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LIQUID CRYSTAL DISPLAY DEVICE
HAVING CONTROL CIRCUIT FOR
INSERTING AN ELIMINATION SIGNAL OF
20% OR LESS OF THE APPIED MAXIMUM
VOLTAGE IN A VIDEO SIGNAL

CROSS REFERENCE TO RELATED
APPLICATION

This application is a divisional application of U.S. appli-
cation Ser. No. 10/438,101, filed May 15, 2003 now U.S. Pat.
No. 7,030,941, the contents of which are incorporated herein
by reference.

BACKGROUND OF THE INVENTION

The present invention relates to a liquid crystal display
device; and, more particularly, to a so-called vertical orienta-
tion type liquid crystal display device.

A liquid crystal display device is configured such that the
optical transmissivity of a liquid crystal material in each pixel
region is controlled in response to an electric field which is
generated between a pair of electrodes and is applied to the
liquid crystal material.

In such a liquid crystal display device, orientation films are
arranged so as to be directly brought into contact with the
liquid crystal material, thereby to determine the initial orien-
tation direction of the liquid crystal when an electric field is
not applied to the liquid crystal.

Further, although the orientation films conventionally
require orientation treatment by rubbing, there is a liquid
crystal mode which requires no rubbing treatment and can
omit step for such a treatment, and a so-called vertical orien-
tation type liquid crystal display device has been developed
(see Japanese Patent Laid Open 11-72793, 11-109355,
11-352489, for example) on the basis of such a liquid crystal
mode.

That is, with the use of so-called vertical orientation films,
without use of rubbing treatment, liquid crystal molecules are
arranged in the vertical direction with respect to the substrates
when no electric field is applied to the liquid crystal material,
and these molecules aretilted down in a plurality of directions
when an electric field is applied to the liquid crystal material.

Here, due to such tilting-down of the liquid crystal mol-
ecules ina plurality of directions, the vertical orientation type
of device has a feature in that a broad viewing angle can be
simultaneously achieved as part of the liquid crystal display
characteristics.

SUMMARY OF THE INVENTION

However, in a liquid crystal display device of the type
described above, as a result of further extensive studies made
by the inventors of the present invention, as shown in FIG.
22A to FIG. 22C, it has been found that, when a pressure is
applied to a liquid crystal display panel LPNL from the out-
side, for example, when a user lightly pushes on a liquid
crystal display part AR thereof with his finger, a trace corre-
sponding to the pushed portion remains for a long time span-
ning about several tens of minutes per one pushing operation
(the trace which remains in this manner will be referred to as
a “dark spot” in this specification for convenience sake).

Such an operation to push the liquid crystal display panel
LPNL is frequently performed when a discussion is being
carried out among a plurality of people, while watching a
display produced on the liquid crystal display panel LPNL, or
when a liquid crystal display part AR of the liquid crystal
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display part LPNL is wiped or the like, for example. Accord-
ingly, the fact that the trace remains in the above-mentioned
manner creates a serious drawback in the practical use of the
display device. This is because the liquid crystal display panel
LPNL cannot produce a normal display at the location of the
trace remaining portion of the display device.

As can be understood from respective manipulations
shown in FIG. 22A, FIG. 22B, FIG. 22C, the occurrence of
the trace is apparent. That is, the trace which is produced by
pushing with a finger remains as it is, and when the liquid
crystal display panel LPNL is pushed while moving the finger
along a path having the shape of a letter or a figure, for
example, the trace remains over a long time. Here, FIG. 22A
shows a state in which a display screen of the liquid crystal
display panel is not pushed; FIG. 22B shows a state in which
the finger is moved while pushing the display screen; and
FIG. 22C shows a state in which a trace remains after the
finger is moved away from the display screen.

To explain the reasons why such a phenomenon occurs,
while focusing on the behavior of the liquid crystal material,
first of all, as shown in FIG. 23 A to FIG. 23C, by giving the
directivity to the direction of an electric field E generated
between a pair of electrodes PX, CT that are respectively
formed on respective substrate sides at a partial region (center
in the drawing), the direction in which the liquid crystal
molecules are tilted involves a plurality of directions.

Then, when the electric field E is increased sequentially in
the order of FIG. 23A, FIG. 23B and FIG. 23C (changing a
voltage applied to a pair of electrodes in the order of
small—medium—large), the liquid crystal molecules LC are
tilted down intwo directions at a center portion, and the liquid
crystal molecules L.C arranged outside the center portion are
tilted down in the same directions based on the tilting direc-
tions of the liquid crystal molecules LC in the center portion.

Further, as shown in FIG. 24A to FIG. 24C, when one
substrate in an intermediate state (FIG. 24A) is pushed (FIG.
24B), the distance between the substrate SUB1 and the sub-
strate SUB2 is narrowed (d2<d1); and, hence, the distance
between the pixel electrode PX and the counter electrode CT
is narrowed.

This implies that the intensity of the electric field E
between the pixel electrode PX and the counter electrode CT
is increased so that the liquid crystal molecules are pushed to
each other, whereby an electric field stronger than a display
electric field corresponding to an original gray scale is
applied.

As a result, it is recognized that an intermediate layer
MIDL, which is formed of liquid crystal molecules arranged
substantially horizontally, is formed in the vicinity of the
center of the liquid crystal layer between the substrates.

Since the liquid crystal molecules are arranged substan-
tially horizontally relative to each other in this intermediate
layer MIDL, the long axis directions of the liquid crystal
molecules are juxtaposed, whereby a strong intermolecular
force acts between the liquid crystal molecules. Accordingly,
it is recognized that the intermediate layer MIDL assumes a
metastable state, and this state is fixed so as to exhibit a
memory effect.

Then, when the pushing force is eliminated, the distance
between the substrates returns to d1 (FIG. 24C). Here, the
liquid crystal molecules in the vicinity of the vertical orien-
tation films AL1, AL2 return to the original tilting state which
is given by the electric field E. However, even when such a
state is assumed, it can be seen that the liquid crystal mol-
ecules in the intermediate layer MIDL still maintain in a
substantially horizontal state.
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It has been found that this phenomenon occurs for the
following reasons. That is, the only liquid crystal molecules,
1o which the orientation effect of liquid crystal molecules
generated by the vertical orientation films AL1, AL2 extends,
are the liquid crystal molecules which are brought into con-
tact with the orientation films, and the arrangement of the
liquid crystal molecules, other than these liquid crystal mol-
ecules, is determined on the basis of the electric field between
the pixel electrode PX and the counter electrode CT and the
intermolecular force between the liquid crystal molecules.

That is, the liquid crystal molecules that are disposed at
positions other than the interfaces are caused to tilt in the
horizontal direction or in the lateral direction by the electric
field E and to return in the vertical direction or the longitudi-
nal direction by the intermolecular force between the liquid
crystal molecules. Accordingly, with respect to the liquid
crystal molecules that are disposed at positions other than the
interfaces, their degree of tilting is determined on the basis of
the balance between the electric field E and the intermolecu-
lar force between the liquid crystal molecules.

In the case where the display panel is free from the above-
mentioned pushing force, the liquid crystal molecules are
tilted by the electric field as shown in FIG. 23B, and the
neighboring liquid crystal molecules are tilted, while their
long axis directions are substantially juxtaposed to each other.
Accordingly, the intermolecular force assumes a state in
which the intermolecular force strongly acts between the
molecules in the longitudinal direction of the liquid crystal
layer.

Accordingly, when the electric field is decreased, the liquid
crystal molecules return to the tilting corresponding to the
intensity of the electric field E after the whole electric field is
reduced substantially uniformly. Then, by setting the electric
field to a minimum level, the liquid crystal molecules in the
vicinity of the vertical orientation films AL1, AL2 gradually
return to the vertical state, due to the actions of the vertical
orientation films AL1, AL2.

Here, due to the intermolecular force acting between the
liquid crystal molecules, the liquid crystal molecules at posi-
tions other than the interfaces also gradually return to the
vertical state corresponding to a return amount of the liquid
crystal molecules at the interfaces and the liquid crystal mol-
ecules return to the vertical state as a whole.

To briefly recapitulate the above-mentioned consider-
ations, when the pressing force is applied to a liquid crystal
display panel, as shown in FIG. 24B, the intermediate layer
MIDL is characterized by the fact that the long axis directions
of the liquid crystal molecules are arranged substantially
horizontally with respect to each other; and, even when the
pressing force is eliminated, the intermediate layer MIDL
forms a metastable state in which the intermolecular force
acts between the liquid crystal molecules, and, hence, this
state is maintained when the electric field is applied to some
extent.

The liquid crystal molecules in the vicinity of the interfaces
return to the normal orientation direction due to the actions of
the vertical orientation films AL1, AL2.

Although the liquid crystal molecules at positions other
than the interfaces of the orientation films also return to the
original orientation direction correspondingly in a usual case,
due to the formation of the intermediate layer MIDL, the
intermolecular force to which the liquid crystal molecules at
the interface side of the intermediate layer are subjected sat-
isfies the relationship expressed by a following formula (1).

(intermolecular force received from liquid crystal

molecules at interface of orientation film)<(inter-
molecular force received from whole liquid crys-
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tal molecules of intermediate layer)+(orientation
force in horizontal direction of liquid crystals due

to electric field) (1)

Here, all of the liquid crystal molecules of the intermediate
layer MIDL assume a substantially horizontal state; and,
hence, as a result, the liquid crystal molecules at the interface
side of the intermediate layer MIDL also maintain a horizon-
tal state.

In this manner, once the intermediate layer is formed, the
term “the intermolecular force received from all of the liquid
crystal molecules of the intermediate layer MIDL” is satis-
fied, and, hence, the intermediate layer MIDL is maintained
in the metastable state for a long time. As a result, the liquid
crystals exhibit a memory property and generate a state in
which a picture can be drawn with the finger, resulting in a
drawback as has been explained above.

Such a phenomenon has not been found in any one of the
conventional TN type, STN type and lateral electric field type
liquid crystal display panels. According to the analysis per-
formed by inventors of the present invention, the reasons for
this are as follows.

First of all, in the TN type or STN type liquid crystal
display panel, the liquid crystal molecules include a large
quantity of chiral material, which is a material which causes
twisting of the liquid crystal layer. Accordingly, a mutual
intermolecular force acting between the neighboring liquid
crystal molecules is extremely strengthened. As a result, even
when a state corresponding to the above-mentioned interme-
diate layer is generated, for example, the intermediate layer is
dissipated due to the effect of a large quantity of chiral mate-
rial.

Further, the liquid crystal molecules in the vicinity of the
interfaces of the orientation films are in a horizontal state with
a tilting angle of several degrees to ten and some degrees, and
the liquid crystal molecules gradually assume the vertical
state toward the intermediate portion of the liquid crystal
layer when a voltage is applied.

Accordingly, even if the substrate is pushed, the liquid
crystal molecules at the intermediate portion assume the lying
direction, and, hence, the interaction between the liquid crys-
tal molecules of the intermediate portion and the liquid crys-
tal molecules in the vicinity of the interfaces of the orientation
films is increased to the contrary, whereby the intermediate
layer is hardly formed in principle.

Further, in the lateral electric field type liquid crystal dis-
play panel, since the liquid crystal molecules are arranged
substantially in parallel, the intermolecular force between the
liquid crystal molecules is structurally strengthened. Further,
since the liquid crystal molecules are originally arranged
horizontally, even when the substrate is pushed, the pushing
force only serves to maintain this horizontal state, so that the
intermediate layer is hardly formed.

Accordingly, it can be seen that this phenomenon is a
phenomenon peculiar to the vertical orientation type liquid
crystal display panel, and, hence, there has been neither a
disclosure with respect to the phenomenon, nor the applica-
tion of counter measures against the phenomenon in the con-
ventional liquid crystal display devices.

Further, as a result of an analysis of the phenomenon as
conducted by the inventors of the present invention, the fol-
lowing phenomenon has been discovered.

That is, it has been discovered that the phenomenon
depends on the voltage. For examiple, in a normally black
display (black when the voltage is small and white when the
voltage is large), it has been found that when the liquid crystal
display panel LPNL is pushed while the voltage is in a range
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0f30% to 100% with respect to the rated voltage, the occur-
rence of the phenomenon is particularly apparent.

Here, to facilitate an understanding of the foregoing expla-
nation, the case of a normally black display (black when the
voltage is small and white when the voltage is large) will be
explained in more detail as an example. However, the case of
a normally white display is similarly obtained by reversing
the parameters of the normally black display.

FIG. 25A to FIG. 25C are views which show the behavior
of the liquid crystal molecules when the applied voltage is in
arange 0f 0% to 30%. Here FIG. 25 A shows a state before the
liquid crystal display panel LPNL is pushed; FIG. 25B shows
a state in which the liquid crystal display panel LPNL is being
pushed; and FIG. 25C shows a state which occurs after a
pushing force which is applied to the liquid crystal display
panel LPNL is released.

In these states, the voltage is small, and, hence, the liquid
crystal molecules assume the approximately vertical state.
The liquid crystal molecules of the intermediate portion of the
liquid crystal layer also assume substantially an approxi-
mately vertical state, wherein the long axes of the liquid
crystal molecules are directed in the vertical directions with
respect to each other.

The following behavior has been discovered.

1) Theliquid crystal molecules disposed at the interfaces of
the vertical orientation films AL1, AL2 are subjected to the
strong interaction from the vertical orientation films AL1,
AL2 and maintain the vertical state.

2) The liquid crystal molecules are arranged in the vertical
direction, and the intermolecular force acts to maintain the
vertical direction.

3) The intensity of the electric field that is generated
between the upper and lower substrates is low, and, hence,
even when the substrate is pushed, the electric field does not
have enough power to shift the liquid crystal molecules from
the vertical state to the horizontal state.

Accordingly, the intermediate layer is not formed, so that
the liquid crystal molecules return to the original state after
the pushing force applied to the substrate is released.

FIG. 26A to FIG. 26C are views showing the behavior of
the liquid crystal molecules when the applied voltage is in a
range of 70% to 100%. Also in this case, FIG. 26A shows a
state before the liquid crystal display panel LPNL is pushed;
FIG. 26B shows a state in which the liquid crystal display
panel LPNL is being pushed; and FIG. 26C shows a state
which occurs after the pushing force applied to the liquid
crystal display panel LPNL is released.

In this state, the voltage is high, and, hence, the liquid
crystal molecules assume an approximately horizontal state.
When the surface of the liquid crystal display panel is pushed,
the distance between the substrates is narrowed and the inten-
sity of the electric field is increased. Since the liquid crystal
molecules originally assume an approximately horizontal
state, along with the increase of the intensity of the electric
field derived from narrowing of the distance between the
substrates due to pushing of the substrate, the liquid crystal
molecules assume a substantially horizontal state in the inter-
mediate portion of the liquid crystal layer. Accordingly, the
intermediate layer MIDL is generated, and this intermediate
layer MIDL exhibits a memory property.

FIG. 27A to 27C are views showing the behavior of the
liquid crystal molecules when the applied voltage is in a range
of 30% to 70%. Also, in this case, FIG. 27A shows a state
before the liquid crystal display panel LPNL is pushed; FIG.
27B shows a state in which the liquid crystal display panel
LPNL is being pushed; and FIG. 27C shows a state which
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occurs after the pushing force applied to the liquid crystal
display panel LPNL is released.

In this state, the voltage assumes an intermediate level and
the liquid crystal molecules assume the intermediate state
between the vertical state and the horizontal state. When the
surface of the liquid crystal display panel is pushed, this gives
rise to a narrowing of the distance between the substrates and
an increase in the intensity of the electric field.

Then, the liquid crystal molecules of the intermediate
potion assume a substantially horizontally arranged state and
hence, the intermediate layer MIDL is formed in the same
manner as mentioned above.

On the other hand, the liquid crystal molecules that are
disposed in the vicinity of the interfaces of the vertical orien-
tation films AL1, AL2 do not assume the horizontal state, due
to the effects of the vertical orientation films AL1, AL2.
Therefore, the liquid crystal molecules of the intermediate
layer and the liquid crystal molecules disposed at the inter-
faces differ in the direction of arrangement of the long axes
thereof, and, hence, the intermolecular force acting between
the liquid crystal molecules in these two regions turns out to
be weak. Accordingly, even after pressure is eliminated, the
intermediate layer is maintained, and the intermediate layer
exhibits a memory property.

The present invention has been made in view of such cir-
cumstances and discovery of the characteristics described
above, and it is an object of the present invention to provide a
liquid crystal display device which can obviate the above-
mentioned dark spot phenomenon.

It is another object of the present invention to provide a
liquid crystal display device which will effectively utilize the
above-mentioned dark spot phenomenon.

As the result of the above-mentioned findings, discoveries
and studies made by the inventors, the inventors have adopted
the following techniques in accordance with the present
invention to solve the above-mentioned drawbacks.

That is, to briefly explain the present invention, in a liquid
crystal display device which aligns liquid crystal molecules in
the vertical direction, a voltage which is equal to or less than
20% of a maximum voltage is collectively or sequentially
applied to AL1 pixels for every other fixed time.

As has been explained in conjunction with the above-men-
tioned fornla (1), the generation of a memory property of
the liquid crystal display panel is attributed to the generation
of an intermolecular force of the intermediate layer MIDL on
the liquid crystal material. However, since this intermolecular
force is a force which acts between molecules, the strength
thereof assumes a limited value. Accordingly, by decreasing
“the orientation force due to an electric field” which is the
second term of the right side of the above-mentioned formula,
it is possible to establish the relationship “left side>right side”
in the formula (1).

In this case, the formation of the intermediate layer MIDL
falls in an unstable state in terms of energy, and, hence, the
intermediate layer MIDL is dissipated, whereby the liquid
crystal molecules return to the normal orientation state, which
is determined by the vertical orientation films and the electric
field.

In this case, it appears preferable to apply a voltage that is
equal to or less than 30% of the maximum voltage. However,
since the state of the intermediate layer MIDL exists as a
metastable state, the inventors have found that it is preferable
to decrease the voltage which forms the electric field to a
value equal to or less than 20% of the maximum voltage, so as
to eliminate the metastable state.

Then, due to the decrease of the voltage, the electric field is
made small, and, hence, the liquid crystal molecules in the
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vicinity of the interface of the intermediate layer MIDL
approach the state in which such liquid crystal molecules are
arranged in parallel to the liquid crystal molecules in the
vicinity of the vertical orientation film, so that the intermo-
lecular force of the liquid crystal molecules with the interme-
diate layer MIDL is increased.

As aresult, the intermolecular force which the liquid crys-
tal molecules disposed outside the intermediate layer MIDL
are subjected to assumes the relationship “(intermolecular
force with the liquid crystal molecules at the interface of the
orientation film)>(intermolecular force from the liquid crys-
tal molecules of the intermediate layer)”; and, hence, the
liquid crvstal molecules outside the intermediate layer MIDL
are arranged substantially in parallel to the liquid crystal
molecules of the interface of the orientation film.

Thereafter, these liquid crystal molecules are sequentially
propagated to the next liquid crystal molecules of the inter-
mediate layer and finally the whole intermediate layer recov-
ers to the original alignment state.

Itis more desirable to completely dissipate the ability of the
electric field to maintain the intermediate layer MIDL. To this
end, it is desirable to minimize the electric field, that is, to
apply the minimum voltage. With this application of the mini-
mum voltage, it is possible to recover the display in a very
short time.

In view of the above, typical aspects of the invention, as
disclosed in the present application, will be described as
follows.

(1) A liquid crystal display device according to the present
invention includes, for example:

a first substrate and a second substrate, which are arranged
so as to face each other in an opposed manner, with a liquid
crystal material being disposed therebetween; and

first electrodes which are formed in a pixel region of a
liquid-crystal-side surface of the first substrate, and second
electrodes which are formed in a pixel region of a liquid-
crystal-side surface of the second substrate, wherein

liquid crystal molecules are arranged in a substantially
vertical direction with respect to the first and second sub-
strates in a state in which an electric field is not generated
between the first electrodes and the second electrodes, and

the liquid crystal display device further includes means
which, with respect to a voltage applied between the first
electrodes and the second electrodes, intermittently applies a
voltage which is equal to or less than 20% of the maximum
voltage.

(2) A liquid crystal display device of the present invention
is, on the premise of the constitution (1), for example, char-
acterized in that, in all or a portion of a liquid crystal display
part which is formed of a mass of pixel regions, the voltage
being equal to or less than 20% of the maximum voltage,
which is applied between the first electrode and the second
electrode, is intermittently applied.

(3) A liquid crystal display device of the present invention
is, on the premise of the constitution (1), characterized in that
the application of the voltage being equal to or less than 20%
of the maximum voltage, which is applied between the first
electrode and the second electrode, is performed at a rate of
not more than 5 times per 1 second.

(4) A liquid crystal display device according to the present
invention includes, for example:

a first substrate and a second substrate, which are arranged
so as to face each other in an opposed manner, with a liquid
crystal material being disposed therebetween; and

first electrodes which are formed in a pixel region of a
liquid-crystal-side surface of the first substrate, and second

15

20

25

30

40

60

65

8

electrodes which are formed in a pixel region of a liquid-
crystal-side surface of the second substrate, wherein

liquid crystal molecules are arranged in a substantially
vertical direction with respect to the first and second sub-
strates in a state in which an electric field is not generated
between the first electrodes and the second electrodes, and

the liquid crystal display device further includes means
which, with respect to a voltage applied between the first
electrodes and the second electrodes, applies a voltage which
is equal to or less than 20% of the maximum voltage in the
pixel regions constituting at least a portion of a mass of the
pixel regions by one or more times per 1 minute.

(5) A liquid crystal display device according to the present
invention includes, for example:

a first substrate and a second substrate, which are arranged
so as to face each other in an opposed manner, with a liquid
crystal material being disposed therebetween; and

first electrodes which are formed in a pixel region of a
liquid-crystal-side surface of the first substrate, and second
electrodes which are formed in a pixel region of a liquid-
crystal-side surface of the second substrate, wherein

liquid crystal molecules are arranged in a substantially
vertical direction with respect to the first and second sub-
strates in a state in which an electric field is not generated
between the first electrodes and the second electrodes, and

the liquid crystal display device further includes means
which, with respect to a voltage applied between the first
electrodes and the second electrodes, applies a voltage which
is equal to or less than 20% of the maximum voltage in the
pixel regions constituting at least a portion of a mass of the
pixel regions by one or more times per 5 seconds.

(6) A liquid crystal display device of the present invention
is, on the premise of the constitution (1), for example, char-
acterized in that the respective pixels are arranged in a matrix
array, the respective pixels are driven such that driving is
sequentially extended from one group of pixels arranged in
parallel in one line to another group of pixels which is
arranged in parallel to the one group of pixels in a direction
which crosses the direction of one line, and a voltage, which
is equal to or less than 20% of the maximum voltage, is
sequentially applied between the first electrode and the sec-
ond electrode per one or a plurality of lines.

(7) A liquid crystal display device according to the present
invention includes, for example:

a first substrate and a second substrate, which are arranged
so as to face each other in an opposed manner, with a liquid
crystal material being disposed therebetween; and

first electrodes which are formed in a pixel region of a
liquid-crystal-side surface a liquid crystal display part of the
first substrate, and second electrodes which are formed in a
pixel region of a liquid-crystal-side surface of a liquid crystal
display part of the second substrate, wherein

liquid crystal molecules are arranged in a substantially
vertical direction with respect to the first and second sub-
strates in a state in which an electric field is not generated
between the first electrodes and the second electrodes, and

the liquid crystal display part is divided into a plurality of
regions, and the liquid crystal display device further includes
means which, with respect to a voltage applied between the
first electrodes and the second electrodes formed per one or a
plurality of frames, sequentially applies a voltage, which is
equal to or less than 20% of the maximum voltage, between
the first and second electrodes of the respective pixel regions
ofthe divided regions of the liquid crystal display part per one
or a plurality of frames.

(8) A liquid crystal display device of the present invention
is, on the premise of the constitution (7), for example, char-
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acterized in that, with respect to a voltage applied between the
first electrodes and the second electrodes, the sequential
application of a voltage which is equal to or less than 20% of
the maximum voltage is performed within one minute.

(9) A liquid crystal display device of the present invention
is, on the premise of the constitution (7), characterized in that,
with respect to a voltage applied between the first electrodes
and the second electrodes, the sequential application of a
voltage which is equal to or less than 20% of the maximum
voltage is performed within 5 seconds.

(10)A liquid crystal display device according to the present
invention includes. for example:

aliquid crystal display panel including a first substrate and
a second substrate which are arranged so as to face each other
in an opposed manner, with a liquid crystal being disposed
therebetweer, first electrodes which are formed in a pixel
region of a liquid-crystal-side surface of the first substrate,
and second electrodes which are formed in a pixel region of a
liquid-crystal-side surface of the second substrate; and

a touch panel which is arranged on an observation-side
surface of the liquid crystal display panel; wherein

the liquid crystal display device further includes means
which, with respect to a voltage applied between the first
electrodes and the second electrodes of pixels corresponding
to at least a portion of the touch panel which is touched,
applies a voltage which is equal to or less than 20% of the
maxinmum voltage.

(11) A liquid crystal display device of the present invention
is, on the premise of the constitution (10), for example, char-
acterized in that, with respect to the voltage applied between
the first electrodes and the second electrodes of pixels corre-
sponding to at least a portion of the touch panel which is
touched, the application of a voltage which is equal to or less
than 20% of the maximum voltage is performed when not less
than 0.1 seconds lapses after detection of touching.

(12) A liquid crystal display device of the present invention
is, on the premise of any one of the constitutions (10)and (11),
for example, characterized in that the liquid crystal display
panel is configured such that liquid crystal molecules are
arranged in a substantially vertical direction with respect to
the first and second substrates in a state such that an electric
field is not generated between the first electrodes and the
second electrodes.

(13) Aliquid crystal display device according to the present
invention includes, for example:

aliquid crystal display panel including a first substrate and
a second substrate which are arranged so as to face each other
in an opposed manner, with a liquid crystal material being
disposed therebetween, first electrodes which are formed in a
pixel region of a liquid-crystal-side surface of the first sub-
strate, and second electrodes which are formed in a pixel
region of a liquid-crystal-side surface of the second substrate,
the liquid crystal display panel having liquid crystal mol-
ecules arranged in a substantially vertical direction with
respect to the substrates in a state in which an electric field is
not generated between the first electrodes and the second
electrodes; and

a touch panel which is arranged on an observation-side
surface of the liquid crystal display panel; wherein

the liquid crystal display device further includes means
which, with respect to a voltage applied between the first
electrodes and the second electrodes of pixels, applies a volt-
age signal which is equal to or less than 20% of the maximum
voltage in response to detection of touching of the touch
panel.

(14) A liquid crystal display device of the present invention
is, on the premise of the constitution (13), for example, char-
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acterized in that a path of video signals supplied to the first
pixel electrodes is interrupted and the supply of the voltage
signal which is equal to or less than 20% of the maximum
voltage with respect to the voltage applied between the first
electrodes and the second electrodes is performed on pixels
corresponding to a touched portion and the vicinity thereof
based on positional information received from the touch
panel.

(15) A liquid crystal display device of the present invention
is, on the premise of the constitution (13), for example, char-
acterized in that a path of video signals supplied to the first
electrodes is interrupted, and the supply of a voltage signal
which is equal to or less than 20% of the maximum voltage
with respect to the voltage applied between the first electrode
and the second electrode is performed on pixels correspond-
ing to a touched portion, based on positional information
from the touch panel.

(16) A liquid crystal display device of the present invention
is, on the premise of any one of the constitutions (1) to (9), for
example, characterized in that a touch panel is provided at an
observation side.

(17) A liquid crystal display device of the present invention
1s, on the premise of any one of the constitutions (1) to (15),
for example, characterized in that a voltage which is equal to
or less than 20% of the maximum voltage with respect to the
voltage applied between the first electrodes and the second
electrodes is a minimum voltage.

(18) A liquid crystal display device of the present invention
is, on the premise of any one of the constitutions (1) to (15),
for example, characterized in that the liquid crystal display
device adopts a normally black mode in which a black display
is produced when an electric field is not generated between
the first electrodes and the second electrodes.

(19) A liquid crystal display device of the present invention
is, on the premise of any one of the constitutions (1) to (15),
for example, characterized in that the liquid crystal display
device adopts a normally white mode in which a white display
is produced when the electric field is not generated between
the first electrodes and the second electrodes.

(20) A liquid crystal display device of the present invention
is, on the premise of any one of the constitutions (1) to (16),
for example, characterized in that the liquid crystal display
device adopts a normally black mode in which a black display
is produced when the electric field is not generated between
the first electrodes and the second electrodes.

(21) A liquid crystal display device of the present invention
1s, on the premise of any one of the constitutions (1) to (16),
for example, characterized in that the liquid crystal display
device adopts a normally white mode in which a white display
is produced when the electric field is not generated between
the first electrodes and the second electrodes.

(22) A liquid crystal display device of the present invention
is, on the premise of any one of the constitutions (1) to (15),
for example, characterized in that the liquid crystal display
device adopts a normally black mode in which a black display
is produced when the electric field is not generated between
the first electrodes and the second electrodes, and the voltage
which is equal to or less than 20% of the maximum voltage
with respect to the voltage applied between the first electrodes
and the second electrodes of pixels is constituted of a black
gray scale signal.

(23) A liquid crystal display device of the present invention
is, on the premise of any one of the constitutions (1) to (15),
for example, characterized in that the liquid crystal display
device adopts a normally white mode in which a white display
is produced when the electric field is not generated between
the first electrodes and the second electrodes, and the voltage
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which is equal to or less than 20% of the maximum voltage
withrespect to the voltage applied between the first electrodes
and the second electrodes of pixels is constituted of a white
gray scale signal.

(24) A liquid crystal display device of the present invention
1s, on the premise of the constitution (16), for example, char-
acterized in that the liquid crystal display device adopts a
normally black mode in which a black display is produced
when the electric field is not generated between the first
electrodes and the second electrodes, and the voltage which is
equal to or less than 20% of the maximum voltage with
respect to the voltage applied between the first electrodes and
the second electrodes of pixels is constituted of a black gray
scale signal.

(25) A liquid crystal display device of the present invention
is, on the premise of the constitution (16), for example, char-
acterized in that the liquid crystal display device adopts a
normally white mode in which a white display is produced
when the electric field is not generated between the first
electrodes and the second electrodes, and the voltage which is
equal to or less than 20% of the maximum voltage with
respect to the voltage applied between the first electrodes and
the second electrodes of pixels is constituted of a white gray
scale signal.

The present invention is not limited to the above-men-
tioned constitutions and various modifications are conceiv-
able without departing from the technical concept of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a diagrammatic view showing the overall con-
struction of one embodiment of a liquid crystal display device
according to the present invention.

FIG. 1B is a schematic circuit diagram of one pixel of the
liquid crystal display device of FIG. 1A.

FIG. 1C s a cross-sectional view of a portion of the display
panel of FIG. 1A.

FIG. 1D is a waveform diagram of the video signal sup-
plied to each video signal line in the display device of FIG.
1A.

FIG. 2 is a waveform diagram ofa signal inputted to a drain
signal line in another embodiment of the liquid crystal display
device according to the present invention.

FIG. 3 is a waveform diagram ofa signal inputted to a drain
signal line in another embodiment of the liquid crystal display
device according to the present invention.

FIG. 4is a waveform diagram ofa signal inputted to a drain
signal line in another embodiment of the liquid crystal display
device according to the present invention.

FIG. 5 is a flowchart showing an operation of a control
circuit in another embodiment of the liquid crystal display
device according to the present invention.

FIG. 6 is a block diagram showing another embodiment of
a control circuit of the liquid crystal display device according
1o the present invention.

FIG. 7 is a waveform diagram showing a signal inputted to
a drain signal line per line unit in another embodiment of the
liquid crystal display device according to the present inven-
tion.

FIG. 8 is a waveform diagram showing a signal inputted to
a drain signal line per a plurality of line units in another
embodiment of the liquid crystal display device according to
the present invention.
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FIG.9 is a waveform diagram showing a signal inputted to
all drain signal lines simultaneously is another embodiment
of the liquid crystal display device according to the present
invention.

FIG. 10A and FIG. 10B are diagrams showing a signal
inputted to a drain signal line per frame in another embodi-
ment of the liquid crystal display device according to the
present invention.

FIG. 11A to FIG. 11C are diagrams showing, for another
embodiment of the liquid crystal display device according to
the present invention, a display produced by a signal inputted
to a drain signal line per frame.

FIG. 12 is a schematic diagram showing another embodi-
ment of the liquid crystal display device according to the
present invention.

FIG. 13A is a plan view showing one embodiment of the
switching element SW shown in FIG. 12. FIG. 13B is a
cross-sectional view taken along a line b-b in FIG. 13A and
FIG. 13C is a cross-sectional view taken along a line c-c in
FIG. 13A.

FIG. 14 is a constitutional view showing another embodi-
ment of the liquid crystal display device according to the
present invention.

FIG. 15 is a schematic diagrams showing another embodi-
ment of the liquid crystal display device according to the
present invention.

FIG. 16A to FIG. 16C are diagrams showing an operation
of the liquid crystal display device shown in FIG. 15.

FIG. 17A to FIG. 17C are diagrams showing an operation
in another embodiment of the liquid crystal display device
according to the present invention.

FIG. 18 is a flow chart showing one embodiment of an
operation of a control circuit of the liquid crystal display
device shown in FIG. 15.

FIG. 19A to FIG. 19D are diagrams showing operations in
another embodiment of the liquid crystal display device
according to the present invention.

FIG. 20 is a flow chart showing one embodiment of the
operation of the control circuit of the liquid crystal display
device shown in FIG. 19.

FIG. 21 15 a flow chart showing another embodiment of the
operation of the control circuit of the liquid crystal display
device shown in FIG. 19.

FIG.22A to FIG. 22C are diagrams showing a drawback of
a vertical orientation type liquid crystal display device.

FIG. 23 A to FIG. 23C are sectional diagrams showing one
example of the behavior of liquid crystal molecules in a
vertical orientation type liquid crystal display device.

FIG. 24A to FIG. 24C are sectional diagrams showing a
drawback of the vertical orientation type liquid crystal dis-
play device concerning the behavior of liquid crystal mol-
ecules.

FIG. 25A to FIG. 25C are sectional diagrams showing the
behavior of liquid crystal molecules in a vertical orientation
type liquid crystal display device, in view of the relationship
with a driving voltage (0% to 30%).

FIG. 26A to FIG. 26C are sectional diagrams showing the
behavior of liquid crystal molecules in a vertical orientation
type liquid crystal display device, in view of the relationship
with a driving voltage (70% to 100%).

FIG. 27A to FIG. 27C are sectional diagrams showing the
behavior of liquid crystal molecules in a vertical orientation
type liquid crystal display device, in view of the relationship
with a driving voltage (30% to 70%).
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DETAILED DESCRIPTION

Preferred embodiments of a liquid crystal display device
according to the present invention will be explained in detail
in conjunction with the drawings.

Embodiment 1

<<Schematic Overall Constitution>>

FIG. 1A is a schematic diagram showing the overall con-
stitution of one embodiment of the liquid crystal display
device according to the present invention.

In FIG. 1A, a pair of transparent substrates SUB1, SUB2
are arranged so as to face each other, with a liquid crystal
material being disposed therebetween, wherein the liquid
crystal material is hermetically filled in a gap defined between
a pair of transparent substrates SUB1, SUB2 are sealed by
means of a sealing material (not shown in the drawing), which
also performs the function of fixing the transparent substrate
SUB2 to the transparent substrate SUBI.

On a liquid-crystal-side surface of the above-mentioned
transparent substrate SUB1, in an area surrounded by the
sealing material, that are gate signal lines GL,, which extend in
the x direction and are arranged in parallel in the y direction,
and drain signal lines DL, which extend in the y direction and
are arranged in parallel in the x direction.

Regions surrounded by respective gate signal lines GL and
respective drain signal lines DL constitute pixel regions, and
amass of these respective pixel regions, which are disposed in
a matrix array, constitutes a liquid crystal display part AR.

In each pixel region, as shown in FIG. 1B, a thin film
transistor TFT, which is operated in response to a scanning
signal supplied from the one-side gate signal line GL, and a
pixel electrode PX, to which a video signal is supplied from
the one-side drain signal line DL through the thin film tran-
sistor TFT, are formed.

An electric field is generated between this pixel electrode
PX and a counter electrode (not shown in the drawing), which
are formed on a liquid-crystal-side surface of the transparent
substrate SUB2 in a form such that the counter electrode is
used in common with respective pixel regions, and the optical
transmissivity of the liquid crystal is controlled in response to
this electric field.

Here, the pixel electrode PX forms a capacitive element
Cadd between the pixel electrode PX and the other neighbor-
ing gate signal line GL, which is different from the gate signal
line GL, for driving the above-mentioned thin film transistor.
This capacitive element Cadd is provided for storing the
video signal for a relatively long time when the video signal
is supplied to the pixel electrode PX.

Respective ends of the gate signal lines GL extend over the
sealing material, and the extending ends constitute terminals
to which output terminals of a vertical scanning drive circuit
V are connected. Further, to input terminals of the vertical
scanning drive circuit V, signals are inputted from a printed
circuit board that is arranged outside the liquid crystal display
panel, for example.

The vertical scanning drive circuit V is constituted of a
plurality of semiconductor devices, for example, and a plu-
rality of neighboring gate signal lines GL are formed into a
group, and one semiconductor device is allocated to each
group.

In the same manner, respective one ends of the drain signal
lines DL also extend over the sealing material SL, and the
extending ends thereof constitute terminals to which output
terminals of the video signal drive circuit He are connected.

10

15

20

25

30

35

40

45

50

55

60

65

14

Further, to input terminals of the video signal drive circuit He,
signals are inputted from a printed circuit board that is
arranged outside the liquid crystal display panel.

The video signal drive circuit He is also constituted, of a
plurality of semiconductor devices, for example, and a plu-
rality of neighboring drain signal lines DL are formed into a
group, and one semiconductor device is allocated to each
group.

Further, counter voltage signal lines CL are connected in
common at a right-side end portion, as seen in the drawing,
and a connection line extends over the sealing material, and
the extending end constitutes a terminal. A voltage which
becomes a reference with respect to the video signals is sup-
plied from this terminal.

To the scanning signal drive circuit V and the video signal
drive circuit He, a power supply and control signals are
respectively inputted from a power source circuit PWR and a
control circuit TCON.

With respect to respective gate signal lines GL, they are
sequentially selected one by one in response to receipt of the
scanning signals from a vertical scanning drive circuit V.

Further, to respective drain signal lines DL, the video sig-
nals are supplied from the video signal drive circuit He at the
timing at which the gate signal lines GL are selected.

Here, in the above-mentioned embodiment, the vertical
scanning drive circuit V and the video signal drive circuit He
are constituted of semiconductor devices mounted on the
transparent substrate SUB1. However, these drive circuits
may be constituted of so-called tape carrier type semiconduc-
tor devices, which are connected beside the transparent sub-
strate SUB1 and the printed circuit board, for example. Fur-
ther, when semiconductor layers of the thin film transistors
TFT are formed of polycrystalline silicon (p-Si), semicon-
ductor elements made of polycrystalline silicon may be
formed on a surface of the transparent substrate SUB1
together with a wiring layer.

<<Constitution of a Pixel>>

FIG. 1C is a cross-sectional view showing one embodi-
ment of the constitution of the above-mentioned pixel region.
Here, in FIG. 1C, an illustration of the gate signal lines GL,
the drain signal lines DL, the thin film transistors TFT and the
like are omitted, and only the pixel electrode PX in the pixel
region and the counter electrode CT or the like are shown.

The pixel electrode PX is formed in the pixel region on the
liquid-crystal-side surface of the transparent substrate SUBI,
and the pixel electrode PX is formed of a light transmitting
conductive layer which is made of, for example, I'TO (Indium
Tinoxide), ITZO (IndiumTinZincOxide), IZO (Indium Zin-
cOxide), 8,0, (Tin Oxide), In,O; (Indium Oxide) or the like.
In this case, the pixel electrode PX is not formed on the whole
surface of the pixel region, so that the pixel region has a
portion where the pixel electrode PX is not formed.

On upper surfaces of these pixel electrodes PX, an orien-
tation film AL1 is formed, such that the orientation film AL1
also covers the pixel electrodes PX. The orientation film AL1
is constituted of a resin film having no so-called rubbing
treatment on an upper surface thereof.

Further, on a liquid-crystal-side surface of the transparent
substrate SUB2, which is arranged to face the transparent
substrate SUB1 in an opposed manner with liquid crystal
material disposed therebetween, the counter electrode CT,
which is provided in common with respective pixels, is
formed. The counter electrode CT is formed of a light-trans-
mitting conductive layer in the same manner as the above-
mentioned pixel electrodes PX. An orientation film AL2 is
formed on an upper surface of the counter electrode CT, such
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that the orientation film AL2 also covers the counter electrode
CT. The orientation film AL2 is formed of a resin film having
an upper surface which is not subjected to so-called rubbing
treatment.

Here, FIG. 1C depicts the behavior of the liquid crystal
molecules when a slight electric field E is generated between
the pixel electrodes PX and the counter electrode CT. When
the electric field E is not generated, the liquid crystal mol-
ecules are arranged in the vertical direction with respect to the
transparent substrates SUB1, SUB2 by the above-mentioned
orientation films AL1, AL2.

<<Video Signal>>

FIG. 1D shows a video signal that is supplied to each video
signal line DL from the video signal drive circuit He. For the
sake ofbrevity, a video signal which is formed by sequentially
repeating signals having the lowest voltage and the highest
voltage is shown. Accordingly, a voltage signal which indi-
cates a gray scale is not shown. Here, the video signal shown
in FIG. 1D indicates a voltage difference with respect to the
reference voltage supplied to the counter electrode CT. That
is, the video signal is also understood as representing a volt-
age difference between the counter electrode CT and the pixel
electrode PX.

Then, as the video signal, a signal VL having a voltage
equal to or less than 20% with respect to the maximum volt-
age is supplied periodically. This voltage VL, which is equal
1o or less than 20% with respect to the maximum voltage, is
used as a signal for erasing an unexpected dark spot at a
portion of the liquid crystal display part AR of the liquid
crystal display device, which dark spot occurs when the por-
tion is touched with a finger.

Here, although the video signal shown in FIG. 1D is rep-
resented as a video signal which uses a reference signal sup-
plied to the counter electrode CT as a reference, it is needless
1o say that the video signal is not limited to such a video
signal, and, as shown in FIG. 2, a signal which has a voltage
VL of equal to or less than 20% with respect to the maximum
voltage may be mixed in the video signal periodically with
respect to a center voltage VDM of the video signal. Further,
as shown in FIG. 3, it is needless to say that a voltage VL(+),
which has the polarity thereof set to a positive value, and a
voltage VL(-), which has the polarity thereof set to anegative
value, with respect to the center voltage VDM may be alter-
nately inserted in the video signal in a periodic manner.

In the above-mentioned embodiments, as the liquid crystal
display device, a liquid crystal display device of the normally
black type, for example, is used. Here, “normally black”
implies a mode in which a black display is produced in a state
in which the electric field is not applied between the pixel
electrode PX and the counter voltage CT.

Then, periodically, the voltage equal to or less than 20% of
the maximum voltage, that s, the voltage which produces the
black display, is applied to respective video signal lines DL as
a voltage for performing an erasing operation.

Due to such a constitution, even when the liquid crystal
display part AR of'the liquid crystal display device is touched
with a finger by chance, it is possible to erase the stored image
within a fixed time, whereby a normal display can be realized.

Further, in this embodiment, the application of the voltage
for effecting erasing per pixel is performed twice or less times
within one second. Usually, the liquid crystal display device
is driven at a frame frequency equal to or more than 60 Hz.
This implies that the voltages are written in each pixel 60
times within 1 second.

On the other hand, the human eye has visual characteristics
such that an image which lasts for a period of equal to or less
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than %24 seconds cannot be recognized as an independent
image. For example, a video method, in which the display of
different still images 24 times per one second gives the human
eye an illusion that a mass of still pictures is not recognized as
still pictures, but is recognized as a continuous image, is
widely known as animation.

Accordingly, even when the voltage used for erasing is
added at the frequency of not less than twice a second, that is,
equal to or less than once in 30 times, the image generated by
the voltage for erasing is not recognized by the human eye.

Accordingly, in this embodiment, it is possible to realize a
dissipation of a memory image in a vertical orientation type
display without making the user aware of the insertion of the
image.

Further, it is preferable that the insertion frequency of the
voltage used for erasing is equal to or more than once per
minute. This is because the phenomenon can be erased before
the user starts to have an idea that the phenomenon is a defect,
and, hence, it is possible to prevent the user from having an
undesired misgiving about the phenomenon.

Further, it is preferable to perform the insertion of a voltage
for erasing once in five seconds. When the liquid crystal panel
is pushed, the distance between the substrates is narrowed and
then gradually recovers to the original distance. During the
period until the distance recovers to the original distance, the
distance between the substrates differs for that region com-
pared to other regions, and, hence, the display image in the
region appears differently. This is a phenomenon which also
occurs in liquid crystal display devices other than a vertical
orientation type display device.

Accordingly, when the voltage used for erasing is added at
a frequency equal to or less than once in 5 seconds, it is
difficult to distinguish the phenomenon from the usual phe-
nomena which occurs in liquid crystal display devices other
than the vertical orientation type liquid crystal display device,
and, hence, the user cannot perceive the existence per se of
this phenomenon.

Further, with respect to the display mode, this embodiment
is applicable to either one of 1) a normally white mode in
which the display is bright when the voltage is small and is
dark when the voltage is large and 2) a normally black mode
in which the display is dark when the voltage is small and is
bright when the voltage is large.

Here, when the present invention is applied to the case 2),
the brightness is lowered by the application of the voltage for
erasing by an amount corresponding to the period in which
the voltage for erasing is applied. However, since the fre-
quency of application of the voltage for erasing is small, the
amount by which the brightness is lowered is extremely
trivial.

Further, when the present invention is applied to the case
1), the brightness is increased by the application of the voltage
forerasing by an amount corresponding to the period in which
the voltage for erasing is applied, and the increase of bright-
ness gives rise to lowering of the contrast ratio. Accordingly,
it is preferable to set the frequency to about once in 5 seconds
or about once in 5 seconds to 1 minute.

Here, as shown in FIG. 4, it is needless to say that a gray
scale display, corresponding to the voltage of equal to or less
than 20% ofthe maximum voltage, can be produced using the
signal for erasing, That is, by using the voltage or the gray
scale corresponding to white in the normally white mode and
by using the voltage or the gray scale VL (Black) correspond-
ing to black in the normally black mode for erasing, the time
necessary, for erasing can be further shortened.
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Embodiment 2

FIG. 5 is directed to an embodiment of the liquid crystal
display device according to the present invention, and, more
specifically, it is a flow chart showing the operation for input-
ting data for erasing. Operations executed in accordance with
the flow chart are controlled by the above-mentioned control
circuit TCON.

In FIG. 5, first of all, the counter CN 1is set to the state “0”
in step 1 (ST1), and, thereafter, it is judged whether a syn-
chronous signal is inputted or not in step 2 (ST2).

When the synchronous signal is inputted, 1 is added to the
counter value CM in step 3 (ST3), and it is judged whether the
value is greater than a set value ST or not in step 4 (ST4).

When the value is not greater than the set value, the pro-
cessing returns to step 2 (ST2), and the processing waits for
the inputting of the next synchronous signal.

When the value is greater than the set value, the processing
replaces a video signal with data for erasing in step 5 (ST5),
and the processing returns to step 1 (ST1) and resets the
counter to the state “0”. Hereinafter, the same operation is
repeated.

Here, any signal may be used as the synchronous signal
provided that the signal is responsive to a lapse in time based
on the count number. Further, the set value is a value which
sets a giverl time, in which the data for erasing is outputted, as
a value corresponding to the count number of the synchro-
nous signal.

Inthis case, the set value may be set externally with respect
to the control circuit TCON. For example, setting terminals
RT may be provided for the control circuit TCON, as shown
in FIG. 6, and the set value may be changed by short-circuit-
ing these terminals or releasing the short-circuiting. In such a
case, irrespective of the use of either the normally white mode
or the normally black mode, for example, it is possible to cope
with these modes using one type of TCON.

Embodiment 3

FIG. 7 is a view showing the manner of supplying a video
signal in which the data for erasing is mixed. In FIG. 7, the
data for erasing is inputted to the drain signal line DL for
every 1 line, and, as a result, the data for erasing is inputted to
all lines by sequentially scanning the gate signal lines GL.
Here, “1 line” implies each pixel group driven by a scanning
signal of one gate signal line GL.

As shown in FIG. 8, the data for erasing may be applied to
the drain signal line DL for every plurality of lines. Due to
such a provision, it is possible to shorten the display time of
the data for erasing. In this case, the data for erasing may be
displayed for a longer time.

Further, as shown in FIG. 9, the data for erasing may be
simultaneously inputted to all drain signal lines DL. Due to
such a provision, the display time of the data for erasing can
be further shortened.

Embodiment 4

FIGS. 10A and 10B are diagrams showing the manner of
supplying data for erasing.

As shown in FIGS. 10A and 10B, a liquid crystal display
part AR is divided into a plurality of (for example, six in the
drawing) regions, and the data for erasing is applied per
region.

In this case, for example, in a first frame shown in FIG.
10A, the data for erasing is inputted to three regions which are
not close to each other among six respective divided regions.
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Then, in a next frame, as shown in FIG. 10B, the data for
erasing is inputted to the remaining three regions, other than
the above-mentioned three regions, and these inputting
operations are repeated thereafter.

Due to such operations, the regions to which the data for
erasing is inputted are selected in a random manner, and,
hence, it is possible to make it difficult to recognize the
display periodically the data for erasing with the human eye.

In the same manner, as shown in FIG. 11A to FIG. 11C, the
liquid crystal display part AR may be divided into three
regions which are arranged in parallel in the y-axis direction,
for example. In this case, the data for erasing may be inputted
to one region out of three respective divided regions in a first
frame, as shown in FIG. 11A. Then, the data for erasing is
inputted to one region of the two remaining regions in a next
frame, as shown in FIG. 11B. Further, the data for erasing is
inputted to the last of the regions in the next frame, as shown
in FIG. 11C. Thereafter, these inputting operations may be
repeated.

Both of these constitutions can be easily realized by
expanding the functions of the control circuit TCON.

Embodiment 5

FIG. 12 is a schematic diagram showing another embodi-
ment of the liquid crystal display device according to the
present invention, in which the layout corresponds to that of
FIG. 11A.

This embodiment is different from the embodiment. 1
shown in FIG. 1A in that, in a region between the video signal
drive circuit He and the liquid crystal display part AR, switch-
ing elements SW, which are constituted of thin film transis-
tors, for example, are provided to respective drain signal lines
DL in an interposed manner. These respective switching ele-
ments are configured such that the respective drain signal
lines DL are connected to the video signal drive circuit He in
one changeover position and the respective drain signal lines
DL at the liquid crystal display part AR side are connected to
an erasing signal line IL, to which an erasing potential VL is
supplied, in another changeover position. The erasing signal
line IL is held at the erasing potential by a power source
circuit PWR.

That is, compared to the preceding embodiment in which
the data for erasing is supplied to the respective drain signal
lines DL from the video signal drive circuit He, in this
embodiment, the data for erasing is supplied to respective
drain signal lines DL through the switching elements SW by
driving the switching elements SW shown in FIG. 12. FIG.
13A is a plan view showing one embodiment of the switching
element SW. FIG. 13B is a cross-sectional view taken along a
line b-b in FIG. 13A, and FIG. 13C is a cross-sectional view
taken along a line ¢-¢ in FIG. 13A.

Here, the switching element SW is constituted of a thin film
transistor TFT1, wherein a semiconductor layer thereof is
made of polycrystalline silicon. Further, when the semicon-
ductor layers of the thin film transistors TFT of respective
pixels and the semiconductor layers of the C-MIS type tran-
sistors formed in the scanning signal drive circuit V and the
video signal drive circuit He are made of polysilicon, the thin
film transistors TFT1 of the switching elements SW are
formed along with the formation of the thin film transistors
TFT ofthese respective pixels and the C-MIS type transistors.

Firstofall, on the upper surface of the transparent substrate
SUBI, polycrystalline silicon layers P—Si(b) and P—Si(2)
are formed. On upper surfaces of these polycrystalline silicon
layers P—Si(1) and P—Si(2), an insulation film GI is formed
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such that the insulation film GI covers these polycrystalline
silicon layers P—Si(1) and P—Si(2).

On an upper surface of the insulation film GI, first gate
electrode signal lines GL1 are formed such that the first gate
electrode signal lines GL1 traverse the polycrystalline silicon
layer P—Si(1), and second gate signal lines GL.2 are formed
such that the second gate electrodes GT2 traverse the poly-
crystalline silicon layer P—Si(2). Here, the first gate elec-
trode signal line GL1 is configured to function also as the first
gate electrode at a portion where the first gate electrode signal
line GL1 traverses the polycrystalline silicon layer P—Si(h).

Further, a protective film PAS is formed such that the
protective film PAS covers the first gate electrode signal lines
GL1 and the second gate signal lines GL.2.

On an upper surface of this protective film PAS, the drain
signal lines DL(He), which are arranged at the video signal
drive circuit He side and are connected to one ends of the
above-mentioned polycrystalline silicon layers P—Si(I), and
the drain signal lines DL (AR), which are arranged at the
liquid crystal display part AR side and are connected to
another ends of the above-mentioned polycrystalline silicon
layers P—Si(I), are formed. These respective connections are
established by means of through holes TH1, TH2 which are
formed in the protective film PAS and the insulation film Gl in
a penetrating manner.

On an upper surface of this protective film PAS, there are
the drain signal lines DL(He), that are arranged at the video
signal drive circuit He side and are connected to one end of the
above-mentioned polycrystalline silicon layers P—Si(I) and
the drain signal lines DL(AR), that are arranged on the liquid
crystal display part AR side and are connected to the other end
of the polycrystalline silicon layers P—Si(I), the respective
connections being made by means of through holes TH1,
TH2. Similarly, the erasing signal lines IL, which are con-
nected to one end of the above-mentioned polycrystalline
silicon layers P—Si(2) on the upper surface of the protective
film PAS, the other end of which is connected to the drain
signal lines DL{AR), also are formed. The respective connec-
tions are established by means of through holes TH3, TH5 in
this case, which are formed in the protective film PAS and the
insulation film GI in a penetrating manner.

The second gate electrode signal lines GL.2 are connected
1o the second gate electrodes GT1. This connection is estab-
lished by through holes TH4 formed in the protective film
PAS.

Here, the first gate electrode signal lines GL.1, the erasing
signal lines IL, the second gate electrode signal lines G1.2, as
described above, are respectively formed in common with
those of other switching elements SW and run orthogonal to
the respective drain signal lines DL.

Due to the switching elements SW having such a constitu-
tion, when an ON signal is supplied to the first gate electrode
signal line GL.1 and an OFF signal is supplied to the second
gate electrode signal line G2, video signals are supplied to
respective drain signal lines DL at the liquid crystal display
part AR side from the video signal drive circuit He. Then,
when an OFF signal is supplied to the first gate electrode
signal line GL.1 and an ON signal is supplied to the second
gate electrode signal line GI.2, the data for erasing is supplied
to respective drain signal lines DL at the liquid crystal display
part AR side from the erasing signal line IL.

Here, although polycrystalline silicon is used as the mate-
rial of the semiconductor layer of the switching element SW
in the above-mentioned embodiment, the material of the
semiconductor layer is not limited to the use of polycrystal-
line silicon, and itis needless to say that continuous boundary
silicon or pseudo single crystal silicon also may be used. It is
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also needless to say that the respective embodiments of the
present invention may adopt thin film transistors TFT made of
amorphous silicon.

Embodiment 6

FIG. 14 is a schematic diagram showing another embodi-
ment of the liquid crystal display device according to the
present invention, the layout of which corresponds to that of
FIG. 12.

This embodiment is different from the constitution shown
in F1G. 12 in that, in the region defined by the scanning signal
drive circuit V and the liquid crystal display part AR, switch-
ing elements SW (B), which are constituted of thin film
transistors, for example, are formed on respective gate signal
lines GL in an interposed manner, wherein each switching
element SW (B) can establish the connection with each signal
line DL at one changeover position and can release the con-
nection with each signal line DL at another changeover posi-
tion.

A signal line GL3 for turning ON the gates from a power
source circuit PWR is formed as extensions of respective
switching elements SW (B). Due to such a constitution, it is
possible to realize the collective erasing of the whole screen.

Embodiment 7

FIG. 15 is a diagram showing another embodiment of the
liquid crystal display device according to the present inven-
tion.

This liquid crystal display device is configured such that,
on an observation-side surface of a liquid crystal display
panel LPNL, a touch panel TPNL is arranged such that the
touch panel TPNL covers at least the liquid crystal display
part AR.

The touch panel TPNL is constituted such that, when a
location on the surface thereof is pushed with apen or the like,
for example, positional information PD which locates such a
pushed portion is outputted, and various manipulations are
reflected on the display of the liquid crystal display panel
LPNL based on the positional information.

The touch panel TPNL may be constituted, for example,
such that, on a surface thereof, a plurality of first signal lines,
which extend in the x direction and are arranged in parallel in
the y direction, and a plurality of second signal lines, which
extend in the y direction and are arranged in parallel in the x
direction, are formed in the usually insulated manner,
wherein, when a portion of the touch panel TPNL is pushed,
a signal line constituting the first signal line and a signal line
constituting the second signal line at that position are short-
circuited, and the short-circuiting is inputted together with the
positional information.

Further, when the liquid crystal display panel LPNL is used
in the above-mentioned liquid crystal display device, and
when the pressure is applied to the liquid crystal display part
AR, a “dark spot” is generated at the location where the
pressure 1s applied.

This embodiment is provided for preventing the “dark
spot” which is generated on the liquid crystal display panel
LPNL when the touch panel TPNL is pushed with a pen or the
like and the pressure is transmitted to the liquid crystal dis-
play panel LPNL.

That is, as shown in FIG, 15, this embodiment is charac-
terized in that the control circuit TCON detects the positional
information PD from the touch panel TPNL, which is pushed
with a pen or the like and, thereafter, the control circuit TCON
replaces the video signal SG supplied to the pixel correspond-
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ing to the position with a modified video signal VLP, which is
avoltage of equal to or less than 20% of the maximum voltage
based on the positional information.

Due to such a constitution, as shown in FIG. 16 A, FIG.16B
and FIG. 16C, although a dark spot STN is generated tempo-
rarily at the portion of the touch panel TPNL which is pushed
with the pen or the like, the dark spot STN disappears there-
after, and the touch panel TPNL recovers to the normal
screen.

FIG. 16 A shows a state in which the touch panel TPNL is
touched with a pen, FIG. 16B shows a state in which the
modified video signal, which is set to a value equal to or less
than 20% of the maximum voltage, is displayed in a rectan-
gular shape, for example, in the touched region, and FIG. 16C
indicates a state in which the dark spot STN disappears due to
the display of the modified video signal VLP and the display
returns to a normal mode.

Although liquid crystal display devices which are provided
with a touch panels on whole the surface of the liquid crystal
display device are widely known, a point which is shared by
these liquid crystal display devices in common is that they
require an operation to push the touch panel using a pen or a
finger. As a result, as one example, a change of conductive
state or a change of capacitance is generated between the
above-mentioned electrodes constituted in a matrix array, and
this change is detected by a detection circuit provided around
the touch panel, whereby the touched position on the screen is
specified.

However, due to such a pushing operation, pressure is
applied to the liquid crystal display panel, and a memory
image is generated. The liquid crystal display device
equipped with a touch panel is a display device which inher-
ently requires a pushing operation. However, the degree of the
pushing force applied to the touch panel depends on indi-
vidual users, and, hence, it is difficult to estimate the pressure
applied to the liquid crystal display panel. Accordingly, to
mount the touch panel on a vertical orientation type liquid
crystal display device and to always provide a stable display,
a constitution which can eliminate the above-mentioned
memory property becomes necessary.

Here, by constituting at least one of the above-mentioned
respective embodiments as a touch panel attached liquid crys-
tal display device, it is possible to obtain a liquid crystal
display device which exhibits a stable display, while adopting
the vertical orientation type.

Then, in the touch panel method, the positional informa-
tion of the portion to which the pressure is applied is specified
and the memory images are generated only in the touched
region, and, hence, it is sufficient to apply the voltage of equal
to or less than 20% of the maximum voltage only to the
touched region.

Inthis case, it is sufficient to set the image data at theregion
corresponding to the address and in the vicinity thereof to the
voltage of equal to or less than 20% of the maximum voltage,
and, hence, the data can be replaced using the control circuit
TCON, whereby the liquid crystal display device can have a
simple constitution.

In a simplified mode, the white gray scale mode is adopted
for a normally white display, and the black gray scale is
adopted for a normally black display.

Here, it is needless to say that the replacement of video
signals may be performed continuously when the positional
information from the touch panel TPNL is added.

10

15

20

25

30

35

40

45

50

55

60

65

22

Embodiment 8

FIGS.17A to 17C are diagrams relating to another embodi-
ment of the liquid crystal device according to the present
invention.

The constitution which makes this embodiment different
from the embodiment shown in FIG. 16 lies in the fact that the
“dark spot” is erased within a time at least equal to or more
than 0.1 seconds after the touch panel TPNL is pushed with a
pen or the like. That is, when the touch panel TPNL is pushed
with the pen or the like, the control circuit TCON detects the
positional information, and, after a lapse of equal to or more
than 0.1 seconds from the detection, the control circuit TCON
transmits the data for erasing to the liquid crystal display
panel LPNL.

FIG. 18 is a flow chart showing one embodiment of an
operation performed by the control circuit TCON.

In the drawing, first of all, in step SP1, a touch address is
detected based on the information PD from the touch panel
TPNL. Thereafter, in step SP2, address data is stored in a
memory indicated by SP3.

Then, in step SP4, the stored address and the input data are
compared. That is, the address stored in the memory SP3 and
the inputted address data are compared, and it is determined
whether the stored address data and the inputted address data
coincide with each other or not. Then these data do not coin-
cide, the counter CM is reset to “0” in step SP5 and the count
number is added along with inputting of data at step SP6.

When the count number assumes a value which corre-
sponds to 0.1 seconds in step 5P7, the video signal data of the
region corresponding to the address stored in the memory SP3
is replaced with the data for erasing in step SP8.

When the stored address data is inputted in step SP4, the
processing returns to the step SP1, and the processing is
repeated until the stored address data is no more inputted.

Since the touching operation of the touch panel TPNL is
performed by a human, the time during which the pressure is
applied to the touch panel TPNL by the touching operation is
not a moment, but is a continuous time having a finite value.

Even when the screen is erased during touching, the
memory function is generated, and, hence, it is not so effec-
tive. Accordingly, to add the data for erasing after completion
of touching, it is desirable to perform the setting of data for
erasing after a time equal to or more than 0.1 second lapses.
Accordingly, it is possible to surely erase the region from the
screen immediately after the completion of touching.

Embodiment 9

FIGS. 19A to 19D are diagrams relating to another
embodiment of the liquid crystal display device according to
the present invention.

This embodiment is different from the embodiment shown
in FIG. 17 in that, first of all, when the touch panel TPNL is
traced with a pen or the like, as shown in FIG. 19A, a locus
drawn by the pen or the like appears as it is as a display, as
shown in FIG. 19B. Although this display constitutes the
above-mentioned “dark spot”, this embodiment is character-
ized by effectively using the dark spot as the display.

Then, this display is erased in response to an instruction
from a manipulator. That is, the locus drawn by a pen or the
like can be used for some purpose; and, when the locus
becomes no longer necessary, the erasing signal is applied in
response to an instruction from the user, as shown in FIG.
19C, and the display of the locus is released, as shown in FIG.
19D.
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FIG. 20 is a flow chart showing one embodiment of an
operation performed by the control circuit TCON.

In the drawing, in step SP1, the touch address from the
touch panel TPNL is detected. Then, the address data is stored
in step SP2. Here, the address data is stored in a memory
indicated by SP3. In this case, the locus drawn by a pen or the
like appears on the display and the control circuit TCOM
waits for an erasing request CO of the display.

When the control circuit TCON receives the erasing
request CO in step SP4, the video signal data of a region
corresponding to the stored address is replaced with the data
for erasing in step SP5. Thereafter, the address data of the
memory is reset in step SP6.

Here, in this case, the erasing signal may be produced only
withrespect to the vicinity of the touching region. Due to such
a constitution, it is possible to constitute the liquid crystal
display device without affecting images other than that of the
touched portion.

FIG. 21 is a flow chart showing one embodiment of an
operation performed by the control circuit TCON and is
shown by extracting a portion of FIG. 20.

As shown in the drawing, when the control circuit TCON
receives the erasing request in step SP4, in step SP7, the
whole screen is erased without performing the replacement of
the video signal as shown in FIG. 12 or F1G. 14, for example.
Inthis case, it is possible to obtain an advantageous effect that
the memory is no longer necessary.

In this embodiment, the memory property, which has been
considered to give ill effects to the display, is positively uti-
lized in the display. In describing characters or images using
the touch panel, when a trace which is formed by touching of
the pen is observed, it is easier for the user to describe the
character or the image so that the availability of the user is
enhanced.

Accordingly, in this embodiment, erasing is performed in
accordance with the instruction of the user such that an eras-
ing signal is inputted upon receiving the instruction from the
user.

Here, it is desirable to execute the erasing request using
software. By setting some address as an address which issues
a display signal, when a user merely touches the region, an
erasing signal is issued and erasing of the memory image can
be realized.

It is needless to say that to the above-mentioned liquid
crystal display device having the touch panel TPNL, tech-
niques which are described in respective embodiments of the
liquid crystal display device having no touch panel TPNL are
applicable.

As can be clearly understood from the foregoing explana-
tion, according to the liquid crystal display device of the
present invention, the above-mentioned dark spot can be
obviated. Further, it is possible to effectively utilize the
above-mentioned dark spot.

What is claimed is:

1. A liquid crystal display device comprising:

a first substrate and a second substrate with a liquid crystal

layer therebetween
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aplurality of gate signal lines and a plurality of drain signal

lines formed on the first substrate;

a plurality of pixel regions defined by the gate signal lines

and the drain signal lines,

first electrodes which are formed in the pixel regions of the

first substrate, and second electrodes which are formed
in the second substrate, and

a control circuit which supplies a video signal to the drain

signal lines,

wherein:

the pixel regions are divided into a plurality of groups,

the control circuit periodically inserts an elimination
signal having a voltage equal to or less than 20% of the
maximum voltage in a video signal, and

the control circuit controls the insertion of an erasing
signal to selected groups of the pixel region and
replaces the selected groups to insert the erasing sig-
nal during a subsequent frame unit.

2. A liquid crystal display device according to claim 1,
wherein insertion of the elimination signal is performed
within one minute.

3. A liquid crystal display device according to claim 1,
insertion of the elimination is performed within 5 seconds.

4. A liquid crystal display device comprising:

a liquid crystal display panel including a first substrate and

a second substrate with a liquid crystal layer therebe-
tween, a plurality of gate signal lines and a plurality of
drain signal lines and a plurality of drain signal lines
formed on the first substrate, a plurality of pixel region
defined by the gate signal lines and the drain signal lines,
first electrodes which are formed in the pixel regions of
the first substrate, and second electrodes which are
formed in the second substrate,

a control circuit which supplies a video signal to the drain

signal lines, and

a touch panel which is arranged on an observation-side

surface of the liquid crystal display panel,

wherein the control circuit detects a position where it was

touched in the touch panel and inserts an elimination
signal in the video signal to the pixel region of the
detected position, the elimination signal being a voltage
equal to or less than 20% of the maximum voltage in the
video signal.

5. A liquid crystal display device according to claim 4,
wherein with respect to the voltage applied between the first
electrodes and the second electrodes of pixel corresponding
to at least a portion of the touch panel which is touched, the
application of the voltage which is equal to or less than 20%
of the maximum voltage insertion of the elimination signal is
performed when not less than 0.1 seconds lapses after detec-
tion of touching.

6. A liquid crystal display device according to claim 4,
wherein the liquid crystal display panel is a Vertical Align-
ment type.
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