With this arrangement, it becomes possible to
form capacitances between the gradation signal line and the
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upper side portion as well as the lower side portion of the
reference signal main line, and consequently to provide high
impedances at the upper side portion and the lower side
portion of the reference signal main line. Since it is not
necessary to form the reference signal main line in a separate
manner into the input main line and the output main line, the
liquid crystal display device can be simplified and the
production costs can be reduced.

Here, “the upper side portion and the lower side portion™
refer to two opposing sides among four sides on which the
reference signal main line is formed, and these sides are
located between the input main line and the output main line.

Moreover, in the liquid crystal display of the present
invention, it is preferable to design the voltage-applying
circuit to have an adjusting means for adjusting the applying
voltage. This arrangement makes it possible to easily adjust
the amplification factor of the voltage-applying circuit so as
to provide a superior display while preventing shadowing.

The invention being thus described, it will be obvious that
the same may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope
of the invention, and all such modifications as would be
obvious to one skilled in the art are intended to be included
within the scope of the following claims.

What is claimed is:

1. A liquid crystal display of the present invention,
comprising:

a pixel substrate;

an opposing substrate aligned face to face with the pixel

substrate with a gap in between;

a liquid crystal layer that is sandwiched in the gap
between the pixel substrate and the opposing substrate;

a plurality of pixel electrodes formed on the pixel sub-
strate in a matrix format;

opposing electrodes formed on the opposing substrate in
association with the pixel electrodes;

a plurality of scanning lines and a plurality of reference
signal lines that are placed in parallel with each other
in each of the border arcas between the pixel electrodes
on the pixel substrate;

a gradation signal line that is placed in a direction
orthogonal to the scanning lines on the opposing sub-
strate and that is electrically connected to the opposing
electrodes; and

a switching element of a three-terminal type having
respective terminals electrically connected to the scan-
ning line, the reference signal line and the pixel elec-
trode on the pixel substrate, is characterized by further
comprising:

a reference signal main line that is placed so as to
electrically connect the reference signal lines with
each other on the periphery of the area in which the
reference signal lines are placed; and

a voltage applying circuit for applying a reference
signal voltage to a reference signal circuit constituted
by the reference signal lines and the reference signal
main line, and for controlling the applying voltage in
response to voltage variations in the reference signal
circuit,

wherein: the reference signal main line includes an
input main line and an output main line, the input
main line and the output main line being electrically
connected to each other through the reference signal
line, with their portions other than the connected
portions through the reference signal line being in an
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electrically insulated state or in a high impedance
state, and an input section for applying a voltage
from the voltage applying circuit is placed in the
input main line and an output section for feeding a
voltage back to the voltage applying circuit is placed
in the output main line.

2. The liquid crystal display as defined in claim 1,
wherein: a conductive portion made from a conductive
material, which extends from the input section or the output
section placed on the pixel substrate to reach the opposing
substrate, is further placed in an area sandwiched by the
pixel substrate and the opposing substrate, and an electrical
connection between the input section and the wire from the
voltage-applying circuit or an electrical connection between
the output section and the wire from the voltage-applying
circuit is made through the conductive portion.

3. The liquid crystal display as defined in claim 1, wherein
the input section and/or output section are installed at a
plurality of positions.
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4. The liquid crystal display as defined in claim 1, wherein
the input main line and the output main line are allowed to
have impedances lower than that of the reference signal
lines.

5. The liquid crystal display as defined in claim 4, wherein
the input main line and output main line have a line width
thicker than the reference signal line.

6. The liquid crystal display as defined in claim 1, the
input main line and/or output main line are separated into a
plurality of blocks.

7. The liquid crystal display as defined in claim 1, wherein
the gradation signal line is formed to reach positions corre-
sponding to an upper side portion and a lower side portion
of the reference signal main line.

8. The liquid crystal display as defined in claim 1, wherein
the voltage-applying circuit is provided with an adjusting
means for adjusting the applying voltage.

* * * #® *®
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