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LIQUID CRYSTAL DEVICE AND
ELECTRONIC EQUIPMENT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica- 5
tion; matter printed in italics indicates the additions
made by reissue.

This application 1s a Division of Ser. No. 08/952,018 Nov.
4, 1997 U.S. Pat. No. 6,346,932. 10
This 1s a Division of application Ser. No. 08/952,018 filed
Nov. 14, 1997 now U.S. Pat. No. 6,346,932. The entire dis-

closure of the prior application(s) 1s hereby incorporated by

reference herein in its entirety.

15
FIELD OF THE INVENTION

The present invention relates to an active matrix type 1ig-
uid crystal device including active elements located at
respective pixels (also called picture elements) thereby con-
trolling the voltage applied to the liquid crystal at the respec-
tive pixels, and more particularly, to a liquid crystal device
of the type 1n which a voltage 1s applied 1n a lateral direction
(along the layer) to the liquid crystal at the respective pixels.

20

The present invention also relates to electronic equipment

using such a liquid crystal device. >

BACKGROUND TECHNOLOGY

The great majority of liquid crystal devices used in note-
book personal computers or liquid crystal TV sets are oper-
ated 1n the twisted nematic mode. However, 1n the twisted
nematic mode, the image displayed on a liquid crystal device
looks different depending on the viewing direction. To
improve the viewing direction dependence, 1t has been pro-
posed to employ an in-plane switching (IPS) mode in which
a voltage 1s applied to a liquid crystal 1n a lateral direction, as

disclosed for example 1n Japanese Unexamined Patent Pub-
lication Nos. 56-091277 and 6-160878.

The principle of operation in the IPS mode will be
described briefly with reference to some drawings. FIGS. 4a 4
and 4b are cross-sectional views illustrating the behavior of
a liquid crystal 1n a liquid crystal panel designed to operate
in the IPS mode, wherein FIG. 4a 1s a cross-sectional view of
a cell without an application of voltage and FIG. 4b 15 a
cross-sectional view of the cell under the application of a 45
voltage greater than a threshold value. The plane views of
FIGS. 4a and 4b are given 1n FIGS. 4¢ and 4d, respectively.

In FIG. 4, reference numerals 401 and 409 denote a pair of
polarizing plates, 402 and 408 denote a pair of substrates
between which a liquid crystal 1s disposed, 403 denotes a s
color filter, 404 and 406 denote orientating films, and 405
denotes a liquid crystal molecule drawn 1n a schematic fash-
ion. Furthermore, reference numeral 410 denotes a pixel
clectrode, 411 denotes a common electrode disposed 1n a
pixel at a location opposite to the pixel electrode, 412 55
denotes an 1image signal line (source line), and 407 denotes
an msulating layer for 1solating the pixel electrode 410 and
the common electrode 411 from each other. In the IPS-mode
liquid crystal device, as can be seen from FIG. 4, the pixel
clectrode and the common electrode for applying a voltage 4
across the liquid crystal are disposed on one substrate at
locations apart 1n a lateral direction. Reference numeral 413
denotes the absorption axis of the lower polarizing plate and
414 denotes the absorption axis of the upper polarizing plate.

Although an active element such as a TFT (thin film 65
transistor) 1s also disposed, it 1s not shown 1n FIG. 4. FIGS
da and 4b are a cross section taken along line X—X' of FIG. 5,

2

and FIGS. 4¢ and 4d are an enlarged plane view illustrating
an area surrounded by a broken line 1n FIG. 5, wherein FIG.
5 1llustrates the structure of one pixel. In the specific
example shown 1n FIG. 5, two common electrodes 502 and
one pixel electrode 501 are disposed 1n a lateral direction 1n
one pixel, whereas there may be some other number of com-
mon electrodes 502 and pixel electrodes 501 1n one pixel.
Furthermore, 1n FIG. 5, reference numeral 503 denotes a
scanning signal line (gate line), 504 denotes an 1mage signal
line (source line), and 3505 denotes a thin film transistor
(TFT).

Of the pair of substrates 402 and 408, as shown 1n FIGS.
da and 4c, a color filter 403 1s formed on the upper substrate
402, and a line-shaped common electrode 411 and pixel
clectrode 410 are formed on the inner surface of the lower
substrate 408. Furthermore, orientating films 404 and 406
for ortentating the liquid crystal molecules 405 are formed
on the mner surfaces of the respective substrates. A liquid
crystal 1s disposed between the pair of substrates 402 and
408. When no voltage 1s applied, the liquid crystal molecules
405 are unmiformly orientated at a fixed angle (within the
range from O to 435) with respect to the longitudinal direction
of the line-shaped electrodes (common electrode 411, pixel
clectrode 410). In the specific example shown 1n FIG. 4, the
angle 1s set to 30°. On both sides of the liqud cell, there are
disposed polarizing plates 401 and 409. The upper polariz-
ing plate 401 1s disposed such that its absorption axis 414
becomes parallel to the orientation of the liquid crystal. On
the other hand, the lower polarizing plate 409 1s disposed
such that 1ts absorption axis 414 becomes perpendicular to
the orientation of the liquid crystal. In this state, black 1s
displayed in the pixel. The liquid crystal 1s made up of a
material having positive dielectric anisotropy.

If an electric field 415 1s applied, the liquid crystal mol-
ecules 405 are aligned so that their longitudinal axis 1s
directed 1n a direction parallel to the electric field 415, as
shown 1n FIGS. 4b and 4d. As a result, the orientation of the
liquid crystal molecules 405 come to have a certain angle
with respect to the absorption axis of the polarizing plates.
The birefringence of the liquid crystal varies 1n accordance
with the orientation angle of liquid crystal molecules which
varies 1n response to the strength of the applied electric field.
Thus, 1t 1s possible to control the transmission of light
through the pair of polarizing plates thereby controlling the

brightness.

In this structure, however, the pixel electrode 410 and the
common electrode 411 used to apply a voltage across the
liquid crystal are formed on only one substrate and there 1s
no electrode on the other-side substrate. This can cause a
problem 1n that the substrate tends to be electrostatically
charged. The electrostatic charge disturbs the orientation of
the liquid crystal and thus 1t becomes impossible to display a
high-quality 1mage. Once the substrate 1s electrostatically
charged, 1t 1s difficult to remove the electrostatic charge
because there 1s no electrode on the other-side substrate.

In view of the above, it 1s an object of the present inven-
tion to provide a liquid crystal device capable of displaying a
high-quality 1image without being electrostatically charged
or without being influenced by an electrostatic charge.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, there 1s
provided a liquid crystal device including a pair of substrates
with a liquid crystal disposed between them, one of the sub-
strates having, thereon, scanming signal lines and 1mage sig-
nal lines disposed in a matrix form, active elements con-
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nected to the respective scanning signal lines and image
signal lines, a pixel electrode connected to the respective
active elements, and a common electrode, thereby making 1t
possible to apply an electric field across the liquid crystal
disposed between each pixel electrode and the common
clectrode 1n such a manner that the electric field 1s applied 1n
a direction substantially parallel to the plane of the
substrates, wherein a light-shielding metal film 1s formed on
the other-side substrate opposite to the one of the substrate,

and a fixed voltage 1s applied to the light-shielding metal
f1lm.

In this structure, the other-side substrate 1s prevented from
being electrostatically charged and thus 1t 1s possible to dis-
play a high-quality image. If there were no light-shielding
metal film disposed on the other-side substrate and main-
tained at the fixed voltage, the substrate would be electro-
statically charged, and as high a voltage as a few ten thou-
sand volts would occur between the other-side substrate and
the pixel electrodes and/or the common electrode formed on
the one substrate. The liqud crystal would response to that
voltage. For the above reason, to achieve a high-quality
image, 1t 1s important that the light-shielding metal film be
tformed on the other-side substrate having no electrode for
driving, the liquid crystal and be maintained at a fixed volt-
age. Preferably, the light-shielding metal film 1s made up of
chromium (Cr) or a nickel-copper (N1—Cu) alloy.

According to another aspect of the present invention,
there 1s provided a liquid crystal device including a pair of
substrates with a liquid crystal disposed between them, one
of the substrates having, thereon, scanning signal lines and
image signal lines disposed 1n a matrix form, active elements
connected to the respective scanming signal lines and image
signal lines, a pixel electrode connected to the respective
active elements, and a common electrode, thereby making 1t
possible to apply an electric field across the liquid crystal
disposed between each pixel electrode and the common
clectrode 1in such a manner that the electric field 1s applied 1n
a direction substantially parallel to the plane of the
substrates, wherein a transparent conducting film 1s formed
on the other-side substrate opposite to the one of the
substrates, and a fixed voltage 1s applied to the transparent
conducting film.

With this structure, the other-side substrate 1s prevented
from being electrostatically charged and thus 1t 1s possible to
display a high-quality image. If there were no transparent
conducting film disposed on the other-side substrate and
maintained at the fixed voltage, the substrate would be elec-
trostatically charged, and as high a voltage as a few ten
thousand volts would occur between the other-side substrate
and the pixel electrodes and/or the common electrode
formed on the one substrate. The liquid crystal would
response to that voltage. For the above reason, to achieve a
high-quality image, 1t 1s important that the transparent con-
ducting film be formed on the other-side substrate having no
clectrode for driving the liquid crystal and be maintained at a
fixed voltage. Preferably, the transparent conducting film
may be made up of I'TO or tin oxide (SnO,).

According to another aspect of the present invention,
there 1s provided a liquid crystal device including a pair of
substrates with a liqud crystal disposed between them, one
of the substrates having, thereon, scanning signal lines and
image signal lines disposed 1n a matrix form, active elements
connected to the respective scanming signal lines and image
signal lines, a pixel electrode connected to the respective
active elements, and a common electrode, thereby making 1t
possible to apply an electric field across the liquid crystal
disposed between each pixel electrode and the common
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clectrode 1n such a manner that the electric field 1s applied 1n
a direction substantially parallel to the plane of the
substrates, wherein a conductive film 1s formed on the other-
side substrate opposite to the one of the substrates, in the
periphery of the pixel area on either the inner surface or the
outer surface of the other-side substrate, and a fixed voltage
1s applied to the conductive film.

With this structure, the other-side substrate 1s prevented
from being electrostatically charged and thus 1t 1s possible to
display a high-quality image. If there were no conductive
film disposed on the other-side substrate and maintained at
the fixed voltage, the substrate would be electrostatically
charged, and as high a voltage as a few ten thousand volts
would occur between the other-side substrate and the pixel
clectrodes and/or the common electrode formed on the one
substrate. The liquid crystal would response to that voltage.
For the above reason, to achieve a high-quality image, 1t 1s
important that the light-shielding metal film be formed on
the other-side substrate having no electrode for driving the
liquid crystal and be maintained at a fixed voltage. Since the
conductive film 1s formed 1n areas outside the displaying
areas, 1t 1s not required that the conductive film be
transparent, and thus various metallic materials may be
employed to form the conductive film.

Herein, the pixel area refers to such an area 1n which an
clement of an 1mage such as a character or a picture 1s dis-
played. An example of a pixel area 1s an area 303 of the
liquid crystal cell denoted by a broken line in FIG. 3. The
periphery of the pixel area refers to such an area which 1s
located outside the pixel area and which has no capability of
displaying an image. In FIG. 3, reference numeral 304
denotes the periphery of the pixel area.

Preferably, the fixed voltage 1s either a ground voltage, a
voltage on the common electrode, the center voltage of the
image signal amplitude, a non-selection voltage of the scan-
ning signal, or a logic voltage provided from an external
driving means.

In this technique, a proper one of existing voltages 1n the
liquid crystal device can be used without having to generate
an additional voltage, and thus 1t 1s possible to realize a
liquid crystal device capable of displaying a high-quality
image and having high resistance to electrostatic charge
without causing an increase 1n cost.

Herein, the common electrode voltage, the center voltage
of the image signal amplitude, and the non-selection voltage
of the scanning signal refer to such voltages denoted by
reference numerals 606, 605, and 607, respectively, in FI1G. 6
representing the wavetforms of driving signals associated
with a liquid crystal panel with TF'Ts. The wavetorms of the
driving signals shown 1n FIG. 6 are described brietly below
in junction with an equivalent circuit of a TFT shown 1n FIG.
7. Signals 602 and 603 are supplied over a scanning line 703
and an 1maging signal line 704, respectively, and applied to
the gate and source, respectively, of the TFT 705. According
to the NTSC standard, an image signal consists of two inter-
laced fields, that 1s, a first field 610 and a second field 611,
which makes up one frame 612 thereby making up one pic-
ture. In a selection period 608, 1f the TFT 705 1s turned on by
a selection signal supplied via the scanning signal line 703,
the voltage 604 of the pixel electrode 701 becomes nearly
equal to the voltage 603 of the image signal line 704. In a
non-selection signal 609, the TET 703 1s turned off and the
signal written 1n a liquid crystal capacitor 706 i1s held. The
scanning signal lines 703 are selected one by one 1n a similar
manner so that data 1s rewritten once every one field for all
pixels.
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According to another aspect of the present invention,
there 1s provided a liquid crystal device including a pair of
substrates with a liquid crystal disposed between them, one
of the substrates having, thereon, scanning signal lines and
image signal lines disposed 1n a matrix form, active elements
connected to the respective scanming signal lines and 1image
signal lines, a pixel electrode connected to the respective
active elements, and a common electrode, thereby making 1t
possible to apply an electric field across the liquid crystal
disposed between each pixel electrode and the common
clectrode 1n such a manner that the electric field 1s applied 1n
a direction substantially parallel to the plane of the
substrates, wherein a polarizing plate having an electrical
conductivity 1s disposed on the outer surface of the other-
side substrate opposite to the one substrate, and a fixed volt-

age 1s applied to the polarizing plate.

In this structure, the other-side substrate 1s prevented from
being electrostatically charged and thus it 1s possible to dis-
play a high-quality image. If there were no conductive film
disposed on the other-side substrate and maintained at the
fixed voltage, the substrate would be electrostatically
charged, and as high a voltage as a few ten thousand volts
would occur between the other-side substrate and the pixel
clectrodes and/or the common electrode formed on the one
substrate. The liquid crystal would response to that voltage.
For the above reason, to achieve a high-quality image, 1t 1s
important that the polarizing plate having an electrical con-
ductivity be formed on the other-side substrate having no
clectrode for driving the liquid crystal and be maintained at a
fixed voltage.

In the present invention, the above-described fixed voltage
1s either a ground voltage, a voltage on the common
clectrode, the center voltage of the 1mage signal amplitude, a
non-selection scanning signal voltage, or a logic voltage pro-
vided from an external driving means.

According to another aspect of the present invention,
there 1s provided a liquid crystal device including a pair of
substrates with a liquid crystal disposed between them, one
of the substrates having, thereon, scanning signal lines and
image signal lines disposed 1n a matrix form, active elements
connected to the respective scanming signal lines and image
signal lines, a pixel electrode connected to the respective
active elements, and a common electrode, thereby making 1t
possible to apply an electric field across the liquid crystal
disposed between each pixel electrode and the common
clectrode 1in such a manner that the electric field 1s applied 1n
a direction substantially parallel to the plane of the
substrates, wherein a transparent conducting film 1s formed
on either the mner-side or outer surface of the other-side
substrate opposite to the one substrate and the voltage of the
transparent conducting film 1s maintained 1n a floating state.

In this structure, the other-side substrate 1s prevented from
being electrostatically charged and thus it 1s possible to dis-
play a high-quality image. Even 1f the liquid crystal device 1s
partially charged, the transparent conducting film prevents
the orientation of the liquid crystal from being locally
disturbed, and the charge 1s relaxed over the conductive film.
Furthermore, 1n this technique, since the voltage of the trans-
parent conducting film 1s maintained 1n a floating state, no
clectrical connection 1s required. In general, 11 the transpar-
ent conducting film 1s formed on the inner surface of the
substrate, that 1s, 1n the 1nside of a liquid crystal cell, a volt-
age difference occurs between the transparent conducting
f1lm and the pixel electrode and/or the common electrode. As
a result, degradation 1n the 1image quality occurs. However,
in the present technique, since the voltage of the conductive
f1lm 1s maintained 1n the floating state, the degradation 1n the
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image quality 1s suppressed. Preferably, the transparent con-
ducting film 1s made up of I'TO or tin oxide (SnQO,).

Herein, the tloating state refers to such a state 1n which a
conductive material 1s electrically 1solated from any voltage
in adjacent locations and thus the voltage of the conductive
material 1s 1n a floating state.

According to another aspect of the present invention,
there 1s provided a liquid crystal device including a pair of
substrates with a liqud crystal disposed between them, one
of the substrates having, thereon, scanning signal lines and
image signal lines disposed 1n a matrix form, active elements
connected to the respective scanning signal lines and image
signal lines, a pixel electrode connected to the respective
active elements, and a common electrode, thereby making 1t
possible to apply an electric field across the liquid crystal
disposed between each pixel electrode and the common
clectrode 1n such a manner that the electric field 1s applied 1n
a direction substantially parallel to the plane of the
substrates, wherein a conductive film 1s formed on the other-
side substrate opposite to the one of the substrate, in the
periphery of the pixel area on either the inner surface or the
outer surface of the other-side substrate, and the voltage of
the conductive film 1s maintained 1n a floating state.

In this structure, the other-side substrate 1s prevented from
being electrostatically charged and thus it 1s possible to dis-
play a high-quality image. Even 1f the liquid crystal device 1s
partially charged, the transparent conducting film prevents
the orientation of the liquid crystal from being locally
disturbed, and the charge 1s relaxed over the conductive film.
Furthermore, since the voltage of the transparent conducting
f1lm 1s maintained 1n a floating state, no electrical connection
1s required. Since the conductive film 1s formed 1n areas
outside the display areas, 1t 1s not required that the conduc-
tive film be transparent, and thus various metallic materials
may be employed to form the conductive film.

According to another aspect of the present invention,
there 1s provided a liquid crystal device including a pair of
substrates with a liquid crystal disposed between them, one
of the substrates having, thereon, scanning signal lines and
image signal lines disposed 1n a matrix form, active elements
connected to the respective scanning signal lines and 1image
signal lines, a pixel electrode connected to the respective
active elements, and a common electrode, thereby making 1t
possible to apply an electric field across the liquid crystal
disposed between each pixel electrode and the common
clectrode 1n such a manner that the electric field 1s applied 1n
a direction substantially parallel to the plane of the
substrates, wherein a polarizing plate having an electrical
conductivity 1s disposed on the outer surface of the other-
side substrate opposite to the one substrate, and the voltage
of the polarizing plate 1s maintained in a tloating state.

In this structure, the other-side substrate 1s prevented from
being electrostatically charged and thus it 1s possible to dis-
play a high-quality image. Even 1f the liquid crystal device 1s
partially charged, the transparent conducting film prevents
the orientation of the liquid crystal from being locally
disturbed, and the charge 1s relaxed over the conductive film.
Furthermore, since the voltage of the transparent conducting
f1lm 1s maintained 1n a floating state, no electrical connection
1s required.

In this structure according to the present imvention, the
conductive film 1s formed on the inner or outer surface of the
other-side substrate thereby ensuring that the orientation of
the liquid crystal 1s maintained 1n a desired direction without
encountering disturbance. Although the external electro-
static charge can be absorbed even 11 the conductive film 1s
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formed on either the iner or outer surface of the other-side
substrate, it 1s more preferable that the conductive film be
formed on the mner surface of the other-side substrate so
that the electrostatic charge 1s absorbed at a location nearer
to the liquid crystal layer.

The liquid crystal device constructed in any form
described above may be employed as a display device 1n
various electronic equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram 1llustrating a liquid crystal
device according to the present invention;

FIG. 2 15 a cross-sectional view of the liquid crystal device
according to the present invention;

FI1G. 3 1s a plane view of a liquid crystal cell according to
the present invention;

FI1G. 4 1s a schematic representation of the IPS mode;

FIG. 5 1s a schematic diagram illustrating one pixel of the
liquad crystal device according to the present invention;

FIG. 6 1s a graph illustrating the waveforms of driving
signals used 1n a TF'T type liquid crystal device;

FIG. 7 1s a circuit diagram 1illustrating an equivalent cir-
cuit of one pixel of the liquid crystal device according to the

present invention;

FIG. 8 1llustrates a liquid crystal cell in which electrodes
on the mner surfaces of the upper and lower substrates are
clectrically connected to each other via a silver paste,
according to the present invention, wherein a plane view and
an enlarged cross-sectional view thereof are shown;

FI1G. 9 15 a cross-sectional view illustrating a liquid crystal
cell in which electrodes on the mner surfaces of the upper
and lower substrates are electrically connected to each other
via a silver paste, according to the present invention;

FI1G. 10 1s a block diagram 1llustrating a driving circuit of
driving a liquid crystal device, according to the present
invention;

FIG. 11 1s a schematic diagram illustrating a personal

computer using a liquid crystal device according to the
present invention;

FIG. 12 1llustrates an example of the structure of a pager
using a liquid crystal device according to the present inven-
tion; and

FIG. 13 1s a schematic diagram illustrating an example of
a practical manner 1n which a liquid crystal device according
to the present invention 1s mounted.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

The present invention will be described 1n further detail
below with reference to the accompanying drawings.
(First Embodiment)

FIG. 1 1s a schematic diagram illustrating a main part of a
liquad crystal device according to the present invention,
wherein FIG. 1a 1s a plane view of a color filter substrate
104, and FIG. 1b 1s a cross-sectional view of the liquid crys-
tal device. The structure 1s described first. Two transparent
glass substrates 104 and 109 with a thickness of 1.1 mm are
disposed 1n close proximity to each other, and a liquid crys-
tal layer 106 1s disposed between them. A light-shielding
chromium (Cr) film 101, a red/green/blue (RGB) color filter
102, and an orientating film 105 are formed one on another
on the mner surface of the upper glass substrate 104, and a
polarizing plate 103 1s disposed on the outer surface of the
upper glass substrate 104. Common electrodes 111, an 1nsu-
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lating layer 108, pixel electrodes 112, and an orientating film
107 are formed on the inner surface of the lower glass sub-
strate 109, and a polarizing plate 110 1s disposed on the outer
surface of the lower glass substrate 109.

As described earlier with reference to the plane view of
the lower glass substrate shown 1 FIG. 5, scanming signal
lines (gate lines) 503 and image signal lines (source lines)
504 extend in a matrix form across the respective pixels.
Thin film transistors (TFTs) 5035 are formed near the respec-
tive intersections of the scanning signal lines 503 and the
image signal lines 504, wherein the gate electrodes of the
respective thin film transistors are connected to the corre-
sponding scanning signal lines 503, the source electrodes to
the corresponding 1image signal lines 504, and the drain elec-
trodes to the corresponding pixel electrodes 501 (112).

The light-shielding chromium film 101 shown 1 FIG. 1 1s
formed so as to shield, from light, the areas on the lower
substrate 1n which the thin film transistors, the 1image signal
lines, and the scanning signal lines are formed.

As shown 1n FIG. 1, the common electrode 111 (502) and
the pixel electrode 112 (502) in one pixel are located in
different layers separated by the insulating layer 108. In FIG.
1, lines 113 denote the direction of the electric field. In this
specific embodiment, the upper and lower substrates were
spaced by 4.5 um, and a nematic liquid crystal having posi-
tive dielectric anisotropy and having anisotropy in refractive
index An=0.070 was employed as the liquid crystal material
106. The line-shaped common electrodes 111 and the pixel
clectrodes 112 were spaced by 10 um wherein the width was
set to 5 um for both electrodes. A rubbing orientation pro-
cess was performed so that the longitudinal axes of the liquid
crystal molecules were aligned at 30° with respect to the
longitudinal direction of the line-shaped electrodes
(common electrodes 111, pixel electrodes 112). The polariz-
ing plate 103 on the upper glass substrate 104 was disposed
such that 1ts absorption axis became parallel to the orienta-
tion of the liquid crystal. On the other hand, the polarizing
plate 110 on the lower glass substrate 109 was disposed such
that 1ts absorption axis became perpendicular to the orienta-
tion of the liquid crystal. In this state, black 1s displayed in
the pixel. The orientation angle of the liquid crystal mol-
ecules varies and thus the birefringence varies in response to
a voltage applied from external driving means. Thus, it 1s
possible to control the brightness by changing the applied
voltage. Below the lower substrate 109, there 1s provided a
back light source. The manner in which the liquid crystal
molecules are orientated and the manner of setting the

absorption axes of the polanizing plates are similar to those
described above with reference to FIG. 4.

The light-shielding chromium film 101 shown 1n FIG. 1 1s
formed so as to shield, from light, the areas on the lower
substrate 1n which the thin film transistors, the image signal
lines, and the scanning signal lines are formed.

Referring now to FIGS. 6 and 7, a method of driving the
active matrix liquid crystal device 1s described below. FIG. 7
1s a circuit diagram illustrating an equivalent circuit of one
pixel of the liquid crystal device. FIG. 6 1llustrates the wave-
form of drniving signals. In FIG. 7, reference numeral 703
denotes a scanming signal line corresponding to 503 in FIG.
5, reference numeral 704 denotes an image signal line corre-
sponding to 504 in FIG. 5, and reference numeral 705
denotes a thin film transistor corresponding to 505 1n FIG. 5.
The gate electrode of the thin film transistor 705 1s con-
nected to the scanming signal line 503, the source electrode 1s
connected to the image signal line 704, and the drain elec-
trode 1s connected to the pixel electrode 701 corresponding

to 501 m FIG. 5 (112 in FIG. 1). Reference numeral 706
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denotes a liquid crystal capacitor. Reference numeral 702
denotes a common electrode corresponding to 502 1n FIG. 5
(111 1n FIG. 1). FIG. 6 illustrates the signals for driving one
pixel as a function of time. In FIG. 6, reference numeral 607
denotes a scanning signal applied over the scanning signal
line, reference numeral 608 denotes a selection period dur-
ing which the thin film transistor 1s turned on, and reference
numeral 609 denotes a non-selection period during which
the thin film transistor i1s turned oif and the liquid crystal 1s
held at the voltage applied in the previous selection period.
During the selection period 608, the image signal 603 sup-
plied over the image signal line 1s applied to the pixel elec-
trode via the thin film transistor. Reference numeral 612
denotes the one frame period, reference numeral 610
denotes a first field, and reference numeral 611 denotes a
second field. The image signal 603 1s inverted in polarity at
the transition between the first and second fields 1n such a
manner that the image signal during the second field
becomes opposite to that during the first field about the
amplitude center voltage 605 of the image signal. Reference
numeral 604 denotes the voltage on the pixel electrode, and
the difference between the voltage on the pixel electrode and
the voltage on the common voltage 1s applied across the
iquid crystal. During the selection period 608, the image
signal 606 1s applied to the pixel electrode via the thin film
transistor, and thus the voltage on the pixel electrode
becomes equal to the image signal 606. However, during the
selection period 608, a charge 1s stored 1n a parasitic capaci-
tor between the drain and gate electrodes of the thin film
transistor, and this charge tlows 1nto the pixel electrode dur-
ing the non-selection period 609. This causes a reduction 1n
the voltage of the pixel electrode by an amount of AV. To
compensate for the above-described voltage reduction, the
voltage 606 of the common eclectrode 1s lowered by an
amount of AV from the amplitude center voltage 605 of the
image signal. Thus, the voltage of the pixel electrode is
inverted 1n polarity every field such that the positive and
negative signals are substantially symmetric to each other
about the voltage of the common electrode. An additional
storage capacitor may be formed 1n the pixel area 1n such a
manner that the storage capacitor 1s connected 1n parallel to
the liquad crystal capacitor 706. The storage capacitor may
be formed 1n the periphery of the pixel area shown 1n FIG. 5
by making an overlap between the pixel electrode 501 and
the common electrode 502 via the insulating film.

In the liquid crystal device according to the present
embodiment, as shown in FIG. 8, the light-shielding chro-
mium film 807 (101 1n FIG. 1) of the upper glass substrate
801 (104 i FIG. 1) 1s electrically connected via a silver
paste 805 to the common electrode 808 (11 in FIG. 1)
formed on the lower glass substrate 802 (109 1n FIG. 1) so
that they are maintained at the same voltage. FIG. 8a 15 a
plane view of the liquid crystal panel and FIG. 8b 1s an
enlarged cross-sectional view illustrating a part 1n which the
upper and lower substrates are electrically connected to each
other via the silver paste. In FIG. 8, the light-shielding chro-
mium film shields such areas between the thin film transis-
tors and the pixels in the pixel area 803. The light-shielding
film may also have a part in the periphery 804 wherein 1t
extends between the seal element 806 and the pixel area 803
and extends around the pixel area 803 so that such the part of

the light-shielding chromium film serves to part the pixel
area.

The light-shielding film 807 (101) extending outside the
sealing area 1n the periphery 804 are electrically connected
to the common electrode 808 (111) extending from the pixel
area, via a silver paste 805 at four points outside the sealing
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arca 806 of the liquid crystal (wherein the sealing area is
located around the pixel area 803 and serves to seal the pair
ol substrates). The reason for making the electrical connec-
tions between the light-shielding film and the common elec-
trode at a plurality of points 1s to obtain an uniform voltage
distribution across the light-shielding film over the entire
pixel area.

In FIG. 8b, A terminal extending from the common elec-
trode 808 1s electrically connected via an anisotropic con-
ducting film 809 to an interconnecting electrode 811 for sup-
plying the common electrode voltage, wherein the
interconnecting electrode 811 1s formed on a flexible tape
810 which 1s used to mount a liquid crystal driver circuit or
connect the liquid crystal panel to a circuit board.

The liguid crystal device constructed in the above-
described manner was subjected to an electrostatic voltage
test under application of about 1 kV. Without encountering
clectrostatic charging, a high-quality 1image was displayed.,
and no disturbance i1n the liquid crystal orientation was
observed.

In the liquid crystal device constructed in the above-
described manner according to the first embodiment
described above, the chromium film serving as the light-
shielding metal film 1s maintained at the fixed voltage (the
common electrode voltage). This ensures that the color filter
substrate 1s prevented from being electrostatically charged
and thus a high-quality 1mage can be displayed. If the color
filter substrate had no light-shielding metal film maintained
at the fixed voltage, the electrostatic charge would produce a
great voltage difference between the upper substrate and the
pixel electrodes and common electrodes formed on the lower
substrate. The liquid crystal would respond to that voltage.
Theretfore, to achieve a high-quality image, 1t 1s important
that the light-shielding metal film be formed on the color
filter substrate having no electrode for driving the liquid
crystal and be maintained at a fixed voltage. In the present
embodiment, since the light-shielding metal film 1s main-
taimned at the common electrode voltage which exists in the
liquid crystal device, there 1s no need to produce an addi-
tional voltage and therefore the anti-eclectrostatic charge
measure can be taken at low cost.

(Second Embodiment)

In this second embodiment, as shown in FIG. 9, the liquid
crystal device has a similar structure to that employed in the
first embodiment except that the light-shielding chromium
f1lm 903 formed on the upper glass substrate (101 in FIG. 1)
1s grounded. The structure of the liquid crystal device is
described 1n further detail below with reference to FIG. 9.
FIG. 9a 1s a plane view of a liquid crystal panel, and FI1G. 9b
1s an enlarged cross-sectional view illustrating a part 1n
which an electric connection between the upper and lower
substrates 1s made via a silver paste. The light-shielding
chromium film 903 formed on the 1iner surface of the upper
substrate 901 (104 1n FIG. 1) 1s connected to a dummy elec-
trode 904 formed on the mner surface of the lower substrate
902 (109 1n FIG. 1) wherein the connection 1s made via the
silver paste 905 and at a point outside the seal area 906. As
shown 1 FIG. 9b, the dummy electrode 904 1s electrically
connected via an anisotropic conducting film (ACF) 907 to
an interconnecting electrode 908 for supplying the ground
voltage, wherein the interconnecting electrode 908 1s formed
on a flexible circuit board for mounting a liquid crystal
driver thereon or for electrically connecting the liquid crystal
panel to a circuit board, thereby connecting the dummy elec-
trode 904 to a ground voltage line provided on the liquid
crystal driver circuit board. The liquid crystal device con-
structed 1n the above-described manner was subjected to an
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clectrostatic voltage test under an application of about 1 kV.
Without encountering electrostatic charging, a high-quality
image was displayed, and no disturbance 1n the liquid crystal
orientation was observed.

In the liquid crystal device constructed in the above-
described manner according to the second embodiment
described above, the chromium film serving as the light-
shielding metal film 1s maintained at the fixed voltage (the
ground voltage). This ensures that the color filter substrate 1s
prevented from being electrostatically charged and thus a
high-quality 1image can be displayed.

If the light-shielding chromium film 1s maintained at the
ground voltage, a slight voltage difference can occur
between the light-shielding chromium film and the pixel
electrode or the common electrode. However, because the
color filter layer and the orientating film exist on the light-
shielding chromium film, the slight voltage difference 1s fur-
ther decreased by a voltage drop in the color filter layer and
the orientating film. Therefore, the voltage difference actu-
ally applied to the liquid crystal 1s small enough and 1t can be
neglected. If there were no light-shielding chromium film
maintained at a fixed voltage, as high a voltage as a few ten
thousand voltages would be applied to the liquid crystal
when the color filter substrate was electrostatically charged,
and the liquid crystal device would no longer operate prop-
erly. Therelfore, to achieve a high-quality 1image, 1t 1s 1mpor-
tant that the light-shielding metal film be formed on the color
filter substrate having no electrode for dniving the liquid
crystal and be maintained at the fixed voltage (ground
voltage). Since the ground voltage 1s already present in the
liquid crystal device, there 1s no need to produce an addi-
tional voltage and therefore a liqud crystal device having
strong resistance to electrostatic charges can be realized at
low cost.

(Third Embodiment)

In this third embodiment, the liqud crystal device has a
similar structure to that employed 1n the first embodiment
except that the light-shielding chromium film formed on the
upper glass substrate 1s connected to the amplitude center
voltage (605 1n FIG. 6) of the image signal. The connection
1s made i1n the same manner as shown 1in FIG. 9, and the
dummy electrode 904 1s connected to a voltage line for sup-
plying the amplitude center voltage of the image signal
wherein the voltage line 1s formed on a flexible circuit board
909 mounted on the liquid crystal panel. The liquid crystal
device constructed in the above-described manner was sub-
jected to an electrostatic voltage test under an application of
about 1 kV. Without encountering electrostatic charging, a
high-quality image was displayed, and no disturbance 1n the
liquad crystal orientation was observed.

In the liquid crystal device constructed in the above-
described manner according to the third embodiment
described above, the chromium film serving as the light-
shielding metal film 1s maintained at the fixed voltage (the
amplitude center voltage of the image signal). For the same
reason as that in the first and second embodiments, the color
filter substrate 1s prevented from being electrostatically
charged and a high-quality image can be obtained. Since the
common electrode voltage 1s already present 1n the liquid
crystal device, there 1s no need to produce an additional
voltage.

(Fourth Embodiment)

In this fourth embodiment, the liqud crystal device has a
similar structure to that employed 1n the first embodiment
except that the non-selection voltage supplied via the scan-
ning signal line (303 1 FIG. §) 1s applied to the light-
shielding chromium film formed on the upper glass substrate
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(wherein the non-selection voltage 1s supplied over the scan-
ning signal lmme 607 i FIG. 6 during the non-selection
period 609). The connection 1s made 1n the same manner as
shown 1n FIG. 9, and dummy electrode 904 1s connected to a
voltage line for supplying the non-selection voltage via the
scanning signal line formed on the tlexible circuit board 909
mounted on the liquid crystal panel. The liquid crystal
device constructed in the above-described manner was sub-
jected to an electrostatic voltage test under application of
about 1 kV. Without encountering electrostatic charging, a
high-quality image was displayed, and no disturbance 1n the
liquid crystal orientation was observed.

In the liqmad crystal device constructed i1n the above-
described manner according to the fourth embodiment
described above, the chromium film serving as the light-
shielding metal film 1s maintained at the fixed voltage (the
non-selection voltage of the scanning signal). For the same
reason as that 1n the first and second embodiments, the color
filter substrate 1s prevented from being electrostatically
charged and a high-quality image can be achieved. Since the
non-selection voltage of the scanning signal 1s already
present in the liquid crystal device, there 1s no need to pro-
duce an additional voltage.

(Fifth Embodiment)

In this fifth embodiment, the liqud crystal device has a
similar structure to that employed 1n the first embodiment
except that the light-shielding chromium film formed on the
upper glass substrate 1s connected to the logic voltage gener-
ated 1n the liquid crystal driver circuit. The connection 1s
made 1n the same manner as shown 1n FIG. 9, and the
dummy electrode 1s connected to a logic voltage line formed
on the flexible circuit board 909 mounted on the liqud crys-
tal panel. The liquid crystal device constructed 1n the above-
described manner was subjected to an electrostatic voltage
test under an application of about 1 kV. Without encounter-
ing electrostatic charging, a high-quality image was
displayed, and no disturbance in the liquid crystal orienta-
tion was-observed.

In the liquid crystal device constructed in the above-
described manner according to the fifth embodiment
described above, the chromium film serving as the light-
shielding metal film 1s maintained at the fixed voltage (the
logic voltage). For the same reason as that in the first and
second embodiments, the color filter substrate 1s prevented
from being electrostatically charged and a high-quality
image can be achieved. Since the logic voltage 1s already
present in the liquid crystal device, there 1s no need to pro-
duce an additional voltage. Although a chromium film 1s
employed as the light-shielding film 1n this fifth
embodiment, 1t has been confirmed experimentally that a
film of metal other than Cr, such as Ta, Al, Au, may also be
employed for the same purpose.

(S1xth Embodiment)

FIG. 2a 1s a schematic diagram 1llustrating a main part of a
liquid crystal device according to the sixth embodiment of
the invention. The structure 1s described first. Two transpar-
ent glass substrates 203 and 210 with a thickness of 1.1 mm
are disposed 1n close proximity to each other, and a liquid
crystal layer 207 1s disposed between them. A red/green/blue
(RGB) color filter 204, a light-shielding resin film 205, and
an orientating film 206 are formed one on another on the
inner surtace of the upper glass substrate 203. A transparent
conducting ITO film 202 and a polanzing plate 201 are
formed on the outer surface of the upper glass substrate 203.
Common electrodes 213, an mnsulating layer 209, pixel elec-
trodes 212 and an orientating film 208 are formed on the
inner surtace of the lower glass substrate 210, and a polariz-
ing plate 211 1s formed on the outer surface.
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As described earlier with reference to the plane view of
the lower glass substrate shown 1n FIG. 5, scanning signal
lines (gate lines) 503 and image signal lines (source lines)
504 extend 1n a matrix form across the respective pixels.
Thin film transistors (TFTs) 505 are formed near the respec-
tive intersections of the scanning signal lines 503 and the
image signal lines 504, wherein the gate electrodes of the
respective thin film transistors are connected to the corre-
sponding scanning signal liens 503, the source electrodes to
the corresponding 1image signal lines 504, and the drain elec-
trodes to the corresponding pixel electrodes 501 (212). In
this sixth embodiment, the driving 1s performed 1n the same
manner as in the first embodiment.

In FIG. 2, the common electrode 213 and the pixel elec-
trode 212 1n one pixel are located in different layers sepa-
rated by the insulating layer 209. In FIG. 2a, lines 214
denote the direction of the electric field. In this embodiment,
the gap between the upper and lower substrates, the distance
between electrodes, and the rubbing direction are slightly
different from those employed 1n the first embodiment. That
1s, 1n this sixth embodiment, the upper and lower substrates
were spaced by 4.0 um, and a nematic liquid crystal having,
positive dielectric anisotropy and having anisotropy 1in
refractive index An=0.070 was employed as the liquid crys-
tal material 207. The line-shaped common electrodes 213
and the pixel electrodes 212 were spaced by 15 um wherein
the width was set to 5 um for both electrodes. A rubbing
orientation process was performed so that the longitudinal
axes of the liquid crystal molecules were aligned at 45° with
respect to the longitudinal direction of the line-shaped elec-
trodes (common electrodes 213, pixel electrodes 212). The
polarizing plate 201 on the upper glass substrate 203 was
disposed such that its absorption axis became parallel to the
orientation of the liquid crystal. On the other hand, the polar-
izing plate 211 on the lower glass substrate 210 was dis-
posed such that 1ts absorption axis became perpendicular to
the orientation of the liquid crystal. In this state, black 1s
displayed 1n the pixel. The orientation angle of the liquid
crystal molecules varies in response to a voltage applied
from external driving means. Thus, 1t 1s possible to control
the brightness by changing the applied voltage. Below the
lower substrate 210, there 1s provided a back light source.

As shown 1n FIG. 2a, the light-shielding film 205 1s dis-
posed so that the areas 1n which the thin film transistors, the
image signal lines, and the scanning signal lines formed on
the lower substrate are shielded from light.

In the present embodiment, the transparent conducting
ITO film 202 formed on the upper glass substrate 203 1is
connected to the ground voltage via an electric interconnec-
tion passing through an area other than the pixel area.

FI1G. 3 1s a plane view 1llustrating a liquid crystal panel. In
FI1G. 3, reference numeral 302 denotes the lower substrate
(corresponding to 210 i FIG. 2a), 301 denotes the upper
substrate (203 1n FIG. 2a), 303 denotes the pixel area, and
304 denotes the periphery of the pixel area. In the present
embodiment, the transparent conducting film 202 1s formed
on the outer surface of the upper substrate, 1n the area includ-
ing the pixel area 303 and 1its periphery 304.

The connection of the transparent conducting film and to
the ground voltage may be made as follows. The transparent
conducting film 1s exposed at the end of the periphery and
the exposed portion 1s contacted or connected via a connec-
tion member to a metal enclosure (not shown) so that the
transparent conducting film 1s maintained at a fixed voltage
(ground voltage). If the metal enclosure 1s maintained at a
fixed voltage (ground voltage), the enclosure itself has the
clectrostatic shielding capability. This further ensures that
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the liguid crystal device 1s protected from electrostatic
charges. The manner of connecting the transparent conduct-
ing film to the ground voltage 1s not limited to the above
specific method, but the connection may be realized in vari-
ous fashions.

The liquid crystal device constructed in the above-
described manner was subjected to an electrostatic voltage
test under an application of about 1 kV.

Without encountering electrostatic charging, a high-
quality 1mage was displayed. In the liquid crystal device
constructed in the above-described manner according to the
sixth embodiment described above, the color filter substrate
1s prevented from being electrostatically charged and thus 1t
1s possible to display a high-quality image. Since the ground
voltage 1s already present in the liquid crystal device, there 1s
no need to produce an additional voltage.

Although 1n the present embodiment the transparent con-
ducting ITO {ilm 1s maintained at the ground voltage, it may
also be maintained, as i1n the second through fifth
embodiment, at another voltage such as the common elec-
trode voltage, the center voltage of the image signal
amplitude, the non-selection voltage of the scanning signal,
or the logic voltage provided from an external driving
means. Furthermore, instead of the I'TO film, other materials
such as SnO, may also be employed to form the transparent
conducting film. It 1s not necessarily required that the trans-
parent conducting film be formed over the entire area of the
upper substrate, but it may be formed 1n a partial fashion.
(Seventh Embodiment)

In this seventh embodiment, the transparent conducting
ITO film formed on the upper substrate in the sixth embodi-
ment described above 1s replaced by a chromium {film,
wherein the chromium film 1s formed 1n the peripheral area
304 other than the pixel area 303. The chromium film
formed on the upper glass substrate 1s maintained at the
ground voltage. The chromium film in the peripheral area
304 may also serve as a parting plate for shielding the
periphery of the pixel area 303 from light. As 1n the sixth
embodiment, the chromium film may be connected to any
voltage selected from various voltages available. The liquid
crystal device constructed in the above-described manner
was subjected to an electrostatic voltage test under an appli-
cation of about 1 kV. Without encountering electrostatic
charging, a high-quality image was displayed, and no distur-
bance 1n the liquid crystal orientation was observed.

In the liquid crystal device constructed in the above-
described manner according to the seventh embodiment
described above, the color filter substrate 1s prevented from
being electrostatically charged and thus a high-quality image
can be displayed. Since the common electrode voltage 1s
already present 1n the liquid crystal device, there 1s no need
to produce an additional voltage.

Although 1n the present embodiment the chromium is
maintained at the ground voltage, it may also be maintained
at another voltage such as the common electrode voltage, the
center voltage of the image signal, the non-selection voltage
of the scanning signal, or the logic voltage provided from an
external driving means. A high-quality 1mage can be
obtained regardless of which voltage the chromium film 1s
maintained at.

Although 1n the present embodiment the chromium film 1s
formed on the outer surface of the liquid crystal panel
substrate, 1n the area except for the pixel area, the chromium
f1lm may also be forming in the peripheral area of the inner
surface of the liquid crystal panel substrate (wherein the thin
f1lm transistors and the areas between pixels 1n the pixel area
are shielded by the light-shielding resin film, in the present
embodiment).
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Although a chromium film 1s employed in the present
embodiment, 1t has been confirmed experimentally that a
film of metal other than Cr, such as Ta, Al, Au, may also be
employed for the same purpose.

(Eighth Embodiment)

This eighth embodiment 1s obtained by modifying the

structure employed 1n the sixth embodiment described above
with reference to FIG. 2a. In this eighth embodiment, the
upper and lower substrates were spaced by 4.0 um, and a
nematic liquid crystal having positive dielectric anisotropy
and having anisotropy in refractive index An=0.070 was
employed as the liquid crystal material 207. The line-shaped
common electrodes 213 and the pixel electrodes 212 were
spaced by 15 um wherein the width was set to 10 um for both
clectrodes. A rubbing orientation process was performed so
that the longitudinal axes of the liquid crystal molecules
were aligned at 45° with respect to the longitudinal direction
of the line-shaped electrodes (common electrodes 213, pixel
clectrodes 212). The polarizing plate 201 on the upper glass
substrate 203 was disposed such that its absorption axis
became parallel to the orientation of the liquid crystal. On
the other hand, the polarizing plate 211 on the lower glass
substrate 210 was disposed such that its absorption axis
became perpendicular to the orientation of the liquid crystal.
In this state, black 1s displayed in the pixel. The orientation
angle of the liquid crystal molecules varies 1n response to a
voltage applied from external driving means. Thus, 1t 1s pos-
sible to control the brightness by changing the applied volt-
age. Below the lower substrate 210, there 1s provided a back
light source.
In the present embodiment, the transparent conducting
I'TO film 202 formed on the upper glass substrate 203 1s not
connected to any part and 1t 1s maintained in an electrically
floating state.

The liquid crystal device constructed i1n the above-
described manner was subjected to an electrostatic voltage
test under an application of about 1 kV. Without encounter-
ing electrostatic charging, a high-quality image was dis-
played.

In the liquid crystal device constructed in the above-
described manner according to the eighth embodiment
described above, the color filter substrate 1s prevented from
being electrostatically charged and thus a high-quality image
can be displayed. Furthermore, since the voltage of the trans-
parent conducting film 1s maintained 1n the electrically tloat-
ing state, no electric connection 1s needed. This makes 1t
possible to take the anti-electrostatic charge measure at low
Cost.

(Ninth Embodiment)

FI1G. 2b 1s a schematic diagram 1llustrating a main part of
a liquid crystal device according to the sixth embodiment of
the invention. The structure 1s described first. Two transpar-
ent glass substrates 216 and 224 with a thickness of 1.1 mm
are disposed 1n close proximity to each other, and a liquid
crystal layer 221 1s disposed between them. A red/green/blue
(RGB) color filter 218, a light-shielding resin film 217, a
transparent conducting ITO film 219, and an orientating film
220 are formed one on another on the inner surface of the
upper glass substrate 216, and a polarizing plate 215 1s dis-
posed on the outer surface of the upper glass substrate 216.
Common electrodes 227, an msulating layer 223, pixel elec-
trodes 228, and an orientating film 222 are formed on the
inner surtace of the lower glass substrate 224, and a polariz-
ing plate 225 1s disposed on the outer surface of the lower
glass substrate 224.

As described earlier with reference to the plane view of
the lower glass substrate shown 1n FIG. 5, scanming signal
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lines (gate lines) 503 and 1mage signal lines (source lines)
504 extend in a matrix form across the respective pixels.
Thin film transistors (TFTs) 5035 are formed near the respec-
tive intersections of the scanning signal lines 503 and the
image signal lines 504, wherein the drain electrodes of the
respective thin film transistors are connected to the corre-
sponding pixel electrodes 501 (228). In this ninth
embodiment, the driving 1s performed 1n the same manner as
in the first embodiment.

The common electrode 227 and the pixel electrode 228 1n
one pixel are located 1in different layers separated by the
insulating layer 223. In FIG. 2b, lines 226 denote the direc-
tion of the electric field. In this embodiment, the gap
between the upper and lower substrates, the anisotropy of
refractive index, the distance between electrodes, and the
rubbing direction are slightly different from those employed
in the first embodiment. That 1s, the upper and lower sub-
strates were spaced by 4.0 um, and a nematic liquid crystal
having positive dielectric anisotropy and having anisotropy
in refractive index An=0.085 was employed as the liquid
crystal material 221. The line-shaped common electrodes
227 and the pixel electrodes 228 were spaced by 12 um
wherein the width was set to 5 um for both electrodes. A
rubbing orientation process was performed so that the longi-
tudinal axes of the liguid crystal molecules were aligned at
40° with respect to the longitudinal direction of the line-
shaped electrodes (common electrodes 227, pixel electrodes
228). The polarizing plate 215 on the upper glass substrate
216 was disposed such that 1ts absorption axis became paral-
lel to the orientation of the liquid crystal. On the other hand,
the polarizing plate 225 on the lower glass substrate 224 was
disposed such that its absorption axis became perpendicular
to the orientation of the liquid crystal. In this state, black 1s
displayed 1n the pixel. The orientation angle of the liquid
crystal molecules varies in response to a voltage applied
from external driving means. Thus, 1t 1s possible to control
the brightness by changing the applied voltage. Below the
lower substrate 224, there 1s provided a back light source.

As shown 1n FIG. 2a, the light-shielding film 2035 1s dis-
posed so that the areas in which the thin film transistors, the
image signal lines, and the scanning signal lines formed on
the lower substrate are shielded from light.

In the present embodiment, the transparent conducting
ITO film 219 formed on the upper glass substrate 216 1s not
connected to any part and 1t 1s maintained 1n an electrically
floating state. The liquid crystal device constructed 1n the
above-described manner was subjected to an electrostatic
voltage test under an application of about 1 kV. Without
encountering electrostatic charging, a high-quality image
was displayed, and no disturbance in the liquid crystal orien-
tation was observed.

In the liquid crystal device constructed in the above-
described manner according to the ninth embodiment
described above, the color filter substrate 1s prevented from
being electrostatically charged and thus a high-quality image
can be displayed. Furthermore, since the voltage of the trans-
parent conducting film 1s maintained 1n a floating state, no
clectrical connection 1s required. This makes it possible to
take the anti-electrostatic charge measure at low cost. In
general, 1f a transparent conducting film 1s formed on the
surface which 1s 1n contact with the liquid crystal, that 1s, 1n
the 1mnside of a liquid crystal cell, a voltage difference occurs
between the transparent conducting film and the pixel elec-
trode and/or the common electrode. As a result, degradation
in the 1mage quality occurs. However, in the present
technique, since the voltage of the conductive film 1s main-
tamned 1n the floating state, the degradation in the image
quality 1s suppressed.
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Although 1n this embodiment the transparent conducting
ITO film 1s formed between the color filter layer and the
orientating film on the upper substrate, it may also be formed
between the substrate and the color filter layer.

(Tenth Embodiment)

In this embodiment, the light-shielding resin film 203 or
217 employed in the eighth or ninth embodiment described
above with reference to FIG. 2 1s replaced by a light-
shielding film made up of metal such as chromium. The
light-shielding metal film 1s used not only to shield the thin
film transistors and the areas between adjacent pixels from
light, but also to provide at periphery of the pixel area an
clectrical connection for supplying a fixed voltage as
described above with reference to the first embodiment
through the fifth embodiment in conjunction with FIG. 8.

Alternatively, a transparent conductive ITO film 1n an
clectrically floating state such as that employed 1n the eighth
and ninth embodiments 1s formed on the outer or 1nner sur-
face of the upper substrate as shown in FIG. 2 so that the
transparent conducting ITO film 1n the electrically floating
state 1s combined with the light-shielding chromium film.

In this structure, the transparent conducting ITO film in
the electrically floating state absorbs electrostatic charges
and the light-shielding metal film shields the liquid crystal
from electrostatic charges. Therefore, this structure provides
higher resistance to electrostatic charges.

However, when the light shielding metal film and the
transparent conducting film are formed into a multilayer
structure on the mner surface of the upper substrate, it 1s
required that these two layers should be i1solated by a color
filter or other an msulating film.

Although 1n the present embodiment the transparent con-
ducting I'TO film 1s formed between the color filter layer and
the orientating film on the upper substrate, 1t may also be
formed between the substrate and the color filter layer.
(Eleventh Embodiment)

In this eleventh embodiment, instead of the transparent
conducting ITO film employed 1n the liquid crystal device
according to the eighth or ninth embodiment, a chromium
f1lm 1s formed on the outer or inner surface of the upper glass
substrate, in the periphery 304 of the pixel area 303 as shown
in FIG. 3. The voltage of the chromium film formed on the
upper glass substrate 1s maintained 1n a tloating state.

The liquid crystal device constructed in the above-
described manner was subjected to an electrostatic voltage
test under an application of about 1 kV. Without encounter-
ing electrostatic charging, a high-quality image was
displayed, and no disturbance in the liquid crystal orienta-
tion was observed.

In the liquid crystal device constructed in the above-
described manner according to the eleventh embodiment
described above, the color filter substrate 1s prevented from
being electrostatically charged and thus a high-quality image
can be displayed. Furthermore, since the voltage of the chro-
mium film 1s maintained 1n the floating state, no electrical
connection 1s required. This makes 1t possible to take the
anti-electrostatic charge measure at low cost. Furthermore,
the light-shielding film may also serve to part the pixel area.

In the present embodiment of the mvention, as described
above, 1t 1s possible to realize a liquid crystal device capable
of displaying a high-quality image without encountering sig-
nificant influence of electrostatic charges.

(Twelfth Embodiment)

In this twelith embodiment, the upper polarizing plate
103, 201, or 215 shown 1n FIG. 1b, 2a or 2b 1s modified to
have electrical conductivity. Such a polarizing plate may be
casily realized by mixing conductive particles in a film mate-
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rial used to form the polanzing plate or by bonding a trans-
parent conducting film to a polarizing film.

The conductive polarizing plate may be maintained either
in an electrically floating state or at a particular fixed voltage
(such as the common electrode voltage, ground voltage, non-
selection scanning signal voltage, logic voltage supplied
from an external driving means). When the conductive polar-
1zing plate 1s maintained at a fixed voltage, the polarizing
plate or the conductive polarizing plate 1s exposed and 1t 1s
connected to the fixed voltage 1n a similar manner to that
employed 1n the sixth embodiment.

The liquid crystal device constructed in the above-
described manner was subjected to an electrostatic voltage
test under an application of about 1 kV. Without encounter-
ing electrostatic charging, a high-quality image was
displayed, and no disturbance in the liquid crystal orienta-
tion was observed.

In the liquid crystal device of the present embodiment, the
color filter substrate 1s prevented from being electrostatically
charged and thus a high-quality image can be displayed.

In addition to the upper polarizing plate, the lower polar-
1zing plate may also be formed into the conductive fashion
so that the liquid crystal panel 1s disposed between the upper
and lower conductive polarizing plates thereby achieving
higher resistance to electrostatic charges.

The technique of the present embodiment may be com-
bined with any techmque disclosed above 1n the first through
cleventh embodiments so as to realize a liquid crystal panel
having higher resistance to electrostatic charges.
(Thirteenth Embodiment)

An electronic equipment using a liqud crystal device
based on any technique disclosed above 1n the first through
twelfth embodiments 1s described below.

As shown 1n FIG. 10, this electronic equipment using a
liquid crystal display device includes an information source
1000 for generating information to be displayed, a process-
ing circuit 1002 for processing the information to be
displayed, a driving circuit 1004 for driving the display
panel, a display panel 1006 such as a liquid crystal panel, a
clock generator 1008, and a power supply 1010. The infor-
mation source 1000 for generating information to be dis-
played includes a memory such as ROM and RAM, and a
tuner circuit for selecting a desired television signal and out-
putting the selected signal. In response to the clock signal
generated by the clock generator 1008, the information
source 1000 outputs information such as a video signal to be
displayed. The processing circuit 1002 processes the infor-
mation to be displayed 1n response to the clock signal gener-
ated by the clock generator 1008, and outputs the resultant
signal. The processing circuit 1002 includes for example an
amplifier, an mverter, a phase developing circuit, a rotating
circuit, a gamma correction circuit, and a clamping circuit.
The driving circuit 1004 for driving the liquid crystal panel
1006 includes a scanning driver circuit and a data driver
circuit. The power supply 1010 supplies electric power to the
respective circuit elements described above.

Specific examples of an electronic equipment include a
personal computer(PC) capable of handling multimedia data
or an engineering work station (EWS) such as that shown 1n
FIG. 11, a pager such as that shown 1n FIG. 12, and a por-
table telephone, a word processor, a television recerver, a
video tape recorder with a view-finder or a monitor display, a
pocket-sized electronic notebook, a calculator, a car naviga-
tion system, a POS terminal, and other devices with a touch
panel.

The personal computer 1200 shown 1n FIG. 11 consists of
a main part 1204 including a key board 1202 and a liquid
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crystal display 1206. The pager 1300 shown 1in FIG. 12 con-
s1sts of a metal frame 1302 and other elements located 1nside
the metal frame 1302, including a glass substrate 1304, a
light guide 1306 with a back light 1306a, a circuit board
1308, first and second shield plates 1310 and 1312, two elas-
tic conductors 1314 and 1316, and a film carrier tape
(flexible substrate) 1318. The two elastic conductors 1314
and 1316 and the film carrier tape 1318 are used to connect
the glass substrate 1304 to the circuit board 1308.

The liqud crystal display panel 1304 consists of two
transparent plates 1304a and 1304b and a liquid crystal
sealed between these transparent plates thereby forming at
least a liquud crystal display panel. On one of the transparent
plates, there may be a driving circuit 1004 and also an 1nfor-
mation processing circuit 1002, such as those shown 1n FIG.
10. Other circuits which cannot be mounted on the liquid
crystal display panel 1304 may be disposed externally for
example on the circuit board 1308 as shown 1n FIG. 12.

In the case of a pager such as that shown i FIG. 12, a
circuit board 1308 is needed 1n addition to a glass substrate
1304. However, 1in general applications 1n which a liquid
crystal display panel 1s used as an electronic component, a
liquid crystal panel having the above structure 1304 can be
used as an unit component. A substrate 1304 may be dis-
posed 1n a metal frame 1302 serving as a case, and the result-
ant structure may be used as an electronic component func-
tioming as a liquid crystal display device. Furthermore, in the
case of the back light type, a liquid crystal display device
may be constructed by disposing a substrate 1304 and a light
guide 1306 including a back light 1306a in a metal frame
1302. FIG. 13 illustrates another example of an electronic
component functioning as a liquid crystal display device. In
this case, a substrate 1304 1s formed with two transparent
substrates 1304a and 1304b, and a TCP (tape carrier
package) 1320 1s connected to one of the transparent sub-
strates. The TCP 1320 includes a polyimide tape 1322 on
which a metal interconnection conducting film 1s formed.

Although the present mvention 1s described above with
reference to preferred embodiments, the imvention 1s not lim-
ited to those embodiments. Various modifications may be
made without departing from the spirit and scope of the
invention.

In connection with the techniques disclosed in the first
through twelfth embodiments, various fixed voltages are
supplied from the power supply 1010 shown 1n FIG. 10 to
the liquid crystal device. The fixed voltage applied to the
light-shielding film or the transparent conducting film may
be supplied from the above power supply or the driving cir-
cuit 1004. As described earlier with reference to specific
embodiments, the light-shielding film 1s connected to the
common electrode or the dummy electrode. The common
clectrode or the dummy electrode may be connected to a
proper fixed voltage via a tape 1318 shown 1n FIG. 12 or a
tape 1322 shown 1n FIG. 13.

When a fixed voltage 1s applied to the transparent conduc-
tive film or a metal film formed on the outer surface of the
upper glass substrate, the fixed voltage may be supplied
from the power supply 1010 shown 1n FIG. 10 to the frame
1302 shown 1n FIG. 12 serving as the metal enclosure so that
the fixed voltage 1s applied via the frame 1302 to the trans-
parent conducting film or the metal film formed on the upper
substrate 1304a.

In the embodiments described above, chromium 1s
employed to form the metal film. Alternatively, Ta, Al, Au, a
Cr—Ni alloy, or a Cr—Cu alloy may also be employed for
the same purpose. Furthermore, instead of I'TO, other mate-
rials such as SnQO, may also be employed to form the trans-
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parent conducting film. It 1s not necessarily required that the
transparent conducting film be formed over the entire sur-
face but 1t may be formed 1n a partial fashion.

Industrial Applicability

As described above, the present ivention provides an
active matrix type liquid crystal device capable of displaying
a high-quality 1mage over a large viewing angle. The liquid
crystal device according to the mvention may be used as a
display device 1n a wide variety of electronic applications
such as a personal computer, work station, etc., and also as a
monitor device 1n a multimedia terminal device, television
set, etc. The liquid crystal device according to the invention
1s particularly useful when 1t 1s used 1n an environment
where electrostatic charging often occurs for example 1n an
olfice where there a large number of electronic apparatus.

What 1s claimed 1s:

1. A liqud crystal device including a pair of substrates, a
liquad crystal disposed between said pair of substrates, a first
one of the substrates having, thereon, scanning signal lines
and 1mage signal lines disposed 1n a matrix form, an active
clement connected to each of the scanning signal lines and
image signal lines, a pixel electrode connected to the active
element, and a common electrode, wherein an electric field
1s applied across the liquid crystal in a direction substantially
parallel to a plane 1n which said pair of substrates lie,

wherein a transparent conducting film 1s formed on either
an ner surface or an outer surface of a second one of
said substrates, and the voltage of the transparent con-
ducting film 1s maintained 1n a floating state.

2. A liquid crystal device including a pair of substrates, a
liquad crystal disposed between said pair of substrates, a first
one of the substrates having, thereon, scanning signal lines
and 1mage signal lines disposed 1n a matrix form, an active
clement connected to each of the scanning signal lines and
image signal lines, a pixel electrode connected to the active
element, and a common electrode, wherein an electric field
1s applied across the liquid crystal 1in a direction substantially
parallel to a plane 1n which said pair of substrates lie,

wherein a conductive film 1s formed on a second one of
said substrates, 1n a periphery of a pixel area on either
an 1nner surface or an outer surface ot said, second one
of said substrates, and the voltage of the conductive
film 1s maintained in a floating state.

3. A liquid crystal device including a pair of substrates, a
liquid crystal disposed between said pair of substrates, a first
one of the substrates having, thereon, scanning signal lines
and 1mage signal lines disposed 1n a matrix form, an active
clement connected to each of the scanning signal lines and
image signal lines, a pixel electrode connected to the active
element, and a common electrode, wherein an electric field
1s applied across the liquid crystal in a direction substantially
parallel to a plane 1n which said pair of substrates lie,

wherein a polarizing plate having an electrical conductiv-
ity 1s disposed on an outer surface of a second one of
said substrates, and voltage of said polarizing plate 1s
maintained in a floating state.

4. Electronic equipment using a liquid crystal display
device, said liquid crystal device including a pair of
substrates, a liquid crystal disposed between said pair of
substrates, a first one of the substrates having, thereon, scan-
ning signal lines and 1image signal lines disposed 1n a matrix
form, an active element connected to each of the scanning
signal lines and 1image signal lines, a pixel electrode con-
nected to the active element, and a common electrode,
wherein an electric field 1s applied across the liquid crystal in
a direction substantially parallel to a plane 1n which said pair
of substrates lie,
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wherein a conductive film 1s formed on an inner surface or
an outer surface of a second one of said substrates, said

conductive film being formed 1n a periphery of a pixel
area,

and wherein said electronic equipment includes: an inter-
connection or frame through which a fixed voltage is
applied to said conductive film; and a power supply for
supplying said fixed voltage via said interconnection or
frame.

5. Electronic equipment according to claim 4, wherein
said fixed voltage 1s either a ground voltage, a voltage equal
to a voltage on said common electrode, a center voltage of an
image signal supplied over said image signal lines, a non-
selection voltage of a scanning signal applied over said scan-
ning signal lines, or a logic voltage supplied from driving
means for driving said liquid crystal device.

6. Flectronic equipment using a liquid crystal display
device, said liquid crystal device including a pair of
substrates, a liquid crystal disposed between said pair of
substrates, a first one of the substrates having, thereon, scan-
ning signal lines and 1image signal lines disposed in a matrix
form, an active element connected to each of the scanning
signal lines and 1mage signal lines, a pixel electrode con-
nected to the active element, and a common electrode,
wherein an electric field 1s applied across the liquud crystal in
a direction substantially parallel to a plane 1n which said pair
of substrates lie,

wherein a polanzing plate 1s formed on an outer surface of
a second one of said substrates,

and wherein said electronic equipment includes: an inter-
connection or a frame through which a fixed voltage 1s
applied to said polarizing plate; and a power supply for
supplying said fixed voltage via said interconnection or
frame.

7. Electronic equipment according to claim 6, wherein
said fixed voltage 1s either a ground voltage, a voltage equal
to a voltage on said common electrode, a center voltage of an
image signal supplied over said image signal lines, a non-
selection voltage of a scanning signal applied over said scan-
ning signal lines, or a logic voltage supplied from driving
means for driving said liquid crystal device.

8. Electronic equipment using a liquid crystal display
device, said liquid crystal device including a pair of
substrates, a liquid crystal disposed between said pair of
substrates, a first one of the substrates having, thereon, scan-
ning signal lines and 1mage signal lines disposed 1n a matrix
form, an active element connected to each of the scanning
signal lines and 1mage signal lines, a pixel electrode con-
nected to the active element, and a common electrode,
wherein an electric field 1s applied across the liquid crystal in
a direction substantially parallel to a plane 1n which said pair
of substrates lie,

wherein a transparent conducting film 1s formed on either
an mner surface or an outer surface of a second one of
said substrates, and voltage of said transparent conduct-
ing f1lm 1s maintained 1n a floating state.

9. Electronic equipment using a liquid crystal display
device, said liquid crystal device including a pair of
substrates, a liquid crystal disposed between said pair of
substrates, a first one of the substrates having, thereon, scan-
ning signal lines and 1image signal lines disposed in a matrix
form, an active element connected to each of the scanning
signal lines and 1mage signal lines, a pixel electrode con-
nected to the active element, and a common electrode,
wherein an electric field 1s applied across the liquid crystal in
a direction substantially parallel to a plane 1n which said pair
of substrates lie,
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wherein a conductive film 1s formed on a second one of
said substrates, 1n a periphery of a pixel area on either
an 1nner surtace or an outer surface of said second one
of said substrates, and voltage of said conductive film 1s
maintained 1n a floating state.

10. Flectronic equipment using a liquid crystal display
device, said liquid crystal device including a pair of
substrates, a liquid crystal disposed between said pair of
substrates, a first one of the substrates having, thereon, scan-
ning signal lines and 1image signal lines disposed 1n a matrix
form, an active element connected to each of the scanning
signal lines and 1mage signal lines, a pixel electrode con-
nected to the active element, and a common electrode,
wherein an electric field 1s applied across the liquid crystal in
a direction substantially parallel to a plane in which said pair
of substrates lie,

wherein a polarizing plate having an electrical conductiv-
ity 1s disposed on an outer surface of a second one of
said substrates, and voltage of said polarizing plate 1s
maintained in a floating state.

11. A liquid crystal device comprising:

a first substrate;

a second substrate;

a liquid crystal between the first substrate and the second
substrate;

a signal line located at a first-substrate side of the liguid
crystal, the signal line supplving one of a scanning sig-
nal and an image signal;

an active element at the first-substrate side of the liquid
crystal and electrically connected to the signal line;

an insulation layer at the first-substrate side of the liquid
crystal;

a pair of electrodes located at the first-substrate side of
the liguid crystal in different lavers with the insulation
laver interposed thevebetween, one of the pair of elec-
trodes being electrically comnnected to the active
element, the liquid crystal being controlled by an elec-
tric field generated between the pair of electrodes; and

a transparent conducting film located at either in between
the second substrate and the liquid crystal or at an
outer side of the second substrate, the transparent con-
ducting film being in an electrically floating state.

12. An electronic device comprising the liquid crystal

device according to claim 11.
13. A liquid crystal device comprising:

a first substrate;
a second substrate;

a liquid crystal between the first substvate and the second
substrate;

a signal line located at a first-substrate side of the liguid
crystal, the signal line supplving one of a scanning sig-
nal and an image signal;

an active element at the first-substrate side of the liquid
crystal and electrically connected to the signal line;

an insulation layer at the first-substrate side of the liquid
crystal;

a pair of electrodes located at the first-substrate side of
the liguid crystal in different lavers with the insulation
laver interposed thevebetween, one of the pair of elec-
trodes being electrically comnnected to the active
element, the liquid crystal being controlled by an elec-
tric field generated between the pair of electrodes; and

a conductive film located at a periphery of a pixel area
either in between the second substrate and the liquid
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crystal or at an outer side of the second substrate, the
voltage of the conductive film being in an electrically
floating state.
14. An electronic device comprising the liquid crystal
device according to claim 13. 5
13. A liguid crystal device comprising:

a first substrate;

a second substrate;

a liguid crystal between the first substrate and the second

10
substrate;

a signal line located at a first-substrate side of the liguid
crystal, the signal line supplving one of a scanning sig-
nal and an image signal;

an active element at the first-substrate side of the liquid 15

crystal and electrically connected to the signal line;

an insulation layer at the first-substrate side of the liquid
crystal;

a pair of electrodes located at the first-substrate side of
the liguid crystal in different lavers with the insulation
laver intevposed thervebetween, one of the pair of elec-
trodes being electrically comnnected to the active
element, the liquid crystal being controlled by an elec-
tric field generated between the pair of electrodes; and
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a polarizing plate having an electrical conductivity dis-
posed at an outer side of the second substrate, voltage
of the polarizing plate being in an electrically floating
state.

16. An electronic device comprising the liquid crystal

device according to claim 15.

17. An electronic device comprising:

a first substrate;

a second substrate;

a liquid crystal between the first substrate and the second 33
substrate;

a signal line located at a first-substrate side of the liquid
crystal, the signal line supplving one of a scanning sig-
nal and an image signal,; X0

an active element at the first-substrate side of the liquid
crystal and electrically connected to the signal line;

an insulation layer at the first-substrate side of the liguid
crystal;

a pair of electrodes located at the first-substrate side of 45
the liguid crystal in different layers with the insulation
laver interposed thervebetween, one of the pair of elec-
trodes being electrically comnnected to the active
element, the liquid crystal being controlled by an elec-

tric field generated between the pair of electrodes; 50

a conductive film located at a periphery of a pixel area
either in between the second substrate and the liquid
crystal or at an outer side of the second substrate;

a power supply for supplving a voltage; and o
an interconnection ov frame that transmits the voltage

from the power supply to the conductive film.
18. The electronic device accovding to claim 17, wherein

24

a liquid crystal between the first substvate and the second
substrate;

a signal line located at a first-substrate side of the liquid
crystal, the signal line supplying one of a scanning sig-
nal and an image signal;

an active element at the first-substrate side of the liquid
crystal and electrically connected to the signal line;

an insulation layer at the first-substrate side of the liquid
crystal;

a pair of electrodes located at the first-substrate side of
the liguid crystal in different layers with the insulation
laver interposed therebetween, one of the pair of elec-
trodes being electrically comnnected to the active

element, the liquid crystal being controlled by an elec-
tric field generated between the pair of electrodes;

a polarizing plate at an outer side of the second substrate;

a power supply for supplyving a voltage; and

an interconnection orv frame that transmits the voltage

from the power supply to the polarizing plate.

20. The electronic device according to claim 19, wherein
the voltage is either a ground voltage, a voltage equal to a
voltage on one of the pair of electrodes, a center voltage of
an image signal supplied over the signal line, a non-
selection voltage of a scanning signal applied over the sig-

nal line, or a logic voltage supplied from a driving means for
driving the liguid crystal device.

21. A liguid crystal device, comprising:
a first substrate;
a second substrate;

a liquid crystal between the first substrate and the second
substrate;

a pixel area separated from edges of the first substrate and
the second substrate in plan view;

a signal line located at a first-substrate side of the liquid
crystal, the signal line supplying one of a scanning sig-
nal and an image signal;

an active element at the first-substrate side of the liquid
crystal and electrically connected to the signal line;

an insulation layer at the first-substrate side of the liquid
crystal;

a pair of electrodes located at the first-substrate side of
the liguid crystal in different lavers with the insulation
laver intevposed thevebetween, one of the pair of elec-
trodes being electrically comnnected to the active
element, the liquid crystal being controlled by an elec-
tric field generated between the pair of electrodes;

sealing material disposed around the pixel arvea that seals
the liguid crystal in between the pair of substrates; and

a light-shielding metal film located at a second-substrate
side of the liquid crystal, the light-shielding metal film
being interposed between the sealing material and the
pixel area, the light-shielding metal film being applied
with a voltage.

22. A liquid crystal device according to claim 21, wherein

the voltage is either a ground voltage, a voltage equal to a
voltage on one of the pair of electrodes, a center voltage of

the voltage is either a ground voltage, a voltage equal to a
voltage on one of the pair of electrodes, a center voltage of
an image signal supplied over the signal line, a non-
selection voltage of a scanning signal applied over the sig-

nal line, or a logic voltage supplied from a driving means for
driving the liquid crystal device.

19. An electronic device comprising:

an image signal supplied over the signal line, a non-
selection voltage of a scanning signal applied over the sig-
nal line, or a logic voltage supplied from a driving means for
driving the liquid crystal device.

23. A liquid crystal device, comprising:

a first substrate;

65 a second substrate;

a first substrate; a liquid crystal between the first substrate and the second

a second substrate; substrate;
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a pixel area separated from edges of the first substrate and
the second substrate in plan view;

a signal line located at a first-substrate side of the liguid
crystal, the signal line supplying one of a scanning sig-
nal and an image signal;

an active element at the first-substrate side of the liquid
crystal and electrically connected to the signal line;

an insulation layer at the first-substrate side of the liguid
crystal;

a pair of electrodes located at the first-substrate side of

the liguid crystal in different layers with the insulation
laver interposed therebetween, one of the pair of elec-
trodes being electrically comnnected to the active
element, the liquid crystal being controlled by an elec-
tric field generated between the pair of electrodes;

sealing material disposed around the pixel avea that seals
the liquid crystal in between the pair of substrates;

a light-shielding metal film located at a second-substrate
side of the liquid crystal, the light-shielding metal film
being interposed between the sealing material and the
pixel area; and

a transparvent conductive film located at the second-
substrate side of the liquid crystal, the transparent con-
ductive film being applied with a voltage.

24. A liguid crystal device according to claim 23, wherein
the voltage is either a ground voltage, a voltage equal to a
voltage on one of the pair of electrodes, a center voltage of
an image signal supplied over the signal line, a non-
selection voltage of a scanning signal applied over the sig-
nal line, or a logic voltage supplied from a driving means for
driving the liguid crystal device.

25. A liquid crystal device, comprising:

a first substrate;
a second substrate;

a liqguid crystal between the first substrate and the second
substrate;

a pixel area separated from edges of the first substrate and
the second substrate in plan view;

a signal line located at a first-substrate side of the liguid
crystal, the signal line supplying one of a scanning sig-
nal and an image signal;

an active element at the first-substrate side of the liguid
crystal and electrically connected to the signal line;

an insulation layer at the first-substrate side of the liguid
crystal;

a pair of electrodes located at the first-substrate side of
the liguid crystal in different lavers with the insulation
laver interposed thervebetween, one of the pair of elec-
trodes being electrically comnnected to the active
element, the liquid crystal being controlled by an elec-
tric field generated between the pair of electrodes;

sealing material disposed around the pixel area that seals
the liguid crystal in between the pair of substrates;

a light-shielding metal film located at a second-substrate
side of the liquid crystal, the light-shielding metal film
being interposed between the sealing material and the
pixel area; and

a conductive film located at a periphery of the pixel area
either in between the second substrate and the liquid
crystal or at an outer surface of the second substrate,
the transparent conducting film being applied with a
voltage.

26. A liguid crystal device according to claim 25, wherein

the voltage is either a ground voltage, a voltage equal to a
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voltage on one of the pair of electrodes, a center voltage of
an image signal supplied over the signal line, a non-
selection voltage of a scanning signal applied over the sig-
nal line, or a logic voltage supplied from a driving means for
driving the liquid crystal device.

27. A liquid crystal device, comprising:

a first substrate;

a second substrate;

a liquid crystal between the first substrate and the second
substrate;

a pixel area separated from edges of the first substrate and
the second substrate in plan view;

a signal line located at a first-substrate side of the liguid
crystal, the signal line supplving one of a scanning sig-
nal and an image signal;

an active element at the first-substrate side of the liquid
crystal and electrically connected to the signal line;

an insulation layer at the first-substrate side of the liquid
crystal;

a pair of electrodes located at the first-substrate side of
the liguid crystal in different lavers with the insulation
laver intevposed thevebetween, one of the pair of elec-
trodes being electrically comnnected to the active
element, the liquid crystal being controlled by an elec-
tric field generated between the pair of electrodes;

sealing material disposed around the pixel arvea that seals
the liquid crystal in between the pair of substrates;

a light-shielding metal film located at a second-substrate
side of the liquid crystal, the light-shielding metal film
being interposed between the sealing material and the
pixel area; and

a polarizing plate having an electrical conductivity dis-
posed at an outer side of the second substrate, the
polarizing plate being applied with a voltage.

28. A liquid crystal device according to claim 27, wherein
the voltage is either a ground voltage, a voltage equal to a
voltage on one of the pair of electrodes, a center voltage of
an image signal supplied over the signal line, a non-
selection voltage of a scanning signal applied over the sig-
nal line, or a logic voltage supplied from a driving means for
driving the liquid crystal device.

29. An electronic device comprising:

a first substrate;
a second substrate;

a liquid crystal between the first substrate and the second
substrate;

a pixel area separated from edges of the first substrvate and
the second substrate in plan view;

a signal line located at a first-substrate side of the liquid
crystal, the signal line supplying one of a scanning sig-
nal and an image signal;

an active element at the first-substrate side of the liquid
crystal and electrically connected to the signal line;

an insulation layer at the first-substrate side of the liguid
crystal;

a pair of electrodes located at the first-substrate side of
the liguid crystal in different lavers with the insulation
laver intevposed thevebetween, one of the pair of elec-
trodes being electrically comnnected to the active
element, the liquid crystal being controlled by an elec-
tric field generated between the pair of electrodes;

sealing material disposed around the pixel arvea that seals
the liquid crystal in between the pair of substrates;
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a light-shielding metal film located at a second-substrate
side of the liquid crystal, the light-shielding metal film
being interposed between the sealing material and the
pixel area,

a power supply for supplyving a voltage; and

an intercomnnection that transmits the voltage from the
power supply to the light-shielding metal film.
30. The electronic device according to claim 29, wherein

the voltage is either a ground voltage, a voltage equal to a
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voltage on one of the pair of electrodes, a center voltage of 1"

an image signal supplied over the signal line, a non-
selection voltage of a scanning signal applied over the sig-
nal line, or a logic voltage supplied from a driving means for
driving the liguid crystal device.

31. An electronic device comprising:

a first substrate;
a second substrate;

a liqguid crystal between the first substrate and the second
substrate;

a pixel arvea separated from edges of the first substvate and
the second substrate in plan view;

a signal line located at a first-substrate side of the liquid
crystal, the signal line supplving one of a scanning sig-
nal and an image signal;

an active element at the first-substrate side of the liguid
crystal and electrically connected to the signal line;

an insulation layer at the first-substrate side of the liguid
crystal;
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a pair of electrodes located at the first-substrate side of 3Y

the liguid crystal in different layers with the insulation
laver interposed thervebetween, one of the pair of elec-
trodes being electrically comnnected to the active
element, the liquid crystal being controlled by an elec-
tric field generated between the pair of electrodes;

sealing material disposed around the pixel area that seals
the liquid crystal in between the pair of substrates;

a light-shielding metal film located at a second-substrate
side of the liquid crystal, the light-shielding metal film
being interposed between the sealing material and the
pixel area,

a transparvent conducting film formed at the second-
substrate side of the liquid crystal;

a power supply for supplving a voltage; and
a frame that transmits the voltage from the power supply
to the transparent conducting film.
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32. The electronic device according to claim 31, wherein
the voltage is either a ground voltage, a voltage equal to a
voltage on one of the pair of electrodes, a center voltage of
an image signal supplied over the signal line, a non-
selection voltage of a scanning signal applied over the sig-
nal line, or a logic voltage supplied from a driving means for
driving the liquid crystal device.

33. A liquid crystal device comprising:

a first substrate;

a second substrate;

a liquid crystal between the first substrate and the second
substrate;

a pixel area separated from edges of the first substrate and
the second substrate in plan view;

a signal line located at a first-substrate side of the liquid
crystal, the signal line supplying one of a scanning sig-
nal and an image signal;

an active element at the first-substrate side of the liquid
crystal and electrically connected to the signal line;

an insulation layer at the first-substrate side of the liguid
crystal;

a pair of electrodes located at the first-substrate side of
the liguid crystal in different lavers with the insulation
laver intevposed thevebetween, one of the pair of elec-
trodes being electrically comnnected to the active
element, the liquid crystal being controlled by an elec-
tric field generated between the pair of electrodes;

sealing material disposed around the pixel arvea that seals
the liquid crystal in between the pair of substrates;

a light-shielding metal film located at a second-substrate
side of the liquid crystal, the light-shielding metal film
extending outside of the sealing material and being
electrically connected to a predetermined electrode.

34. The liguid crystal device according to claim 33,
wherein the predetermined electrode is an electrode extend-
ing from a common electrode of the pair of electrodes.

33. The liquid crystal device according to claim 33,
wherein the light-shielding film is connected to the predeter-
mined electrode at plural portions in the periphery of the
sealing area.

36. The liquid crystal device according to claim 33, fur-
ther comprising a color filter at the second-substrate side of
the liguid crystal, the light-shielding film being formed

across the color filter.
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