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(7) ABSTRACT

Disclosed is an active matrix liquid crystal display device
including: an active matrix liquid crystal display device of a
normally black mode which includes an active matrix sub-
strate and an opposed substrate and in which a black matrix is
not provided on the opposed substrate, wherein a gap between
opaque electrodes which are closely located and whose elec-
tric potentials are different from each otherin a frame portion
around a display area of the active matrix substrate is covered
with a constant-potential transparent electrode arranged in an
upper layer of the gap.
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1
NORMALLY BLACK MODE ACTIVE MATRIX
LIQUID CRYSTAL DISPLAY DEVICE
WHEREIN A PART OF AN EDGE OF A
PROTECTION TRANSISTOR PROVIDED IN A
FRAME PORTION IS COVERED WITH A
TRANSPARENT ELECTRODE

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2007-297822,
filedon Nov. 16, 2007, the disclosure of which is incorporated
herein in its entirety by reference.

TECHNICAL FIELD

The present invention relates to an active matrix liquid
crystal display device and in particular, relates to an active
matrix liquid crystal display device having a structure in
which a black matrix is not provided on an opposed substrate.

BACKGROUND ART

In an active matrix liquid crystal display device, a plurality
of scanning lines and a plurality of signal lines are provided in
one substrate. A display pixel is provided at each of intersec-
tion points of the signal lines and the scanning lines. Each of
the display pixels includes a switching element and can indi-
vidually apply an electric potential to a liquid crystal. A
surrounding area (frame portion) which does not include the
display pixel is arranged around the display area which
includes each of the display pixels. An opposed substrate
includes a black matrix in order to prevent transmission of a
backlight (light leakage) in the frame portion.

In order to reduce a production cost of the above-men-
tioned liquid crystal display device, it is effective to eliminate
the black matrix provided on the opposed substrate. For that
purpose, a laminated pattern including color layers is pro-
vided in the frame portion to function as a light shielding
layer. However, light shielding ability of the light shielding
layer that is formed by using the laminated pattern including
color layers is insufficient. Therefore, in a liquid crystal dis-
play device of a normally white mode using a TN (Twisted
Nematic) system, the frame portion may be colored. As a
result, sufficient display quality can not be obtained.

To solve the problem above described, Japanese Patent
Registration No. 3327508 (patent document 1) discloses a
liquid crystal display device having a structure in which a
light shielding layer composed of an opaque electrode 16
covers a gap between scanning lines or a gap between signal
lines (in FIG. 16, a gap between signal lines) that is arranged
in a surrounding area (frame portion) as shown in FIG. 16.
Japanese Patent Application Laid-Open No. 1997-73101 dis-
closes a liquid crystal display device having a structure in
which a transparent electrode is arranged in an upper layer of
an opaque electrode in order to improve transmissivity of a
liquid crystal panel and reduce light reflection from a display
surface.

Inrecent years, aliquid crystal display device of a normally
black mode such as an IPS (In-Plane Switching) system has
been developed as a display device having a wide view angle
display. In the display device, black is displayed in an area
where an electric field is not formed between wiring lines
although a light shielding layer does not exist in the area.
Therefore, the above-mentioned liquid crystal display device
can maintain sufficient display quality by using only a light
shielding layer made of laminated color layers. However, an
electric field is generated between the wiring lines in a place
at which two kinds of wiring lines that have a different electric

10

15

20

25

30

35

40

45

50

55

60

65

2

potential from each other cross. As a result, a light transmits
through only the portion. Therefore, a light leakage with a
specific pattern occurs at the frame portion disadvanta-
geously.

An intersection of wiring lines each having a different
electric potential is necessarily required when a protection
transistor in order to prevent electrostatic breakdown of a
switching element is arranged or wiring lines are laid in the
surrounding area (frame portion).

For example, as shown in FIG. 17, in the frame portion
around the display area, when a common electrode 3 is
arranged on a portion in which a plurality of scanning lines 2
are provided, a strong electric field is generated at an inter-
section portion between the scanning line 2 and the common
electrode 3 as indicated by arrows shown in FIG. 17. As
shown in FIG. 18 which shows a cross-sectional structure
along a line F1-F2 in FIG. 17, the strong electric field pen-
etrates a liquid crystal layer 10. Therefore, a liquid crystal
rotates and causes light leakage.

The light leakage can be avoided by providing a light
shielding layer composed of an opaque electrode 16 as shown
in the patent document 1 (FIG. 16). However, two wiring lines
are stacked at the intersectional portion. When the light
shielding layer composed of the opaque electrode is added at
the portion in addition to the stacked wiring lines, manufac-
turing processes increase.

SUMMARY

An exemplary object of the present invention is to provide
an active matrix liquid crystal display device in which light
leakage in a frame portion around a display area can be
reduced.

An active matrix liquid crystal display device according to
an exemplary aspect of the invention includes an active matrix
liquid crystal display device of a normally black mode which
includes an active matrix substrate and an opposed substrate
and in which a black matrix is not provided on the opposed
substrate, wherein a gap between opaque electrodes which
are closely located and whose electric potentials are different
from each otherin a frame portion around a display area of the
active matrix substrate is covered with a constant-potential
transparent electrode arranged in an upper layer of the gap.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary features and advantages of the present inven-
tion will become apparent from the following detailed
description when taken with the accompanying drawings in
which:

FIG. 1is a cross sectional view illustrating a structure of an
active matrix liquid crystal display device of a exemplary
embodiment of the present invention.

FIG. 2 is a plan view illustrating a structure of a neighbor-
hood of a protection transistor that is connected to a signal
line in a frame portion of the active matrix liquid crystal
display device according to a first example of the present
invention.

FIG. 3 is a cross-sectional view illustrating a cross-sec-
tional structure of a line A1-A2 in FIG. 2.

FIG. 4 is a plan view illustrating a detailed structure of the
protection transistor in the frame portion of the active matrix
liquid crystal display device according to the first example of
the present invention.

FIG. 5 is a cross-sectional view illustrating a cross-sec-
tional structure of a line B1-B2 in FIG. 4.
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FIG. 6 is a cross-sectional view illustrating a cross-sec-
tional structure of a line C1-C2 in FIG. 4.

FIG. 7 is a plan view illustrating another structure of the
frame portion of the active matrix liquid crystal display
device according to the first example of the present invention.

FIG. 8 is a plan view illustrating an electric field which is
generated in the neighborhood of the protection transistor and
an intersectional portion of wiring lines.

FIG. 9 is a plan view illustrating a structure near the pro-
tection transistor that is connected to a scanning line in the
frame portion of the active matrix liquid crystal display
device according to a second example of the present inven-
tion.

FIG. 10 is a plan view illustrating an electric field which is
generated to the protection transistor and an intersectional
portion of wiring lines.

FIG. 11 is a plan view illustrating a structure of the frame
portion of the active matrix liquid crystal display device
according to a third example of the present invention.

FIG. 12 is a cross-sectional view illustrating a cross-sec-
tional structure of a line D1-D2 in FIG. 11.

FIG. 13 is a plan view illustrating a structure of a surround-
ing frame portion of the active matrix liquid crystal display
device according to the third example of the present inven-
tion.

FIG. 14 is a cross-sectional view illustrating a cross-sec-
tional structure of a line E1-E2 in FI1G. 13.

FIG. 15 is a cross-sectional view illustrating a structure of
the frame portion around a display area of the active matrix
liquid crystal display device according to a fourth example of
the present invention.

FIG. 16 is a plan view schematically illustrating a structure
of a frame portion of a liquid crystal display device of a
related art (patent document 1).

FIG. 17 is a plan view illustrating an electric field which is
generated to an intersectional portion of wiring lines of a
frame portion ofa liquid crystal display device of arelated art.

FIG. 18 is a cross-sectional view illustrating a cross-sec-
tional structure of a line F1-F2 in FIG. 17.

EXEMPLARY EMBODIMENT

Exemplary embodiments of the present invention will now
be described in detail in accordance with the accompanying
drawings.

One preferred exemplary embodiment of the present
invention will be described referring to FIG. 1. FIG. 1 is a
cross-sectional view illustrating a structure of an active
matrix liquid crystal display device of an exemplary embodi-
ment of the present invention.

As shown in FIG. 1, the present invention relates to an
active matrix liquid crystal display device with a normally
black mode in which a black matrix is not provided to an
opposed substrate 30. Further, the device includes a following
structure.

In a frame portion around a display area, a gap 50 between
opaque electrodes (for example, signal lines 5) which are
closely located on an active matrix substrate 20 and whose
electric potentials are different from each other is covered
with constant-potential transparent electrode 8 arranged in an
upper layer thereof.

An edge portion of the transparent electrode 8 having con-
stant-potential that covers the gap between the opaque elec-
trodes whose electric potentials are different from each other
may be arranged on the opaque electrode and the constant-
potential transparent electrode and the opaque electrode may
be arranged to overlap each other by 1 um or more (prefer-
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4

ably, 2 um or more) (for example, refer to an overlapping
amount and an overlap part 42 in F1G. 5 and FIG. 6 described
later).

A scanning line may be connected to an opaque metal layer
that forms a signal line on a scanning line extracting side of
the frame portion. Moreover, in the frame portion, the opaque
metal layer may be extended in a direction substantially
orthogonal to a direction in which the scanning line is
extended and may overlaps with one of scanning lines adja-
cent to the connected scanning line (for example, refer to FIG.
9 described below). With respect to the liquid crystal display
devices having above mentioned structures, a part of the edge
of the constant-potential transparent electrode 8 which is
arranged so as to cover the gap between the opaque electrodes
each having a different electric potential may be provided on
the opaque metal layer mentioned above.

The present invention is applicable to a liquid crystal dis-
play device of the normally black mode which does not
include black matrix on an opposed substrate in general. In
particular, when the present invention is applied to IPS system
whichisa liquid crystal mode with a wide view angle ora VA
(Vertical Alignment) system, a liquid crystal display device
having high performances can be provided at low cost.

First Example

The exemplary embodiment of the present invention men-
tioned above will be described in more detail. An active
matrix liquid crystal display device according to a first
example of the present invention will be described with ref-
erence to FIGS. 2 to 8. FIG. 2 is a plan view illustrating a
structure in the neighborhood of a protection transistor that is
connected to a signal line in a frame portion around a display
area of the active matrix liquid crystal display device accord-
ing to the first example of the present invention. FIG. 3 is a
cross-sectional view illustrating a cross-sectional structure of
a line A1-A2 in FIG. 2. FIG. 4 is a plan view illustrating a
detailed structure of the protection transistor provided in the
frame portion. FIG. 5 is a view illustrating a cross-sectional
structure of aline B1-B2 in FIG. 4. FIG. 6 is a view illustrating
a cross-sectional structure of a line C1-C2 in FIG. 4. FIG. 7 is
aplan view illustrating another structure of the frame portion.
FIG. 8 is a plan view illustrating an electric field which is
generated in the neighborhood ofthe protection transistor and
in an intersectional portion of wiring lines.

As shown in FIG. 3, FIG. 5 and FIG. 6, the active matrix
liquid crystal display device includes one substrate (active
matrix substrate 20), the other substrate (opposed substrate
30) and a liquid crystal (liquid crystal layer 10) sandwiched
between both substrates and also includes an end seal 11
(refer to FIG. 14 described below) which bonds the substrates
and seals the liquid crystal therebetween. The active matrix
substrate 20 includes a polarizing plate 14, a substrate 1, an
insulation layer 4, an insulation layer 6 and a constant-poten-
tial transparent electrode 8. The opposed substrate 30
includes a color layer 12, a substrate 13 and a polarizing plate
15. Moreover, amatrix of display pixels each having a switch-
ing element such as a TFT (Thin Film Transistor) are arranged
in the active matrix substrate 20, and various color layers 12
corresponding to the display pixels are arranged in the
opposed substrate 30.

A scanning line (i.e. “gate line”) and a signal line 5 (i.e.
“data line™) that are composed of a metal or the like are
formed in the active matrix substrate 20. The scanning line
and the signal line are extended in an area (hereinafter,
referred to as a frame portion) around a display area including
adisplay pixel and connected to a terminal electrode arranged
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at an edge of the frame portion. The constant-potential trans-
parent electrode 8 composed of an ITO (Indium Tin Oxide) or
the like is formed in an upper layer of the scanning line and the
signal line 5.

Here, a liquid crystal display device of a normally black
mode can maintain sufficient display quality even when a
black matrix is not provided in the opposed substrate 30, if an
electric field is not applied to a liquid crystal of the frame
portion. However, when a strong electric field is generated in
the neighborhood of the protection transistor 7 provided in the
frame portion of the active matrix substrate 20 or in an inter-
sectional portion of wiring lines each having a different elec-
tric potential, alignment directions of the liquid crystal
changes. As aresult, a backlight penetrates and a light leakage
occurs in the frame portion. Thereby, sufficient display qual-
ity can not be obtained. When the light shielding layer shown
in the patent document 1 is arranged in the liquid crystal
display device, additional production processes are required
to form a light shielding layer in addition to the above-men-
tioned scanning line and signal line. Such additional pro-
cesses increase production cost.

Accordingly, in the first example, a method for blocking
the strong electric field is proposed. In the liquid crystal
display device of the normally black mode, a transparent
electrode (the constant-potential transparent electrode 8)
formed in the upper layer of the active matrix substrate 20 is
used for a light shielding. A new light shielding layer which
covers the frame portion of the active matrix substrate 20 is
not formed. Thereby, the strong electric field in the neighbor-
hood of the protection transistor or the intersectional portion
of wiring lines in the frame portion is shielded. Hereinafter, it
will be described specifically with reference to a drawing.

FIG. 2 indicates a configuration of the neighborhood of the
protection transistor connected to a signal wiring line in the
frame portion of the active matrix liquid crystal display
device of the first example. As shown in FIG. 2, each of the
signal lines 5 that are drawn upward from the lower part of the
figure to the upper left thereof'is connected to the two protec-
tion transistors 7.

The protection transistor 7 is provided to prevent a trouble
due to an insulation breakdown or the like. When a static
electrical charge is generated in the signal line 5§ in manufac-
turing processes of a liquid crystal panel, the protection tran-
sistor 7 discharges the electric charge. A gate electrode and a
source electrode of one of the protection transistors 7 (pro-
tection transistor 7 shown in the lower part of FIG. 2) are
connected to the signal line 5 and a drain electrode thereof is
connected to the common electrode 3. The gate electrode and
the drain electrode of the other protection transistor 7 (pro-
tection transistor 7 shown in the upper part of FIG. 2) are
connected to the common electrode 3 and the source elec-
trode thereof is connected to the signal line 5. When a liquid
crystal is held between the opposed substrate 30 and the
protection transistor 7, the liquid crystal layer 10 is formed on
the protection transistor 7.

Here, since an electric potential of the signal line 5 is
different from that of the common electrode 3, as shown in
FIG. 8, the strong electric field horizontally directed is gen-
erated in the gap between the source electrode and the gate
electrode, and the gap between the drain electrode and the
gate electrode of the protection transistor 7. Additionally, the
strong electric field horizontally directed is generated in the
gap between the signal line 5 and the common electrode 3.
When a dot inversion drive method is used to drive a liquid
crystal display, the strong electric field horizontally directed
is generated in the gap between the signal lines 5 that are
adjacent to each other because positive and negative electric
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6

potentials are usually applied to the adjacent signal lines 5,
respectively. Due to the strong electric field, a light leakage is
generated at a portion in which the wiring lines or the elec-
trode that is composed of a metal or the like (hereinafter, these
are collectively called as an opaque electrode 41) does not
exist.

Accordingly, in the first example, the gap between the
opaque electrodes 41 which are closely located and whose
electric potential are different from each other is covered with
a transparent electrode (hereinafter, referred to as a constant-
potential transparent electrode 8) whose electric potential is
fixed to a common electric potential.

In the configuration mentioned above, since the strong
electric field generated in the neighborhood of the protection
transistor 7 and in the intersectional portion of wiring lines is
shielded with the constant-potential transparent electrode 8,
the strong electric field does not penetrate into the liquid
crystal layer 10. Accordingly, the black state is maintained
based on the relationship between the polarizing plate 15 and
the liquid crystal layer 10. Therefore, in the first example, the
light leakage from the frame portion does not occur and high
display quality can be maintained.

The basic structure of the first example is described above.
When the constant-potential transparent electrode 8 men-
tioned above is arranged, an electric field (fringe electric
field) is generated between an edge of the constant-potential
transparent electrode 8 and the opaque electrode 41. Accord-
ingly, in the first example, in order to avoid influence due to
the fringe electric field, the constant-potential transparent
electrode 8 is arranged as follows.

First, the edge of the constant-potential transparent elec-
trode 8 lies so as to overlap with the opaque electrode 41
(here, signal line 5) arranged in a lower layer. Thereby, as
shown in FIG. 3, even when the liquid crystal 10 is rotated by
the fringe electric field generated at the edge of the constant-
potential transparent electrode 8, the backlight light in the
portion is shielded with the opaque electrode 41. Therefore,
the light leakage can be prevented.

As shown in FIG. 4 that illustrates the detailed structure of
the protection transistor 7, FIG. 5 that illustrates a cross-
sectional structure of a line B1-B2 in FIG. 4 and FIG. 6 that
illustrates a cross-sectional structure of a line C1-C2 in FIG.
4, in achannel part 7a of the protection transistor 7, a through-
hole part 8a is provided in the constant-potential transparent
electrode 8 and further the edge of the through-hole part 8a is
arranged so as to overlap with the opaque electrode 41 (75).
Thereby, even when the liquid crystal is rotated by the fringe
electric field generated at the edge of the constant-potential
transparent electrode 8, the backlight light in the portion is
shielded with the opaque electrode 41(7b). Therefore, the
light leakage can be prevented. When the through-hole part
8a is arranged in the constant-potential transparent electrode
8 of the channel part 7a of the protection transistor 7, OFF
characteristics of the transistor can be improved. As a result,
increase ofa consumed current due to a leak current generated
via the protection transistor 7 can also be prevented.

In the first example, as a specific overlap amount, the edge
of the constant-potential transparent electrode 8 is arranged
so as to overlap with the opaque electrode 41 by 2 um. It is
confirmed that the light leakage caused by the rotation of the
liquid crystal due to the fringe electric field generated at the
edge of the constant-potential transparent electrode 8 can be
suppressed sufficiently. Further, it is confirmed that if the
overlap amount is equal to or greater than 1 pm, the light
leakage can be suppressed effectively.

Further, the opaque electrode 41 which overlaps with the
edge of the above-mentioned constant-potential transparent
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electrode 8 can be provided in any layer if the layout thereof
1s possible. For example, with respect to the through-hole part
8a that is provided to connect the signal line 5 to the gate
electrode 76 of the protection transistor 7, an edge of the
through-hole part may overlap with the opaque electrode 41
in alower layer (for example, a metal layer in a layer in which
the scanning line 2 connected to the signal line 5 exists) as
shown in FIG. 2 and FIG. 3 (refer to an overlap part 42) or an
edge of the through-hole part 84 may overlap with the opaque
electrode 41 (for example, signal line 5) in an upper layer as
shown in FIG. 7.

In the first example, since the light leakage in the neigh-
borhood of the protection transistor 7 and in the intersectional
portion of wiring lines in the frame portion can be reduced, it
is not necessary to provide a light shielding layer such as a
black matrix in the opposed substrate 30. Therefore, in the
first example, cost reduction of a high-quality active matrix
liquid crystal display device using the transparent electrode
can be achieved.

In the above embodiment, the intersectional portion of the
wiring lines and the neighborhood of the protection transistor
7 are covered with the constant-potential transparent elec-
trode 8. However with respect to the portion in which a gap
between wiring lines whose electric potential are different
from each other is equal to or greater than 30 pm, it is not
necessary to cover the gap. The reason is described as follows.

When the light leakage is reduced to black luminance, the
light leakage becomes invisible. Accordingly, for example,
when the invention is applied to a product whose contrast
ratio is 800, it is enough to reduce luminance of the light
leakage so as to be one eight hundredth (Y400) of white lumi-
nance. Here, since transmissivity can be reduced to be equal
to or less than one hundredth (Yi00) by using a lamination
technology with which color layers are stacked, it is not
necessary to shield the electric field in which a luminance that
is one eighth (V%) of the white luminance is generated, even if
a black matrix is not provided. As an example, in a panel of a
lateral electric field type in which interdigital electrode spac-
ing is 8.5 um and whose white voltage is 5 [V], the voltage
which generates luminance having one eighth (V%) of the
white luminance is about 3 [V]. Accordingly, it is not neces-
sary to shield the electric field that is equal to or smaller than
3/8.5 [V/um]. Since an electric potential difference between
the electrodes whose electric potential are different from each
other is at most about 10 [V] in a surrounding area, when a
distance between the electrodes whose electric potential are
different from each other is at least x [pm] which meets an
equation of 10/x<3/8.5, the shielding by covering with the
constant-potential transparent electrode 8 is not necessary. In
the inequality of x>10x8.5/3=28, it is necessary that the dis-
tance between the electrodes whose electric potential are
different from each other is equal to or greater than 30 pum. It
is confirmed that when the distance between the electrodes
whose electric potential are different from each other is about
30 pm, the light leakage cannot be observed with eyes even
when the shielding of the constant-potential transparent elec-
trode 8 is not provided.

Second Example

Next, an active matrix liquid crystal display device accord-
ing to a second example of the present invention will be
described with reference to FIG. 9 and FIG. 10. FIG. 9 is a
plan view illustrating a structure in the neighborhood of the
protection transistor that is connected to the scanning line in
the frame portion around a display area of the active matrix
liquid crystal display device according to the second
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example. FIG. 10 is a plan view illustrating an electric field
which is generated in the neighborhood of the protection
transistor and in the intersectional portion of wiring lines.

In the above-mentioned first example, the structure in the
neighborhood of the protection transistor that is connected to
the signal line in the frame portion is described. As shown in
FIG. 10, in the neighborhood of the protection transistor that
is connected to the scanning line, the strong electric field
horizontally directed is also generated in a gap between the
source electrode and the gate electrode and a gap between the
drain electrode and the gate electrode of the protection tran-
sistor 7. Additionally, a strong electric field horizontally
directedis also generated in a gap between wiring lines whose
electric potentials are different from each other.

Accordingly, in order to shield the horizontal electric field
which is generated in the neighborhood of the protection
transistor 7 and in the intersectional portion of wiring lines, as
shown in FIG. 9, a constant-potential transparent electrode 8
whose electric potential is fixed to a common potential is
arranged. In the second example, many parts thereof are the
same as those of the first example. However, the different part
from the first example is that the constant-potential transpar-
ent electrode 8 is not extended to a line extracting part.

The reason will be described. With respect to an electric
potential of each of the scanning lines 2 which are adjacent to
each other, an “ON” electric potential is applied during only
avery short time in which a signal is written in a display pixel
located along the scanning lines 2 and an “OFF” electric
potential is applied while the display pixel holds a signal
electric potential. Since a value of the signal writing time
ranges from an inverse number of the total number of the
scanning lines to one several hundredth of the holding time,
the time in which the electric field is generated between the
scanning lines 2 which are adjacent to each other and whose
electric potentials are the “ON” electric potential for one
scanning line and the “OFF” electric potential for the other
scanning line is one several hundredth ofthe time in which the
electric field is not generated between the scanning lines 2
whose electric potentials are the “OFF” electric potential for
both scanning lines. Accordingly, the horizontal electric field
is momentarily generated between the scanning lines which
are adjacent to each other. The liquid crystal cannot rotate
during such amoment and electric potentials of both scanning
lines return to original equal electric potentials. Therefore,
the liquid crystal quickly returns to the normally black state.
The light leakage generated during such return can be
ignored.

As description above, since it can be assumed that the
adjacent scanning lines 2 have substantially equal electric
potentials, it is not necessary to cover an upper layer with the
constant-potential transparent electrode 8 for shielding an
electric field.

Additionally, the scanning line 2 is connected to an opaque
electrode 41 that is composed of a metal that forms a signal
line via a contact hole in order to connect to the protection
transistor. The opaque electrode 41 having a scanning line
electric potential is extended to an adjacent scanning line
portion. The effective horizontal electric field is not generated
between two opaque electrodes 41 which include an electric
potential of the adjacent scanning line. Therefore, the light
leakage does not occur in the neighborhood thereof.

A part of an edge of the constant-potential transparent
electrode 8 which is arranged so that the horizontal electric
field which is generated between the gate electrode 75 and the
source/drain electrode 7¢ of the protection transistor 7 is
shielded is provided on the opaque electrode 41 having the
scanning line electric potential. In such arrangement, the
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outside of the opaque electrode 41 having the scanning line
electric potential can be an area in which the effective hori-
zontal electric field between all the scanning lines 2 is not
generated. Therefore, the light leakage does not occur in the
neighborhood thereof.

In the second example, the light leakage in the neighbor-
hood of the protection transistor 7 and in the intersectional
portion of wiring lines in the frame portion can be reduced.
Therefore, in the second example, it is not necessary to pro-
vide the light shielding layer such as the black matrix in the
opposed substrate. Thereby, cost reduction of the high-qual-
ity active matrix liquid crystal display device using the trans-
parent electrode can be achieved.

Third Example

Next, an active matrix liquid crystal display device accord-
ing to a third example of the present invention will be
described with reference to FIGS. 11 to 14. FIG. 11 is a plan
view illustrating a structure of the frame portion of the active
matrix liquid crystal display device according to a third
example. FIG. 12 is a view illustrating an intersectional struc-
ture of a line D1-D2 in FIG. 11. FIG. 13 is a plan view
illustrating another structure of the frame portion of the active
matrix liquid crystal display device according to a third
example. FIG. 14 is a view illustrating an intersectional struc-
ture of a line E1-E2 in FIG. 13.

In FIG. 2 of the above-mentioned first example, as shown
in FIG. 11 and FIG. 12, an edge of the constant-potential
transparent electrode 8 can be extended to the outside of an
edge of the polarizing plate 15. As a result, the electric field is
shielded in the whole area which is covered by the polarizing
plate 15 in a surrounding area. Therefore, a high-quality
liquid crystal display device in which the light leakage from
the surrounding area does not occur can be provided.

Similarly, in FIG. 2 of the first example, as shown in FIG.
13 and F1G. 14, the edge of the constant-potential transparent
electrode 8 can be extended to the outside of the end seal 11.
As aresult, the electric field can be shielded in the whole areas
in which a liquid crystal is held in the surrounding area and
the high-quality liquid crystal display device in which the
light leakage from the surrounding area does not occur can be
provided.

Fourth Example

Next, an active matrix liquid crystal display device accord-
ing to a fourth example of the present invention will be
described with reference to FIG. 15. FIG. 15 is a cross sec-
tional view illustrating a structure of the active matrix liquid
crystal display device according to the fourth example.

In the example mentioned above, the structure of the
present invention is applied to a liquid crystal display device
which is of the lateral electric field type is described. How-
ever, the present invention can also be applied to a liquid
crystal display device that is of a vertical alignment and the
normally black.

For example, as shown in FIG. 15, in the frame portion
around the display area, the constant-potential transparent
electrode 8 is provided in the active matrix substrates 20 and
also the constant-potential transparent electrode 9 having the
same electric potential as that of the constant-potential trans-
parent electrode 8 is provided in the opposed substrate 30.
Thereby, the electric field can be shielded in the whole areas
in which a liquid crystal is held in the surrounding area and
the electric field is not applied to the liquid crystal layer 10.
Therefore, with respect to the liquid crystal display device
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that is of the vertical alignment, a high-quality active matrix
liquid crystal display device in which a light shielding layer
that is composed of a black matrix is not provided in the
opposed substrate can be realized, and the production cost can
be reduced.

Further, in each of the above-mentioned examples, the
liquid crystal display device having the structure in which the
scanning line 2 is provided in a lower layer side and the signal
line 5 is provided in an upper layer side is described. The
present invention is not limited to the above-mentioned
examples and the present invention can be applied to a liquid
crystal display device having the structure in which the scan-
ning line 2 is provided in an upper layer side and the signal
line 5 is provided in a lower layer side.

The present invention can be applied to the active matrix
liquid crystal display device, a monitor for a computer using
the active matrix liquid crystal display device, a liquid crystal
television, a mobile phone, a GPS (Global Positioning Sys-
tem) terminal, a car navigation system, a game machine, a
terminal for a bank and a convenience store, medical diag-
nostic equipment or the like.

In the active matrix liquid crystal display device of the
normally black mode of the present invention, light leakage in
the frame portion around the display area can be reduced. This
is because when a gap between the opaque electrodes which
are closely located and whose electric potentials are different
from each other is covered with a constant-potential transpar-
ent electrode provided in an upper layer in the frame portion,
the electric field generated between the opaque electrodes is
shielded and undesired rotation of the liquid crystal can be
prevented.

By the above-mentioned advantage, it is not necessary to
provide a light shielding layer such as the black matrix in the
opposed substrate. Therefore, production cost can be
reduced.

While the invention has been particularly shown and
described with reference to exemplary embodiment and
examples thereof, the invention is not limited to these
embodiment and examples. It will be understood by those of
ordinary skill in the art that various changes in form and
details may be made therein without departing from the spirit
and scope of the present invention as defined by the claims.

Further, it is the inventor’s intention to retain all equiva-
lents of the claimed invention even if the claims are amended
during prosecution.

What is claimed is:
1. An active matrix liquid crystal display device of a nor-
mally black mode, comprising:
an active matrix substrate; and
an opposed substrate, in which a black matrix is not pro-
vided on said opposed substrate,
wherein the opposed substrate includes a color layer at a
position corresponding to a frame portion around a dis-
play area of said active matrix substrate,
wherein said active matrix substrate includes a protection
transistor provided in the frame portion, said protection
transistor being configured to discharge electric charge
when a static electrical charge is generated in a signal
line provided in the frame portion, and
wherein a part of an edge of said protection transistor is
covered witha transparent electrode arranged above said
protection transistor.
2. The active matrix liquid crystal display device claimed
in claim 1, wherein
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in an extraction side of said frame portion from which a
scanning line is extracted, said scanning line is con-
nected to said opaque electrodes composed of a metal
forming signal lines,

said opaque electrodes are extended in a direction substan-
tially orthogonal to a direction in which said scanning
line is extended and overlap with one of said scanning
lines adjacent to said connected scanning line, and

a part of an edge of said constant-potential transparent
electrode is arranged above said opaque electrodes.

3. The active matrix liquid crystal display device claimed

in claim 1, wherein

a part of an edge of said constant-potential transparent
electrode is arranged outside an edge of a polarizing
plate provided in said active matrix substrate side or said
opposed substrate side.

4. The active matrix liquid crystal display device claimed

in claim 1, wherein

a part of an edge of said constant-potential transparent
electrode 1s arranged outside an end seal which seals a
liquid crystal sandwiched between said active matrix
substrate and said opposed substrate.

5. The active matrix liquid crystal display device claimed

in claim 1, wherein

a protection transistor is provided in said frame portion,

said constant-potential transparent electrode includes a
through-hole part which is formed so as to avoid over-
lapping with a channel part of said protection transistor,
and

an edge of said through-hole part is arranged so as to
overlap with a gate electrode of said protection transis-
tor.

6. The active matrix liquid crystal display device claimed

in claim 1, wherein

a liquid crystal which is vertically aligned is sandwiched
between said active matrix substrate and said opposed
substrate, and
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atransparent electrode having the same electric potential as
that of said constant-potential transparent electrode in
said active matrix substrate is arranged in said opposed
substrate side.

7. The active matrix liquid crystal display device claimed
in claim 1,

wherein said liquid crystal display device is an IPS system

liquid crystal display device or a VA system liquid crys-
tal display device.

8. An active matrix liquid crystal display device of nor-
mally black mode, comprising:

an active matrix substrate; and

an opposed substrate,

wherein a black matrix is not provided on said opposed

substrate,

wherein, in a cross-sectional view, said active matrix sub-

strate includes a protection transistor at a frame portion
thereof, said protection transistor being configured to
discharge electric charge when a static electrical charge
is generated in a signal line provided in the frame por-
tion,

wherein a part of an edge of said protection transistor is

covered with a transparent electrode located above said
protection transistor,

wherein, in the cross-sectional view, the transparent elec-

trode includes a through-hole part above said protection
transistor,

wherein, in the cross-sectional view, an edge of the

through-hole part is located above the protection tran-
sistor, and

wherein, in the cross-sectional view, a part of an edge of the

transparent electrode is located above the protection
transistor.

9. The active matrix liquid crystal display device as
claimed in claim 1, wherein the transparent electrode over-
laps with the protection transistor by at least 1 um.

10. The active matrix liquid crystal display device as
claimed in claim 8, wherein the transparent electrode over-
laps with the protection transistor by at least 1 pm.
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