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57) ABSTRACT

In an active matrix type liquid crystal display apparatus,
each of pixel electrodes has overhanging portions at its
opposite side edges. These overhanging portions of the pixel
electrode cover two signal lines placed on opposite sides of
the pixel electrode, respectively.
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ACTIVE MATRIX TYPE LIQUID CRYSTAL
DISPLAY APPARATUS

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an active matrix
type liquid crystal display apparatus for use in a liquid
crystal television set, a notebook personal computer, and the
like.

[0002] FIGS. 24 and 25 are a plan view and a sectional
view, respectively, of a conventional active matrix type
liquid crystal display apparatus. The active matrix type
liquid crystal display apparatus is constituted essentially of

a liquid crystal panel 1, a gate driver 2, a source driver 3, and
a backlight 4.

[0003] The liquid crystal panel 1 has an active matrix
board 5, an opposed board 6, a liquid crystal layer 7
sandwiched between the active matrix board 5 and the
opposed board 6, and a polarizer (not shown) attached to the
outer side of each of the active matrix board 5 and the
opposed board 6.

[0004] On an insulation substrate 5a of the active matrix
board 5, there are provided a plurality of scanning lines (not
shown) disposed parallel with one another, a plurality of
signal lines 9 parallel with one another and orthogonal to the
scanning lines with an insulation film 8 disposed between
the signal lines and the scanning lines, thin film transistors
(TFTs) 10 disposed in the vicinity of intersections of the
scanning lines and the signal lines 9, and a plurality of pixel
electrodes 11 disposed in regions surrounded with the scan-
ning lines and the signal lines 9.

[0005] FIG. 26 is a plan view showing a one-pixel part of
the active matrix board 5. Because the pixel electrode 11 and
the signal line 9 are formed in the same layer, the pixel
electrode 11 is spaced at a predetermined interval from the
signal line 9 to prevent the pixel electrode 11 from contact-
ing the signal line 9. In the TFT 10 which is a three-terminal
element, electrical continuity between a drain electrode 13
and a source electrode 14 is controlled by a voltage applied
to a gate electrode 12. The gate electrode 12 is connected to
a scanning line 15 adjacent thereto. The source electrode 14
is connected to the signal line 9 adjacent thereto. The drain
electrode 13 is connected to the pixel electrode 11.

[0006] The opposed board 6 is provided with color filters
16 formed in the order of red, green, and blue at positions
corresponding to each pixel electrode 11. A black matrix 17
is formed between the adjacent color filters 16 and 16. The
black matrix 17 serves as a light shield film for preventing
leak of light from the gap between the pixel electrode 11 and
the scanning line 15 as well as the signal line 9. An opposed
electrode 18 made of a transparent conductive material is
formed on a layer of the black matrix 17 and the color filters
16. The gate driver 2 and the source driver 3 are connected
to terminals of the scanning lines 15 and those of the signal
lines 9, respectively, disposed on the periphery of the liquid
crystal panel 1.

[0007] The method of driving the active matrix type liquid
crystal display apparatus having the construction will be
described below.

[0008] When writing to an array of pixels of an nth row,
an ON-signal (electric potential Vgh at which the TFT 10 is

Jan. 29, 2004

turned on) is input to a scanning line 157 of the nth row from
the gate driver 2. At this time, an OFF-signal (electric
potential Vgl at which the TFT 10 is turned off) is input to
scanning lines other than the scanning line 15x. Thus, only
the TETs 10 of the nth row are turned on. On the other hand,
source signals having voltages to be applied to the pixels
(pixel electrodes 11 and liquid crystal layer 7) of the nth row
are supplied to each signal line 9 from the source driver 3.

[0009] Upon completion of write for the array of the pixels
of the nth row terminates, the OFF-signal is input to the
scanning line 15x, whereas the ON-signal is input to the next
scanning line 15(n+1). All pixels are charged with voltages
corresponding to data by repeating the operation. The trans-
missivity of the liquid crystal layer 7 disposed between the
pixel electrode 11 and the opposed electrode 18 changes
depending to a voltage applied across the pixel electrode 11
and the opposed electrode 18, and light emitted from the
backlight 4 is therefore adjusted. As a result, images are
displayed on the active matrix type liquid crystal display
apparatus.

[0010] There is proposed a construction in which pixel
electrodes are provided on an interlaminar insulation film so
that the pixel electrodes and the signal line are formed as
different layers and that the pixel electrodes overlap the
signal lines (disclosed in Japanese Patent Application Laid-
Open No. 63-279228). FIG. 27 is a sectional view showing
a one-pixel part of an active matrix type liquid crystal
display apparatus having the above-mentioned construction
in which pixel electrodes overlap signal lines. FIG. 28 is a
plan view of an active matrix board 24 shown in FIG. 27.
In the construction, pixel electrodes 21 and signal lines 22
are formed as separate layers, and the pixel electrodes 21 are
overlaid on the signal lines 22 through an interlaminar
insulation film 23. Thus, it is possible to eliminate the gaps
between the pixel electrodes 21 and the adjacent signal lines
22. Thus, it is possible to enlarge the area of the pixel
electrodes 21 (aperture ratio) and thus reduce the power
consumption of the active matrix type liquid crystal display
apparatus. In FIGS. 27 and 28, reference numeral 24a
denotes an insulation substrate, 25 denotes a TFT, 26
denotes a liquid crystal layer, 27 denotes an opposed elec-
trode, 28 denotes an opposed board, 29 denotes a scanning
line, 30 denotes a contact hole, 31 denotes an auxiliary
capacitor electrode, and 32 denotes an auxiliary capacitor
line.

[0011] However, in comparison with the construction
shown in FIG. 26 in which the pixel electrode 11 is spaced
at a predetermined interval from the signal line 9, the
construction in which the pixel electrodes 21 overlap the
signal lines 22 invites an increased capacitance Csd between
the pixel electrode 21 and the signal line 22. With the
increase of the capacitance Csd, the source signal causes a
pixel electric potential to change easily. Eventually, there
will occur display characteristic deterioration called shad-
owing phenomenon.

[0012] The mechanism of the shadowing phenomenon
will be described below by using an equivalent circuit of the
active matrix board 24 shown in FIG. 29. When a TFT 25
is turned on as a result of input of an ON-signal Vgh to a
scanning line Gn, a pixel electrode P1 is supplied with a
voltage Vsl from a signal line S1.

[0013] Next, when the TFT 25 is turned off as a result of
input of an OFF-signal Vgl to the scanning line Gn, a
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voltage Vs1' corresponding to data to be written to a pixel
electrode P2 of a next stage is supplied to the signal line S1.
At this time, the voltage of the pixel electrode P1 is
influenced by the voltage Vs1' of the signal line S1 through
the capacitance Csd1. Supposing that the voltage of the pixel
electrode P1 at that time is Vpl, the voltage Vpl is
expressed as follows:

Vpl1=Vs1-(Csd1(Vs1-Vs1)+Csd2(Vs2-Vs2)/(Cp+

Csd1+Csd2) €3}
[0014] where Cp is a capacitance of the pixel electrode
(Cp=liquid crystal capacitance, Clc+auxiliary electrode
capacitance, Ccs), Csdl is a capacitance between the signal
line S1 and the pixel electrode P1, Csd2 is a capacitance
between a signal line S2 and the pixel electrode P1, Vs1 and
Vs2 are voltages of the signal lines S1 and S2, respectively,
in the case where the scanning line Gn of an nth row is in
an ON-state, and Vs1' and Vs2' are voltages of the signal
lines S1 and S2, respectively, in the case where a scanning
line G(n+1) of an (n+1)th row is in an ON-state.

[0015] In a gate line inversion driving method (namely,
“1H inversion driving”) which is a conventional method of
driving the active matrix type liquid crystal display appa-
ratus, the polarity of the source signal is inverted every line
of gates. Supposing that adjacent gradations are the same,

Vs=Vs1=Vs2, Vs=Vs1'=Vs2' )
[0016] Therefore, from the equations (1) and (2),

Vpl=Vs—(Csd1+Csd2)/(Cp+Csd1+Csd2) (Vs-Vs') @)
[0017] As is obvious from the above, in the 1H inversion

driving, the amount of change of the pixel electric potential
is proportional to (Csd1+Csd2). Therefore, with the increase
of the capacitance Csd between the signal line S and the
pixel electrode P, the shadowing phenomenon appears con-
spicuously.

[0018] A dot inversion driving method has been proposed
as a driving method suppressing the change of the pixel
electric potential due to the capacitance Csd between the
signal line S and the pixel electrode P. In the dot inversion
driving, the polarity of the source signal is inverted not only
every line of the gates, but also every line of sources.

[0019] Supposing that adjacent gradations are the same in
the dot inversion driving,

Vs=Vs1=-Vs2, Vs'=Vsl'=-Vs2" *
[0020] From the equations (1) and (4),

Vp1=Vs~(Csd1-Csd2)/(Cp+Csd1+Csd2) (Vs=Vs) )
[0021] From the above, in the dot inversion driving, the

variation of the pixel electric potential is proportional to the
difference between the capacitance Csd1 and the capacitance
Csd2. Therefore, the dot inversion driving is much superior
to the 1H inversion drive in suppressing the occurrence of
the shadowing phenomenon. Thus, the dot inversion driving
can improve the image quality of the liquid crystal display
apparatus. In particular, by reducing the difference between
the capacitances Csd1 and Csd2 in connection to the pixels
adjoining in the direction in which the scanning line 29
extends, it is possible to suppress the occurrence of the
shadowing phenomenon to a great extent.

[0022] However, the following new problem occurs. In
general, in producing a liquid crystal display apparatuses, a
photolithographic process is performed block by block.
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Thus, an alignment deviation occurs from block to block.
This leads to the variation in the amount of overlapping
between the pixel electrode P and the signal line S and hence
the variation in the capacitance Csd between the signal line
S and the pixel electrode P. In the case where the dot
inversion driving is adopted, the pixel electric potential is
liable to change due to the variation in the capacitance Csd.
This results in difference of transmissivity among the blocks.

[0023] For example, referring to FIG. 30, let it be sup-
posed that an alignment deviation dx has occurred in the
photolithographic process of the pixel electrodes P. In this
case, there is an increase in the amount of overlapping
between the pixel electrode P and the signal line S1. Thus,
there is an increase in the capacitance Csdl between the
signal line S1 and the pixel electrode P, whereas there is a
decrease in the capacitance Csd2 between the signal line S2
and the pixel electrode P. FIG. 31 shows the relationship
between the alignment deviation dx in the photolithographic
process and the capacitances Csd1, Csd2. FIG. 31 indicates
that with the increase of the alignment deviation dx, the
difference between the capacitance Csd1 and the capacitance
Csd2 becomes big, and the amount of variation of the pixel
electric potential increases.

[0024] 1In the ordinary conventional photolithographic
process, the surface of the active matrix board is exposed in
blocks. This is the reason why, if a deviation dx occurs in the
alignment, the amount of overlap of the pixel electrode on
the signal line differs from block to block and the transmis-
sivity differs among the blocks of the active matrix type
liquid crystal display apparatus. FIG. 32 shows the relation-
ship between the alignment deviation dx and the difference
AT in transmissivity between a block having the alignment
deviation dx and a block having no alignment deviation.

[0025] As is obvious, if the active matrix type liquid
crystal display apparatus in which the pixel electrodes
overlap the signal lines is driven by the dot inversion driving
method, the amount of change in pixel electric potential
caused by the coupling capacitances Csd really decreases,
but differs largely among the photo-blocks. Consequently,
there rises a big difference in the transmissivity among the
blocks, leading to a problem called “block separation”. As
the size of the active matrix type liquid crystal display
apparatus becomes larger, the number of blocks tends to
increase more and more in the photolithographic process.
Thus, there is a growing demand for suppression of the
occurrence of the “block separation” caused by the coupling
capacitance Csd.

SUMMARY OF THE INVENTION

[0026] Therefore, it is an object of the present invention to
provide an active matrix type liquid crystal display appara-
tus capable of preventing the image quality from deteriora-
tion due to a coupling capacitance between a signal line and
a pixel electrode as well as suppressing the “block separa-
tion” due to variations in the coupling capacitance.

[0027] In order to accomplish the above object, there is
provided, according to an aspect of the present invention, an
active matrix type liquid crystal display apparatus compris-
ing:

[0028] an insulation substrate;,
[0029] scanning lines formed on the insulation sub-
strate;
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[0030] signal lines extending in a direction intersect-
ing a direction in which the scanning lines extend;

[0031] switching devices provided in the vicinity of
each intersection of the scanning and signal lines
such that the switching devices are arrayed in a
matrix form;

[0032] an interlaminar insulation film disposed on or
above the scanning lines, the signal lines, and the
switching devices; and

[0033] pixel electrodes formed on the interlaminar
insulation film and arranged in a matrix form, each
electrode being connected to an output terminal of an
associated switching device,

[0034] wherein only a part of each of opposite side
portions of one pixel electrode widthwise covers two
signal lines extending adjacent to the pixel electrode.

[0035] With the above arrangement, the two signal lines
adjacent to one pixel electrode are widthwise covered only
by a part of each side portion extending along the signal
lines of the pixel electrode. Accordingly, there is no great
change in the difference between a first capacitance between
the pixel electrode and one of the two signal lines and a
second capacitance between the pixel electrode and the other
signal line even though there is a misalignment between
layers. As a result, the so-called “block separation” is
suppressed, which would otherwise occur in a production
process step in which photolithography is performed block
by block.

[0036] Inoneembodiment, each pixel electrode covers the
associated switching device. In the construction, it is pos-
sible to form the pixel electrode almost rectangularly, which
leads to an increase in the area of the pixel electrode. Thus,
the power consumption can be suppressed.

[0037] In one embodiment, each signal line is bent twice
between two adjacent scanning lines such that two generally
parallel but longitudinally displaced parts are formed, and
these two parts are covered by opposed side portions of two
adjacent pixel electrodes.

[0038] With this arrangement, the pixel electrodes can be
formed in a rectangular shape. Thus, it is easy to form a color
filter and/or a black matrix to be disposed on an opposed
board confronting the insulation substrate, wherein the color
filter may have a configuration similar to that of the pixel
electrode and the black matrix may be formed so as to span
a gap between two adjacent pixel electrodes.

[0039] In another embodiment, the parts of the pixel
electrode covering the two signal lines adjacent to the pixel
electrode are parts that overhang from side edges of the pixel
electrode.

[0040] With the arrangement, the signal lines can be
straight, and not bent, resulting in the reduced length of the
signal line. This eventually prevents the delay of a source
signal and/or the breaking or discontinuity of the signal line
in a large active matrix type liquid crystal display apparatus
having a size more than 15 inches.

[0041] Both side edges of each pixel electrode may be
bent twice such that the overhanging parts are diagonally
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formed on the respective sides of the pixel electrode and
these overhanging parts cover the two signal lines adjacent
to the pixel electrode.

[0042] Each switching device may be disposed in the
vicinity of a gap between two adjacent pixel electrodes. The
gap between the two adjacent pixel electrodes and the
vicinity thereof are regions that essentially should be
shielded from light. Accordingly, it is unnecessary to dispose
a black matrix dedicated to the switching elements. Thus, it
is possible to prevent the increase of the area of the black
matrix. Therefore, it is possible to obtain a large aperture
ratio.

[0043] 1In one embodiment, the active matrix type liquid
crystal display apparatus of this invention comprises an
opposed board having a black matrix, and the black matrix
is located between two adjacent pixel electrodes in such a
manner that the black matrix overlaps each one of these
pixel electrodes by at least an amount corresponding to an
alignment margin of the opposed board relative to the
insulation board.

[0044] 1In this case, positions of both side edges of the
black matrix to be disposed on the opposed board are set
taking the alignment margin between the opposed board and
the insulation substrate into consideration. Accordingly,
even though there is a misalignment between both sub-
strates, the gap between the adjacent pixel electrodes is
surely shielded from light and thus the occurrence of the
so-called “block separation” is suppressed to a higher extent.

[0045] 1In alocation where the signal line is covered by the
pixel electrode, an edge of the black matrix may be disposed
along a center line of the pixel electrode or on an inner side
of the pixel electrode than the center line.

[0046] A light shield film may be provided on the insula-
tion substrate in such a manner that the light shield film
spans a gap between the adjacent pixel electrodes.

[0047] Generally, the accuracy of alignment between the
insulation substrate formed with the pixel electrodes and the
opposed board confronting the insulation substrate is about
+5 um, whereas the accuracy of alignment between layers on
the insulation substrate is less than +1 um. Thus, the width
of the light shield film is allowed to be smaller than that of
the black matrix which would be disposed on the opposed
board so as to span the gap between the adjacent pixel
electrodes if no such light shield film was provided on the
insulation substrate. In addition, it is not necessary any more
to dispose on the opposed board a black matrix spanning the
gap between the pixel electrodes. Consequently, the aperture
ratio will be increased. Furthermore, because the total area
of the black matrix disposed on the opposed board is
reduced, it is possible to widen the bonding margin between
the insulation substrate and the opposed board.

[0048] According to another aspect of the present inven-
tion, there is provided an active matrix type liquid crystal
display apparatus comprising:

[0049] an insulation substrate;

[0050] scanning lines formed on the insulation sub-
strate,

[0051] auxiliary capacitor lines arranged parallel to

the scanning lines;
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[0052] signal lines extending in a direction intersect-
ing a direction in which the scanning lines extend;

[0053] switching devices provided in the vicinity of
each intersection of the scanning and signal lines
such that the switching devices are arrayed in a
matrix form;

[0054] an interlaminar insulation film disposed on or
above the scanning lines, auxiliary capacitor lines,
the signal lines, and the switching devices; and

[0055] pixel electrodes formed on the interlaminar
insulation film and arranged in a matrix form, each
electrode being connected to an output terminal of
the associated switching device,

[0056] wherein both side edges of each pixel elec-
trode are bent twice such that the overhanging parts
are formed on the respective sides of the pixel
clectrode and these overhanging parts cover two
signal lines adjacent to the pixel electrode, and

[0057] wherein the auxiliary capacitor line underlies
a portion between the two bents of each side edge of
the pixel electrode.

[0058] With the above arrangement, the signal lines adja-
cent to the pixel electrode are widthwise covered by the
respective overhanging parts of the pixel electrode. There-
fore, a difference between a first capacitance between the
pixel electrode and one of the two adjacent signal lines and
a second capacitance between the pixel electrode and the
other adjacent signal line is reduced. Thus, the shadowing
phenomenon can be considerably suppressed by performing
the dot inversion driving scheme.

[0059] The auxiliary capacitor line underlies the portion
(referred to also as a “bent portion”) between the two bents
of each side edge of the pixel electrode. Thus, the capaci-
tance between the signal line and the pixel electrode at its
bent portion is reduced. Consequently, the change in the
coupling capacitance between the pixel electrode at the bent
portion and the signal line due to a misalignment between
layers is considerably reduced. Accordingly, it is possible to
suppress the occurrence of the “block separation”, which
otherwise would occur in performing a lithographic process
from block to block.

[0060] The auxiliary capacitor line may include electrode
portions that extend toward a portion between the two bents
of each side edge of the pixel electrode such that the
electrode portions underlie the portions between the two
bents of each side edge of the pixel electrode. In this case,
the auxiliary capacitor line proper, namely a portion running
parallel to the scanning lines of the auxiliary capacitor line
can be located in any desired positions relative to the
longitudinal direction of the pixel electrode.

[0061] A light shield film may be provided on the insula-
tion substrate in such a manner that the light shield film
spans a gap between the adjacent pixel electrodes.

[0062] In one embodiment, the light shield film is electri-
cally connected to either the auxiliary capacitor line or the
scanning line. In this case, owing to the field shield effect of
the light shield film, a part of a line of electric force emitted
from the signal line terminates at the auxiliary capacitor line
or the scanning line. Thus, a first capacitance between the
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pixel electrode and one of the two adjacent signal lines and
a second capacitance between the pixel electrode and the
other adjacent signal line are reduced. As a result, the
shadowing phenomenon due to the difference between the
first and second capacitances is further suppressed, and the
“block separation” is well prevented from occurrence.

[0063] Instead of bending both side edges of each pixel
electrode, each signal line may be bent. In this case, the
signal line is bent twice between two adjacent scanning lines
such that two generally parallel but longitudinally displaced
parts are formed, and these two parts are covered by opposed
side portions of two adjacent pixel electrodes, and the
auxiliary capacitor line is located in a position correspond-
ing to the portion between the two bents of the signal line.
Similar effects can be achieved also in this case.

[0064] Other objects, features and advantages of the
present invention will be obvious from the following
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0065] The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the present
invention, and therein:

[0066] FIG. 1is a plan view of an active matrix board in
a first embodiment of the active matrix type liquid crystal
display apparatus according to the present invention;

[0067] FIG. 2 is a sectional view taken along line II-II of
FIG. 1;
[0068] FIG. 3 shows deviations in photo-alignment and

amounts of change of coupling capacitances;

[0069] FIG. 4 is a plan view of an active matrix board in
a second embodiment of the present invention,

[0070] FIG. 5 is a sectional view taken along line V-V of
FIG. 4;
[0071] FIG. 6 is a plan view of an active matrix board in

a third embodiment of the present invention,

[0072] FIG.7 is a sectional view taken along line VII-VII
of FIG. 6;
[0073] FIG. 8 is a plan view of a modification of the active

matrix board shown in FIG. 6;

[0074] FIG. 9 is a sectional view taken along line IX-IX
of FIG. §;
[0075] FIG. 10 s a plan view of an active matrix board in

a fourth embodiment of the present invention;

[0076] FIG. 11 is a sectional view taken along line XI-XI
of FIG. 10,
[0077] FIG. 12 is a plan view of an active matrix board in

a fifth embodiment of the present invention;

[0078] FIG. 13 is a sectional view taken along line XIII-
XIII of FIG. 12;

[0079] FIG. 14 is a sectional view taken along line XIV-
X1V of FIG. 12;
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[0080] FIG. 151is a plan view of an active matrix board in
a sixth embodiment of the present invention;

[0081] FIG. 16 is a sectional view taken along line XVI-
XVI of FIG. 15;

[0082] FIG. 17 is a sectional view taken along line XVII-
XVII of FIG. 15,

[0083] FIG. 18 is a plan view of an active matrix board in
a seventh embodiment of the present invention;

[0084] FIG. 19 is a sectional view taken along line XIX-
XIX of FIG. 18;

[0085] FIG. 20 is a sectional view taken along line XX-
XX of FIG. 18;

[0086] FIG. 21 is a plan view of an active matrix board in
an eighth embodiment of the present invention;

[0087] FIG. 22 is a sectional view taken along line XXII-
XXII of FIG. 21,

[0088] FIG. 23 is a sectional view taken along line XXIII-
XXIII of FIG. 21;

[0089] FIG. 24 is a plan view of a conventional active
matrix type liquid crystal display apparatus;

[0090] FIG. 25 is a sectional view showing a one-pixel
part of the active matrix type liquid crystal display apparatus
shown in FIG. 24;

[0091] FIG. 26 is a plan view showing the one-pixel part
of the active matrix type liquid crystal display apparatus
shown in FIG. 24;

[0092] FIG. 27 is a sectional view of a conventional active
matrix type liquid crystal display apparatus in which pixel
electrodes overlap signal lines;

[0093] FIG. 28 is a plan view of an active matrix board
shown in FIG. 27;

[0094] FIG. 29 shows an equivalent circuit of the active
matrix board shown in FIG. 28;

[0095] FIG. 30 is an explanatory view showing an align-
ment deviation or misalignment of a pixel electrode;

[0096] FIG. 31 shows the relationship between the align-
ment deviation of the pixel electrode and the capacitance
between the pixel electrode and an adjacent signal line; and

[0097] FIG. 32 shows the relationship between an align-
ment deviation and the difference in transmissivity between
a block having the alignment deviation and a block having
no alignment deviation.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0098]

[0099] FIG. 1is a plan view of an active matrix board 51
of an active matrix type liquid crystal display apparatus
(hereinafter referred to as simply an LCD apparatus) accord-
ing to the first embodiment of the present invention. FIG. 2
is a sectional view taken along line II-II of FIG. 1.

[0100] The active matrix board 51 has the following
construction. As shown in FIGS. 1 and 2, a plurality (only
two are shown) of gate lines (scanning lines) 52 made of

<First Embodiment>
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metal such as Al, Ta are disposed parallel with one another
on an insulation substrate 51¢ made of glass. The film
thickness of the gate line 52 is in the range of 2000 A-5000
A. Above the gate lines 52 a plurality (only two are shown)
of source lines (signal lines) 54 made of metal such as Al,
Ta are disposed perpendicular to the gate lines 52, with a
gate insulation film 53 made of SiNx or the like disposed
between the gate lines 52 and the source lines 54. The film
thickness of the gate insulation film 53 is in the range of
2000 A-4000 A. The dielectric constant of the gate insula-
tion film 53 is three to eight. The film thickness of the source
line 54 is in the range of 1000 A-5000 A.

[0101] Amorphous silicon TFTs 55 (only one of which is
shown) are disposed in the neighborhood of the intersections
of the gate lines 52 and the source lines 54. Each amorphous
silicon TFT 55 is composed by a gate electrode 56, the gate
insulation film 53, an amorphous semiconductor layer 57, an
impurity-added semiconductor layer 58, a source electrode
59, and a drain electrode 60. The gate electrode 56 and the
gate line 52 are made of the same material. The source
electrode 59, the drain electrode 60, and the source line 54
are made of the same material. The amorphous semicon-
ductor layer 57 is made of amorphous silicon formed by
CVD (chemical vapor deposition). The film thickness of the
amorphous semiconductor layer 57 is in the range of 500
A-2000 A. The gate electrode 56 is connected to the gate line
52 adjacent thereto. The source electrode 39 is connected to
the source line 54 adjacent thereto.

[0102] A gate line 52a at the preceding stage overlaps a
pixel electrode 62 at a current stage. On the gate insulation
film 53, the drain electrode 60 extends to a position of an
overlapping part of the gate line 524 to form an auxiliary
capacitor electrode 64 at an end of the drain electrode 60. An
interlaminar insulation film 61 is made of an organic mate-
rial or an inorganic material. The film thickness of the
interlaminar insulation film 61 is 1 um to 4 wm. The
dielectric constant of the interlaminar insulation film 61 is
two to four. A contact hole 65 is formed in the interlaminar
insulation film 61 at the position of the auxiliary capacitor
electrode 64. The drain electrode 60 is connected to the pixel
electrode 62 through the auxiliary capacitor electrode 64 and
the contact hole 65. That is, the gate line 524 at the preceding
stage is used as the auxiliary capacitor line for the pixel of
the current stage.

[0103] In the embodiment, the pixel electrode 62 has a
rectangular overhanging part 62a at a TFT 55-side end
portion of one longitudinal side. The overhanging part 62a
projects widthwise by a predetermined amount from an edge
of the one longitudinal side of the pixel electrode 62. The
pixel electrode 62 also has a similar rectangular overhanging
part 62b at an end portion opposite from the TFT 55 of the
other longitudinal side. The overhanging part 62b projects
widthwise by a predetermined amount from an edge of the
other longitudinal side of the pixel electrode 62. The pro-
jection amount of the overhanging part 62a and that of the
overhanging part 62b are so set that the overhanging parts
624 and 62b overlap source lines 54a and 54b disposed on
opposite sides of the pixel electrode 62, respectively. The
length of the overhanging part 62a is equal to that of the
overhanging part 62b.

[0104] The LCD apparatus has an opposed board 66 with
the following construction. That is, as shown in FIG. 2,
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color filters 67 are formed on an insulation substrate 66a in
the order of colors of red, green, and blue at a position
corresponding to each pixel electrode 62. Ablack matrix 68
is formed between the color filters 67 and 67. The black
matrix 68 serves as a patterned light shield film for prevent-
ing leak of light from the gaps between the source lines 54
and the pixel electrodes 62 as well as between the adjacent
pixel electrodes. An opposed electrode 69 made of a trans-
parent conductive material is formed over the color filters 67
and the black matrix 68.

[0105] The active matrix board 51 and the opposed board
66 are spaced at a predetermined interval, with the pixel
electrodes 62 and the opposed electrode 69 opposed to each
other. Then, a liquid crystal layer 70 is sandwiched between
the active matrix board 51 and the opposed board 66. A
sealer is applied to the resulting laminate to complete the
LCD apparatus.

[0106] As described above, in the first embodiment, the
rectangular overhanging parts 62a and 62b are formed at the
end portions of both sides of the pixel electrode 62. The
overhang amount of the overhanging part 62a and that of the
overhanging part 62b are so set that the overhanging parts
62a and 62b overlap the source lines 54a and 54b adjacent
to the pixel electrode 62, respectively. The length of the
overhanging part 624 is equal to that of the overhanging part
62b. Also, the length of each of the overhanging parts 62a
and 62D is set such that capacitances generated between the
pixel electrode 62 and each of the source lines 544, 54b in
a region not covered by the pixel electrode 62 are small
enough to be ignored.

[0107] In the above arrangement, the source lines 544 and
54b are mostly or entirely covered with the overhanging
parts 62a and 62, respectively. Therefore, even though some
alignment deviation occurs between blocks during the pho-
tolithographic process, the capacitance Csdl between the
pixel electrode 62 and the source line 54a and the capaci-
tance Csd2 between the pixel electrode 62 and the source
line 54b hardly change. Thus, the difference in transmissiv-
ity between the blocks becomes smaller.

[0108] From the above reason, it follows that the value of
(Csd1-Csd2) of the equation (5) is almost constant in all
blocks. Thus, it is possible to prevent the “block separation”
from occurring. FIG. 3 shows deviations in photo-alignment
and amounts of change of coupling capacitances in the LCD
apparatus of the embodiment and the conventional LCD
apparatus shown in FIGS. 27 and 28. As is obvious from
FIG. 3, the amount of change of (Csd1-Csd2) is lowered by
adopting the arrangement in which parts 62a and 62b of the
pixel electrode 62 at both sides overhang the source lines
54a and 54b. This is why the “block separation” due to the
misalignment is suppressed.

[0109] Again, according to the first embodiment, it is
possible to suppress the occurrence of the “block separation”
which would be caused by the variations in the coupling
capacitance Csd between the pixel electrode 62 and the
source lines 54a, 54b.

[0110]

[0111] FIG. 4 is a plan view of an active matrix board 71
of an active matrix type LCD apparatus of the second
embodiment. FIG. 5 is a sectional view taken along line V-V
of FIG. 4.

<Second Embodiment>

Jan. 29, 2004

[0112] Referring to FIGS. 4 and 5, the active matrix board
71 has an insulation substrate 71a, gate lines 72, a gate
insulation film 73, TFTs 75, an interlaminar insulation film
76, auxiliary capacitor electrodes 78, and contact holes 79
which have the same constructions and functions as the
insulation substrate 514, the gate lines 52, the gate insulation
film 53, the TFTs 55, the interlaminar insulation film 61, the
auxiliary capacitor electrodes 64, and the contact holes 65 of
the active matrix board 51 in the first embodiment shown in
FIGS. 1 and 2. Also, an opposed board 80 of the LCD
apparatus of the second embodiment has an insulation
substrate 804, color filters 81, a patterned black matrix 82,
and an opposed electrode 83 which are the same construc-
tions and functions as the insulation substrate 664, the color
filters 67, the black matrix 68, and the opposed electrode 69
of the opposed board 66 of the first embodiment. Also, a
liquid crystal layer 84 in the second embodiment has the
same construction and function as the liquid crystal layer 70
in the first embodiment.

[0113] Pixel electrodes 77 in the second embodiment do
not have parts jutting out widthwise to overhang the source
lines 74, 74', but are rectangular. Instead, each source line
74, 741 is bent twice in the vicinity of a position where the
pixel electrode 77 is bisected relative to the longitudinal
direction into a TFI-side part and a counter-TFT-side part
that is a part of the side opposite from the TFT 55. That is,
each source line 74, 74' is configured to have approximately
parallel but longitudinally displaced straight portions and a
transition portion (referred to as “bent portion”) connecting
the neighboring straight portions. The TFT-side part of each
pixel electrode 77 is laid over the corresponding part of the
source line 74 positioned on one side (e.g., the right-hand
side) of the pixel electrode 77, while the counter-TFT-side
part of the pixel electrode 77 is laid over the corresponding
part of the source line 74' positioned on the other side (e.g.,
the left-hand side) of the pixel electrode 77, with the
interlaminar insulation film 76 interposed between the
source lines and the pixel electrodes.

[0114] In the above arrangement, the source lines 74 and
74' located on opposite sides of one pixel electrode 77 are
covered by respective lateral zones of the TFT-side and
counter-TFT-side halves of the pixel electrode. Therefore,
even though a misalignment occurs between blocks to some
degree during the photolithographic process, the capaci-
tances Csdl and Csd2 hardly change. Thus, the difference in
transmissivity among the blocks becomes smaller.

[0115] Furthermore, according to the second embodiment,
the pixel electrode 77 is formed rectangularly as in the
conventional active matrix type LCD apparatus shown in
FIGS. 26 and27. Therefore, the color filter 81 and the black
matrix 82 can be easily formed.

[0116]

[0117] FIG. 6 is a plan view of an active matrix board 91
in the third embodiment of the present invention. FIG. 7 is
a sectional view taken along line VII-VII of FIG. 6.

[0118] Referring to FIGS. 6 and 7, the active matrix board
91 has an insulation substrate 91a, gate lines 92, a gate
insulation film 93, source lines 94, 94, TFTs 95, an inter-
laminar insulation film 96, auxiliary capacitor electrodes 98,
and contact holes 99 which have the same constructions and
functions as the insulation substrate 51a, the gate lines 52,

<Third Embodiment>
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the gate insulation film 53, source lines 54, 54, the TFTs 55,
the interlaminar insulation film 61, the auxiliary capacitor
electrodes 64, and the contact holes 65 of the active matrix
board 51 in the first embodiment shown in FIGS. 1 and 2.
Also, an opposed board 100 of the LCD apparatus of the
second embodiment has an insulation substrate 1004, color
filters 101, a patterned black matrix 102, and an opposed
electrode 103 which are the same constructions and func-
tions as the insulation substrate 66a, the color filters 67, the
black matrix 68, and the opposed electrode 69 of the
opposed board 66 of the first embodiment. Also, a liquid
crystal layer 104 in the third embodiment has the same
construction and function as the liquid crystal layer 70 in the
first embodiment.

[0119] In the third embodiment, each one of the opposite
longitudinal side edges of the pixel electrode 97 is bent twice
in the vicinity of a position where the pixel electrode 97 is
bisected into a TFT-side part and a counter-TFT-side part in
the longitudinal direction in which the source lines 94, 94'
extend. As a result, the pixel electrode 97 diagonally forms
overhanging parts on either side along about half the length
of the pixel electrode. The TFT-side overhanging part on one
side of the pixel electrode 97 is overlaid on the adjacent
source line 94' through the interlaminar insulation film 96,
while the counter-TFT-side overhanging part on the other
side of the pixel electrode 97 is overlaid on the other
adjacent source line 94 also through the interlaminar insu-
lation film 96.

[0120] In the above arrangement, the source lines 94 and
94' located on opposite sides of one pixel electrode 97 are
covered by the respective lateral overhanging parts of the
pixel electrode. Therefore, even though a misalignment
occurs between blocks to some degree during the photo-
lithographic process, the capacitances Csd1 and Csd2 hardly
change. Thus, the difference in transmissivity among the
blocks becomes smaller.

[0121] Further, according to the third embodiment, the
lateral overhanging parts of the pixel electrode 97 for
covering the source lines 94 have a length almost half the
length of pixel electrode 97, so that each source line is
covered almost entirely in the axial direction of the source
line by the adjoining overhanging parts. Accordingly, it is
possible to suppress the variation of the capacitance Csd
between the pixel electrode 97 and the source line 94 to a
higher extent in the third embodiment than in the first
embodiment in which the source lines 54a and 54b are
covered with the overhanging parts 62a and 62b shorter than
the half of the side edge of the pixel electrode 62, respec-
tively. Thus, it is possible to suppress the occurrence of the
“block separation” more.

[0122] Further, it is possible to increase the aperture ratio
by bending the pixel electrode 97 over the source lines 94
and 94'. Particularly in a large LCD apparatus having a size
of more than 15 inches, delay of a source signal and break
or conduction failure of the source line raise a problem. To
solve the problem, it is necessary to reduce the wiring or
routing length of the source line to a possible shortest length.
The source lines 94 and 94' in the third embodiment are
arranged straight. Thus, it is possible to make the length of
the source lines 94 and 94' shorter in the third embodiment
than in the second embodiment in which the source line 74
is bent or winding in the neighborhood of each pixel
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electrode 77. Therefore, the third embodiment is advanta-
geous in preventing the delay of the source signal and break
of the source line.

[0123] FIG. 8 is aplan view of a modification of the active
matrix board of the third embodiment. FIG. 9 is a sectional
view taken along line IV-IV of FIG. 8 In the modification,
each of overhanging parts 111 and 1115 of a pixel electrode
111 laterally extends beyond the source line 112 toward an
adjacent pixel. This construction allows the pixel electrode
111 to sufficiently overhang the source line 112. Thus, an
alignment margin in the formation of the pixel electrode
becomes larger, which contributes to further suppression of
the “block separation”.

[0124] The pixel electrode 111 is connected to a drain
electrode 114 of a TFT 113 through a contact hole 115, and
an auxiliary capacitor electrode 116 is connected to the pixel
electrode 111 through a contact hole 117.

[0125]

[0126] FIG. 10 is a plan view of an active matrix board
121 in the fourth embodiment of the present invention. FIG.
11 is a sectional view taken along line XI-XI of FIG. 10.

[0127] Referring to FIGS. 10 and 11, the active matrix
board 121 in the fourth embodiment has an insulation
substrate 121a, gate lines 122, a gate insulation film 123,
source lines 124, TFTs 125, an interlaminar insulation film
126, pixel electrodes 127, auxiliary capacitor electrodes 128,
and contact holes 129 which have the same constructions
and functions as the insulation substrate 91a, the gate lines
92, the gate insulation film 93, the source lines 94, 94/, the
TFTs 95, the interlaminar insulation film 96, the pixel
electrodes 97, the auxiliary capacitor electrodes 98, and the
contact holes 99 of the active matrix board in the third
embodiment shown in FIGS. 6 and 7. Also, an opposed
board 130 in the fourth embodiment has an insulation
substrate 130a and an opposed electrode 133 which are the
same constructions and functions as the insulation substrate
1004 and the opposed electrode 103 of the opposed board
100 of the third embodiment. Also, a liquid crystal layer 134
in the fourth embodiment has the same construction and
function as the liquid crystal layer 107 in the third embodi-
ment.

[0128] In the fourth embodiment, as in the modification of
the third embodiment, the pixel electrode 127 has overhang-
ing parts which extend beyond the respective source lines
124 toward adjacent pixels, the pixel electrode 127 is
connected to a drain electrode 136 of the TFT 125 through
a contact hole 137, and the auxiliary capacitor electrode 128
is connected to the pixel electrode 127 through the contact
hole 129.

[0129] In the fourth embodiment, a light shield film 135
made of the same material as that of the gate lines 122 is
disposed in the same layer as the gate lines 122 to optically
shield the gap between adjacent pixel electrodes 127 and
127. Thus, it is unnecessary to form the black matrix 132 on
the opposed board 130 in such a position that the black
matrix 132 confronts the gap between the adjacent pixel
electrodes 127 and 127. Thus it is enough to form the black
matrix 132 only in positions in which it confronts the TFTs
125.

[0130] The accuracy of the alignment between the active
matrix board 121 and the opposed board 130 is generally

<Fourth Embodiment>



US 2004/0017521 Al

about +5 um, whereas the accuracy of the alignment
between the layers of the active matrix board 121 is less than
+1 um. Thus, the light shield film 135 of the active matrix
board 121 is allowed to be made smaller in width than the
black matrix 132 that would be used without the light shield
film 135. Also, because provision of the light shield film 135
eliminates the black matrix 132 in the corresponding loca-
tions in the opposed board, the area of the color filters 131
is increased, resulting in the improved aperture ratio.

[0131] Furthermore, because the area of the black matrix
32 disposed on the opposed board 130 is reduced, it is
possible to widen the bonding margin between the active
matrix board 121 and the opposed board 130.

[0132] In the fourth embodiment, the construction in
which the light shield film 135 is provided and the formation
of the black matrix 132 is omitted owing to the provision of
the light shield film 135 has been applied to the third
embodiment. This construction may be applied to the first
and second embodiments.

[0133] In each of the first to fourth embodiments, the thin
film transistor 55, 75, 95, 113, 125 is disposed in the vicinity
of a region below the gap between the adjacent pixel
electrodes 62 and 62,77 and 77,97 and 97, 111 and 111, 127
and 127 respectively through the interlaminar insulation film
61, 76, 96, 126. In other words, the thin film transistor 55,
75, 95, 113, 125 is disposed in the vicinity of a region
corresponding to the location in which the black matrix 68,
82,102, 132 is to be disposed in any case. Therefore, it is
unnecessary to dispose a black matrix for specific use for the
thin film transistors 55, 75, 95, 113, and 125. Thus, the arca
of the black matrix 68, 82, 102, and 132 is prevented from
being increased. Therefore, it is possible to obtain a large
aperture ratio.

[0134] In each of the above embodiments, the region in
which the black matrix 68, 82, 102, and 132 is formed is set
as follows. That is, the black matrix is formed on the
opposed board such that the black matrix is opposed to the
gap between two adjacent pixel electrodes. One side edge of
the black matrix opposed to a source line-covering pixel
electrode includes the longitudinal center line of the covered
source line (in cases shown in FIGS. 4, 6, 8, and 10) or is
located at the inner side (see FIG. 1) of the pixel electrode
with respect to the center line of the source line. On the other
hand, the other side edge of the black matrix is spaced by
more than an alignment margin between the opposed board
and the active matrix board from the side edge of the source
line opposite from the above pixel electrode.

[0135] In this manner, the positions of both side edges of
the black matrix 68, 82, 102, 132 to be included in the
opposed board are set in consideration of the alignment
margin between the opposed board and the active matrix
board. Accordingly, even though there is a displacement
between these boards, the gap between the adjacent pixel
electrodes is optically shielded and thus the occurrence of
the “block separation” is well suppressed.

[0136] In the embodiments shown in FIGS. 4, 6, 8, and
10, the bent portion (which is a slant portion between two
bents) of the source line 74 and that of the pixel electrodes
97, 111, 127 are formed in a longitudinally central position
of the pixel electrodes 77, 97, 111, and 127, respectively.
But, to suppress the occurrence of the shadowing phenom-
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enon and the “block separation”, the bent portion is not
necessarily provided strictly in a central position of the pixel
electrode. Accordingly, in the present invention, the position
of the bent portion to be formed on the pixel electrode or the
source line is not limited to the longitudinally central
position of each pixel electrode.

[0137] Note that the source line (signal line) may have a
portion not covered by the pixel electrode in the widthwise
direction of the source line so long as the uncovered portion
is narrow enough not to hinder the effects of the above
embodiments from being achieved.

[0138]

[0139] FIG. 12 is a plan view of an active matrix board
151 of an active matrix type liquid crystal display apparatus
(hereinafter referred to as simply an LCD apparatus) accord-
ing to a fifth embodiment of the present invention. FIG. 13
is a sectional view taken along line XIII-XIII of FIG. 12,
and FIG. 14 is a sectional view taken along line XIVXIV of
FIG. 12.

[0140] The active matrix board 151 has the following
construction. As shown in FIGS. 12-14, a plurality (only two
are shown) of gate lines (scanning lines) 152 made of metal
such as Al, Ta are disposed parallel with one another on an
insulation substrate 151a made of glass. The film thickness
of the gate line 152 is in the range of 2000 A-5000 A. Above
the gate lines 152 a plurality (only two are shown) of source
lines (signal lines) 154, 154' made of metal such as Al, Ta are
disposed perpendicular to the gate lines 152, with a gate
insulation film 153 made of SiNx or the like disposed
between the gate lines 152 and the source lines 154, 154",
The film thickness of the gate insulation film 153 is in the
range of 2000 A-4000 A. The dielectric constant of the gate
insulation film 153 is three to eight. The film thickness of the
source lines 154, 154' is in the range of 1000 A-5000 A.

[0141] Amorphous silicon TFTs 155 (only one of which is
shown) are disposed in the neighborhood of the intersections
of the gate lines 152 and the source lines 154, 154'. Each
amorphous silicon TFT 155 is composed by a gate electrode
156, the gate insulation film 153, an amorphous semicon-
ductor layer 157, an impurity-added semiconductor layer
158, a source electrode 159, and a drain electrode 160. The
gate electrode 156 and the gate line 152 are made of the
same material. The source electrode 159, the drain electrode
160, and the source line 154, 154' are made of the same
material. The amorphous semiconductor layer 157 is made
of amorphous silicon formed by CVD (chemical vapor
deposition). The film thickness of the amorphous semicon-
ductor layer 157 is in the range of 500 A-2000 A. The gate
electrode 156 is connected to the gate line 152 adjacent
thereto. The source electrode 159 is connected to the source
line 154 adjacent thereto.

<Fifth Embodiment>

[0142] Auxiliary capacitor lines 163 (only one of which is
shown) are formed in the same layer as the gate lines 152
(namely, on the insulation substrate 151a). On the gate
insulation film 153, the drain electrode 160 extends to a
position of the auxiliary capacitor line 163 to form an
auxiliary capacitor electrode 164 at an end of the drain
electrode 160. An interlaminar insulation film 161 is made
of an organic material or an inorganic material. The film
thickness of the interlaminar insulation film 161 is 1 gm to
4 um. The dielectric constant of the interlaminar insulation
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film 161 is about two to four. A contact hole 165 is formed
through the interlaminar insulation film 161 at the position
of the auxiliary capacitor electrode 164. The drain electrode
160 is connected to the pixel electrode 162 through the
contact hole 165 and the auxiliary capacitor electrode 164.

[0143] In the fifth embodiment, the auxiliary capacitor line
163 1s disposed at a position where the pixel electrode 162
is bisected relative to the longitudinal direction of the pixel
electrode into a TFT-side part (which is a part nearer to the
TFT 155) and a counter-TFI-side part (which is a part
farther from the TFT 155). That is, the center line of the
auxiliary capacitor line 163 is substantially coincident to a
transverse center line of the pixel electrode 162. Each pixel
electrode is bent at the position of the auxiliary capacitor line
163. More specifically, each one of the opposite longitudinal
side edges of the pixel electrode is bent twice in the vicinity
of the transverse center line of the pixel electrode. As a
result, the pixel electrode diagonally forms overhanging
parts on either side along about half the length of the pixel
electrode. Aslant portion defined between the bents (referred
to as “bent portion” below) of either side edge of the pixel
electrode is placed just above the auxiliary capacitor line
163. The overhanging part in the TFT-side part of the pixel
electrode 162 overhangs over the source line 154' on one
side of the pixel electrode, with the interlaminar insulation
film 161 disposed therebetween. The counter-TFT-side part
of the pixel electrode 162 overhangs over the source line 154
on the other side of the pixel electrode, also with the
interlaminar insulation film 161 disposed therebetween.

[0144] The LCD apparatus has an opposed board 166 with
the following construction. That is, as shown in FIGS. 13
and 14, color filters 167 are formed on an insulation
substrate 166a in the order of colors of red, green, and blue
at a position corresponding to each pixel electrode 162, 162',
162". Ablack matrix 168 is formed between the color filters
167 and 167. The black matrix 168 serves as a patterned
light shield film for preventing leak of light from the gaps
between the adjacent pixel electrodes 162 and 162', 162 and
162". An opposed electrode 169 made of a transparent
conductive material is formed over the color filters 167 and
the black matrix 168.

[0145] The active matrix board 151 and the opposed board
166 are spaced at a predetermined interval, with the pixel
electrodes 162, 162', 162" and the opposed electrode 169
opposed to each other. Then, a liquid crystal layer 170 is
sandwiched between the active matrix board 151 and the
opposed board 166. A sealer is applied to the resulting
laminate to complete the LCD apparatus.

[0146] As clearly shown in FIG. 14, in the fifth embodi-
ment, the pixel electrode 162 disposed over the auxiliary
capacitor line 163 descends along a surface defining the
contact hole 165 to be electrically connected to the auxiliary
capacitor electrode 164 (hence, to the drain electrode 160).
Paying attention to the source line 154 on the left side as
viewed in FIG. 12, this source line 154 is covered by the
overhanging part of the TFI-side part of the pixel electrode
162" on the left side of the source line 154 and by the
overhanging part of the counter-TFT-side part of the pixel
electrode 162 on the right side of the source line 154. This
is also true of the source line 154' on the right side of FIG.
12.

[0147] 1If the auxiliary capacitor line 163 was not located
in coincidence with the bent portions of the pixel electrodes
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162, 162', 162", a misalignment between layers would cause
great variations in the coupling capacitance Csd at the bent
portions where the source lines 154, 154' are not covered
with the adjacent pixel electrodes.

[0148] In contrast to this, in the fifth embodiment, the
auxiliary capacitor line 163 is so disposed as if it bisects the
pixel electrode 162 into the TFT 155-side part and the
counter- TFT 155-side part. Accordingly, the bent portions of
the side edges of the pixel electrode 162 located at the
longitudinally central position of the pixel electrode are
present directly above the auxiliary capacitor line 163.
Because the source lines (signal lines) 154, 154' and the
auxiliary capacitor line 163 form the coupling capacitances,
a part of an electric line of force emitted from the source
lines 154, 154' terminates at, the auxiliary capacitor line 163.
Consequently, the coupling capacitance Csd between the
pixel electrode 162 at the bent portion and the source line
154, 154' becomes small.

[0149] Accordingly, even though there is a misalignment
between layers, there is little variation in the coupling
capacitance Csd between the pixel electrode 162 and the
source line 154 at the bent portion where the source line 154
is not covered with the adjacent pixel electrodes 162" and
162. Consequently, there is a great reduction of the variation
amount in the coupling capacitance Csd1 between the source
line 154 and the pixel electrode 162 and in the coupling
capacitance Csd2 between the source line 154' and the pixel
electrode 162. Thus, it is possible to suppress the occurrence
of the “block separation”.

[0150] That is, in the fifth embodiment, it is possible to
suppress the occurrence of the “block separation” due to
variations in the coupling capacitance Csd between the pixel
electrode 162 and the source lines 154, 154'.

[0151]

[0152] In the fifth embodiment, the auxiliary capacitor line
163 is located at the position where the pixel electrode 162
is bisected into the TFT 155 side part and the part opposite
from the TFT 155. That is, the auxiliary capacitor line 163
is disposed along a transverse center line of the pixel
electrode 162. But, there are cases where the auxiliary
capacitor line cannot be disposed such a position to improve
the aperture ratio and the yield. The sixth embodiment is
intended to cope with such a case.

[0153] FIG. 15 is a plan view of an active matrix board
171 of an active matrix type liquid crystal display apparatus
(hereinafter referred to as simply an LCD apparatus) accord-
ing to a sixth embodiment of the present invention. FIG. 16
is a sectional view taken along line XVI-XVI of FIG. 15,
and FIG. 17 is a sectional view taken along line XVII-XVII
of FIG. 15.

[0154] Referring to FIGS. 15 to 17, the active matrix
board 171 has an insulation substrate 171a, gate lines 172,
a gate insulation film 173, source lines 174, TFTs 175, an
interlaminar insulation film 181, and pixel electrodes 182
which have the same constructions and functions as the
insulation substrate 1514, the gate lines 152, the gate insu-
lation film 153, source the lines 154, 154, the TFTs 155, the
interlaminar insulation film 161, and the pixel electrodes
162 of the active matrix board 151 in the fifth embodiment
shown in FIGS. 12 to 14. Also, an opposed board 186 of the
LCD apparatus of the sixth embodiment has an insulation

<Sixth Embodiment>
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substrate 186a, color filters 187, a patterned black matrix
188, and an opposed electrode 189 which are the same
constructions and functions as the insulation substrate 1664,
the color filters 167, the black matrix 168, and the opposed
electrode 169 of the opposed board 166 of the fifth embodi-
ment. Also, a liquid crystal layer 190 in the sixth embodi-
ment has the same construction and function as the liquid
crystal layer 170 in the fifth embodiment.

[0155] In the sixth embodiment, an auxiliary capacitor line
183 is disposed not along a transverse center line of the pixel
electrode 182 but along a transverse line displaced toward
the TFT 175 side with respect to the center line such that the
auxiliary capacitor line 183 is parallel with the gate lines
172. A drain electrode 180 of the TFT 175 is extended to the
auxiliary capacitor line 183 to form an auxiliary capacitor
electrode 184 at an end of the drain electrode 180. The
auxiliary capacitor electrode 184 is connected to the pixel
electrode 182 at the position of the contact hole 185.

[0156] The auxiliary capacitor line 183 is provided with
electrode portions 191 that extend along the underside of
each source line 174 to a central portion of the pixel
clectrode 182. In this manner, as shown in FIG. 15, the bent
portions of the side edges of the pixel electrode 182, which
are formed at the position where the side edges are bisected,
are positioned above the electrode portions 191 whose
electric potentials are equal to the electric potential of the
auxiliary capacitor line 183.

[0157] Therefore, though the auxiliary capacitor line 183
is not disposed in the middle of the pixel electrode 182, the
LCD apparatus of the sixth embodiment is able to function
similarly to the LCD apparatus in which the bent portions of
the pixel electrode 182 are present directly above the aux-
iliary capacitor line 183. That is, the source line 174 at the
bent portion and the electrode portion 191 form the coupling
capacitance. Consequently, the coupling capacitance Csd
between the pixel electrode 182 at the bent portion and the
source line 174 is reduced.

[0158] If the pixel electrode 182 is bent over the auxiliary
capacitor line 183, it follows that the bent portion will not be
located in the middle of the pixel electrode 182. The result
is that Csd1=Csd2 and that the value of (Csd1-Csd2) in the
equation (5) above becomes large. Thus, even if the dot
inversion driving method is adopted, the shadowing phe-
nomenon is likely to occur due to the coupling capacitance
Csd between the pixel electrode 182 and the source line 174.

[0159]

[0160] FIG. 18 is a plan view of an active matrix board
201 of an active matrix type liquid crystal display apparatus
(hereinafter referred to as simply an LCD apparatus) accord-
ing to a seventh embodiment of the present invention. FIG.
19 is a sectional view taken along line XIX-XIX of FIG. 18,
and FIG. 20 is a sectional view taken along line XX-XX of
FIG. 18.

[0161] Referring to FIGS. 18 to 20, the active matrix
board 201 has an insulation substrate 2014, gate lines 202,
a gate insulation film 203, TFTs 205, an interlaminar insu-
lation film 206, auxiliary capacitor lines 208, auxiliary
capacitor electrodes 209, and contact holes 210 which have
the same constructions and functions as the insulation sub-
strate 1514, the gate lines 152, the gate insulation film 153,
the TFTs 155, the interlaminar insulation film 161, the

<Seventh Embodiment>
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auxiliary capacitor lines 163, the auxiliary capacitor elec-
trodes 164, and the contact holes 165 of the active matrix
board 151 in the fifth embodiment shown in FIGS. 12 to 14.
Also, an opposed board 211 of the LCD apparatus of the
seventh embodiment has an insulation substrate 2114, color
filters 212, a patterned black matrix 213, and an opposed
¢lectrode 214 which are the same constructions and func-
tions as the insulation substrate 1664, the color filters 167,
the black matrix 168, and the opposed electrode 169 of the
opposed board 166 of the fifth embodiment. Also, a liquid
crystal layer 215 in the seventh embodiment has the same
construction and function as the liquid crystal layer 170 in
the fifth embodiment.

[0162] Unlike the fifth embodiment, both side edges of
each pixel electrode 207 in the seventh embodiment are not
bent but straight. Thus, the pixel electrode 207 is rectangular
in shape. Instead, each source line 204 is bent at the position
of the auxiliary capacitor line 208 that is located at a position
where the pixel electrode 207 is bisected into a TFT 205-side
part and a counter-TFT 2035-side part which is a part
opposite from the TFT 205. The TFT-side part of each pixel
electrode 207 is laid over the corresponding part of the
source line 204 positioned on one side (e.g., the right-hand
side) of the pixel electrode 207, while the counter-TFI-side
part of the pixel electrode 207 is laid over the corresponding
part of the source line 204 positioned on the other side (e.g.,
the left-hand side) of the pixel electrode 207, with the
interlaminar insulation film 206 interposed between the
source lines and the pixel electrodes.

[0163] That is, in the seventh embodiment, unlike the fifth
embodiment in which both side edges of the pixel electrode
are bent, the source line 204 is bent. By thus doing, it is
possible to reduce the coupling capacitance Csd between the
pixel electrode 207 and the source line 204 at the bent
portion, similarly to the fifth embodiment. Accordingly, it is
possible to suppress the occurrence of the “block separation”
due to a misalignment between layers.

[0164] Further, in the seventh embodiment, the pixel elec-
trode 207 is formed rectangularly, similarly to the conven-
tional active matrix type LCD apparatus shown in FIG. 28.
Therefore, the color filter 212 and the black matrix 213 can
be easily formed.

[0165] In the seventh embodiment, the auxiliary capacitor
line 208 is located at the position where the pixel electrode
207 is bisected into the TFT 205-side part and the counter-
TFT 205-side part. But, if the auxiliary capacitor line 208
cannot be disposed along the transverse center line of the
pixel electrode 207, the auxiliary capacitor line 208 may be
provided with electrode portions extending along the under-
side of each source line 204 to the bent portions thereof, as
in the case of the sixth embodiment, so that the bent portions
of the source lines 204 are placed above the electrode
portions, which have an electric potential equal to that of the
auxiliary capacitor line 208.

[0166]

[0167] FIG. 21 is a plan view of an active matrix board
221 of an active matrix type liquid crystal display apparatus
(hereinafter referred to as simply an LCD apparatus) accord-
ing to an eighth embodiment of the present invention. FIG.
22 is a sectional view taken along line XXII-XXII of FIG.
21, and FIG. 23 is a sectional view taken along line
XXII-XXIII of FIG. 21.

<Eighth Embodiment>
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[0168] Referring to FIGS. 21 to 23, the active matrix
board 221 in the eighth embodiment has an insulation
substrate 221a, gate lines 222, a gate insulation film 223,
source lines 224, TFTs 225, an interlaminar insulation film
226, pixel electrodes 227, auxiliary capacitor electrodes 229,
and contact holes 230 which have the same constructions
and functions as the insulation substrate 1514, the gate lines
15, the gate insulation film 153, the source lines 154, 154',
the TFTs 155, the interlaminar insulation film 161, the pixel
electrodes 162, the auxiliary capacitor electrodes 164, and
the contact holes 165 of the active matrix board in the fifth
embodiment shown in FIGS. 12 to 14. Also, an opposed
board 231 in the eighth embodiment has an insulation
substrate 231a and an opposed electrode 234 which are the
same constructions and functions as the insulation substrate
1664 and the opposed electrode 169 of the opposed board
166 of the fifth embodiment. Also, a liquid crystal layer 235
in the eighth embodiment has the same construction and
function as the liquid crystal layer 170 in the fifth embodi-
ment.

[0169] In the eighth embodiment, a light shield film 236
made of the same material as that of the gate lines 222 is
disposed in the same layer as the gate lines 222 to optically
shield the gap between adjacent pixel electrodes 227 and
227. Thus, it is unnecessary to form the black matrix 233 on
the opposed board 231 in a location corresponding to the gap
between the adjacent pixel electrodes 227 and 227. Thus it
is enough to form the black matrix 233 only in positions in
which it confronts the TFTs 223.

[0170] The accuracy of the alignment between the active
matrix board 221 and the opposed board 231 is generally
about +5 um, whereas the accuracy of the alignment
between the layers of the active matrix board 221 is less than
+1 um. Thus, the light shield film 236 of the active matrix
board 221 is allowed to be made smaller in width than the
black matrix 233 that would be used without the light shield
film 236. Also, because provision of the light shield film 236
eliminates the black matrix 233 in the corresponding loca-
tions in the opposed board, the area of the color filters 232
is increased, resulting in the improved aperture ratio.

[0171] Furthermore, because the area of the black matrix
233 disposed on the opposed board 231 is reduced, it is
possible to widen the bonding margin between the active
matrix board 221 and the opposed board 231.

[0172] The light shield film 236 is connected to the
auxiliary capacitor line 228. Thus, owing to the field shield
effect of the light shield film 236, it is possible to reduce the
coupling capacitance Csd between the source line 224 and
the pixel electrode 227 to thereby suppress the occurrence of
the shadowing phenomenon due to the coupling capacitance
Csd. Further, because the absolute amount of the coupling
capacitance Csd decreases, there is also a reduction in the
amount of change of the coupling capacitance Csd due to a
misalignment between layers. Thus, it is possible to further
suppress the occurrence of the “block separation”. The light
shield film 236 may be connected to the gate line 222. Also,
the light shield film 236 does not have to be connected to the
auxiliary capacitor line 228 or the gate line 222.

[0173] In the eighth embodiment, the construction in
which the light shield film 236 is provided and the formation
of the black matrix 233 is omitted owing to the provision of
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the light shield film 236 has been applied to the fifth
embodiment. This construction may be applied to the sixth
and seventh embodiments.

[0174] In the fifth to eighth embodiments, the bent por-
tions (which are slant portions between the bents) of the
pixel electrodes 162, 182, 227 and that of the source line 204
are formed in a longitudinally central position of the pixel
electrodes 162, 182, 227, and 207, respectively. But, to
suppress the occurrence of the shadowing phenomenon, the
bent portion is not necessarily provided strictly in a central
position of the pixel electrode. Accordingly, in the present
invention, the position of the bent portion to be formed on
the pixel electrode or the source line is not limited to the
longitudinally central position of each pixel electrode.

[0175] Note that the source line (signal line) may have a
portion not covered by the pixel electrode in the widthwise
direction of the source line so long as the uncovered portion
is narrow enough not to hinder the effects of the above
embodiments from being achieved.

[0176] The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifications
as would be obvious to one skilled in the art are intended to
be included within the scope of the following claims.

What is claimed is:
1. An active matrix type liquid crystal display apparatus
comprising:

an insulation substrate;
scanning lines formed on the insulation substrate;

signal lines extending in a direction intersecting a direc-
tion in which the scanning lines extend,

switching devices provided in the vicinity of each inter-
section of the scanning and signal lines such that the
switching devices are arrayed in a matrix form;

an interlaminar insulation film disposed on or above the
scanning lines, the signal lines, and the switching
devices; and

pixel electrodes formed on the interlaminar insulation film
and arranged in a matrix form, each electrode being
connected to an output terminal of an associated
switching device,

wherein only a part of each of opposite side portions of
one pixel electrode widthwise covers two signal lines
extending adjacent to the pixel electrode.

2. The active matrix type liquid crystal display apparatus
according to claim 1, wherein each pixel electrode covers
the associated switching device.

3. The active matrix type liquid crystal display apparatus
according to claim 1, wherein each signal line is bent twice
between two adjacent scanning lines such that two generally
parallel but longitudinally displaced parts are formed, and
these two parts are covered by opposed side portions of two
adjacent pixel electrodes, respectively.

4. The active matrix type liquid crystal display apparatus
according to claim 1, wherein said parts of the pixel elec-
trode covering the two signal lines adjacent to the pixel
electrode are parts that overhang from side edges of the pixel
electrode.
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5. The active matrix type liquid crystal display apparatus
according to claim 4, wherein both side edges of each pixel
electrode are bent twice such that the overhanging parts are
diagonally formed on the respective sides of the pixel
electrode and these overhanging parts cover the two signal
lines adjacent to the pixel electrode.

6. The active matrix type liquid crystal display apparatus
according to claim 5, wherein a portion between the two
bents of each side edge of the pixel electrode forms a slant.

7. The active matrix type liquid crystal display apparatus
according to claim 1, wherein each switching device is
disposed in the vicinity of a gap between two adjacent pixel
electrodes.

8. The active matrix type liquid crystal display apparatus
according to claim 1, further comprising an opposed board
having a black matrix, and wherein the black matrix is
located between two adjacent pixel electrodes in such a
manner that the black matrix overlaps each one of these
pixel electrodes by at least an amount corresponding to an
alignment margin of the opposed board relative to the
insulation board.

9. The active matrix type liquid crystal display apparatus
according to claim 8, wherein in a location where the signal
line is covered by the pixel electrode, an edge of the black
matrix is disposed along a center line of the pixel electrode
or on an inner side of the pixel electrode than the center line.

10. The active matrix type liquid crystal display apparatus
according to claim 1, further comprising a light shield film
provided on the insulation substrate in such a manner that
the light shield film spans a gap between the adjacent pixel
electrodes.

11. The active matrix type liquid crystal display apparatus
according to claim 9, further comprising a light shield film
provided on the insulation substrate in such a manner that
the light shield film spans a gap between the adjacent pixel
electrodes.

12. An active matrix type liquid crystal display apparatus
comprising;

an insulation substrate;
scanning lines formed on the insulation substrate;

auxiliary capacitor lines arranged parallel to the scanning
lines;

signal lines extending in a direction intersecting a direc-
tion in which the scanning lines extend;

switching devices provided in the vicinity of each inter-
section of the scanning and signal lines such that the
switching devices are arrayed in a matrix form;

an interlaminar insulation film disposed on or above the
scanning lines, auxiliary capacitor lines, the signal
lines, and the switching devices; and

pixel electrodes formed on the interlaminar insulation film
and arranged in a matrix form, each electrode being
connected to an output terminal of the associated
switching device,

wherein both side edges of each pixel electrode are bent
twice such that the overhanging parts are formed on the
respective sides of the pixel electrode and these over-
hanging parts cover two signal lines adjacent to the
pixel electrode, and
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wherein the auxiliary capacitor line underlies a portion
between the two bents of each side edge of the pixel
electrode.

13. The active matrix type liquid crystal display apparatus
according to claim 12, further comprising a light shield film
provided on the insulation substrate in such a manner that
the light shield film spans a gap between the adjacent pixel
electrodes.

14. The active matrix type liquid crystal display apparatus
according to claim 13, wherein said light shield film is
electrically connected to either the auxiliary capacitor line or
the scanning line.

15. The active matrix type liquid crystal display apparatus
according to claim 12, wherein the portion between the two
bents of each side edge of the pixel electrode forms a slant.

16. The active matrix type liquid crystal display apparatus
according to claim 12,

wherein the auxiliary capacitor line includes electrode
portions that extend toward a portion between the two
bents of each side edge of the pixel electrode such that
the electrode portions underlie the portions between the
two bents of each side edge of the pixel electrode.
17. The active matrix type liquid crystal display apparatus
according to claim 12, wherein the overhanging parts on
both sides of the pixel electrodes have approximately same
dimensions.
18. An active matrix type liquid crystal display apparatus:

an insulation substrate;
scanning lines formed on the insulation substrate;

auxiliary capacitor lines arranged parallel to the scanning
lines;

signal lines extending in a direction intersecting a direc-
tion in which the scanning lines extend,

switching devices provided in the vicinity of each inter-
section of the scanning and signal lines such that the
switching devices are arrayed in a matrix form;

an interlaminar insulation film disposed on or above the
scanning lines, auxiliary capacitor lines, the signal
lines, and the switching devices; and

pixel electrodes formed on the interlaminar insulation film
and arranged in a matrix form, each electrode being
connected to an output terminal of the associated
switching device,

wherein each signal line is bent twice between two
adjacent scanning lines such that two generally parallel
but longitudinally displaced parts are formed, and these
two parts are covered by opposed side portions of two
adjacent pixel electrodes, and

wherein the auxiliary capacitor line is located in a position
corresponding to the portion between the two bents of
the signal line.

19. The active matrix type liquid crystal display apparatus
according to claim 18, wherein the auxiliary capacitor line
underlies the portion between the two bents of each side
edge of the signal line.

20. The active matrix type liquid crystal display apparatus
according to claim 18,

wherein the auxiliary capacitor line includes electrode
portions that extend toward the portion between the two
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bents of each signal line such that the electrode portions
are located in positions corresponding to the portions
between the two bents of the signal lines.

21. The active matrix type liquid crystal display apparatus
according to claim 18, further comprising a light shield film
provided on the insulation substrate in such a manner that
the light shield film spans a gap between the adjacent pixel
electrodes.
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22. The active matrix type liquid crystal display apparatus
according to claim 21, wherein said light shield film is
electrically connected to either the auxiliary capacitor line or
the scanning line.

23. The active matrix type liquid crystal display apparatus
according to claim 18, wherein the portion between the two
bents of each signal line forms a slant.
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