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(57) ABSTRACT 
Aliquid crystal display apparatus has a plurality of TFTs and 
pixel electrodes disposed in a matrix form in regions sur 
rounded With scanning lines and signal lines disposed on a 
glass substrate. The display apparatus also has an auxiliary 
capacitor electrode forrned almost all over a display screen 
in such a Way that the auxiliary capacitor electrode is 
opposed to the pixel electrodes With interposition of an 
insulation ?lrn therebetWeen. Aslit is formed in the auxiliary 
capacitor electrode in a region corresponding to a gap 
betWeen the adjacent pixel electrodes. Each pixel electrode 
rnay overlap the scanning lines and/or the signal lines. The 
Width of the slit of the auxiliary capacitor electrode may be 
larger than the Width of the gap betWeen the adjacent pixel 
electrodes. 
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LIQUID CRYSTAL DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a liquid crystal 
display apparatus of active matrix type. 

[0002] There is known a liquid crystal display apparatus of 
a type that has a plurality of pixel electrodes arranged in a 
matrix form and displays images by controlling voltages to 
be applied to the pixel electrodes through a plurality of 
sWitching elements connected to a plurality of scanning lines 
and a plurality of signal lines to thereby function as a shutter 
for adjusting light emitted from a light source such as a 
backlight. The liquid crystal display apparatus of this type 
has an advantage that it can display images With higher 
de?nition than a display apparatus such as a CRT (cathode 
ray tube), and is Widely used for televisions, computers, 
information portable or mobile terminals, and the like. 

[0003] HoWever, as the de?nition or resolution of images 
increases, it becomes increasingly dif?cult to alloW the 
scanning lines, the signal lines, and the auxiliary capacitor 
electrode to have a ?ne structure respectively. Thus there 
Will rise a problem that a light transmission area, namely, an 
aperture ratio decreases, Which results in reduction of bright 
ness. To solve the problem, various researches for increasing 
the aperture ratio have been made. 

[0004] A liquid crystal display apparatus having an 
increased aperture ratio is disclosed in Japanese Patent 
Application Laid-Open No. 11-311805. The liquid crystal 
display apparatus has a construction in Which an insulation 
?lm is sandWiched betWeen tWo transparent conductive 
?lms to form an auxiliary capacitor. In the construction of 
the liquid crystal display apparatus, the opening through 
Which light passes is not affected by the area of the auxiliary 
capacitor. Thus the auxiliary capacitance is suf?ciently 
secured and at the same time, the aperture ratio is increased. 

[0005] FIG. 9 is plan vieW shoWing the construction of the 
above liquid crystal display apparatus. FIG. 10 is a sectional 
vieW taken along line X-X of FIG. 9. The construction of the 
liquid crystal display apparatus Will be described beloW With 
reference FIGS. 9 and 10 in Which only one pixel is shoWn 
for the sake of simplicity although there are multiplicity of 
pixels. 
[0006] As shoWn in FIGS. 9 and 10, in a matrix board 51, 
a plurality of scanning lines 53 (only tWo of Which are 
shoWn) and a plurality of signal lines 54 (only tWo of Which 
are shoWn) are disposed on a glass substrate 52, and TFTs 
(thin ?lm transistors) 55 (only one of Which is shoWn) are 
formed at the intersection points of the scanning lines 53 and 
the signal lines 54. AplanariZation ?lm 56 is formed in such 
a Way as to cover the entire screen. Auxiliary capacitor 
electrodes 57, insulation ?lms 58, and pixel electrodes 59 
are sequentially formed over the planariZation ?lm 56. The 
planariZation ?lm 56, the auxiliary capacitor electrode 57, 
the insulation ?lm 58, and the pixel electrode 59 are made 
of transparent materials respectively. Each pixel electrode 
59 is connected to a drain electrode 61 through a through 
hole 60. The auxiliary capacitor electrode 57 and the insu 
lation ?lm 58 have partially been removed in a predeter 
mined pattern (shoWn With reference numeral 62 in FIG. 9) 
at the through-hole 60. 

[0007] The planariZation ?lm 56 serves to improve the 
?atness of the pixel electrodes 59. In addition, the planariZa 
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tion ?lm 56 is capable of insulating the signal lines 54 from 
the auxiliary capacitor electrodes 57. Therefore, the auxil 
iary capacitor electrode 57 can be formed all over the screen. 

[0008] To prevent optical leak from the periphery of the 
pixel electrode 59, an opposed board 64 sandWiching a 
liquid crystal layer 63 betWeen itself and the matrix board 51 
has a light-shielding ?lm 66 and an opposed electrode 67 
made of a transparent conductive ?lm on a glass substrate 
65. 

[0009] Because a transparent conductive ?lm is used for 
the auxiliary capacitor electrode 57, the pixel electrode 59 
other than a part shielded from light by the scanning line 53, 
the signal line 54, and the light-shielding ?lm 66 serves as 
the opening of the pixel, and the auxiliary capacitor is 
formed to have an area almost the same as the area of the 

pixel electrode 59. 

[0010] The above design of the liquid crystal display 
apparatus is intended to obtain a suf?cient auxiliary capaci 
tance and a high aperture ratio at the same time. HoWever, 
the design invites the orientation disorder of the liquid 
crystal in the periphery of the pixel electrode, Which causes 
conspicuous deterioration of the display quality. 

[0011] FIG. 11 is a sectional vieW taken along line XI-XI 
of FIG. 9. The reason for the conspicuous deterioration of 
the display quality Will be described beloW With reference to 
FIG. 11. 

[0012] As shoWn in FIG. 11, an orientation ?lm (not 
shoWn) is applied onto the inner side of each of the matrix 
board 51 and the opposed board 64. By carrying out rubbing 
treatment on the orientation ?lm, liquid crystal molecules 68 
of the liquid crystal layer 63 are oriented in almost parallel 
With each other and tilted at an equal angle. This angle is 
called a pre-tilt angle 69, at Which the liquid crystal mol 
ecules are raised on a doWnstream side of the rubbing 
direction 70. 

[0013] When the liquid crystal display apparatus displays 
an image, a voltage corresponding to a video signal is 
applied to the pixel electrodes 59. As a result, the liquid 
crystal molecules 68 are oriented in a direction along lines 
of electric force according to the pre-tilt angle 69, and an 
optical modulation is made according to a change of the 
orientation state thereof. To prevent a potential difference 
from being generated betWeen the auxiliary capacitor elec 
trode 57 and the opposed electrode 67, a voltage substan 
tially equal to that applied to the opposed electrode 67 is 
applied to the auxiliary capacitor electrode 57. 

[0014] At this time, an electric ?eld is generated almost 
perpendicularly at the center 71 of the pixel electrode 59. 
Thus the orientations of the liquid crystal molecules 68 
change uniformly at the center 71 of the pixel electrode 59. 
HoWever, in the periphery of the pixel electrode 59, a strong 
transverse electric ?eld (in FIG. 11, the direction of the 
electric ?eld is shoWn With broken lines) is generated from 
the pixel electrode 59 to the auxiliary capacitor electrode 57. 
Therefore the orientations of the liquid crystal molecules 68 
become non-uniform under the in?uence of the electric ?eld. 
In an extreme case, When a voltage is applied, the rotational 
direction of the liquid crystal molecules 68 in the periphery 
72 of the pixel electrode 59 becomes opposite to that of the 
liquid crystal molecules 68 at the center 71 of the pixel 
electrode 59 to generate a phenomenon called a “reverse tilt” 
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(in FIG. 11, an estimated or presumed rotational direction of 
liquid crystal molecules is shown With arroWs). In such a 
case, the orientation disorder reaches as far as an internal 
portion of the pixel electrode 59. Consequently optical leak 
is generated in the periphery of the piXel electrode 59, Which 
deteriorates the display quality of the image greatly. 

[0015] To prevent the in?uence of the orientation disorder, 
it is conceivable to light-shield the region in Which the 
orientation disorder is generated, by increasing the Width of 
the scanning line, the signal line, and the light-shielding 
?lm. HoWever, such a method results in decrease of the 
aperture ratio. On the other hand, increase of the thickness 
of the auXiliary capacitor insulation ?lm alloWs decrease of 
the in?uence of the electric ?eld from the auXiliary capacitor 
electrode, but leads to decrease of the auXiliary capacitance. 
Therefore the auXiliary capacitance cannot be secured suf 
?ciently. 

SUMMARY OF THE INVENTION 

[0016] Therefore, it is an object of the present invention to 
provide a liquid crystal display apparatus that alloWs a 
sufficient auXiliary capacitance and a high aperture ratio to 
be obtained at the same time, Without causing deterioration 
of display quality even When the de?nition is increased. 

[0017] In order to accomplish the above object, there is 
provided, according to an aspect of the present invention, a 
liquid crystal display apparatus comprising tWo boards 
betWeen Which a liquid crystal layer is sandWiched, one of 
the boards including: 

[0018] 
[0019] a plurality of signal lines disposed so as to 

intersect the scanning lines; 

[0020] a plurality of sWitching elements and a plu 
rality of piXel electrodes disposed in a matriX form in 
regions surrounded With the scanning lines and the 
signal lines; and 

[0021] an auXiliary capacitor electrode formed 
almost all over a display screen in such a manner that 
the auXiliary capacitor electrode is opposed to the 
piXel electrodes, With an insulation ?lm interposed 
therebetWeen, 

[0022] a region of the auXiliary capacitor electrode 
corresponding to a gap betWeen the adjacent piXel 
electrodes having at least partially been removed. 

a plurality of scanning lines; 

[0023] With the arrangement, because a region of the 
auXiliary capacitor electrode corresponding to a gap betWeen 
the adjacent piXel electrodes has at least partially been 
removed, it is possible to reduce the intensity of a transverse 
electric ?eld from the piXel electrode toWard the auXiliary 
capacitor electrode. Therefore, it is possible to reduce the 
orientation disorder of the liquid crystal layer generated in 
the periphery of the piXel electrode and obtain a suf?cient 
auXiliary capacitance and a high aperture ratio at the same 
time, Without causing deterioration of the display quality of 
the liquid crystal display apparatus. 

[0024] There is provided, according to another aspect of 
the present invention, a liquid crystal display apparatus 
comprising tWo boards betWeen Which a liquid crystal layer 
is sandWiched, one of the boards including: 
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[0025] 
[0026] a plurality of signal lines disposed so as to 

intersect the scanning lines; 

[0027] a plurality of sWitching elements and a plu 
rality of piXel electrodes disposed in a matriX form in 
regions surrounded With the scanning lines and the 
signal lines; and 

[0028] a light-shielding ?lm formed almost all over a 
display screen in such a manner that the light 
shielding ?lm is opposed to the piXel electrodes With 
an insulation ?lm interposed therebetWeen, 

[0029] a region of the light-shielding ?lm corre 
sponding to a gap betWeen the adjacent piXel elec 
trodes having at least partially been removed. 

a plurality of scanning lines; 

[0030] With this arrangement, because a region of the 
light-shielding ?lm corresponding to a gap betWeen the 
adjacent piXel electrodes has at least partially been removed, 
it is possible to reduce the intensity of a transverse electric 
?eld from the piXel electrode toWard the light-shielding ?lm. 
Therefore, it is possible to reduce the orientation disorder of 
the liquid crystal layer generated in the periphery of the piXel 
electrode and obtain a suf?cient auXiliary capacitance and a 
high aperture ratio at the same time, Without causing dete 
rioration of the display quality of the liquid crystal display 
apparatus. 

[0031] There is also provided, according to still another 
aspect of the present invention, a liquid crystal display 
apparatus comprising tWo boards betWeen Which a liquid 
crystal layer is sandWiched, one of the boards including: 

[0032] 
[0033] a plurality of signal lines disposed so as to 

intersect the scanning lines; 

[0034] a plurality of sWitching elements and a plu 
rality of piXel electrodes disposed in a matriX form in 
regions surrounded With the scanning lines and the 
signal lines; and 

[0035] a light-shielding ?lm and an auXiliary capaci 
tor electrode formed almost all over a display screen 
in such a manner that the auXiliary capacitor elec 
trode and the auXiliary capacitor electrode are 
opposed to the piXel electrodes With an insulation 
?lm interposed therebetWeen, 

[0036] a region of the light-shielding ?lm and of the 
auXiliary capacitor electrode corresponding to a gap 
betWeen the adjacent piXel electrodes having at least 
partially been removed. 

a plurality of scanning lines; 

[0037] With this arrangement, because a region of the 
light-shielding ?lm and of the auXiliary capacitor electrode 
corresponding to a gap betWeen the adjacent piXel electrodes 
have at least partially been removed, it is possible to reduce 
the intensity of a transverse electric ?eld from the piXel 
electrode toWard the light-shielding ?lm and the auXiliary 
capacitor electrode. Therefore, it is possible to reduce the 
orientation disorder of the liquid crystal layer generated in 
the periphery of the piXel electrode and obtain a suf?cient 
auXiliary capacitance and a high aperture ratio at the same 
time, Without causing deterioration of the display quality of 
the liquid crystal display apparatus. 
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[0038] The light-shielding ?lm may be formed in such a 
Way that the light-shielding ?lm is at least partially laid over 
the scanning lines, the signal lines, and/or the switching 
elements. 

[0039] When the light-shielding ?lm shields regions of the 
sWitching elements, optical leak from the sWitching ele 
ments is prevented. When the light-shielding ?lm shields 
regions of the scanning lines and/or the signal lines, optical 
leak generated from the vicinity of the scanning lines and/or 
the signal lines is prevented. The contrast is thereby 
improved. Thus the liquid crystal display apparatus is usable 
in an application, such as a projection system, in Which light 
having a high intensity is incident. 

[0040] The auXiliary capacitor electrode may be formed in 
such a Way that the auXiliary capacitor electrode is at least 
partially laid over the scanning lines, the signal lines, and/or 
the sWitching elements, Whereby a suf?cient auXiliary 
capacitance is formed. 

[0041] Also, the auXiliary capacitor electrode may be 
made of a light permeable material and disposed in at least 
one portion of an opening of each of piXels, Whereby a 
sufficient auXiliary capacitance is formed. 

[0042] The piXel electrodes may be formed in such a Way 
that the piXel electrodes overlap the scanning lines and/or 
the signal lines. In the liquid crystal display apparatus With 
this arrangement, in addition to that there hardly occurs 
orientation disorder in the vicinity of the piXel electrode, 
light is intercepted in the periphery of each piXel by the 
overlap betWeen the piXel electrodes and the scanning lines 
and/or the signal lines. Therefore even though the Width of 
the overlap betWeen the piXel electrode and the scanning line 
and/or signal line is small, the aperture ratio can be increased 
Without deteriorating the display quality of the liquid crystal 
display apparatus. 

[0043] When a Width of the removed portion of the 
auXiliary capacitor electrode is larger than a Width of the gap 
betWeen the adjacent piXel electrodes, it is possible to 
dispose the auXiliary capacitor electrode inside of the piXel 
electrode, namely, Within the region occupied by the piXel 
electrode. Therefore the piXel electrodes effectively shield 
the liquid crystal layer from electric ?eld components gen 
erated in the auXiliary capacitor electrode. As a result, the 
display quality is prevented from deterioration. 

[0044] Similarly, When a Width of the removed portion of 
the light-shielding ?lm is larger than a Width of the gap 
betWeen the adjacent piXel electrodes, it is possible to 
dispose the light-shielding ?lm Within the region occupied 
by the piXel electrode. Therefore the piXel electrodes effec 
tively shield the liquid crystal layer from electric ?eld 
components generated in the light-shielding ?lm. As a result, 
the display quality is prevented from deterioration. 

[0045] Other objects, features and advantages of the 
present invention Will be obvious from the folloWing 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] 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: 
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[0047] FIG. 1 is a plan vieW of a ?rst embodiment of the 
liquid crystal display apparatus according to the present 
invention; 
[0048] FIG. 2 is a sectional vieW taken along line 11-11 of 
FIG. 1, shoWing a positional relationship of parts in the ?rst 
embodiment; 
[0049] FIG. 3 is a sectional vieW taken along line III-III 
of FIG. 1; 

[0050] FIG. 4 is a plan vieW of a second embodiment of 
the liquid crystal display apparatus according to the present 
invention; 
[0051] FIG. 5 is a plan vieW of a third embodiment of the 
liquid crystal display apparatus according to the present 
invention; 
[0052] FIG. 6 is a sectional vieW taken along line VI-VI 
of FIG. 5; 

[0053] FIG. 7 is a plan vieW of a fourth embodiment of the 
liquid crystal display apparatus according to the present 
invention; 
[0054] FIG. 8 is a sectional vieW taken along line VIII 
VIII of FIG. 7; 

[0055] FIG. 9 is a plan vieW shoWing a prior art liquid 
crystal display apparatus; 

[0056] FIG. 10 is a sectional vieW taken along line X-X of 
FIG. 9; and 

[0057] FIG. 11 is a sectional vieW taken along line XI-XI 
of FIG. 9. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0058] (First Embodiment) 
[0059] The liquid crystal display apparatus of the present 
invention Will be described in detail beloW by Way of 
examples. 
[0060] FIG. 1 is a plan vieW of a ?rst embodiment of the 
liquid crystal display apparatus according to the present 
invention. FIG. 2 is a sectional vieW taken along line 11-11 
of FIG. 1. 

[0061] The liquid crystal display apparatus of the ?rst 
embodiment has a matriX board 3, an opposed board 16, and 
a liquid crystal layer 1 sandWiched therebetWeen. In the 
matriX board 3, a plurality of parallel scanning lines 4 (only 
tWo of Which are shoWn) and a plurality of parallel signal 
lines 5 (only tWo of Which are shoWn) are disposed on a glass 
substrate 2 in such a Way that the scanning lines 4 and the 
signal lines 5 intersect With each other at substantially right 
angles, and TFTs 6 (only one of Which is shoWn) as 
sWitching elements are formed near the intersections of the 
scanning lines 4 and the signal lines 5. Ametal material such 
as aluminum is used for the scanning lines 4 and the signal 
lines 5. The TFTs 6 are formed by a knoWn technique. 

[0062] A planariZation ?lm 7 is formed over the scanning 
lines 4 and the signal lines 5 formed in the shape of a lattice 
and the TFTs 6 in such a Way as to cover the entire substrate. 
To improve the ?atness of the planariZation ?lm 7, to secure 
its light transmission property, and to reduce its parasitic 
capacitance, a suitable material and a suitable ?lm thickness 
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are selected for the planariZation ?lm 7. In the ?rst embodi 
ment, to obtain a high degree of evenness and a thickness of 
the planariZation ?lm 7, a resinous material such as acrylic 
resin is used to form the planariZation ?lm 7 in a thickness 
of about 2 pm. An auxiliary capacitor electrode 8, an 
insulation ?lm 9, and pixel electrodes 10 are sequentially 
formed on the planariZation ?lm 7. 

[0063] The siZe of an auxiliary capacitance is determined 
by the area of overlapping betWeen the auxiliary capacitor 
electrode 8 and the pixel electrode 10 and the material and 
thickness of the insulation ?lm 9. To prevent deterioration of 
the display quality, such as display irregularity and crosstalk, 
it is preferable to set the auxiliary capacitance to a large 
value, but a thin insulation ?lm 9 is liable to cause leakage 
defects. Thus it is necessary to select a suitable material for 
the insulation ?lm 9 and suitably set its thickness in con 
sideration of the insulation property and transmission prop 
erty or permeability. In the ?rst embodiment, an inorganic 
oxide such as SiO2 or a resinous material such as acrylic 
resin is used to form the insulation ?lm 9 in a thickness of 
about 0.1 pm. An ITO (indium-tin Oxide) ?lm Which is a 
transparent conductive ?lm or the like is used to form the 
auxiliary capacitor electrode 8 and the pixel electrode 10. 
The auxiliary capacitor electrode 8 and the insulation ?lm 9 
have partially been removed in a predetermined pattern (see 
12 in FIG. 1) at a through-hole 11. The pixel electrode 10 
and a drain electrode 13 of the TFT 6 are connected to each 
other via the through-hole 11. 

[0064] The pixel electrode 10 is formed in such a Way that 
it overlaps the adjacent scanning lines 4 and signal lines 5 to 
thereby secure a sufficient area of an opening through Which 
light passes, Without using a light-shielding ?lm. In the ?rst 
embodiment, a slit 44 is formed in a predetermined pattern 
in the auxiliary capacitor electrode 8 by removing a part of 
the auxiliary capacitor electrode 8 located above a scanning 
line 4 and a signal line 5 running along tWo adjoining sides 
of the pixel electrode 10 making a corner therebetWeen at a 
rubbing penetration side (FIG. 1 shoWs a direction 15 in 
Which the rubbing treatment of matrix board 3 progresses.) 
of the matrix board 3. 

[0065] Observing orientation disorder Which occurs in a 
liquid crystal display apparatus having no slits in the aux 
iliary capacitor electrode, it has been found that the orien 
tation disorder is most liable to occur in the neighborhood of 
the corner of each pixel electrode of the matrix board 3 at its 
rubbing penetration side. The present invention is intended 
to take an effective measure against such an orientation 
disorder. 

[0066] It is preferable that the scanning line 4 and the 
signal line 5 have a smallest possible Width to increase the 
aperture ratio. But the scanning line 4 and the signal line 5 
too narroW Will exhibit a high resistance and affect pattern 
ing precision adversely. Thus in the ?rst embodiment, the 
Width of the scanning line 4 and that of the signal line 5 are 
set to about 7 pm. The gap betWeen the adjacent pixel 
electrodes 10 is set to about 5 pm. The Width of the overlap 
betWeen the pixel electrode 10 and each of the scanning line 
4 and the signal line 5 is set to about 1 pm. The Width of each 
slit 14 of the auxiliary capacitor electrode 8 is set to about 
6 pm so as to be Wider than the gap betWeen the adjacent 
pixel electrodes 10. The thickness of the liquid crystal layer 
1 is set to about 4 pm. 
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[0067] The opposed board 16 has an opposed electrode 18 
formed of a transparent conductive ?lm on a glass substrate 
17 thereof. 

[0068] The electric ?elds exerted upon the liquid crystal 
layer in the ?rst embodiment Will be described beloW. FIG. 
3 shoWs a section of the liquid crystal display apparatus 
taken along line III-III of FIG. 1. 

[0069] As shoWn in FIG. 3, in a central portion 19 of the 
pixel electrode 10, an electric ?eld is formed in a direction 
perpendicular to the pixel electrode 10 and to the opposed 
electrode 18 (the direction of the electric ?eld is shoWn With 
broken lines in FIG. 3). Although distortion of the electric 
?eld is generated at an end 20 of the pixel electrode 10, in 
the ?rst embodiment, the intensity of the transverse electric 
?eld exerted from the auxiliary capacitor electrode 8 to the 
pixel electrode 10 is much reduced as compared With the 
prior art because the auxiliary capacitor electrode 8 has been 
removed from the area corresponding to the gap betWeen the 
pixel electrodes 10. Consequently, liquid crystal molecules 
21 of the liquid crystal layer 1 do not generate the orientation 
disorder in the center portion 19 of the pixel electrode 10 and 
even the end 20 of the pixel electrode 10 (FIG. 3 shoWs 
estimated rotational directions of liquid crystal molecules 
With arroWs). 

[0070] To reduce the intensity of the transverse electric 
?eld, it is preferable to make the Width of the slit of the 
auxiliary capacitor electrode 8 larger than the gap betWeen 
the pixel electrodes 10 in such a Way that an edge of the 
auxiliary capacitor electrode 8 is disposed inside of the 
periphery of the pixel electrode 10. But if the Width of the 
slit of the auxiliary capacitor electrode 8 is too large, the area 
of overlap betWeen the pixel electrode 10 and the auxiliary 
capacitor electrode 8 is small. Consequently the auxiliary 
capacitance decreases. Therefore it is preferable to optimiZe 
the silt Width of the auxiliary capacitor electrode 8 Within the 
range in Which the orientation disorder of the liquid crystal 
can be prevented. Even though the slit Width of the auxiliary 
capacitor electrode 8 is small relative to the siZe of the gap 
betWeen the pixel electrodes 10, the effect of reducing the 
intensity of the electric ?eld can be obtained. 

[0071] To prevent the in?uence of the electric ?eld from 
the scanning line to the greatest possible degree, it is 
preferable that the thickness of the planariZation ?lm is 
large. Therefore the thickness of the planariZation ?lm 
should be optimiZed Within the range in Which the orienta 
tion disorder of the liquid crystal can be prevented Without 
losing the auxiliary capacitance. 

[0072] (Second Embodiment) 
[0073] FIG. 4 is a plan vieW shoWing a second embodi 
ment of the liquid crystal display apparatus according to the 
present invention. The liquid crystal display apparatus of the 
second embodiment has a sectional vieW similar to that of 
the liquid crystal display apparatus of the ?rst embodiment. 
The liquid crystal display apparatus of the second embodi 
ment is different from the ?rst embodiment in that slits 22 of 
the auxiliary capacitor electrode are formed along scanning 
lines 4. Constituent parts of the liquid crystal display appa 
ratus of the second embodiment same as the constituent 
parts of the ?rst embodiment are denoted by the same 
reference numerals and the description thereof is omitted 
herein. 
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[0074] Because the liquid crystal display apparatus is 
driven by using alternating current, various driving methods 
are available With respect to reversing the polarity of a signal 
voltage. The second embodiment employs a driving method 
by Which the polarity of the signal voltage is reversed every 
scanning line. Observing an orientation disorder in the 
periphery of pixel electrodes of liquid crystal display appa 
ratuses that are driven by this driving method, it has been 
found that the orientation disorder occurs outstandingly in 
the neighborhood at the scanning line side of the pixel 
electrode. It has been also found that the construction having 
the slits 22 formed along the scanning lines 4 is particularly 
effective for such a driving method. 

[0075] As described above, the position Where the orien 
tation disorder is likely to occur depends on the rubbing 
direction of the matrix board and the method of reversing the 
voltage polarity of video signals. Thus it is important to form 
the slits of the auxiliary capacitor electrode in regions Where 
the orientation disorder is most likely to occur. For example, 
in the driving method of inverting the polarity of the signal 
voltage every signal line, the orientation disorder is liable to 
occur in the periphery of the pixel electrode along the signal 
line. In this case, it may be advisable to also make a slit in 
the auxiliary capacitor electrode near the signal line by 
removing a part of the auxiliary capacitor electrode in a 
predetermined pattern. AnyWay, it is important to form slits 
of the auxiliary capacitor electrode in regions Where the 
orientation disorder is most likely to occur for each case. 

[0076] Providing the auxiliary capacitor electrode With 
slits makes it possible to decrease the intensity of the 
transverse electric ?eld in the periphery of the pixel elec 
trode. Thus the disposition and con?guration of the slits 
relative to the rubbing direction and the driving direction 
may be changed from that of the liquid crystal display 
apparatus of the second embodiment. 

[0077] (Third Embodiment) 
[0078] FIG. 5 is a plan vieW shoWing a third embodiment 
of the liquid crystal display apparatus according to the 
present invention. FIG. 6 is a sectional vieW taken along line 
VI-VI of FIG. 5. 

[0079] As shoWn in FIGS. 5 and 6, the liquid crystal 
display apparatus of the third embodiment has a matrix 
board 33 and an opposed board 46 betWeen Which a liquid 
crystal layer 31 is sandWiched. In the matrix board 33, a 
plurality of parallel scanning lines 34 (only tWo of Which are 
shoWn) and a plurality of parallel signal lines 35 (only tWo 
of Which are shoWn) are disposed on a glass substrate 32 in 
such a Way that the scanning lines 34 and the signal lines 35 
intersect each other at approximately right angles, and TFTs 
36 (only one of Which is shoWn) are formed near the 
intersections of the scanning lines 34 and the signal lines 35. 

[0080] AplanariZation ?lm 37 is formed over the scanning 
lines 34 and the signal lines 35, formed in the shape of a 
lattice, and over the TFTs 36 in such a Way that the 
planariZation ?lm 37 covers the entire matrix board 33. A 
light-shielding ?lm 38, an insulation ?lm 39, and pixel 
electrodes 40 are sequentially formed on the planariZation 
?lm 37. 

[0081] The liquid crystal display apparatus of the third 
embodiment is different from the ?rst embodiment in that 
the light-shielding ?lm 38 made of a lightproof material also 
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serves as an auxiliary capacitor electrode. The light-shield 
ing ?lm 38 is made of a metal material such as aluminum. 
The construction of the third embodiment eliminates the 
need for making a ?ne structure for electric Wires dedicated 
to the auxiliary capacitor electrode and is thus suitable as the 
design for higher de?nition of images. 

[0082] The siZe of the auxiliary capacitance is determined 
by an area of overlap or coincide of the light-shielding ?lm 
38 With a pixel electrode 40 and the material and thickness 
of the insulation ?lm 39. An ITO ?lm or the like Which is a 
transparent conductive ?lm is used to form the pixel elec 
trode 40. 

[0083] The light-shielding ?lm 38 has been patterned by 
removing a portion inside of the pixel electrode 40 and the 
TFT 36, namely a portion Within an area de?ned by the 
edges of the pixel electrode but excluding the TFT area, 
Which portion serves as an opening 49 of a pixel through 
Which light passes. The light-shielding ?lm 38 intercepts 
light from the region of the TFT 36 to thereby reduce optical 
leak that occurs at the TFT 36. The light-shielding ?lm 38 
also reduces optical leak that occurs in the vicinity of the 
scanning lines 34 and the signal lines 35 and is thus capable 
of improving the contrast. Thus the design using the light 
shielding ?lm 38 is applicable to a projection display Where 
light having a high intensity is incident. 

[0084] Part of the insulation ?lm 39 has been removed in 
a predetermined pattern (see 42 of FIG. 5) at a through-hole 
41 through Which the pixel electrode 40 and a drain elec 
trode 43 of the TFT 36 are connected to each other. 

[0085] The pixel electrode 40 is formed in such a Way that 
the pixel electrode 40 overlaps the adjacent scanning lines 
34 and signal lines 35. In the third embodiment, the light 
shielding ?lm 38 has rectangular slits 44 formed in a 
predetermined pattern along the four sides of the pixel 
electrode 40 and above the scanning lines 34 and the signal 
lines 35 except for regions of intersection of the scanning 
lines 34 and the signal lines 35. In spite of the existence of 
the slits 94 for each pixel, the entire light-shielding ?lm 38 
is electrically conductive. 

[0086] The opposed board 46 has an opposed electrode 48 
composed of a transparent conductive ?lm on a glass 
substrate 47 thereof. 

[0087] In the third embodiment, the light-shielding ?lm 38 
is intended for use as an auxiliary capacitor electrode as 
Well. But the light-shielding ?lm 38 may be formed for only 
light shielding purposes. For example, the light-shielding 
?lm 38 may be a black matrix. The con?guration of the 
light-shielding ?lm 38 may be changed in accordance With 
applications. For example, the light-shielding ?lm 38 may 
be so shaped as to shield only scanning line regions, only 
signal line regions, or only TFT regions. 

[0088] The slits 44 have an effect of preventing the ori 
entation disorder, similar to the slits of the auxiliary capaci 
tor electrode in the ?rst and second embodiments. The shape 
of the slits may be appropriately altered in consideration of 
the in?uence of the slit on the orientation state of the liquid 
crystal. Thus the slits of the third embodiment may have 
shapes different from the shoWn shape. 
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[0089] (Fourth Embodiment) 
[0090] FIG. 7 is a plan vieW of a fourth embodiment of the 
liquid crystal display apparatus according to the present 
invention. FIG. 8 is a sectional vieW taken along line 
VIII-VIII of FIG. 7. 

[0091] As shoWn in FIGS. 7 and 8, the liquid crystal 
display apparatus of the fourth embodiment has a matriX 
board 83 and an opposed board 96 betWeen Which a liquid 
crystal layer 81 is sandWiched. In the matriX board 83, a 
plurality of 20 parallel scanning lines 84 (only tWo of Which 
are shoWn) and a plurality of parallel signal lines 85 (only 
tWo of Which are shoWn) are disposed on a glass substrate 82 
in such a Way that the scanning lines 84 and the signal lines 
85 intersect With each other, and TFTs 86 (only one of Which 
is shoWn) are formed near the intersections of the scanning 
lines 84 and the signal lines 85. 

[0092] AplanariZation ?lm 87 is formed over the scanning 
lines 84 and the signal lines 85 formed in the shape of a 
lattice and over the TFTs 86 in such a Way that the pla 
nariZation ?lm 87 covers the entire matriX board 83. A 
light-shielding ?lm 101, an auXiliary capacitor electrode 88, 
an insulation ?lm 99, and piXel electrodes 90 are sequen 
tially formed on the planariZation ?lm 87. 

[0093] The liquid crystal display apparatus of the fourth 
embodiment is different from the third embodiment in that 
the light-shielding ?lm 101 made of a lightproof material is 
covered by an auXiliary capacitor electrode 88 made of a 
transparent conductive ?lm. The light-shielding ?lm 101 has 
partially been removed in a predetermined pattern in a 
region inWard of the piXel electrode 90 that does not include 
a TFT 93 region. The auXiliary capacitor electrode 88 made 
of the transparent conductive ?lm is formed on almost the 
entire surface of the board or display screen including 
openings 100 of the pixels. 

[0094] The value of the auXiliary capacitance is deter 
mined by the area of overlap or coincide betWeen the 
auXiliary capacitor electrode 88 and the piXel electrode 90 
and the material and thickness of the insulation ?lm 99. ITO 
Which is a transparent conductive material or the like is used 
to form the auXiliary capacitor electrode 88 and the piXel 
electrode 90. The auXiliary capacitor electrode 88 and the 
insulation ?lm 99 have been removed (see 92 in FIG. 7) in 
a predetermined pattern at a through-hole 91 via Which the 
piXel electrode 90 and a drain electrode 43 of the TFT 86 is 
connected to each other. 

[0095] The piXel electrode 90 is formed in such a Way that 
the piXel electrode 90 overlaps the scanning lines 84 and the 
signal lines 85. In the fourth embodiment, the light-shielding 
?lm 101 and the auXiliary capacitor electrode 88 have their 
respective rectangular slits 94 formed in a predetermined 
pattern along the four sides of the piXel electrode 90 and 
above the scanning lines 84 and the signal lines 85 eXcept for 
regions of intersection of the scanning lines 84 and the signal 
lines 85. In spite of the existence of the slits 94 for each 
piXel, the entire auXiliary capacitor electrode 88 is electri 
cally conductive. 

[0096] The opposed board 96 has an opposed electrode 98 
formed of a transparent conductive ?lm on a glass substrate 
97 thereof. 

[0097] In the fourth embodiment, because the auXiliary 
capacitance is determined by the area of overlap betWeen the 
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auXiliary capacitor electrode 88 and the piXel electrode 90, 
it is possible to increase the auXiliary capacitance irrespec 
tive of the siZe of the opening 100 and also form the 
light-shielding ?lm 101 in a minimum necessary region to 
be shielded. Thus it is possible to increase the auXiliary 
capacitance and the aperture ratio at the same time. 

[0098] The con?guration of the light-shielding ?lm may 
be changed from that of the fourth embodiment. For 
eXample, the light-shielding ?lm may be so shaped as to 
shield only scanning line regions, only signal line regions or 
only TFT regions. 

[0099] The slits 94 have an effect of preventing the ori 
entation disorder, similar to the slits in the ?rst to third 
embodiments. The con?guration of the slits may be appro 
priately selected in consideration of the in?uence of the slits 
on the orientation state of the liquid crystal. Thus the slits of 
the fourth embodiment may be modi?ed to have different 
con?gurations. 

[0100] In the ?rst, second, third, and fourth embodiments, 
the liquid crystal display apparatuses of transmission type 
have been described. But the present invention is applicable 
to a liquid crystal display apparatus of other types such as 
re?ection type and irrespective of the construction of sWitch 
ing elements. 

[0101] As apparent from the foregoing description, 
according to the present invention, it is possible to greatly 
reduce the transverse electric ?eld in the periphery of the 
piXel electrodes and thus prevent the orientation disorder of 
the liquid crystal layer. Therefore, it is possible to obtain a 
liquid crystal display apparatus having a suf?cient auXiliary 
capacitance and a high aperture ratio and hence a high 
display quality even though a high-de?nition image is 
displayed. Further the present invention achieves superior 
display performance With a high contrast even in an appli 
cation Where light having a high intensity is used, such as in 
a projection display system or the like. 

[0102] It is knoWn that the easiness of the generation of the 
orientation disorder of the liquid crystal layer is different 
according to a pre-tilt angle, namely an angle of a liquid 
crystal molecule in a voltage-unapplied state With respect to 
the surface of an orientation ?lm, and an orientation sup 
pressing force. It is important to improve those character 
istics of materials of the liquid crystal and the orientation 
?lm. In addition, the materials for the liquid crystal and the 
orientation ?lm are required to satisfy various additional 
requirements such as a voltage-holding characteristic, a 
refractive indeX, a dielectric constant, an elastic constant, a 
transition temperature, and the like. These requirements 
have made it dif?cult to develop preferable materials for the 
liquid crystal and the orientation ?lm. 

[0103] HoWever, by applying the present invention to 
liquid crystal display apparatuses, it becomes possible to 
Widen the degree of freedom in selecting materials for the 
liquid crystal and the orientation ?lm and thus easily 
improve performance in terms of a response speed, reliabil 
ity, and the like Which are generally required of the liquid 
crystal display apparatuses. 

[0104] 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 modi?cations 
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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. A liquid crystal display apparatus comprising tWo 

boards betWeen Which a liquid crystal layer is sandWiched, 
one of the boards including: 

a plurality of scanning lines; 

a plurality of signal lines disposed so as to intersect the 
scanning lines; 

a plurality of sWitching elements and a plurality of pixel 
electrodes disposed in a matrix form in regions sur 
rounded With the scanning lines and the signal lines; 
and 

an auxiliary capacitor electrode formed almost all over a 
display screen in such a manner that the auxiliary 
capacitor electrode is opposed to the pixel electrodes, 
With an insulation ?lm interposed therebetWeen, 

a region of the auxiliary capacitor electrode correspond 
ing to a gap betWeen the adjacent pixel electrodes 
having at least partially been removed. 

2. The liquid crystal display apparatus according to claim 
1, Wherein the auxiliary capacitor electrode is at least 
partially laidover the scanning lines, the signal lines, and/or 
the sWitching elements. 

3. The liquid crystal display apparatus according to claim 
1, Wherein the auxiliary capacitor electrode is made of a 
light permeable material and disposed in at least one portion 
of an opening of each of pixels. 

4. The liquid crystal display apparatus according to claim 
1, Wherein the pixel electrodes overlap the scanning lines 
and/or the signal lines. 

5. The liquid crystal display apparatus according to claim 
1, Wherein a Width of the removed portion of the auxiliary 
capacitor electrode is larger than a Width of the gap betWeen 
the adjacent pixel electrodes. 

6. A liquid crystal display apparatus comprising tWo 
boards betWeen Which a liquid crystal layer is sandWiched, 
one of the boards including: 

a plurality of scanning lines; 

a plurality of signal lines disposed so as to intersect the 
scanning lines; 

a plurality of sWitching elements and a plurality of pixel 
electrodes disposed in a matrix form in regions sur 
rounded With the scanning lines and the signal lines; 
and 

a light-shielding ?lm formed almost all over a display 
screen in such a manner that the light-shielding ?lm is 
opposed to the pixel electrodes With an insulation ?lm 
interposed therebetWeen, 

a region of the light-shielding ?lm corresponding to a gap 
betWeen the adjacent pixel electrodes having at least 
partially been removed. 
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7. The liquid crystal display apparatus according to claim 
6, Wherein the light-shielding ?lm is at least partially laid 
over the scanning lines, the signal lines, and/or the sWitching 
elements. 

8. The liquid crystal display apparatus according to claim 
6, Wherein the pixel electrodes overlap the scanning lines 
and/or the signal lines. 

9. The liquid crystal display apparatus according to claim 
6, Wherein a Width of the removed portion of the light 
shielding ?lm is larger than a Width of the gap betWeen the 
adjacent pixel electrodes. 

10. A liquid crystal display apparatus comprising tWo 
boards betWeen Which a liquid crystal layer is sandWiched, 
one of the boards including: 

a plurality of scanning lines; 

a plurality of signal lines disposed so as to intersect the 
scanning lines; 

a plurality of sWitching elements and a plurality of pixel 
electrodes disposed in a matrix form in regions sur 
rounded With the scanning lines and the signal lines; 
and 

a light-shielding ?lm and an auxiliary capacitor electrode 
formed almost all over a display screen in such a 
manner that the auxiliary capacitor electrode and the 
auxiliary capacitor electrode are opposed to the pixel 
electrodes With an insulation ?lm interposed therebe 
tWeen, 

a region of the light-shielding ?lm and of the auxiliary 
capacitor electrode corresponding to a gap betWeen the 
adjacent pixel electrodes having at least partially been 
removed. 

11. The liquid crystal display apparatus according to claim 
10, Wherein the light-shielding ?lm is at least partially laid 
over the scanning lines, the signal lines, and/or the sWitching 
elements. 

12. The liquid crystal display apparatus according to 
claim 10, Wherein the auxiliary capacitor electrode is at least 
partially laid over the scanning lines, the signal lines, and/or 
the sWitching elements. 

13. The liquid crystal display apparatus according to 
claim 10, Wherein the auxiliary capacitor electrode is made 
of a light permeable material and disposed in at least one 
portion of an opening of each of pixels. 

14. The liquid crystal display apparatus according to 
claim 10, Wherein the pixel electrodes overlap the scanning 
lines and/or the signal lines. 

15. The liquid crystal display apparatus according to 
claim 10, Wherein a Width of the removed portion of the 
auxiliary capacitor electrode is larger than a Width of the gap 
betWeen the adjacent pixel electrodes. 

16. The liquid crystal display apparatus according to 
claim 10, Wherein a Width of the removed portion of the 
light-shielding ?lm is larger than a Width of the gap betWeen 
the adjacent pixel electrodes. 

* * * * * 


