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(57) ABSTRACT 

A liquid crystal device has a structure in Which an electric 
?eld is applied across a liquid crystal in a direction substan 
tially parallel to the plane of a substrate. A conductive ?lm is 
formed on a ?rst substrate on Which an electric ?eld control 
is provided, and also on a color ?lter substrate located oppo 
site the ?rst substrate, and the conductive ?lms are main 
tained at either a ground voltage, a common electrode 
voltage, the center voltage of an image signal, a non 
selection voltage of a scanning signal, or a logic voltage of 
an external driver or otherwise the voltage of the conductive 
?lms is maintained in a ?oating state. The liquid crystal 
device having the above structure displays a high-quality 
image Without encountering an in?uence of electrostatic 
charges. 

36 Claims, 13 Drawing Sheets 
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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 speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

This application is a Division of Ser. No. 08/952,018 Nov. 
4, 1997 US. Pat. No. 6,346,932. 

This is a Division of application Ser. No. 08/952,018 ?led 
Nov. 14, 1997 now US. Pat. No. 6,346,932. The entire dis 
closure of the prior application(s) is hereby incorporated by 
reference herein in its entirety. 

FIELD OF THE INVENTION 

The present invention relates to an active matrix type liq 
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 in which a voltage is applied in a lateral direction 
(along the layer) to the liquid crystal at the respective pixels. 
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 in the twisted nematic mode. However, in 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, it has been pro 
posed to employ an in-plane switching (IPS) mode in which 
a voltage is applied to a liquid crystal in a lateral direction, as 
disclosed for example in Japanese Unexamined Patent Pub 
lication Nos. 56-091277 and 6-160878. 
The principle of operation in the IPS mode will be 

described brie?y with reference to some drawings. FIGS. 4a 
and 4b are cross-sectional views illustrating the behavior of 
a liquid crystal in a liquid crystal panel designed to operate 
in the IPS mode, wherein FIG. 4a is a cross-sectional view of 
a cell without an application of voltage and FIG. 4b is a 
cross-sectional view of the cell under the application of a 
voltage greater than a threshold value. The plane views of 
FIGS. 4a and 4b are given in FIGS. 40 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 is disposed, 403 denotes a 
color ?lter, 404 and 406 denote orientating ?lms, and 405 
denotes a liquid crystal molecule drawn in a schematic fash 
ion. Furthermore, reference numeral 410 denotes a pixel 
electrode, 411 denotes a common electrode disposed in a 
pixel at a location opposite to the pixel electrode, 412 
denotes an image signal line (source line), and 407 denotes 
an insulating layer for isolating 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 
electrode and the common electrode for applying a voltage 
across the liquid crystal are disposed on one substrate at 
locations apart in 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 ?lm 
transistor) is also disposed, it is not shown in FIG. 4. FIGS 
4a and 4b are a cross section taken along line XiX' of FIG. 5, 
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2 
and FIGS. 40 and 4d are an enlarged plane view illustrating 
an area surrounded by a broken line in FIG. 5, wherein FIG. 
5 illustrates the structure of one pixel. In the speci?c 
example shown in FIG. 5, two common electrodes 502 and 
one pixel electrode 501 are disposed in a lateral direction in 
one pixel, whereas there may be some other number of com 
mon electrodes 502 and pixel electrodes 501 in one pixel. 
Furthermore, in FIG. 5, reference numeral 503 denotes a 
scanning signal line (gate line), 504 denotes an image signal 
line (source line), and 505 denotes a thin ?lm transistor 
(TFT). 
Of the pair of substrates 402 and 408, as shown in FIGS. 

4a and 40, a color ?lter 403 is formed on the upper substrate 
402, and a line-shaped common electrode 411 and pixel 
electrode 410 are formed on the inner surface of the lower 
substrate 408. Furthermore, orientating ?lms 404 and 406 
for orientating the liquid crystal molecules 405 are formed 
on the inner surfaces of the respective substrates. A liquid 
crystal is disposed between the pair of substrates 402 and 
408. When no voltage is applied, the liquid crystal molecules 
405 are uniformly orientated at a ?xed angle (within the 
range from 0 to 45) with respect to the longitudinal direction 
of the line-shaped electrodes (common electrode 411, pixel 
electrode 410). In the speci?c example shown in FIG. 4, the 
angle is set to 30°. On both sides of the liquid cell, there are 
disposed polarizing plates 401 and 409. The upper polariz 
ing plate 401 is 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 is disposed 
such that its absorption axis 414 becomes perpendicular to 
the orientation of the liquid crystal. In this state, black is 
displayed in the pixel. The liquid crystal is made up of a 
material having positive dielectric anisotropy. 

If an electric ?eld 415 is applied, the liquid crystal mol 
ecules 405 are aligned so that their longitudinal axis is 
directed in a direction parallel to the electric ?eld 415, as 
shown in 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 in accordance 
with the orientation angle of liquid crystal molecules which 
varies in response to the strength of the applied electric ?eld. 
Thus, it is 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 is 
no electrode on the other-side substrate. This can cause a 

problem in that the substrate tends to be electrostatically 
charged. The electrostatic charge disturbs the orientation of 
the liquid crystal and thus it becomes impossible to display a 
high-quality image. Once the substrate is electrostatically 
charged, it is dif?cult to remove the electrostatic charge 
because there is no electrode on the other-side substrate. 

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

SUMMARY OF THE INVENTION 

According to an aspect of the present invention, there is 
provided a liquid crystal device including a pair of substrates 
with a liquid crystal disposed between them, one of the sub 
strates having, thereon, scanning signal lines and image 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 it 
possible to apply an electric ?eld across the liquid crystal 
disposed betWeen each pixel electrode and the common 
electrode in such a manner that the electric ?eld is applied in 
a direction substantially parallel to the plane of the 
substrates, Wherein a light-shielding metal ?lm is formed on 
the other-side substrate opposite to the one of the substrate, 
and a ?xed voltage is applied to the light-shielding metal 
?lm. 

In this structure, the other-side substrate is prevented from 
being electrostatically charged and thus it is possible to dis 
play a high-quality image. If there Were no light-shielding 
metal ?lm disposed on the other-side substrate and main 
tained at the ?xed 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 liquid crystal Would response to that 
voltage. For the above reason, to achieve a high-quality 
image, it is important that the light-shielding metal ?lm be 
formed on the other-side substrate having no electrode for 
driving, the liquid crystal and be maintained at a ?xed volt 
age. Preferably, the light-shielding metal ?lm is made up of 
chromium (Cr) or a nickel-copper (Ni4Cu) alloy. 

According to another aspect of the present invention, 
there is 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 in 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 it 
possible to apply an electric ?eld across the liquid crystal 
disposed betWeen each pixel electrode and the common 
electrode in such a manner that the electric ?eld is applied in 
a direction substantially parallel to the plane of the 
substrates, Wherein a transparent conducting ?lm is formed 
on the other-side substrate opposite to the one of the 
substrates, and a ?xed voltage is applied to the transparent 
conducting ?lm. 

With this structure, the other-side substrate is prevented 
from being electrostatically charged and thus it is possible to 
display a high-quality image. If there Were no transparent 
conducting ?lm disposed on the other-side substrate and 
maintained at the ?xed 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, it is important that the transparent con 
ducting ?lm be formed on the other-side substrate having no 
electrode for driving the liquid crystal and be maintained at a 
?xed voltage. Preferably, the transparent conducting ?lm 
may be made up of ITO or tin oxide (SnOZ). 

According to another aspect of the present invention, 
there is 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 in 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 it 
possible to apply an electric ?eld across the liquid crystal 
disposed betWeen each pixel electrode and the common 
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4 
electrode in such a manner that the electric ?eld is applied in 
a direction substantially parallel to the plane of the 
substrates, Wherein a conductive ?lm is 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 ?xed voltage 
is applied to the conductive ?lm. 

With this structure, the other-side substrate is prevented 
from being electrostatically charged and thus it is possible to 
display a high-quality image. If there Were no conductive 
?lm disposed on the other-side substrate and maintained at 
the ?xed 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 
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, it is 
important that the light-shielding metal ?lm be formed on 
the other-side substrate having no electrode for driving the 
liquid crystal and be maintained at a ?xed voltage. Since the 
conductive ?lm is formed in areas outside the displaying 
areas, it is not required that the conductive ?lm be 
transparent, and thus various metallic materials may be 
employed to form the conductive ?lm. 

Herein, the pixel area refers to such an area in Which an 
element of an image such as a character or a picture is dis 
played. An example of a pixel area is 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 is 
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 ?xed voltage is 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 in the 
liquid crystal device can be used Without having to generate 
an additional voltage, and thus it is 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 in 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 FIG. 6 
representing the Waveforms of driving signals associated 
With a liquid crystal panel With TFTs. The Waveforms of the 
driving signals shoWn in FIG. 6 are described brie?y beloW 
in junction With an equivalent circuit of a TFT shoWn in FIG. 
7. Signals 602 and 603 are supplied over a scanning line 703 
and an imaging 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 ?elds, that is, a ?rst ?eld 610 and a second ?eld 611, 
Which makes up one frame 612 thereby making up one pic 
ture. In a selection period 608, if the TFT 705 is 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 TFT 705 is turned off and the 
signal Written in a liquid crystal capacitor 706 is held. The 
scanning signal lines 703 are selected one by one in a similar 
manner so that data is reWritten once every one ?eld for all 
pixels. 
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According to another aspect of the present invention, 
there is 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 in 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 it 
possible to apply an electric ?eld across the liquid crystal 
disposed betWeen each pixel electrode and the common 
electrode in such a manner that the electric ?eld is applied in 
a direction substantially parallel to the plane of the 
substrates, Wherein a polariZing plate having an electrical 
conductivity is disposed on the outer surface of the other 
side substrate opposite to the one substrate, and a ?xed volt 
age is applied to the polariZing plate. 

In this structure, the other-side substrate is prevented from 
being electrostatically charged and thus it is possible to dis 
play a high-quality image. If there Were no conductive ?lm 
disposed on the other-side substrate and maintained at the 
?xed 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 
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, it is 
important that the polariZing plate having an electrical con 
ductivity be formed on the other-side substrate having no 
electrode for driving the liquid crystal and be maintained at a 
?xed voltage. 

In the present invention, the above-described ?xed voltage 
is either a ground voltage, a voltage on the common 
electrode, the center voltage of the image 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 is 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 in 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 it 
possible to apply an electric ?eld across the liquid crystal 
disposed betWeen each pixel electrode and the common 
electrode in such a manner that the electric ?eld is applied in 
a direction substantially parallel to the plane of the 
substrates, Wherein a transparent conducting ?lm is formed 
on either the inner-side or outer surface of the other-side 
substrate opposite to the one substrate and the voltage of the 
transparent conducting ?lm is maintained in a ?oating state. 

In this structure, the other-side substrate is prevented from 
being electrostatically charged and thus it is possible to dis 
play a high-quality image. Even if the liquid crystal device is 
partially charged, the transparent conducting ?lm prevents 
the orientation of the liquid crystal from being locally 
disturbed, and the charge is relaxed over the conductive ?lm. 
Furthermore, in this technique, since the voltage of the trans 
parent conducting ?lm is maintained in a ?oating state, no 
electrical connection is required. In general, if the transpar 
ent conducting ?lm is formed on the inner surface of the 
substrate, that is, in the inside of a liquid crystal cell, a volt 
age difference occurs betWeen the transparent conducting 
?lm and the pixel electrode and/ or the common electrode. As 
a result, degradation in the image quality occurs. HoWever, 
in the present technique, since the voltage of the conductive 
?lm is maintained in the ?oating state, the degradation in the 
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6 
image quality is suppressed. Preferably, the transparent con 
ducting ?lm is made up of ITO or tin oxide (SnO2). 

Herein, the ?oating state refers to such a state in Which a 
conductive material is electrically isolated from any voltage 
in adjacent locations and thus the voltage of the conductive 
material is in a ?oating state. 

According to another aspect of the present invention, 
there is 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 in 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 it 
possible to apply an electric ?eld across the liquid crystal 
disposed betWeen each pixel electrode and the common 
electrode in such a manner that the electric ?eld is applied in 
a direction substantially parallel to the plane of the 
substrates, Wherein a conductive ?lm is 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 ?lm is maintained in a ?oating state. 

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

According to another aspect of the present invention, 
there is 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 in 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 it 
possible to apply an electric ?eld across the liquid crystal 
disposed betWeen each pixel electrode and the common 
electrode in such a manner that the electric ?eld is applied in 
a direction substantially parallel to the plane of the 
substrates, Wherein a polarizing plate having an electrical 
conductivity is disposed on the outer surface of the other 
side substrate opposite to the one substrate, and the voltage 
of the polarizing plate is maintained in a ?oating state. 

In this structure, the other-side substrate is prevented from 
being electrostatically charged and thus it is possible to dis 
play a high-quality image. Even if the liquid crystal device is 
partially charged, the transparent conducting ?lm prevents 
the orientation of the liquid crystal from being locally 
disturbed, and the charge is relaxed over the conductive ?lm. 
Furthermore, since the voltage of the transparent conducting 
?lm is maintained in a ?oating state, no electrical connection 
is required. 

In this structure according to the present invention, the 
conductive ?lm is formed on the inner or outer surface of the 
other-side substrate thereby ensuring that the orientation of 
the liquid crystal is maintained in a desired direction Without 
encountering disturbance. Although the external electro 
static charge can be absorbed even if the conductive ?lm is 
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formed on either the inner or outer surface of the other-side 
substrate, it is more preferable that the conductive ?lm be 
formed on the inner surface of the other-side substrate so 
that the electrostatic charge is 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 in 
various electronic equipment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram illustrating a liquid crystal 
device according to the present invention; 

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

FIG. 3 is a plane vieW of a liquid crystal cell according to 
the present invention; 

FIG. 4 is a schematic representation of the IPS mode; 

FIG. 5 is a schematic diagram illustrating one pixel of the 
liquid crystal device according to the present invention; 

FIG. 6 is a graph illustrating the Waveforms of driving 
signals used in a TFT type liquid crystal device; 

FIG. 7 is a circuit diagram illustrating an equivalent cir 
cuit of one pixel of the liquid crystal device according to the 
present invention; 

FIG. 8 illustrates a liquid crystal cell in Which electrodes 
on the inner surfaces of the upper and loWer substrates are 
electrically 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; 

FIG. 9 is a cross-sectional vieW illustrating a liquid crystal 
cell in Which electrodes on the inner surfaces of the upper 
and loWer substrates are electrically connected to each other 
via a silver paste, according to the present invention; 

FIG. 10 is a block diagram illustrating a driving circuit of 
driving a liquid crystal device, according to the present 
invention; 

FIG. 11 is a schematic diagram illustrating a personal 
computer using a liquid crystal device according to the 
present invention; 

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

FIG. 13 is a schematic diagram illustrating an example of 
a practical manner in Which a liquid crystal device according 
to the present invention is mounted. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention Will be described in further detail 
beloW With reference to the accompanying draWings. 
(First Embodiment) 

FIG. 1 is a schematic diagram illustrating a main part of a 
liquid crystal device according to the present invention, 
Wherein FIG. 1a is a plane vieW of a color ?lter substrate 
104, and FIG. 1b is a cross-sectional vieW of the liquid crys 
tal device. The structure is described ?rst. TWo transparent 
glass substrates 104 and 109 With a thickness of 1.1 mm are 
disposed in close proximity to each other, and a liquid crys 
tal layer 106 is disposed betWeen them. A light-shielding 
chromium (Cr) ?lm 101, a red/green/blue (RGB) color ?lter 
102, and an orientating ?lm 105 are formed one on another 
on the inner surface of the upper glass substrate 104, and a 
polarizing plate 103 is disposed on the outer surface of the 
upper glass substrate 104. Common electrodes 111, an insu 
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8 
lating layer 108, pixel electrodes 112, and an orientating ?lm 
107 are formed on the inner surface of the loWer glass sub 
strate 109, and a polarizing plate 110 is 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 in FIG. 5, scanning signal 
lines (gate lines) 503 and image signal lines (source lines) 
504 extend in a matrix form across the respective pixels. 
Thin ?lm 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 ?lm transistors are connected to the corre 
sponding scanning signal lines 503, the source electrodes to 
the corresponding image signal lines 504, and the drain elec 
trodes to the corresponding pixel electrodes 501 (112). 
The light-shielding chromium ?lm 101 shoWn in FIG. 1 is 

formed so as to shield, from light, the areas on the loWer 
substrate in Which the thin ?lm transistors, the image signal 
lines, and the scanning signal lines are formed. 
As shoWn in 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 ?eld. In this 
speci?c embodiment, the upper and loWer substrates Were 
spaced by 4.5 pm, 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 
electrodes 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 its 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 its absorption axis became perpendicular to the orienta 
tion of the liquid crystal. In this state, black is 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 is 
possible to control the brightness by changing the applied 
voltage. BeloW the loWer substrate 109, there is 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 polariZing plates are similar to those 
described above With reference to FIG. 4. 
The light-shielding chromium ?lm 101 shoWn in FIG. 1 is 

formed so as to shield, from light, the areas on the loWer 
substrate in Which the thin ?lm 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 is described beloW. FIG. 7 
is a circuit diagram illustrating an equivalent circuit of one 
pixel of the liquid crystal device. FIG. 6 illustrates the Wave 
form of driving signals. In FIG. 7, reference numeral 703 
denotes a scanning 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 ?lm transistor corresponding to 505 in FIG. 5. 
The gate electrode of the thin ?lm transistor 705 is con 
nected to the scanning signal line 503, the source electrode is 
connected to the image signal line 704, and the drain elec 
trode is connected to the pixel electrode 701 corresponding 
to 501 in 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 in FIG. 5 
(111 in 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 ?lm transistor is turned on, and reference 
numeral 609 denotes a non-selection period during Which 
the thin ?lm transistor is turned off and the liquid crystal is 
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 is applied to the pixel elec 
trode via the thin ?lm transistor. Reference numeral 612 
denotes the one frame period, reference numeral 610 
denotes a ?rst ?eld, and reference numeral 611 denotes a 
second ?eld. The image signal 603 is inverted in polarity at 
the transition betWeen the ?rst and second ?elds in such a 
manner that the image signal during the second ?eld 
becomes opposite to that during the ?rst ?eld 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 is applied across the 
liquid crystal. During the selection period 608, the image 
signal 606 is applied to the pixel electrode via the thin ?lm 
transistor, and thus the voltage on the pixel electrode 
becomes equal to the image signal 606. HoWever, during the 
selection period 608, a charge is stored in a parasitic capaci 
tor betWeen the drain and gate electrodes of the thin ?lm 
transistor, and this charge ?oWs into the pixel electrode dur 
ing the non-selection period 609. This causes a reduction in 
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 electrode is 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 in polarity every ?eld 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 in the pixel area in such a 
manner that the storage capacitor is connected in parallel to 
the liquid crystal capacitor 706. The storage capacitor may 
be formed in the periphery of the pixel area shoWn in FIG. 5 
by making an overlap betWeen the pixel electrode 501 and 
the common electrode 502 via the insulating ?lm. 

In the liquid crystal device according to the present 
embodiment, as shoWn in FIG. 8, the light-shielding chro 
mium ?lm 807 (101 in FIG. 1) of the upper glass substrate 
801 (104 in FIG. 1) is electrically connected via a silver 
paste 805 to the common electrode 808 (11 in FIG. 1) 
formed on the loWer glass substrate 802 (109 in FIG. 1) so 
that they are maintained at the same voltage. FIG. 8a is a 
plane vieW of the liquid crystal panel and FIG. 8b is an 
enlarged cross-sectional vieW illustrating a part in Which the 
upper and loWer substrates are electrically connected to each 
other via the silver paste. In FIG. 8, the light-shielding chro 
mium ?lm shields such areas betWeen the thin ?lm transis 
tors and the pixels in the pixel area 803. The light-shielding 
?lm may also have a part in the periphery 804 Wherein it 
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 ?lm serves to part the pixel 
area. 

The light-shielding ?lm 807 (101) extending outside the 
sealing area in 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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10 
area 806 of the liquid crystal (Wherein the sealing area is 
located around the pixel area 803 and serves to seal the pair 
of substrates). The reason for making the electrical connec 
tions betWeen the light-shielding ?lm and the common elec 
trode at a plurality of points is to obtain an uniform voltage 
distribution across the light-shielding ?lm over the entire 
pixel area. 

In FIG. 8b, A terminal extending from the common elec 
trode 808 is electrically connected via an anisotropic con 
ducting ?lm 809 to an interconnecting electrode 811 for sup 
plying the common electrode voltage, Wherein the 
interconnecting electrode 811 is formed on a ?exible tape 
810 Which is used to mount a liquid crystal driver circuit or 
connect the liquid crystal panel to a circuit board. 
The liquid crystal device constructed in the above 

described manner Was subjected to an electrostatic voltage 
test under application of about 1 kV. Without encountering 
electrostatic charging, a high-quality image Was displayed, 
and no disturbance in the liquid crystal orientation Was 
observed. 

In the liquid crystal device constructed in the above 
described manner according to the ?rst embodiment 
described above, the chromium ?lm serving as the light 
shielding metal ?lm is maintained at the ?xed voltage (the 
common electrode voltage). This ensures that the color ?lter 
substrate is prevented from being electrostatically charged 
and thus a high-quality image can be displayed. If the color 
?lter substrate had no light-shielding metal ?lm maintained 
at the ?xed 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. 
Therefore, to achieve a high-quality image, it is important 
that the light-shielding metal ?lm be formed on the color 
?lter substrate having no electrode for driving the liquid 
crystal and be maintained at a ?xed voltage. In the present 
embodiment, since the light-shielding metal ?lm is main 
tained at the common electrode voltage Which exists in the 
liquid crystal device, there is no need to produce an addi 
tional voltage and therefore the anti-electrostatic 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 
?rst embodiment except that the light-shielding chromium 
?lm 903 formed on the upper glass substrate (101 in FIG. 1) 
is grounded. The structure of the liquid crystal device is 
described in further detail beloW With reference to FIG. 9. 
FIG. 9a is a plane vieW ofa liquid crystal panel, and FIG. 9b 
is an enlarged cross-sectional vieW illustrating a part in 
Which an electric connection betWeen the upper and loWer 
substrates is made via a silver paste. The light-shielding 
chromium ?lm 903 formed on the inner surface of the upper 
substrate 901 (104 in FIG. 1) is connected to a dummy elec 
trode 904 formed on the inner surface of the loWer substrate 
902 (109 in FIG. 1) Wherein the connection is made via the 
silver paste 905 and at a point outside the seal area 906. As 
shoWn in FIG. 9b, the dummy electrode 904 is electrically 
connected via an anisotropic conducting ?lm (ACF) 907 to 
an interconnecting electrode 908 for supplying the ground 
voltage, Wherein the interconnecting electrode 908 is formed 
on a ?exible 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 in the above-described manner Was subjected to an 
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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 
orientation Was observed. 

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

If the light-shielding chromium ?lm is maintained at the 
ground voltage, a slight voltage difference can occur 
betWeen the light-shielding chromium ?lm and the pixel 
electrode or the common electrode. HoWever, because the 
color ?lter layer and the orientating ?lm exist on the light 
shielding chromium ?lm, the slight voltage difference is fur 
ther decreased by a voltage drop in the color ?lter layer and 
the orientating ?lm. Therefore, the voltage difference actu 
ally applied to the liquid crystal is small enough and it can be 
neglected. If there Were no light-shielding chromium ?lm 
maintained at a ?xed voltage, as high a voltage as a feW ten 
thousand voltages Would be applied to the liquid crystal 
When the color ?lter substrate Was electrostatically charged, 
and the liquid crystal device Would no longer operate prop 
erly. Therefore, to achieve a high-quality image, it is impor 
tant that the light-shielding metal ?lm be formed on the color 
?lter substrate having no electrode for driving the liquid 
crystal and be maintained at the ?xed voltage (ground 
voltage). Since the ground voltage is already present in the 
liquid crystal device, there is no need to produce an addi 
tional voltage and therefore a liquid crystal device having 
strong resistance to electrostatic charges can be realiZed at 
loW cost. 

(Third Embodiment) 
In this third embodiment, the liquid crystal device has a 

similar structure to that employed in the ?rst embodiment 
except that the light-shielding chromium ?lm formed on the 
upper glass substrate is connected to the amplitude center 
voltage (605 in FIG. 6) of the image signal. The connection 
is made in the same manner as shoWn in FIG. 9, and the 
dummy electrode 904 is connected to a voltage line for sup 
plying the amplitude center voltage of the image signal 
Wherein the voltage line is formed on a ?exible 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 in the 
liquid crystal orientation Was observed. 

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

In this fourth embodiment, the liquid crystal device has a 
similar structure to that employed in the ?rst embodiment 
except that the non-selection voltage supplied via the scan 
ning signal line (503 in FIG. 5) is applied to the light 
shielding chromium ?lm formed on the upper glass substrate 
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(Wherein the non-selection voltage is supplied over the scan 
ning signal line 607 in FIG. 6 during the non-selection 
period 609). The connection is made in the same manner as 
shoWn in FIG. 9, and dummy electrode 904 is connected to a 
voltage line for supplying the non-selection voltage via the 
scanning signal line formed on the ?exible 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 in the 
liquid crystal orientation Was observed. 

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

(Fifth Embodiment) 
In this ?fth embodiment, the liquid crystal device has a 

similar structure to that employed in the ?rst embodiment 
except that the light-shielding chromium ?lm formed on the 
upper glass substrate is connected to the logic voltage gener 
ated in the liquid crystal driver circuit. The connection is 
made in the same manner as shoWn in FIG. 9, and the 
dummy electrode is connected to a logic voltage line formed 
on the ?exible circuit board 909 mounted on the liquid crys 
tal panel. 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 ?fth embodiment 
described above, the chromium ?lm serving as the light 
shielding metal ?lm is maintained at the ?xed voltage (the 
logic voltage). For the same reason as that in the ?rst and 
second embodiments, the color ?lter substrate is prevented 
from being electrostatically charged and a high-quality 
image can be achieved. Since the logic voltage is already 
present in the liquid crystal device, there is no need to pro 
duce an additional voltage. Although a chromium ?lm is 
employed as the light-shielding ?lm in this ?fth 
embodiment, it has been con?rmed experimentally that a 
?lm of metal other than Cr, such as Ta, Al, Au, may also be 
employed for the same purpose. 
(Sixth Embodiment) 

FIG. 2a is a schematic diagram illustrating a main part of a 
liquid crystal device according to the sixth embodiment of 
the invention. The structure is described ?rst. TWo transpar 
ent glass substrates 203 and 210 With a thickness of 1.1 mm 
are disposed in close proximity to each other, and a liquid 
crystal layer 207 is disposed betWeen them. A red/green/blue 
(RGB) color ?lter 204, a light-shielding resin ?lm 205, and 
an orientating ?lm 206 are formed one on another on the 
inner surface of the upper glass substrate 203. A transparent 
conducting ITO ?lm 202 and a polariZing plate 201 are 
formed on the outer surface of the upper glass substrate 203. 
Common electrodes 213, an insulating layer 209, pixel elec 
trodes 212 and an orientating ?lm 208 are formed on the 
inner surface of the loWer glass substrate 210, and a polariZ 
ing plate 211 is formed on the outer surface. 


















