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(57) ABSTRACT

Aliquid crystal display device in which lengths (d1 and d2) of
respective picture element electrodes (60) in an extended
direction of scanning signal lines (32) are longer than lengths
(d3) of the respective picture element electrodes (60) in an
extended direction of video signal lines (35) is arranged such
that storage capacitor lines (36) are provided along the
respective scanning signal lines (32) so as to overlap the
respective picture element electrodes (60) via an insulating

(21) Appl. No.: 12/812,723
(22) PCT Filed: Dec. 1, 2008 film (70) in plan view.
10
60(66) 57 /
i
: d4=18um I?ZOZZum
o i E—

60068 lga—agm - <— A

d12}7pm

168 }
== 36 (d11=5pm)
= \\b‘\-;\\\*&_\\ TR S . 32 (33)
\ | | (d10=5um)
d2=169um | i
<A Y
e oA _ % e A
35 60 (66) 14 35 88 X




Patent Application Publication ~ Nov. 25,2010 Sheet 1 of 11 US 2010/0296017 A1

el s d4=18un  |d20=2um |d22=Tum | ||AfSgEm) | |d25=6un

T 1l i * ;
56171 es \ d1=187um | 61 (|5 | |412=7pm
e e e 36(d1ISE)
TS ? j:.m- > - \\\\1..\:.\‘ T S AN NI ‘\IL\\E\EE‘: R 117 = P—--\_—T—;ar._sz (33)
| Sep ) | i (d105m)
. | i

, <\ Y

35 60 (66) 14 35 88 ‘—I—'x

.
= if?i; iﬂ}; |
[45)
[T
o MO

——
58

/’y/;«;

i%



Patent Application Publication ~ Nov. 25,2010 Sheet 2 of 11 US 2010/0296017 A1

FIG 2
10
A A
‘C 1§ 24
80—t 90 +-80(84)
V-
128
60(64) 60 (66)
~14
T 70
-22




Patent Application Publication

FIG. 3

50

52
56

: NN
40 N
T
BRI RIS
7

Nov. 25,2010 Sheet 3 of 11

US 2010/0296017 A1

#~160 (64) d3=45um <—B

A

d12=11um
=36 (d11=5m)

] L
RSN X o
SIS S S

35 60(66)

d2=169,m |

<—IB

32 (33)

| (d10=5um)



Patent Application Publication  Nov. 25,2010 Sheet 4 of 11 US 2010/0296017 A1

FIG. 4
[1/0
B B
4-24
: gg) e 980 4-80(84)
V_
1-28
60 (66)
14
~72}7°




Patent Application Publication  Nov. 25,2010 Sheet 5of 11 US 2010/0296017 A1

FIG.

60(66) 57 42 37

HETE

S

Wi

|

35 60 (66)

FIG. 6

60 (66) 5,7 42 37 /

e,

é

I~
(o)
R

36

==-32(34)
50 NE |
=

B
56— §

- 36
42 (33)

0

35 60(66) RS 14 35 88 X



Patent Application Publication  Nov. 25,2010 Sheet 6 of 11 US 2010/0296017 A1

FI1G. 7

60(66) 57 42 37

35 60(66)

FIG. 8

7 A :
CENRTIRY sl 2 R B N T O R B S R U Y R (R SRS £

2o = 60 (64

"v\ % !

!

i
L6 o [IE | !
56T 1 ANEE 1 i r e i
) S A Y A T S R PO B PRSP RE R AR & A R R ‘;\)_‘)’«_.36

%
(‘: 3 : R R o A NN }j}‘\\x};,:\' e e e e T T N,
7

62




US 2010/0296017 A1

Nov. 25,2010 Sheet 7 of 11

Patent Application Publication

FIG. 9

1

11

(
AN |

o
522

/

36

10

FIG.

PIXEL
BOUNDARY
80(82)

88



Patent Application Publication ~ Nov. 25,2010 Sheet 8 of 11 US 2010/0296017 A1

FIG. 11

\\ |80 (86)
N\

88 X

SRNEETT_-.-

35 60(66) 14 35 88 X



Patent Application Publication ~ Nov. 25,2010 Sheet 9 of 11 US 2010/0296017 A1

FIG. 13
/1 0
X | X
gE
14 ;,"' 14 ,v24
| [ s &
%
80t J . 90 L-80(84)
8 e = 3
V ¥ f( a’/RZ““«,. &u
T\ Vs ; r—— 3 kW
21 N ~-28
e g ; i /‘
o | 1 -
n
60 (64) \il
61—
};{j
il
£ g {




Patent Application Publication  Nov. 25,2010 Sheet 100f11  US 2010/0296017 A1

I~

F

\
o
=
1
I
(2%

=
o
no
(e ]
1l
[

B

(22
Cf
A

d3=43pm| <Y

|

T (e , | @18
/ !

|
i
:

==-32(39)

SR : il | (d10=8ym)
| d2=169um |
| <y !

35 50 (66) 14 ‘—I"x



Patent Application Publication  Nov. 25,2010 Sheet 110f11  US 2010/0296017 A1

FIG. 15
/10
Y Y
¢ r
80k 90 180 (84)
V._~—\ A
108
60 (64) 60 (66)
;—_——'v_ﬂr
! )3 b0
J 199
i
FIG. 16
(a) (b)
2 60 1614 /10 21614 60 /10
e UM S i oy
! v | R Vi R’
R|G|Bi{R|6G|B \ G G
\ B B
THREE R R_[
oNE | |[R|G[B{R|G|B SCANNING G 6 \
SCANNING SIGNAL B B ]
SGNAL 35 LINES 35
Ll ] o L
THREE VIDEO ONE VIDEO
SIGNAL LINES SIGNAL LINE




US 2010/0296017 A1

LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device, particularly to a liquid crystal display device
including so-called transversely-lengthened picture element
electrodes.

BACKGROUND ART

[0002] A liquid crystal display device, especially an active
matrix liquid crystal display device, has been widely used as
a display element. According to this active matrix liquid
crystal display device, picture elements include respective
switching elements. In order to control the respective switch-
ing elements, a plurality of scanning signal lines and a plu-
rality of video signal lines are provided so as to intersect each
other. The respective switching elements are provided at
respective intersections of the plurality of scanning signal
lines and the plurality of video signal lines. Note that a sub-
stantially rectangular region defined by a scanning signal line
and a video signal line is regarded as a picture element and the
picture element includes a picture element electrode.

[0003] (Vertically-Lengthened Picture Element Electrode)
[0004] Note here that the picture element electrode has
been vertically lengthened in general. The following descrip-
tion is given with reference to (a) of FIG. 16. (a) of FIG. 16 is
a drawing illustrating an arrangement of picture elements 14
in a liquid crystal display device 10 which realizes color
display.

[0005] In order to realize color display, three kinds of the
picture elements 14 are provided so as to display R (red), G
(green), and B (blue), respectively (see (a) of FIG. 16).
[0006] A single pixel 16 is constituted by a set of the three
kinds of the picture elements 14 for R, G, and B.

[0007] Note here that the pixel 16 is substantially square in
general at least for the purpose of displaying a more natural
video picture to a viewer of the liquid crystal display device
10. The liquid crystal display device 10 often has a rectangu-
lar shape which is transversely lengthened. In view of this,
each of the picture elements 14 has been vertically lengthened
so that a larger number of the plurality of scanning signal lines
or the plurality of video signal lines are drawn toward longer
sides of the rectangular shape.

[0008] Specifically, the pixel 16 has been vertically parti-
tioned into three, and each of the picture elements 14 forR, G,
and B has been vertically lengthened. This provides a single
pixel 16 with (i) three signal lines (video signal lines 35) in the
vertical direction and (ii) a single signal line (a scanning
signal line 32) in a transverse direction. As a result, the num-
ber of the signal lines (video signal lines 35) which are drawn
toward the longer sides of the rectangular shape has been
larger than that of the signal lines (scanning signal lines 32).
[0009] Note that a picture element electrode 60 is provided
in a substantially entire region of the picture element 14. In
view of this, the picture element electrode 60 has also been
vertically lengthened in accordance with the picture element
14 which has been vertically lengthened as described earlier.

[0010] (Transversely-Lengthened Picture Element Elec-
trode)
[0011] The following suggests an arrangement of a picture

element 14 including a picture element electrode 60 which is
transversely lengthened, in contrast to the picture element
electrode 60 which is vertically lengthened as described ear-
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lier. Such an arrangement intends to reduce the number of
video signal lines 35 so as to achieve a lower power consump-
tion. The following description is given with reference to (b)
of FIG. 16. (b) of FIG. 16 is a drawing illustrating, similarly
to (a) of FIG. 16, an arrangement of the picture elements 14 in
aliquid crystal display device 10 which realizes color display.
[0012] According to the liquid crystal display device 10
including the picture element electrodes 60 which are trans-
versely lengthened, a single pixel 16 is partitioned into three
not vertically but transversely (see (b) of FIG. 16). Then, three
picture elements 14 which are transversely lengthened are
provided in the single pixel 16. Note that the three picture
elements 14 correspond to R, G, and B, respectively.

[0013] Thepicture element electrode 60 is also transversely
lengthened in accordance with the picture element 14 which
is transversely lengthened.

[0014] Employment of the arrangement causes an increase
in number of the scanning signal lines 32 provided in the
transverse direction to 3 (three), but allows a reduction in
number of the video signal lines 35 provided in the vertical
direction to 1 (one). This can reduce a driver for the video
signal lines 35 which consumes more power and is higher in
production cost in general than a driver for the scanning
signal lines 32. This allows a lower power consumption and a
production cost reduction.

[0015] Note that a circuit configuration of the driver for the
scanning signal lines 32 is simpler than that of the driver for
the video signal lines 35. In view of this, circuits of the
respective drivers for the scanning signal lines 32 and the
video signal lines 35 are provided, together with the scanning
signal lines 32 and the video signal lines 35, on a single
substrate, whereby a further reduction in production cost can
be achieved.

[0016] Note again that the circuit configuration of the driver
for the scanning signal lines 32 is simpler than that of the
driver for the video signal lines 35. This allows (i) a reduction
in region where the drivers are mounted and (ii) a contribution
to miniaturization of the liquid crystal display device 10.
[0017] Note again that thecircuit configuration of the driver
for the scanning signal lines 32 is simpler than that of the
driver for the video signal lines 35. In view of this, it is also
easy to provide a single driver with the circuits of the respec-
tive drivers for the scanning signal lines 32 and the video
signal lines 35. In this case, the number of the drivers can be
reduced. This can contribute to (i) miniaturization of the
liquid crystal display device 10 and (ii) a reduction in cost of
mounting the drivers.

[0018] For example, Patent Literature 1 discloses a liquid
crystal display device including transversely-lengthened pic-
ture element electrodes as mentioned above.

[0019] (Patent Literature 1)

[0020] Namely, in order to achieve a reduction in produc-
tion cost and a lower power consumption, Patent Literature 1
discloses a liquid crystal display device including picture
element electrodes which are lengthened in an extended
direction of scanning signal lines.

[0021] Note here that in order to reduce a display defect
such as a flicker, it is generally necessary that a parasitic
capacitance generated between a picture element electrode
and a scanning signal line which drives a picture element of
the picture element electrode (this parasitic capacitance is
hereinafter denoted as Cgd) be small with respect to a total of
parasitic capacitances placed on the picture element electrode
(this total is hereinafter denoted as Cpix). For example, when
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the scanning signal line is changed from an electric potential
for turning ON the picture element electrode to one for turn-
ing OFF the picture element electrode, there occurs a change
in electric potential of the picture element electrode in accor-
dance with a ratio of Cgd to Cpix and a scale of the change in
electric potential of the scanning signal line. In a case where
AC driving is carried out for the prevention of deterioration in
liquid crystal, a display abnormality such as a flicker or a
luminance abnormality occurs if voltages applied to the lig-
uid crystal are different between cases where (i) the picture
element electrode has apositive electric potential with respect
to a common electrode and (ii) the picture element electrode
has a negative electric potential with respect to the common
electrode. This requires the change in electric potential of the
picture element electrode to be corrected by controlling a
video signal or an electric potential of the common electrode.
Note here that it is impossible to appropriately carry out the
correction in a case where (i) the correction cannot be carried
out for each tone, (ii) a range of correction values is narrow
due to voltage limitation, or (iii) the correction can be carried
out only in given (e.g., 50 mV) increments. This reduces
allowance against a display defect and Cgd is therefore
required to be as small as possible. Further, it is preferable that
aliquid crystal capacitance included in Cpix and especially a
storage capacitance be large. Note here that (i) the liquid
crystal capacitance refers to a capacitance generated, via a
liquid crystal material, between the picture element electrode
and the common electrode and (ii) the storage capacitance
refers to a capacitance juxtaposed to the liquid crystal capaci-
tance.

[0022] As for this point, according to the arrangement dis-
closed in Patent Literature 1, a picture element electrode is
extended beyond a scanning signal line, and a reduction in
Cgd can be expected by shielding, with an adjacent picture
element electrode, an electric field occurring toward a place
where the liquid crystal material is sandwiched.

[0023] Patent Literature 1

[0024] Japanese Patent Application Publication, Toku-
kathei, No. 11-167127 A (Publication Date: Jun. 22, 1999)

SUMMARY OF INVENTION

[0025] However, for example, according to the arrange-
ment disclosed in Patent Literature 1, there is a problem that
generation of Cgd can be controlled to some extent but insuf-
ficiently.

[0026] Namely, Cgd is apt to increase because a closest
distance between the scanning signal line and the trans-
versely-lengthened picture element electrode will become
enlarged. In view of this, the arrangement in which the picture
element electrode is superposed on the scanning signal line
can only insufficiently control the generation of Cgd.

[0027] (Storage Capacitance)

[0028] Inaddition, according to the arrangement, there is a
problem that a display quality is highly likely to deteriorate
because no desired voltage is applied to liquid crystal mol-
ecules.

[0029] Namely, according to the arrangement which is dis-
closed in Patent Literature 1 and in which a storage capaci-
tance is formed by overlapping an adjacent scanning signal
line and a picture element electrode (or an electrode con-
nected to the picture element electrode) viaan insulating film,
a load on a scanning signal line increases, so that a signal
delay is highly likely to be enlarged. Particularly in a case
where the number of video signal lines is reduced and the
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number of scanning signal lines is increased, a selection
period for a single scanning signal line is shortened unless a
frequency at which a single screen is rewritten is reduced. For
this reason, an enlarged signal delay occurring in the scanning
signal line makes it impossible to secure time enough for the
video signal to be written in the picture element electrode.
Namely, a potential of the picture element electrode may fail
to reach a desired value. Such a failure ofthe potential to reach
the desired value prevents the liquid crystal molecules from
orienting in a desired direction. This causes a deterioration in
display quality. Note that particularly recently, the number of
scanning signal lines tends to increase in response to a
demand for a higher definition.

[0030] The present invention has been made in view of the
above problems, and an object of the present invention is to
provide a liquid crystal display device which allows (i) pre-
vention of decreases in aperture ratio and storage capacitance,
(i1) a reduction in parasitic capacitance generated between a
picture element electrode and a scanning signal line which
drives a picture element of the picture element electrode, and
(iii) prevention of a deterioration in display quality.

[0031] In order to attain the object, a liquid crystal display
device of the present invention including: a first substrate; a
second substrate; a liquid crystal material sealed between the
first substrate and the second substrate; a plurality of scanning
signal lines on the first substrate; a plurality of video signal
lines on the first substrate which intersect the respective plu-
rality of scanning signal lines; a plurality of switching ele-
ments on the first substrate which are electrically connected
to the respective plurality of scanning signal lines and the
respective plurality of video signal lines; and a plurality of
picture element electrodes on the first substrate which are
provided in a matrix pattern and electrically connected to the
respective switching elements, the picture element electrodes
having alonger length in a direction along the scanning signal
lines than in a direction along the video signal lines, the liquid
crystal display device includes: storage capacitor lines pro-
vided on the first substrate along the respective scanning
signal lines, the storage capacitor lines overlapping the
respective picture element electrodes via an insulating film in
plan view.

[0032] According to the arrangement, it is possible to
reduce parasitic capacitances in aliquid crystal display device
including transversely-lengthened picture element electrodes
as described above. This is to be described below.

[0033] Each of the parasitic capacitances is generated
between a picture element electrode and a scanning signal
line which drives a picture element of the picture element
electrode. According to the liquid crystal display device
including the transversely-lengthened picture element elec-
trodes, the picture element electrode and the scanning signal
line face each other with a long distance. In view of this, the
liquid crystal display device including the transversely-
lengthened electrodes is likely to have large parasitic capaci-
tances.

[0034] As for this point, according to the liquid crystal
display device as arranged above, the storage capacitor lines
are provided along the respective scanning signal lines, and
further overlap the respective picture element electrodes via
the insulating film in plan view.

[0035] Accordingly, each of the storage capacitor lines
serves as a shielding conductor, i.e., a shield electrode. Elec-
tric fields between the respective picture element electrodes
and the respective scanning signal lines are shielded. This
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makes it difficult for capacitances to be formed between the
respective picture element electrodes and the respective scan-
ning signal lines.

[0036] Note that the storage capacitor lines, which are pro-
vided along the respective scanning signal lines, make it
difficult to cause a decrease in aperture ratio of a picture
element.

[0037] Note also that the storage capacitor lines, which
overlap the respective picture element electrodes via the insu-
lating film in plan view, cause storage capacitances to be
easily formed between the respective picture element elec-
trodes and the respective storage capacitor lines.

[0038] Because of these, the liquid crystal display device as
arranged above allows (1) prevention of decreases in aperture
ratio and storage capacitance, (ii) a reduction in parasitic
capacitance generated between a picture element electrode
and a scanning signal line which drives a picture element of
the picture element electrode, and (iii) prevention of a dete-
rioration in display quality.

[0039] The liquid crystal display device of the present
invention is preferably arranged such that, for each of the
picture element electrodes, a storage capacitor line corre-
sponding to that picture element electrode is juxtaposed to
that one of the plurality of scanning signal lines which is
electrically connected to that picture element electrode via a
corresponding switching element.

[0040] According to the arrangement, the storage capacitor
line is juxtaposed to that one of the plurality of scanning
signal lines which is electrically connected to that picture
element electrode, not to a picture element electrode which is
adjacent to that picture element electrode.

[0041] This (i) makes it easier for the storage capacitor line
to function as the shield electrode against a capacitance gen-
erated between that picture element electrode and that one of
the plurality of scanning signal lines, (ii) allows the storage
capacitor line to easily overlap that picture element electrode
in plan view, and (iii) can prevent a decrease in aperture ratio
due to the provision of the storage capacitor line.

[0042] The liquid crystal display device of the present
invention is preferably arranged such that: for each of the
picture element electrodes, a storage capacitor line corre-
sponding to that picture element electrode is juxtaposed to
that one of the plurality of scanning signal lines which is
electrically connected to that picture element electrode via a
corresponding switching element; and the storage capacitor
line overlaps that picture element electrode via the insulating
film in plan view in such a manner that the storage capacitor
line overlaps an end side of that picture element electrode
which end side faces this scanning signal line.

[0043] According to the arrangement, the storage capacitor
line overlaps that picture element electrode in such a manner
that the storage capacitor line overlaps the end side of that
picture element electrode which end side faces that one of the
plurality of scanning signal lines. In other words, that picture
element electrode does not protrude toward that one of the
plurality of scanning signal lines.

[0044] This makes it easier for the storage capacitor line to
function as the shield electrode against a capacitance genet-
ated between that picture element and the scanning signal
line.

[0045] This can further prevent the parasitic capacitances
from being generated.

[0046] The liquid crystal display device of the present
invention is preferably arranged such that each of the picture
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element electrodes overlaps, via the insulating film in plan
view, that one of the plurality of scanning signal lines which
is provided so as to drive a picture element electrode which is
adjacent to that picture element electrode in a direction in
which the plurality of video signal lines extend.

[0047] The liquid crystal display device of the present
invention is preferably arranged such that each of the plurality
of picture element electrodes overlaps, via the insulating film
in plan view, that one of the plurality of scanning signal lines
which is provided so as to drive a picture element electrode
that is adjacent to that picture element electrode in the direc-
tion in which the plurality of video signal lines extend, and an
end side of that picture element electrode extends beyond this
scanning signal line in plan view.

[0048] According to the arrangement, the picture element
electrode (that picture element electrode) overlaps that one of
the plurality of scanning signal lines which is connected to the
picture element electrode which is adjacent to that picture
element electrode (this picture element electrode is hereinaf-
ter referred to as an adjacent picture element electrode) (this
scanning signal line is hereinafter referred to as an adjacent
scanning signal line). Alternatively, that picture element elec-
trode preferably extends beyond this scanning signal line.
[0049] This makes it easy for that picture element electrode
to function as the shielding conductor against a parasitic
capacitance generated between the adjacent picture element
electrode and the adjacent scanning signal line.

[0050] This can further prevent the parasitic capacitance
from being generated between the adjacent picture element
electrode and the adjacent scanning signal line.

[0051] The liquid crystal display device of the present
invention is preferably arranged such that: each of the plural-
ity of picture element electrodes overlaps, via the insulating
film in plan view, that one of the plurality of scanning signal
lines which is provided so as to drive a picture element elec-
trode which is adjacent to that picture element electrode in the
direction in which the plurality of video signal lines extend,
and an end side of that picture element electrode extends
beyond this scanning signal line in plan view; and the end side
of that picture element electrode overlaps, in plan view, a
corresponding storage capacitor line provided along this
scanning signal line.

[0052] According to the arrangement, the picture element
electrode (that picture element electrode) extends beyond that
one of the plurality of scanning signal lines (the adjacent
scanning signal line) which is connected to the picture ele-
ment electrode (the adjacent picture element electrode) which
is adjacent to that picture element electrode, and further over-
laps the corresponding storage capacitor line.

[0053] This allows a storage capacitance to be formed in a
part where that picture element electrode and the correspond-
ing storage capacitor line overlap with each other.

[0054] This can prevent a decrease in storage capacitance,
and facilitates an increase in storage capacitance without
causing a great decrease in aperture ratio.

[0055] The liquid crystal display device of the present
invention is preferably arranged such that each of the plurality
of picture element electrodes overlaps, via the insulating film
in plan view, only that one of the plurality of scanning signal
lines which is provided so as to drive a picture element elec-
trode which is adjacent to that picture element electrode in the
direction in which the plurality of video signal lines extend.
[0056] According to the arrangement, the picture element
electrode (that picture element electrode) overlaps only that
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one of the plurality of scanning signal lines (the adjacent
scanning signal line) which is connected to the picture ele-
ment electrode (the adjacent picture element electrode) which
is adjacent to that picture element electrode. In other words,
that picture element electrode overlaps no scanning signal
line that drives that picture element electrode.

[0057] This can prevent the parasitic capacitance from
being generated between that picture element electrode and
that one of the plurality of scanning signal lines which drives
that picture element electrode.

[0058] The liquid crystal display device of the present
invention is preferably arranged such that in plan view, the
plurality of picture element electrodes are provided on a
protecting film which is provided so as to cover the plurality
of video signal lines.

[0059] According to the arrangement, the protecting film is
provided between the plurality of picture element electrodes
and the plurality of video signal lines. This can prevent a leak
from occurring between the respective plurality of picture
element electrodes and the respective plurality of video signal
lines.

[0060] The liquid crystal display device of the present
invention is preferably arranged such that: storage capacitor
counter electrodes are provided in a layer above the respective
storage capacitor lines via the insulating film; the storage
capacitor counter electrodes are electrically connected to the
respective plurality of picture element electrodes; and in plan
view, each of the storage capacitor counter electrodes has
their end sides which are located within a region of a corre-
sponding storage capacitor line.

[0061] According to the arrangement, the end sides of the
storage capacitor counter electrode are located within the
region of the corresponding storage capacitor line. In other
words, the storage capacitor counter electrode reaches no
edge part of the corresponding storage capacitor line.

[0062] This causes a change in storage capacitance to be
less likely to occur because the storage capacitor counter
electrode is provided with a greater positional allowance with
respect to the corresponding storage capacitor line.

[0063] Note that it is possible to cause a separation into
blocks to be less likely to occur when a so-called step-and-
repeat exposure is carried out.

[0064] Note also that it is possible to prevent (i) a leak
between a storage capacitor line and a drain electrode of a
switching element and/or (ii) disconnection in a connection
section between the drain electrode and a storage capacitor
counter electrode. The leak and/or the disconnection may
occur in an arrangement in which the storage capacitor
counter electrode is directly connected to the drain electrode.
[0065] The liquid crystal display device of the present
invention is preferably arranged such that: storage capacitor
counter electrodes are provided in a layer above the respective
storage capacitor lines via the insulating film; and the storage
capacitor counter electrodes are made of a material of which
drain electrodes of the respective switching elements are
made.

[0066] According to the arrangement, it is possible to form
the storage capacitor counter electrodes and the drain elec-
trodes by a single production process. This can prevent an
increase in production cost.

[0067] The liquid crystal display device of the present
invention is preferably arranged such that the storage capaci-
tor counter electrodes are extending parts of the respective
drain electrodes of the respective switching elements.
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[0068] According to the arrangement, the storage capacitor
counter electrodes are provided as the extending parts of the
respective drain electrodes.

[0069] Accordingly it is possible to simplify production
steps, unlike an arrangement in which the storage capacitor
counter electrodes and the drain electrodes of the respective
switching elements are electrically connected by making a
detour through another layer by use of a contact hole or the
like.

[0070] The liquid crystal display device of the present
invention is preferably arranged such that the storage capaci-
tor counter electrodes respectively include storage capacitor
counter electrode extending sections extended along the
respective storage capacitor lines.

[0071] According to the arrangement, the storage capacitor
counter electrodes are extended along the respective storage
capacitor lines.

[0072] This allows an increase in area of a region where the
storage capacitor counter electrodes and the respective stor-
age capacitor lines overlap. This makes it easy to obtain large
storage capacitances without causing a great decrease in aper-
ture ratio.

[0073] The liquid crystal display device of the present
invention is preferably arranged to include: on the second
substrate, color filters which correspond to the respective
picture element electrodes provided on the first substrate;
wherein: the color filters are different in color between adja-
cent ones in the direction in which the plurality of video signal
lines extend, so that color filters which correspond to picture
element electrodes adjacent to each other are different in
color in the direction in which the plurality of video signal
lines extend; black matrices are provided in a boundary
region between the respective color filters of different colors;
and the storage capacitor lines at least partially overlap the
respective black matrices in plan view.

[0074] According to the arrangement, it is possible to pre-
vent a decrease in aperture ratio due to the provision of the
storage capacitor lines. This is because the storage capacitor
lines are provided so as to overlap the respective black matri-
ces.

[0075] The liquid crystal display device of the present
invention is preferably arranged such that (i) the boundary
region between the respective color filters of different colors
and (i) a boundary region between the respective picture
element electrodes which are adjacent in the direction in
which the plurality of video signal lines extend at least par-
tially overlap in plan view.

[0076] According to the arrangement, the boundary region
between the respective color filters and the boundary region
between the respective picture element electrodes overlap
with each other.

[0077] This makes it possible to secure a large liquid crystal
capacitance because the first substrate and the second sub-
strate can be assembled with a greater positional allowance.
[0078] Note here that the liquid crystal capacitance refers to
acapacitance generated, via aliquid crystal material, between
a picture element electrode and a common electrode.

[0079] The liquid crystal display device of the present
invention is preferably arranged to include a common elec-
trode above the color filters.

[0080] According to the arrangement, the common elec-
trode is provided above the color filters. This allows an effi-
cient application of a voltage to the liquid crystal material.
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[0081] The liquid crystal display device of the present
invention can be arranged such that the color filters of differ-
ent colors are not in contact with each other in the boundary
region between the respective color filters of different colors.
[0082] According to the arrangement, the different colors
are spaced from each other along a color boundary between
the color filters. This can prevent such a case that the color
filters rise toward the first substrate in a part where the differ-
ent colors overlap. This can also prevent a leak between the
respective picture element electrodes and the common elec-
trode even in a case where (a) an electrically conductive
foreign matter is included in a liquid crystal layer or (b) a
display surface of a display device is pressed with a finger.
Note that the liquid crystal layer has a larger thickness along
the color boundary between the color filters than in the other
part of the liquid crystal layer by a thickness of the color
filters. According to the arrangement, (i) the boundary region
where the liquid crystal layer has the larger thickness and (i1)
a boundary between the corresponding picture element elec-
trodes, that is, a region where no picture element electrode is
provided at least partially overlap with each other in plan
view. This can prevent a decrease in liquid crystal capaci-
tance. This can reduce an influence of the parasitic capaci-
tances on a display quality.

[0083] The liquid crystal display device of the present
invention can be arranged such that adjacent ones of the color
filters of different colors overlap with each other in a bound-
ary region between the adjacent ones of the color filters of
different colors.

[0084] According to the arrangement, the adjacent ones of
the color filters of different colors overlap with each other.
Therefore, no region where the liquid crystal layer has a larger
thickness than in the other region thereof is formed. This can
prevent a decrease in liquid crystal capacitance. Note that
though rising toward the first substrate, the adjacent ones of
the color filters at least partially overlap with each other in
plan view, along a color boundary of the adjacent ones of the
color filters, a boundary between adjacent ones of the picture
element electrodes, that is, a region where no picture element
electrode is provided. This can prevent a leak between the
respective adjacent ones of the picture element electrodes and
the common electrode even in a case where (a) an electrically
conductive foreign matter is included in a liquid crystal layer
or (b) a display surface of a liquid crystal display device is
pressed with a finger.

[0085] As described earlier, according to the liquid crystal
display device of the present invention, the storage capacitor
lines are provided, on the first substrate, along the respective
scanning signal lines, and the storage capacitor lines overlap
the respective picture element electrodes via the insulating
film in plan view.

[0086] This brings about an effect of allowing (i) preven-
tion of decreases in aperture ratio and storage capacitance, (ii)
a reduction in parasitic capacitance generated between a pic-
ture element electrode and a scanning signal line which drives
a picture element of the picture element electrode, and (iii)
prevention of a deterioration in display quality.

BRIEF DESCRIPTION OF DRAWINGS

[0087] FIG.1isadrawingillustrating a schematic arrange-
ment of picture elements of a liquid crystal display device in
accordance with an embodiment of the present invention.
[0088] FIG. 2 is a cross-sectional view taken from the line
A-A of FIG. 1.
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[0089] FIG. 3isa drawing illustrating a schematic arrange-
ment of picture elements of a liquid crystal display device in
accordance with another embodiment of the present inven-
tion.

[0090] FIG. 4 is a cross-sectional view taken from the line
B-B of FIG. 3.
[0091] FIG. 5isa drawing illustrating a schematic arrange-

ment of picture elements of a liquid crystal display device in
accordance with a further embodiment of the present inven-
tion.

[0092] FIG. 6isa drawing illustrating a schematic arrange-
ment of picture elements of a liquid crystal display device in
accordance with a further embodiment of the present inven-
tion.

[0093] FIG. 7is a drawing illustrating a schematic arrange-
ment of picture elements of a liquid crystal display device in
accordance with a further embodiment of the present inven-
tion.

[0094] FIG. 8is a drawing illustrating a schematic arrange-
ment of picture elements of a liquid crystal display device in
accordance with a further embodiment of the present inven-
tion.

[0095] FIG. 9 is a cross-sectional view taken from the line
C-C of FIG. 8.
[0096] FIG. 10 is a drawing illustrating an arrangement of

color filters in accordance with an embodiment of the present
invention.

[0097] FIG. 11 is a drawing illustrating an arrangement of
color filters in accordance with another embodiment of the
present invention.

[0098] FIG. 12 is a drawing illustrating a schematic
arrangement of picture elements of a liquid crystal display
device.

[0099] FIG. 13 is a cross-sectional view taken from the line
X-X of FIG. 12.

[0100] FIG. 14 is a drawing illustrating a schematic
arrangement of picture elements of a liquid crystal display
device.

[0101] FIG. 15 is a cross-sectional view taken from the line
Y-Y of FIG. 14.
[0102] FIG. 16 is a drawing illustrating an arrangement of

picture element electrodes.

REFERENCE SIGNS LIST

[0103] 10 Liquid crystal display device

[0104] 22 First substrate

[0105] 24 Second substrate

[0106] 28 Liquid crystal material

[0107] 32 Scanning signal line

[0108] 35 Video signal line

[0109] 36 Storage capacitor line

[0110] 40 Storage capacitor counter electrode

[0111] 42 Storage capacitor counter electrode extending
section

[0112] 50 Switching element

[0113] 56 Drain electrode

[0114] 60 Picture element electrode

[0115] 61 End side facing scanning signal line

[0116] 62 End side facing storage capacitor line

[0117] 70 Insulating film

[0118] 74 Protecting film

[0119] 80 Color filter

[0120] 88 Black matrix

[0121] 90 Common electrode
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DESCRIPTION OF EMBODIMENTS
First Embodiment

[0122] The following descriptiondiscusses an embodiment
of the present invention with reference to FIGS. 1 and 2, and
FIGS. 12 through 15.

[0123] (Schematic Arrangement of Picture Element)
[0124] FIG.1isadrawingillustrating a schematic arrange-
ment of picture elements 14 of a liquid crystal display device
10 of the present embodiment.

[0125] According to the liquid crystal display device 10 of
the present embodiment, which is a so-called active matrix
liquid crystal display device, the picture elements 14 include
respective switching elements 50 (see FIG. 1).

[0126] Inorderto control the respective switching elements
50, a plurality of scanning signal lines 32 and a plurality of
video signal lines 35 are provided so as to intersect each other.
The respective switching elements 50 are provided at respec-
tive intersections of the plurality of scanning signal lines 32
and the plurality of video signal lines 35.

[0127] Note that a substantially rectangular region defined
by a scanning signal line 32 and a video signal line 35 is
regarded as a picture element 14 and the picture element 14
includes a picture element electrode 60.

[0128] The picture element electrode 60 of the present
embodiment is transversely lengthened. Note here that a
transverse direction refers to a direction shown by an arrow X
and a vertical direction refers to a direction shown by an arrow
Y (see FIG. 1).

[0129] According to the liquid crystal display device 10 of
the present embodiment, the plurality of scanning signal lines
32 are provided in the transverse (arrow X) direction and the
plurality of video signal lines 35 are provided in the vertical
(arrow Y) direction. A distance between the respective plu-
rality of video signal lines 35 is longer than that between the
respective plurality of scanning signal lines 32.

[0130] This causes the picture element 14 defined by the
scanning signal line 32 and the video signal line 35 to be
transversely lengthened, and the picture element electrode 60
1s accordingly transversely lengthened.

[0131] (Position of Storage Capacitor Line)

[0132] The following description more specifically dis-
cusses the arrangement of the picture elements 14.

[0133] The liquid crystal display device 10 of the present
embodiment has a feature that a storage capacitor line 36 is
provided along the scanning signal line 32. Specifically, in a
case where a picture element 14 and a picture element elec-
trode 60 included in this picture element 14 is targeted, the
storage capacitor line 36 which forms a storage capacitance
(Ccs) in the picture element 14 is juxtaposed to the scanning
signal line 32 which drives the picture element 14 (a driving
scanning signal line 33).

[0134] (Overlap between the Storage Capacitor Line and
Picture Element Electrode)

[0135] The storage capacitor line 36 overlaps the picture
element electrode 60 in plan view.

[0136] Note here thataccording to the liquid crystal display
device 10 of the present embodiment, the storage capacitor
line 36 overlaps the picture element electrode 60 in such a
manner that the storage capacitor line 36 overlaps an end side
61 of the picture element electrode 60. The end side 61 faces
the scanning signal line 32 (the driving scanning signal line
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33). In other words, the end side 61 is provided above the
storage capacitor line 36 but not beyond the storage capacitor
line 36 in plan view.

[0137] (Cross Section of the Picture Element)

[0138] A further description is given below with reference
to FIG. 2, which is a cross-sectional view taken from the line
A-A of FIG. 1.

[0139] According to the liquid crystal display device 10 of
the present embodiment, a liquid crystal material 28, which
serves as a liquid crystal layer, is sandwiched between two
substrates which face each other (a first substrate 22 and a
second substrate 24).

[0140] (First Substrate)

[0141] The scanning signal line 32 and the storage capaci-
tor line 36 are provided on the first substrate 22, which is a
so-called array substrate. Further, a gate insulating film 72
and a protecting film 74 each serving as an insulating film 70
are provided on the scanning signal line 32 and the storage
capacitor line 36. In addition, the picture element electrode 60
1s provided on the protecting film 74.

[0142] Note that a material of which the insulating film 70
including at least the protecting film 74 is made is not par-
ticularly limited. For example, it is possible to form the insu-
lating film 70 as (i) an inorganic film monolayer, (i) an
organic film monolayer, or (iii) a double-layered film in
which an inorganic film and an organic film are layered.
[0143] Note that it is possible to provide, on the video
signal line 35, the insulating film 70 including at least the
protecting film 74 for the purpose of protecting the video
signal line 35.

[0144] (Second Substrate)

[0145] In contrast, on the second substrate 24, which is a
so-called color filter substrate, (i) a black matrix 88 provided
s0 as to correspond to respective picture elements 14 and (ii)
color filters 80 provided so as to correspond to respective
colors are provided. A common electrode 90 is provided on
the color filters 80. Note that an alignment film, which is
provided on the common electrode 90, is omitted in FIG. 2.
[0146] (Overlap between the Storage Capacitor Line and
the Picture Element Electrode)

[0147] The following description more specifically dis-
cusses a state of overlap and a positional relationship between
sections ofthe liquid crystal display device 10 with reference
to the cross-sectional view of FIG. 2.

[0148] Note that the end side 61 of the picture element
electrode 60 which end side faces the scanning signal line 32
remains above the storage capacitor line 36 so as not to
protrude from the storage capacitor line 36 toward the scan-
ning signal line 32 which is adjacent to the storage capacitor
line 36.

[0149] (Position of the Storage Capacitor Line)

[0150] Note also that the storage capacitor line 36, which is
juxtaposed to the scanning signal line 32 as described earlier,
is provided so as to be closer to a picture element electrode 60
(a driving picture element electrode 64) as compared to the
driving scanning signal line 33, which serves as the scanning
signalline 32 for driving the driving picture element electrode
64.

[0151] (Overlap between Scanning Signal Line and the
Picture Element Flectrode)

[0152] The following description discusses a positional
relationship between the scanning signal line 32 and the pic-
ture element electrode 60.
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[0153] According to the liquid crystal display device 10 of
the present embodiment, the scanning signal line 32 overlaps
the picture element electrode 60 in plan view (see FIG. 2).
Specifically, the scanning signal line 32 overlaps an adjacent
picture element electrode 66 which is the picture element
electrode 60 adjacent to the driving picture element electrode
64. The driving picture element electrode 64 is the picture
element electrode 60 connected to the scanning signal line 32.
[0154] In other words, a driving picture element electrode
64 and a driving scanning signal line 33, which are regarded
as acombination of a picture element electrode 60 of a picture
element 14 and a scanning signal line 32 for driving this
picture element 14, do not overlap with each other. Instead, an
adjacent picture element electrode 66, which is the picture
element electrode 60 adjacent to the driving picture element
electrode 64, overlaps the driving scanning signal line 33.
[0155] Anend side 62 of the adjacent picture element elec-
trode 66 which end side faces the storage capacitor line 36
extends beyond the driving scanning signal line 33 in plan
View.

[0156] (Insulating Film)

[0157] The gate insulating film 72 and the protecting film
74 each serving as the insulating film 70 are provided between
(1) the picture element electrode 60 (driving picture element
electrode 64) and the storage capacitor line 36, and (ii) the
picture element electrode 60 (adjacent picture element elec-
trode 66) and the scanning signal line 32 (driving scanning
signal line 33). For this reason, the picture element electrode
60 overlaps in plan view but is not electrically connected to
the storage capacitor line 36 or the scanning signal line 32.
[0158] (Storage Capacitor Counter Electrode)

[0159] The following description discusses formation of
the storage capacitance (Ccs) in the storage capacitor line 36.
[0160] According to the liquid crystal display device 10 of
the present embodiment, storage capacitor counter electrodes
40 are provided in the respective picture elements 14 so as to
overlap the respective storage capacitor lines 36 in plan view.
Then, the storage capacitances (Ccs) are formed between the
respective storage capacitor counter electrodes 40 and the
respective storage capacitor lines 36. The following descrip-
tion specifically discusses the formation.

[0161] (The Storage Capacitor Counter Electrode)

[0162] According to the liquid crystal display device 10 of
the present embodiment, each of the storage capacitor counter
electrodes 40 is formed as an extending part of a drain elec-
trode 56 of the switching element 50.

[0163] Namely, a gate electrode 52, a source electrode 54,
and the drain electrode 56, each being included in the switch-
ing element 50 constituted by a TFT (Thin Film Transistor)
element, are connected to the scanning signal line 32, the
video signal line 35, and the picture element electrode 60,
respectively.

[0164] According to the present embodiment, an overlap-
ping part where the extending part of the drain electrode 56
overlaps the storage capacitor line 36 in plan view before
being connected to the picture element electrode 60. This
overlapping part functions as the storage capacitor counter
electrode 40. In other words, the storage capacitor counter
electrode 40 is connected to the drain electrode 56 via a drain
electrode connection section 57.

[0165] Note that in a region where the extending part of the
drain electrode 56 is connected to the picture element elec-
trode 60 via a contact hole 68, the extending part has a larger
area than in the other region thereof and is substantially
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rectangular. This causes the storage capacitor counter elec-
trode 40 of the present embodiment also to be substantially
rectangular. Note that the extending part can have an alterna-
tive shape, for example, can be square or circular.

[0166] Note also that the storage capacitor counter elec-
trode 40 and the drain electrode 56 are made of an 1dentical
material according to the arrangement.

[0167] (The Storage Capacitor Line)

[0168] In contrast, a part of the storage capacitor line 36
which part overlaps the storage capacitor counter electrode 40
in plan view has a larger width than the other part of the
storage capacitor line 36. Then, the storage capacitor line 36
covers the storage capacitor counter electrode 40. In other
words, the storage capacitor counter electrode 40 does not
protrude from the storage capacitor line 36.

[0169] Namely, the storage capacitor counter electrode 40,
which is the extending part of the drain electrode 56, overlaps
the storage capacitor line 36. In an overlapping part where the
storage capacitor counter electrode 40 overlaps the storage
capacitor line 36, the storage capacitor counter electrode 40
and the storage capacitor line 36 have respective larger areas
than in the respective other parts thereof. Accordingly, the
overlapping part has a larger area. Note, however, that the
storage capacitor counter electrode 40 is arranged in the over-
lapping part so as not to protrude from the storage capacitor
line 36 in plan view.

[0170] Note that the storage capacitor counter electrode 40
is electrically connected to the picture element electrode 60
via the contact hole 68 as described earlier. The storage
capacitor counter electrode 40 is the extending part of the
drain electrode 56. In view of this, the picture element 14 is
driven by the switching element 50 via the storage capacitor
counter electrode 40.

[0171] Note here that wirings of at least the scanning signal
line 33, the storage capacitor line 36, and the video signal line
35 are made of a highly light blocking metal such as Al, Ta, Ti,
Cr, Cu, or Mo, or a monolayer or a layered alloy of such
highly light blocking metals. Namely, according to a so-
called transmissive liquid crystal display device, a picture
element electrode does not serve as a display region in a part
where the picture element electrode overlaps the wirings of at
least the scanning signal line 33, the storage capacitor line 36,
and the video signal line 35.

[0172] (Positional Relationship between the First and Sec-
ond Substrates)
[0173] The following description discusses a positional

relationship between (a) the picture element electrodes 60
and the like provided on the first substrate 22 and (b) the color
filters 80 and the like provided on the second substrate 24,
with reference to FIG. 2.

[0174] (Black Matrix and the Storage Capacitor Line)
[0175] First, a positional relationship between the black
matrix 88 and the storage capacitor line 36 is to be described.
[0176] As described earlier, on the second substrate 24 of
the present embodiment, (i) the black matrix 88 provided so
as to correspond to respective picture elements 14 and (i)
color filters 80 provided so as to correspond to the respective
colors are provided.

[0177] Note here that according to the liquid crystal display
device 10 of the present embodiment, the storage capacitor
line 36 provided on the first substrate 22 and the black matrix
88 provided on the second substrate 24 are assembled so as to
overlap with each other in plan view.
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[0178] Specifically, on the second substrate 24, a red color
filter 82 and a green color filter 84 which are the color filters
80 of different colors are provided so as to correspond to the
picture element electrodes 64 and 66, respectively (see FIG.
2). The picture element electrodes 64 and 66 are adjacent in a
direction in which the video signal lines (not illustrated)
extend. The black matrix 88 is provided between the red color
filter 82 and the green color filter 84 (see FIG. 2). According
to the so-called transmissive liquid crystal display device, this
black matrix 88 prevents a display quality deterioration by
preventing light of a backlight provided below the first sub-
strate from passing through part of a liquid crystal layer in
which part liquid crystals are unfavorably oriented. The black
matrix 88 also prevents a display defect such as a color
mixture, in a case where (i) a picture element electrode and
(ii) a region different from a color filter corresponding to the
picture element electrode suchas (a) a color filter correspond-
ing to an adjacent picture element electrode, (b) a part where
no color filter is provided, or (c) a part where color filters of
different colors overlap in plan view due to a positional mis-
alignment between the first substrate and the second substrate
assembled with each other.

[0179] The storage capacitor line 36 provided on the first
substrate 22 is located in a lower region of the black matrix 88.
Specifically, according to the present embodiment, the two
substrates (the first substrate 22 and the second substrate 24)
are arranged and assembled so that the storage capacitor line
36 entirely falls within the lower region of the black matrix 88
in its width direction, that is, does not protrude from the lower
region.

[0180] Note that an arrangement in which the black matrix
88 and the storage capacitor line 36 overlap with each other is
not limited to the above arrangement. It is possible to arrange
the storage capacitor line 36 to partially overlap the black
matrix 88.

[0181] Note that it is possible in a transmissive display to
prevent an increase in invalid region, which does not contrib-
ute to a display, by at least partially overlapping regions of the
storage capacitor line 36 and the black matrix 88 each of
which regions does not serve as a display region.

[0182] (Color Filter and the Picture Element Electrode)
[0183] The following description discusses a positional
relationship between the color filters 80 and the respective
picture element electrode 60.

[0184] The color filters 80 of different colors of the present
embodiment are provided so as to be separate from each other
without overlapping or making contact with each other (see
FIG. 2). This produces, on the second substrate 24, a region
whereno color filter 80 is provided (refer to a boundary region
R1 between the color filters 80 in FIG. 2).

[0185] In contrast, a plurality of the picture element elec-
trodes 60 are provided on the first substrate 22 electrically
separately from each other so as to be controlled separately
from each other. This produces, between the picture element
electrodes 60 which are adjacent to each other (e.g., between
the driving picture element electrode 64 and the adjacent
picture element electrode 66), a region where no picture ele-
ment electrode 60 is provided (refer to a boundary region R2
between the picture element electrodes 60 in F1G. 2).

[0186] Note here thataccording to the liquid crystal display
device 10 of the present embodiment, the boundary region R1
between the color filters 80 and the boundary region R2
between the picture element electrodes 60 at least partially
overlap with each other in plan view.
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[0187] For example, according to the arrangement illus-
trated in FIG. 2, the boundary region R2, which falls within
the boundary region R1, overlaps the boundary region R1 so
as not to protrude from the boundary region R1.

[0188] Note that an arrangement in which the boundary
region R1 between the color filters 80 and the boundary
region R2 between the picture element electrodes 60 overlap
with each other is not limited to the above arrangement. It is
possible to arrange the boundary region R2 between the pic-
ture element electrodes 60 to partially overlap the boundary
region R1 between the color filters 80.

[0189] (Specific Arrangement and Electrical Property)
[0190] The following description discusses amounts of a
parasitic capacitance (Cgd) and the like generated in the
liquid crystal display device 10 of the present embodiment,
with reference to a result of a simulation.

[0191] First, the arrangement of the picture element 14 is to
be more specifically described with reference to FIG. 1.
[0192] The picture element electrode 60 has a substantially
transversely-lengthened rectangular shape as described ear-
lier (see FIG. 1). Note, however, that a part of the picture
element electrode 60, in which part the switching element 50
is provided, is rectangularly removed.

[0193] Inview ofthis, the picture element electrode 60 has,
in atransverse direction X, alength of 187 um (see d 1 in FIG.
1) in a region of the picture element electrode 60 in which
region no part of the picture element electrode 60 is removed
and a length of 169 pm (d2) in the other region of the picture
element electrode 60 in which region the part of the picture
element electrode 60 is rectangularly removed. Note that a
dot size is 198 umx66 wm.

[0194] Note that as described earlier, on the second sub-
strate 24, the black matrix 88 is provided so as to correspond
to at least the picture element electrodes 60 provided on the
first substrate 22. A region of each of the picture element
electrodes 60 which region is not shielded by the black matrix
88 and the wirings of at least the scanning signal line 32 and
the storage capacitor line 36 is referred to as an aperture
region. According to the liquid crystal display device 10 of the
present embodiment, the aperture region has a length of 48
um (d3) in a vertical direction Y.

[0195] Note that a region, i.e., an invalid region (d4) in
which the black matrix 88 and the wirings of at least the
scanning signal line 32 and the storage capacitor line 36 are
provided and which is located between the aperture region
and an aperture region which is adjacent to the aperture region
in the direction in which the video signal lines 35 extend has
a width of 18 um in the vertical direction Y.

[0196] The following description discusses widths of the
wirings provided on the first substrate 22. First, the scanning
signal line 32 has a width of 5 pm in a part of the scanning
signal line 32 which part overlaps no switching element 50
(d10). The storage capacitor line 36 also has a width of 5 um
(d11). There is a gap of 7 um between the scanning signal line
32 and the storage capacitor line 36 (d12).

[0197] The following description discusses at least a posi-
tional relationship between the picture element electrode 60
and the scanning signal line 32. The picture element electrode
60 (driving picture element electrode 64) of the present
embodiment does not overlap the driving scanning signal line
33 which corresponds to the driving picture element electrode
64, but overlaps an adjacent scanning signal line 34 which
drives a picture element 14 which is adjacent to the picture
element 14. In such an overlapping state, the driving picture
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element electrode 64 extends beyond the adjacent scanning
signal line 34 in plan view by a width of 2 um (d20).

[0198] Note that according to the present embodiment, a
gap between the picture element electrodes 60 which are
adjacent in the direction in which the video signal lines 35
extend is set to 7 um (d22) and a margin for combining the
first substrate 22 and the second substrate 24 is set to 6 pm
(refer to d25).

[0199] (Electrical Property)

[0200] The following description discusses the electrical
property of the liquid crystal display device 10 of the present
embodiment with reference to FIG. 2.

[0201] (Comparison Object)

[0202] First, the following description discusses liquid
crystal display devices 10 so as to make comparisons, with
reference to FIGS. 12 through 15.

[0203] Liquid crystal display devices whose arrangements
are schematically illustrated in FIGS. 12 and 14, respectively,
refer to the liquid crystal display devices 10 including no
storage capacitor lines 36. FIG. 12 illustrates the liquid crys-
tal display device 10 of a comparison object 1, and FIG. 14
illustrates the liquid crystal display device 10 of a comparison
object 2.

[0204] FIG. 13 is a cross-sectional view taken from the line
X-X of FIG. 12, and FIG. 15 is a cross-sectional view taken
from the line Y-Y of FIG. 14.

[0205] (Comparison Object 1)

[0206] According to the liquid crystal display device 10 of
the comparison object 1 (see F1G. 12), there is no storage
capacitor line 36 provided and a picture element electrode 60
and a scanning signal line 32 do not overlap with each other,
unlike the liquid crystal display device 10 of the present
embodiment (see FIG. 1). Namely, the picture element elec-
trode 60 and the scanning signal line 32 are spaced by
approximately 2 pm (d21 in FIG. 12) without overlapping
with each other.

[0207] Other members of the liquid crystal display device
10 of the comparison object 1 are arranged substantially
similarly to those of the liquid crystal display device 10 of the
present embodiment (see FIG. 1). In view of this, the follow-
ing description discusses a main point of difference.

[0208] Namely, though the size of the picture element elec-
trode 60 is unchanged, the width of the aperture region in the
vertical directionY (d3) is changed from 48 um to 35 um, the
width of the invalid region in the vertical direction Y (d4) is
changed from 18 um to 31 pm, the width of the scanning
signal line (d10) is changed from 5 pm to 8 um, and the gap
between adjacent picture element electrodes 60 (d22) is
changed from 7 um to 19 pum.

[0209] (Comparison Object 2)

[0210] Incontrast, as compared to the liquid crystal display
device 10 of the present embodiment (see FIG. 1), the liquid
crystal display device 10 of the comparison object 2 (see FIG.
14) is different in that there is no storage capacitor line 36
provided, but similar in that a picture element electrode 60
and a scanning signal line 32 overlap with each other in plan
view.

[0211] Namely, the picture element electrode 60 overlaps
the scanning signal line 32 and further extends beyond the
scanning signal line 32 by a width of 2 um (d20) (see FIG. 14).
[0212] Other members of the liquid crystal display device
10 of the comparison object 2 are arranged substantially
similarly to those of the liquid crystal display device 10 of the
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comparison object 1 (see FIG. 12). In view of this, the fol-
lowing description discusses a main point of difference.
[0213] Namely, though the size of the picture element elec-
trode 60 is unchanged, the width of the aperture region in the
vertical direction'Y (d3) is changed to 43 pum, the width of the
invalid region in the vertical directionY (d4) is changed to 23
um, and the gap between adjacent picture element electrodes
60 (d22) is changed to 7 pm.

[0214] (Comparison of the Electrical Properties)

[0215] The following description discusses the electrical
property of the liquid crystal display device 10 of the present
embodiment, specifically, the parasitic capacitance (Cgd)
generated between the picture element electrode 60 and the
scanning signal line 32 and the storage capacitance, with
reference to FIGS. 2, 13, and 15.

[0216] Note thatsolid lines V illustrated in FIGS. 2, 13, and
15 show equipotential lines.

[0217] Note also that parasitic capacitances and storage
capacitances which are described below were found by the
simulation.

[0218] (Simulation Conditions)

[0219] The simulation used for finding the electrical prop-
erty is described here.

[0220] First, 2 din-DIMOS (product name) of Autronic
Melchers was used for the simulation.

[0221] Note that the following are conditions for the simu-
lation.
[0222] Namely, relative permittivities were set to: 6.9 for

the gate insulating film, 6.9 for the protecting film, 5.5 for the
glass substrates (the first and second substrates), and 7.0 for
the liquid crystal layer.

[0223] Note that film thicknesses were set to: 0.4 pm for the
gate insulating film, 0.3 um for the protecting film, 0.35 pm
for the scanning signal line, and 4.5 um for the liquid crystal
layer.

[0224] Note also that electric potentials were set to: =10V
for the scanning signal line, OV for the counter electrode,
+5V for the driving picture element electrode, and -5V forthe
adjacent picture element electrode.

[0225] (Parasitic Capacitance (Cgd))

[0226] First, the following description discusses the para-
sitic capacitance (Cgd).

[0227] According to the result of the simulation, the para-
sitic capacitance (Cgd) for the liquid crystal display device of
the comparison object 1 (see FIGS. 12 and 13) was found to
be 0.0045 pF based on the equation of Cgd=24.0x10""
[F/M]x187 [um], and the parasitic capacitance (Cgd) for the
liquid crystal display device of the comparison object 2 (see
FIGS. 14 and 15) was found to be 0.0022 pF based on the
equation of Cgd=11.9x107"? [F/m]x187 [um].

[0228] 1In contrast, the parasitic capacitance (Cgd) for the
liquid crystal display device 10 of the present embodiment
(see FIGS. 1 and 2) was found to be 0.0006 pF based on the
equation of Cgd=3.3x10™"* [F/M]x187 [um]. This shows that
the parasitic capacitance (Cgd) for the liquid crystal display
device 10 of the present embodiment was reduced to approxi-
mately 13% of that for the comparison object 1 and to
approximately 30% of that for the comparison object 2.
[0229] (Shielding by Adjacent Picture Element Electrode)
[0230] As for the parasitic capacitance generated between
the driving picture element electrode 64 and the driving scan-
ning signal line 33, according to the comparison object 1,
there is no conductor interfering between a driving picture
element electrode 64 and a driving scanning signal line 33. In



US 2010/0296017 A1

contrast, according to the comparison object 2, an adjacent
picture element electrode 66 interferes between a driving
picture element 64 and a driving scanning signal line 33,
similarly to the case of the present embodiment.

[0231] Namely, according to the comparison object 2 and
the present embodiment, the adjacent picture element elec-
trode 66 overlaps the driving scanning signal line 33 in plan
view. This causes the adjacent picture element electrode 66 to
interfere between the driving picture element electrode 64
and the driving scanning signal line 33. Then, a shielding
effect of the adjacent picture element electrode 66 seems to
reduce the parasitic capacitance (Cgd) generated between the
driving picture element electrode 64 and the driving scanning
signal line 33.

[0232] The equipotential lines V between the driving pic-
ture element electrode 64 and the driving scanning signal line
33 shows the shielding effect brought by this adjacent picture
element electrode 66 (see FIGS. 2, 13, and 15). Namely, the
equipotential lines V are less dense in the comparison object
2 (see FIG. 15) and the present embodiment (see FIG. 2) than
in the comparison object 1 (see FIG. 13). This shows a shield-
ing effect was achieved in the comparison object 2 and the
present embodiment.

[0233] (The Storage Capacitor Line)

[0234] The following description discusses an influence of
the storage capacitor line 36 on the parasitic capacitance
(Cgd).

[0235] A point of difference between the comparison

object 2 (see FIG. 15) and the present embodiment (see FIG.
2) is whether or not the storage capacitor 36 is provided.
Specifically, according to the present embodiment, the stor-
age capacitor line 36 is provided, in the vicinity of the scan-
ning signal line 32 (driving scanning signal line 33), below
the picture element electrode 60 (the driving picture element
electrode 64) so as to overlap the picture element electrode 60
(driving picture element electrode 64).

[0236] This causes the storage capacitor line 36 to bring
about the shielding effect, from the driving picture element
electrode 64 in a downward direction, that is, toward the first
substrate 22, to the parasitic capacitance (Cgd) generated
between the driving picture element electrode 64 and the
driving scanning signal line 33.

[0237] The equipotential lines V also show this. Namely,
according to a comparison between FIGS. 15 and 2 of the
equipotential lines V between the driving picture element
electrode 64 and the driving scanning signal line 33, the
equipotential lines V of the present embodiment (see FIG. 2)
at least curve toward the storage capacitor line 36 and are
therefore fewer than those of the comparison object 2 (see
FIG. 15). This shows a greater shielding effect was achieved
in the present embodiment.

[0238] As described earlier, according to the liquid crystal
display device 10 of the present embodiment, the picture
element electrode 60 overlaps the scanning signal line 32 and
the storage capacitor line 36 is juxtaposed to the scanning
signal line 32, below the picture element electrode 60. This
allows a reduction in parasitic capacitance (Cgd).

[0239] (Storage Capacitance)

[0240] The following description discusses the storage
capacitance.

[0241] First, according to the liquid crystal display devices

10 of the comparison object 1 and the comparison object 2, an
auxiliary capacitance is generated only at a single point of
each of the picture elements 14. Namely, a storage capaci-
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tance (Cgo) is generated in a part where the picture element
electrode 60 and the scanning signal line 32 ovetlap with each
other or are in proximity to each other.

[0242] The following description discusses the result of the
simulation carried out under the conditions described above
with respect to a value of the storage capacitance (Cgo).
[0243] Namely, the storage capacitance (Cgo) for the liquid
crystal display device of the comparison object 1 (see FIGS.
12 and 13) was found to be 0.0134 pF based on the equation
of Cgo=0.794x107"° [F/m]|x169 [um], and the storage
capacitance (Cgo) for the liquid crystal display device of the
comparison object 2 (see FIGS. 14 and 15) was found to be
0.1477 pF based on the equation of Cgo=8.739x10™"" [F/m|x
169 [um)].

[0244] In contrast, according to the liquid crystal display
device 10 of the present embodiment (see FIGS. 1 and 2), the
auxiliary capacitances are generated at two points of each of
the picture elements 14.

[0245] Namely, the storage capacitance (Cgo) is generated
between the picture element electrode 60 and the scanning
signal line 32 similarly to the cases of the comparison object
1 and the comparison object 2. According to the present
embodiment, the storage capacitor line 36 is provided. The
storage capacitance (Ccs) is therefore generated between the
picture element electrode 60 and the storage capacitor line 36,
in addition to the storage capacitance (Cgo).

[0246] The following description discusses the result of the
simulation carried out under the conditions described above
with respect to values of the storage capacitance (Cgo) and
the storage capacitance (Ccs).

[0247] Namely, as for the liquid crystal display device of
the present embodiment (see FIGS. 1 and 2), the storage
capacitance (Cgo) was found to be 0.1025 pF based on the
equation of Cgo=0.6066x107° [F/m|x169 [um| and the stor-
age capacitance (Ccs) was found to be 0.779 pF based on the
equation of Ccs=4.165x107'° [F/m]x187 [um]. Then, a sum
of the storage capacitance (Cgo) and the storage capacitance
(Ces)is found to be 0.1804 pF. This shows that it was possible
to secure the storage capacitance equivalent to or greater than
that generated not only in the comparison object 1 but also in
the comparison object 2. In view of the above descriptions,
according to the liquid crystal display device 10 ofthe present
embodiment, it is possible to reduce the parasitic capacitance
(Cgd) by (1) expanding the width of the aperture region in the
vertical direction (d4) from 35 pm through 43 um to 48 pum so
as to secure an aperture ratio at not less than an equal level and
(ii) securing the storage capacitance.

Second Embodiment

[0248] The following description discusses a second
embodiment of the present invention with reference to FIGS.
3 through 4. Note that an arrangement which is not described
in the present embodiment is identical to the arrangement
described in the First Embodiment. Note also that, for con-
venience, members having functions identical to those of the
respective members illustrated in the drawings of the First
Embodiment are given respective identical reference numer-
als, and a description of those members is omitted herein.
[0249] A liquid crystal display device 10 of the present
embodiment is different from the liquid crystal display device
10 of the First Embodiment in that an end side 61 of a picture
element electrode 60 which end side faces a scanning signal
line 32 extends beyond a storage capacitor line 36.
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[0250] Namely, according to the liquid crystal display
device 10 of the First Embodiment, the end side 61 of the
picture element electrode 60 which end side faces the scan-
ning signal line 32 remains above the storage capacitor line 36
though the picture element electrode 60 overlaps the storage
capacitor line 36 in plan view (see FIG. 2). In other words, the
picture element electrode 60 merely overlaps but does not
extend beyond the storage capacitor line 36.

[0251] In contrast, according to the liquid crystal display
device of the present embodiment, the end side 61 of the
picture element electrode 60 which end side faces the scan-
ning signal line 32 extends beyond the storage capacitor line
36 by 2 um (see d27 (a width by which the picture element
electrode extends beyond the storage capacitor line) in FIG.
3). Note here that FIG. 3 is a drawing illustrating a schematic
arrangement of picture elements 14.

[0252] Note that the following description discusses a point
of difference from the First Embodiment, though other mem-
bers of the liquid crystal display device 10 of the present
embodiment are arranged similarly to those of the liquid
crystal display device 10 of the First Embodiment. Namely,
the width of the aperture region in the vertical direction Y (d3)
is changed from 48 pum to 45 pm, the width of the invalid
region in the vertical direction’Y (d4) is changed from 18 pm
to 21 pm, and the gap between the scanning signal line 32 and
the storage capacitor line 36 (d12) is changed from 7 pmto 11
pm.

[0253] Note that the picture element electrode 60 overlaps
the storage capacitor line 36 via an insulating film 70 includ-
ing a gate insulating film 72 and a protecting film 74 similarly
to the case of the First Embodiment (see FIG. 4, which is a
cross-sectional view taken from the line B-B of FIG. 3). As
described earlier, the end side 61 of the picture element elec-
trode 60 which end side faces the scanning signal line 32
extends beyond the storage capacitor line 36 toward the scan-
ning signal line 32 juxtaposed to the storage capacitor line 36.
Note, however, that the picture element electrode 60 which
extends beyond the storage capacitor line 36 overlaps no
scanning signal line 32 that is adjacent to the storage capacitor
line 36.

[0254]

[0255] The following description discusses an electrical
property of the liquid crystal display device 10 of the present
embodiment.

(Flectrical Property)

[0256] (Parasitic Capacitance)
[0257] First, a parasitic capacitance (Cgd) is described.
[0258] According to a result of a simulation carried out

under the simulation conditions described in the First
Embodiment, the parasitic capacitance (Cgd) for the liquid
crystal display device 10 of the present embodiment (see
FIGS. 3 and 4) was found to be 0.0013 pF based on the
equation of Cgd=7.1x107"? [F/m]x187 [um]. Namely, it is
possible to reduce the parasitic capacitance (Cgd) for the
liquid crystal display device 10 of the present embodiment to
approximately 60% of that (0.0022 pF) for the comparison
object 2.

[0259] (Storage Capacitance)

[0260] The following description discusses a storage
capacitance.

[0261] According to the liquid crystal display device 10 of

the present embodiment, the storage capacitor line 36 is pro-
vided so as to overlap the picture element electrode 60. There-
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fore, the storage capacitance includes a storage capacitance
(Cgo) and a storage capacitance (Ccs), similarly to the case of
the First Embodiment.

[0262] Specifically, according to the simulation carried out
under the conditions described above, the storage capacitance
(Cgo) was found to be 0.1026 pF based on the equation of
Cgo=0.6076x107*° [F/m]x169 [um] and the storage capaci-
tance (Ces) was found to be 0.1146 pF based on the equation
of Ces=6.127x1071° [F/m]x187 [um].

[0263] Then, a sum of the storage capacitance (Cgo) and
the storage capacitance (Ccs) is found to be 0.2172 pF. This
shows that it was possible to secure the storage capacitance
equivalent to or greater than that generated not only in the
comparison objects 1 and 2 but also in the First Embodiment.
[0264] As described above, according to the liquid crystal
display device 10 of the present embodiment, it is possible to
reduce the parasitic capacitance (Cgd) as described earlier by
(1) expanding the width of the aperture region so as to cause an
increase in aperture ratio and (ii) securing such a large storage
capacitance as described above.

[0265] (Yield)

[0266] Note that the liquid crystal display device 10 of the
present embodiment has a feature of allowing an increase in
production yield thereof.

[0267] Namely, according to the liquid crystal display
device 10 of the present embodiment, it is possible to widen
the gap (d12) between the scanning signal line 32 and the
storage capacitor line 36 which are juxtaposed (First Embodi-
ment: 7 um, present embodiment: 11 pm).

[0268] This allows an increase in yield with respect to a
leak defect.

Third Embodiment
[0269] The following description discusses a third embodi-

ment of the present invention with reference to FIGS. 5
through 7. Note that an arrangement which is not described in
the present embodiment is identical to the arrangements
described in the respective Embodiments. Note also that, for
convenience, members having functions identical to those of
the respective members illustrated in the drawings of the
respective Embodiments are given respective identical refer-
ence numerals, and a description of those members is omitted
herein.

[0270] (Storage Capacitor Counter Electrode Extending
Section)
[0271] A liquid crystal display device 10 of the present

embodiment is different from the liquid crystal display device
10 of the First Embodiment in that a storage capacitor counter
electrode 40 is extended in an extending direction of a storage
capacitor line 36. Namely, according to the liquid crystal
display device 10 of the present embodiment, the storage
capacitor counter electrode 40 includes a storage capacitor
counter electrode extending section 42 provided in a direction
identical to the extending direction of the storage capacitor
line 36 which the storage capacitor counter electrode 40 over-
laps in plan view.

[0272] (Storage Capacitor Line Widened Section)

[0273] Note that according to the liquid crystal display
device 10 of the present embodiment, the storage capacitor
line 36 includes a storage capacitor line widened section 37
where the storage capacitor line 36 has a larger width than in
the other region thereof.

[0274] The storage capacitor line widened section 37 is
provided so as to correspond to the storage capacitor counter
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electrode extending section 42. Specifically, the storage
capacitor line widened section 37 is provided so as to overlap
the storage capacitor counter electrode extending section 42
in plan view, more specifically so that the storage capacitor
counter electrode extending section 42 does not protrude
from the storage capacitor line widened section 37 in plan
view.

[0275] According to the liquid crystal display device 10 of
the present embodiment, the arrangement described above
causes a part where the storage capacitor counter electrode 40
and the storage capacitor line 36 overlap with each other to
have a large area. This allows an increase in storage capaci-
tance (Ccs).

[0276] Note that a positional relationship between a picture
element electrode 60, a scanning signal line 32, and the stor-
age capacitor line 36 is not limited to that illustrated in FIG. 5
and can be variously arranged.

[0277] For example, according to the arrangement illus-
trated in FIG. 5, an end side 61 of the picture element elec-
trode 60 which end side faces the scanning signal line 32 is
located so as not to extend beyond the storage capacitor line
36 (see a region RS). Alternatively, for example, the end side
61 can be located so as to extend beyond the storage capacitor
line 36 (see FIG. 6). Namely, the picture element electrode 60
can be arranged to extend beyond the storage capacitor line
36. Note that the end side 61 does not overlap a driving
scanning signal line 33 which is adjacent to the storage
capacitor line 36.

[0278] Further, for example, according to the arrangement
illustrated in FIG. 5, an end side 62 of the picture element
electrode 60 which end side faces the storage capacitor line 36
extends beyond an adjacent scanning signal line 34 but does
not overlap the storage capacitor line 36 which is juxtaposed
to the adjacent scanning signal line 34 (see a region R6). In
contrast, for example, the end side 62 may be arranged to
extend beyond the adjacent scanning signal line 34 and fur-
ther to overlap the storage capacitor line 36 which is juxta-
posed to the adjacent scanning signal line 34 (see FIG. 7).
According to the arrangement, it is possible to cause a further
increase in storage capacitance.

Fourth Embodiment

[0279] The following description discusses a third embodi-
ment of the present invention with reference to FIGS. 8
through 9. Note that an arrangement which is not described in
the present embodiment is identical to the arrangements
described in the respective Embodiments. Note also that, for
convenience, members having functions identical to those of
the respective members illustrated in the drawings of the
respective Embodiments are given respective identical refer-
ence numerals, and a description of those members is omitted
herein.

[0280] The description of the First Embodiment discusses
the arrangement in which the storage capacitor counter elec-
trode 40 is formed as the extending part of the drain electrode
56. In contrast, according to a liquid crystal display device 10
of the present embodiment, a storage capacitor counter elec-
trode 40 is connected to a drain electrode 56 via a picture
element electrode 60. The following description is given with
reference to FIG. 8 and FIG. 9. FIG. 8 is a drawing illustrating
a schematic arrangement of picture elements 14 of the liquid
crystal display device 10, and FIG. 9 is a cross-sectional view
taken from the line C-C of FIG. 8.
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[0281] Namely, the storage capacitor counter electrode 40
is electrically connected to the picture element electrode 60
via a contact hole 68. Then, the picture element electrode 60
is connected to the drain electrode 56 of a switching element
50 also via the contact hole 68. This causes the storage capaci-
tor counter electrode 40 to be connected to the drain electrode
56 via the picture element electrode 60. The storage capacitor
counter electrode 40 is therefore equivalent in electric poten-
tial to the drain electrode 56. Note thata reference numeral 78
in FIG. 9 refers to an alignment film.

[0282] According to the arrangement in which the drain
electrode 56 and the storage capacitor counter electrode 40
are electrically connected so as to be equivalent in electric
potential, the drain electrode 56 intersects no storage capaci-
tor line 36.

[0283] Namely, according to the liquid crystal display
device 10 of the First Embodiment, the drain electrode con-
nection section 57 via which the storage capacitor counter
electrode 40 is connected to the drain electrode 56 intersects
an edge part of the storage capacitor line 36(see a region R10
in FIG. 1). In other words, the storage capacitor counter
electrode 40 (the extending part of the drain electrode 56)
reaches the edge part of the storage capacitor line 36.

[0284] In contrast, according to the liquid crystal display
device 10 of the present embodiment, the storage capacitor
counter electrode 40 is connected to the drain electrode 56 via
the picture element electrode 60. Accordingly, unlike the case
of the First Embodiment, there is no drain electrode connec-
tion section 57 provided. Consequently, a case will not occur
in whicha drain electrode connection section 57 intersects the
storage capacitor line 36.

[0285] This can prevent (i) a leak defect between the stor-
age capacitor line 36 and the drain electrode 56 and/or (ii)
disconnection in the drain electrode connection section 57.
[0286] Note that a change in storage capacitance is less
likely to occur even in a case where the storage capacitor
counter electrode 40 is misaligned with respect to the storage
capacitor line 36. As for this point, according to the arrange-
ment in which the storage capacitor counter electrode 40 is
connected to the drain electrode 56 via the drain electrode
connection section 57 (see FIG. 1), such a positional mis-
alignment as described above causes increase and decrease in
area of a region where the storage capacitance is formed, and
the change in storage capacitance due to the positional mis-
alignment is therefore highly likely to occur.

[0287] Note also that according to the arrangement, it is
possible to cause a separation into blocks to be less likely to
occur when a so-called step-and-repeat exposure is carried
out.

[0288] (Color Filter)

[0289] The following description discusses a positional
relationship in a state where the first substrate 22 and the
second substrate 24 are assembled with each other, with ref-
erence to drawings in which an arrangement of the color
filters 80 is mainly illustrated.

[0290] FIGS.10 and 11 illustrate an arrangement of at least
the color filters 80 and show at least where the picture element
electrodes 60 are provided in the state where the first substrate
22 and the second substrate 24 are assembled with each other.
[0291] On the second substrate 24 of each of the embodi-
ments of the present invention, the color filters 80 (the red
color filter 82, the green color filter 84, and the blue color filter
86) are provided so as to correspond to the respective picture
element electrodes 60 provided on the first substrate 22.
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[0292] The color filters 80 have different colors for each of
the color filters 80 which correspond to the respective picture
element electrodes 60 which are adjacent in the vertical direc-
tion'Y, which is the direction in which the video signal lines
extend.

[0293] Further, the color filters 80 of different colors are
provided so as not to make contact with each other. This
produces a constant gap in the boundary region R1 between
the color filters 80 of different colors.

[0294] The black matrix 88 is provided so as to cover the
boundary region R1 in the boundary region R1 between the
color filters 80.

[0295] (Black Matrix and the Storage Capacitor Line)
[0296] As described earlier with reference to FIGS. 1 and 2,
according to the liquid crystal display device 10 of the First
Embodiment, the storage capacitor line 36 provided on the
first substrate 22 at least partially overlaps the black matrix 88
in plan view.

[0297] (Boundary Region between the Color Filters and
Boundary Region between the Picture Element Electrodes)
[0298] For example, according to the liquid crystal display
device 10 of the First Embodiment, the boundary region R1
between the color filters 80 and the boundary region R2
between the picture element electrodes 60 which are adjacent
in the vertical direction Y, which is the direction in which the
video signal lines 35 extend, at least partially overlap with
each other in plan view.

[0299] (Overlap Between the Color Filters)

[0300] Note that an arrangement of the color filters 80 is not
limited to the arrangement illustrated in FIG. 10 and the color
filters 80 can be differently arranged.

[0301] Specifically, for example, it is possible to arrange
adjacent ones of the color filters 80 of different colors to
overlap with each other in the boundary region R1 between
the adjacent ones of the color filters 80 of different colors (see
FIG. 11).

[0302] Note here that according to an arrangement in which
the adjacent ones of the color filters 80 are not in contact with
each other in the boundary region between the adjacent ones
of the color filters 80, the different colors are spaced from
each other along a color boundary between the adjacent ones
of the color filters. This can prevent such a case that the
adjacent ones of the color filters of different colors rise toward
the first substrate in a part where the different colors overlap
with each other. This can also prevent a leak between the
respective picture element electrodes and the common elec-
trode even in a case where (a) an electrically conductive
foreign matter is included in a liquid crystal layer or (b) a
display surface of a display device is pressed with a finger.
[0303] Note that the liquid crystal layer has a larger thick-
ness along the color boundary between the adjacent ones of
the color filters of different colors than in the other part of the
liquid crystal layer by a thickness of the adjacent ones of the
color filters. According to the arrangement, (i) the boundary
region where the liquid crystal layer has the larger thickness
and (ii) a boundary between corresponding adjacent picture
element electrodes, that is, a region where no picture element
electrode is provided at least partially overlap with each other
in plan view. This can prevent a decrease in liquid crystal
capacitance. This can also reduce an influence of the parasitic
capacitance (Cgd) on a display quality because it is easy to
secure a large liquid crystal capacitance even in a case where
the first substrate and the second substrate are positionally
misaligned when assembled.
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[0304] Note that it is possible to cause the common elec-
trode 90 to be in contact with the black matrix 88 described
abovein a place where the adjacent ones of the color filters are
spaced. Particularly in a case where a surface of the black
matrix on which surface the black matrix is in contact with the
common electrode 90 is a metal layer, it is possible to cause
the common electrode 90 to have a lower resistance. This can
reduce a signal delay in the common electrode 90. Namely, it
is possible to more securely apply a desired voltage to liquid
crystal.

[0305] In contrast, according to the arrangement in which
one of the adjacent ones of the color filters 80 overlap the
other of the adjacent ones of the color filters 80 in the bound-
ary region between the adjacent ones of the color filters 80 of
different colors, the color filters of different colors overlap.
Therefore, no region where the liquid crystal layer has a larger
thickness than in the other region thereof is formed. This can
more securely prevent a decrease in liquid crystal capaci-
tance. Note that though rising toward the first substrate, the
adjacent ones of the color filters at least partially overlap with
each other in plan view, along a color boundary of the adja-
cent ones of the color filters, a boundary between correspond-
ing adjacent picture element electrodes, that is, a region
where no picture element electrode is provided. This can
prevent a leak between the corresponding adjacent picture
element electrodes and the common electrode even in a case
where (a) an electrically conductive foreign matter is
included in a liquid crystal layer or (b) a display surface of a
liquid crystal display device is pressed with a finger.

[0306] Thearrangement is preferably applied to a device in
which information can be entered from outside by touching a
display surface of a display device such as a device including
at least a touch panel and a light sensor. Note that the touch
panel, the light sensor and the like can be provided not only on
the display surface but also on a backside or a first substrate of
the display device.

[0307] Note that an arrangement of the liquid crystal dis-
play device 10 of the present invention is not limited to the
above descriptions.

[0308] Forexample, the above descriptions discuss the case
of the arrangement of the color filters 80 of three colors. The
number of colors of the color filters 80 is not limited to three
and can be four or more, for example.

[0309] Forexample, in a case where a dot is squared, as the
number of colors increases, picture elements become trans-
versely lengthened and the parasitic capacitance (Cgd) is
therefore enlarged with respect to the total of the parasitic
capacitances (Cpix). Accordingly, in such an arrangement, an
effect of reducing the parasitic capacitance (Cgd) in accor-
dance with the present invention is more remarkable.

[0310] Note that in a case where the color filters 80 as
described above are transversely striped, it is possible to
cause a memory to be less consumed, for example in data
processing of a digital image.

[0311] Note also that in a case where the color filters 80
which are adjacent in a direction in which the scanning signal
lines 32 extend have different colors, it is possible to realize a
smoother display in displaying a natural image.

[0312] Note also that in a case where the picture element
electrodes 60 are patterned by use of a step-and-repeat expo-
sure device as described earlier, it is possible to prevent a
so-called separation into blocks according to the present
invention.
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[0313] Note also thatan arrangement of the picture element
electrodes is not limited to the arrangement in which the
picture element electrodes are made solely of a transparent
electrode. For example, it is possible to form a display device
which is both reflective and transparent and in which a reflec-
tive film is provided on a part of the transparent electrode.
[0314] The present invention is not limited to the descrip-
tion of the embodiments above, but may be altered by a
skilled person within the scope of the claims. An embodiment
based on a proper combination of technical means disclosed
in different embodiments is encompassed in the technical
scope of the present invention.

INDUSTRIAL APPLICABILITY

[0315] Thepresent invention is suitably applicable particu-
larly to a comparatively small-sized liquid crystal display
device such as a mobile phone, a PDA, a personal navigation
system, or a portable game machine which is required to
achieve a low power consumption and a high display quality.

1. A liquid crystal display device including:

a first substrate;

a second substrate;

a liquid crystal material sealed between the first substrate

and the second substrate;

a plurality of scanning signal lines on the first substrate;

aplurality of video signal lines on the first substrate which

intersect the respective plurality of scanning signal lines;

a plurality of switching elements on the first substrate

which are electrically connected to the respective plu-
rality of scanning signal lines and the respective plural-
ity of video signal lines; and

a plurality of picture element electrodes on the first sub-

strate which are provided in a matrix pattern and elec-
trically connected to the respective switching elements,

the picture element electrodes having a longer length in a

direction along the scanning signal lines than in a direc-
tion along the video signal lines,

said liquid crystal display device comprising:

storage capacitor lines provided on the first substrate along

the respective scanning signal lines,

the storage capacitor lines overlapping the respective pic-

ture element electrodes via an insulating film in plan
View.

2. The liquid crystal display device as set forth in claim 1,
wherein, for each of the picture element electrodes, a storage
capacitor line corresponding to that picture element electrode
is juxtaposed to that one of the plurality of scanning signal
lines which is electrically connected to that picture element
electrode via a corresponding switching element.

3. The liquid crystal display device as set forth in claim 1,
wherein:

foreach ofthe picture element electrodes, a storage capaci-

tor line corresponding to that picture element electrode
is juxtaposed to that one of the plurality of scanning
signal lines which is electrically connected to that pic-
ture element electrode via a corresponding switching
element; and

the storage capacitor line overlaps that picture element

electrode via the insulating film in plan view in such a
manner that the storage capacitor line overlaps an end
side of that picture element electrode which end side
faces this scanning signal line.

4. The liquid crystal display device as set forth in claim 1,
wherein each of the picture element electrodes overlaps, via
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the insulating film in plan view, that one of the plurality of
scanning signallines which is provided so as to drive a picture
element electrode which is adjacent to that picture element
electrode in a direction in which the plurality of video signal
lines extend.

5. The liquid crystal display device as set forth claim 1,
wherein each of the plurality of picture element electrodes
overlaps, via the insulating film in plan view, that one of the
plurality of scanning signal lines which is provided so as to
drive a picture element electrode that is adjacent to that pic-
ture element electrode in the direction in which the plurality
of video signal lines extend, and an end side of that picture
element electrode extends beyond this scanning signal line in
plan view.

6. The liquid crystal display device as set forth claim 1,
wherein:

each of the plurality of picture element electrodes overlaps,

via the insulating film in plan view, that one of the
plurality of scanning signal lines which is provided so as
to drive a picture element electrode which is adjacent to
that picture element electrode in the direction in which
the plurality of video signal lines extend, and an end side
of that picture element electrode extends beyond this
scanning signal line in plan view; and

the end side of that picture element electrode overlaps, in

plan view, a corresponding storage capacitor line pro-
vided along this scanning signal line.

7. The liquid crystal display device as set forth claim 4,
wherein each of the plurality of picture element electrodes
overlaps, via the insulating film in plan view, only that one of
the plurality of scanning signal lines which is provided so as
to drive a picture element electrode which is adjacent to that
picture element electrode in the direction in which the plural-
ity of video signal lines extend.

8. The liquid crystal display device as set forth claim 1,
wherein in plan view, the plurality of picture element elec-
trodes are provided on a protecting film which is provided so
as to cover the plurality of video signal lines.

9. The liquid crystal display device as set forth in claim 8,
wherein:

storage capacitor counter electrodes are provided in a layer

above the respective storage capacitor lines via the insu-
lating film;

the storage capacitor counter electrodes are electrically

connected to the respective plurality of picture element
electrodes; and

in plan view, each of the storage capacitor counter elec-

trodes has their end sides which are located within a
region of a corresponding storage capacitor line.

10. The liquid crystal display device as set forth in claim 8,
wherein:

storage capacitor counter electrodes are provided in a layer

above the respective storage capacitor lines via the insu-
lating film; and

the storage capacitor counter electrodes are made of a

material of which drain electrodes of the respective
switching elements are made.

11. The liquid crystal display device as set forth in claim
10, wherein the storage capacitor counter electrodes are
extending parts of the respective drain electrodes of the
respective switching elements.

12. The liquid crystal display device as set forth claim 9,
wherein the storage capacitor counter electrodes respectively
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include storage capacitor counter electrode extending sec-
tions extended along the respective storage capacitor lines.
13. The liquid crystal display device as set forth in claim 1,
comprising:
on the second substrate, color filters which correspond to
the respective picture element electrodes provided on
the first substrate; wherein:
the color filters are different in color between adjacent ones
in the direction in which the plurality of video signal
lines extend, so that color filters which correspond to
picture element electrodes adjacent to each other are
different in color in the direction in which the plurality of
video signal lines extend,;
black matrices are provided in a boundary region between
the respective color filters of different colors; and
the storage capacitor lines at least partially overlap the
respective black matrices in plan view.
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14. The liquid crystal display device as set forth in claim
13, wherein (1) the boundary region between the respective
color filters of different colors and (ii) a boundary region
between the respective picture element electrodes which are
adjacent in the direction in which the plurality of video signal
lines extend at least partially overlap in plan view.

15. The liquid crystal display device as set forth in claim
13, comprising a common electrode above the color filters.

16. The liquid crystal display device as set forth claim 13,
wherein the color filters of different colors are not in contact
with each other in the boundary region between the respective
color filters of different colors.

17. The liquid crystal display device as set forth claim 13,
wherein adjacent ones of the color filters of different colors
overlap with each other in a boundary region between the
adjacent ones of the color filters of different colors.
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