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7 ABSTRACT

Aliquid crystal display element includes a pair of substrates,
a liquid crystal layer sandwiched therebetween, gate lines
and drain lines disposed to intersect the gate lines disposed
on one of the substrates, thin film transistors disposed at the
intersections of the gate and drain lines, pixel electrodes
disposed in an area surrounded by two adjacent gate lines
and two adjacent drain lines, a common electrode disposed
on the other substrate. The liquid crystal display element is
also provided with storage lines disposed below the pixel
electrodes with an insulating layer interposed therebetween
to form a capacitance therebetween. Each of the pixel
electrodes is formed with an opening in a portion thereof
facing the storage lines.

GL
102

SH

STL

SH

ITO1
SDt

103

GL
102

DL

sb2  TFT

100 DL 100



US 2001/0019372 Al

Sep. 6,2001 Sheet 1 of 18

Patent Application Publication

1

FIG.

SUBH




Patent Application Publication Sep. 6, 2001 Sheet 2 of 18 US 2001/0019372 A1

FIG. 2

\
e

\
A D

e )

Py




Patent Application Publication Sep. 6, 2001 Sheet 3 of 18 US 2001/0019372 A1

FIG. 3




Patent Application Publication Sep. 6, 2001 Sheet 4 of 18 US 2001/0019372 A1

ANANAARNEN R NN NN NN DL




US 2001/0019372 Al

Sep. 6,2001 Sheet 5 of 18

Patent Application Publication

4|.
s8]
pass
w
ol
[
w




Patent Application Publication Sep. 6, 2001 Sheet 6 of 18 US 2001/0019372 A1

FIG. 6

N s

////////L/ : ////////
N

AN
Y//////////////////////// //////////////////




US 2001/0019372 Al

Sep. 6,2001 Sheet 7 of 18

Patent Application Publication

7

SiN, PAS

FIG.




Patent Application Publication Sep. 6, 2001 Sheet 8 of 18 US 2001/0019372 A1

FIG. 8

e \\\\\\\\\\\\\\\\\\\\\\\\\

=N
SSNER NEIRNOY pas
L \\\\ =

ESONNNNNN
V/////////////////////////////////////////




US 2001/0019372 Al

Sep. 6,2001 Sheet 9 of 18

Patent Application Publication

NMd
Q0410313 V
NOARQD mm_ofo\d J0HNOS (LNdNI LT0A-S)
1NdN -
SNg V1va 4OOT0 HIMOd [ LINdNI L10A-€
\ N
¢ T T T T T ~—— ONAS
yanyg b b FE VI VT YT o1 vy NOOL
NIVHQ ~{H001+1400+1400}4aa~{6ad|~{tad}~{saal~] uaa — JYNOIS
- | ONIWIL AY1dSIq
= “ Qo e %2019
EL R WNOIS/ TWNDIS TOHINOD
JOVHOLS AHHY)
HAD <3 (@ 3
SNt~
I| SaNIT K U (9) NIFUD
4LvO gy NIVHa-~ (it H3TI0HINOD
HAD (3 (4 a3
; w ——  V1¥Q AVdSIO
INd 160

SH3IAIHA 3LvD

6 I



US 2001/0019372 Al

Sep. 6,2001 Sheet 10 of 18

Patent Application Publication

S3NIT HIMOd <=

SHOOTD YLVQ ~— Sy31HIANOD J
STYNOIS DOTYNY = 5 90-00}«— (1NdNI L10A-6)
s LNdNI L110A-€
AdD a/d
Y ha
4O HOLVHINID H3LIHS|
<= Y10 [ EIER
HAANG 440-31vD e
| 7O [uoLveaNad
= OV TON [
NO-3LYD
A0D™
HOLYHINTD
HINHG
Alr 3008103 e 2005100 TH)
NONWOI NOWNOD ha
Nd e v, = 30IA30}— 0070
WS Tnowo TOHINOD AV1dSIa ONAS
LIS -— DNINIL AVTdSI
i NOOL | Lo viva aviasia
« S I TOCENED)
- adnad HIXITAILIN | 3DVLI0A
BRLLLL] I N 30N3H343H
wad it w<om AVHD )
ALH



Patent Application Publication Sep. 6, 2001 Sheet 11 of 18  US 2001/0019372 A1l

FIG. 11

- SIGNALS FROM MAIN BODY
“oeco JImnAAARARAARARAARLAATIARIL
(DCLK}

HORIZ. SYNC SIGNAL |—|

(HSYNC) —

DISPLAY TIMING SIGNAL
(DTMG)

DISPLAY DATA { VALID DISPLAY DATA ){

< OUTPUTS TO DRAIN DRIVER

CLOCK D1
(cL1) []
CLOCK D2 ﬂ""ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
(CL2)
DRAIN DATA BUS Y VALID DISPLAY DATA |}

SIGNALS FROM MAIN BODY

VERT. SYNC SIGNAL M
(VSYNC)
Horiz. syne siGNALTL T L L U T
DISPLAY TIMING SIGNAL
VERTICAL RETRACE TIME
FIRST DISPLAY
LINE
OUTPUTS TO GATE DRIVER
FRAME START
COMMAND SIGNAL M

(FLM)

R IRINININIRIRIRNIRIR
g (CL3)




Patent Application Publication Sep. 6, 2001 Sheet 12 of 18  US 2001/0019372 A1l

FIG. 12

\ _—DISPLAY
PNL SECTION




US 2001/0019372 Al

Sep. 6,2001 Sheet 13 of 18

Patent Application Publication

13

FiG.

CONT

DDR

_—DL

TFT

oc

o

............................... d_ o
» 4 H| |
. K Hs He |
..|_ ..l_ ..I._ m
PRIT || FSITI || FEPITE | o
. I Hs H$ |
Hoo AL [ |

~_

l ~Z
y m
H 4 H| |
. HH Hs He |
Lo |t + “
o |

STR




US 2001/0019372 Al

Sep. 6,2001 Sheet 14 of 18

FIG.

Patent Application Publication

14

SUBt

SH
ITO1
SD1
103
102

DL

DL 100

100

sp2 TFT



Patent Application Publication Sep. 6, 2001 Sheet 15 of 18  US 2001/0019372 A1l

FIG. 15

\\\\ [TO

PAS

—SiN
STL




Patent Application Publication Sep. 6, 2001 Sheet 16 of 18  US 2001/0019372 A1

B B E T

% SiN
S S | GL




Patent Application Publication Sep. 6, 2001 Sheet 17 of 18  US 2001/0019372 A1

FIG. 17




Patent Application Publication Sep. 6, 2001 Sheet 18 of 18  US 2001/0019372 A1l

FIG. 18

O
5
—

O _

OO

PITII ISP IS AT IA A IS TIITIIIIYY

a

CPT

OO NN AN NN NOSSONOINNSNNNNNNSNNY

(N

LT AL L L L LA L LLL L L
A

\ |

¢ X

SUB1 SuB2




US 2001/0019372 Al

LIQUID CRYSTAL DISPLAY ELEMENT HAVING
CONTROLLED STORAGE CAPACITANCE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display element, and in particular to a thin film transistor
active-matrix type liquid crystal display element provided
with a storage capacity formed in a pixel area by a storage
line disposed therein and a pixel electrode.

[0002] Liquid crystal display devices are widely used as a
high-definition color display device for a notebook computer
and a display monitor.

[0003] Among liquid crystal display elements, the simple
matrix type and the active matrix type are well-known. The
simple matrix type liquid crystal display element comprises
a pair of opposing substrates, a first group of parallel strip
electrodes disposed on an inner surface of one of the
substrates, a second group of parallel strip electrodes dis-
posed on an inner surface of the other substrate to intersect
the first group of parallel strip electrodes, and a liquid crystal
layer sandwiched between the substrates. The active matrix
type liquid crystal display element comprises a pair of
opposing substrates, a plurality of switching elements each
provided for selecting a respective pixel and disposed on an
inner surface of one of the substrates, and a liquid crystal
layer sandwiched between the substrates.

[0004] The active matrix type liquid crystal display ele-
ment is divided into the so-called vertical electric field type
which usually called the TN (the Twisted Nematic) type and
the so-called horizontal electric field type which is usually
called the IPS (the In-Plane-Switching type). In the so-called
vertical electric field type as represented by the TN type, two
groups of strip electrodes for selection of pixels are disposed
on inner surfaces of a pair of upper and lower substrates,
respectively. In the so-called horizontal electric field type,
two groups of electrodes for selection of pixels are disposed
only on an inner surface of one of a pair of upper and lower
substrates.

[0005] In the TN type active-matrix liquid crystal display
element, liquid crystal molecules are oriented to be twisted
through 90 degrees, for example, between a pair of opposing
substrates. A pair of polarizers are disposed in front of and
behind the liquid crystal display element, respectively, such
that their absorption axes are at right angles (the arrange-
ment of crossed nicols) with the absorption axis of a
polarizer on the entrance side is parallel with or perpendicu-
lar to the rubbing direction of the entrance-side substrate.

[0006] In the TN type active-matrix liquid crystal display
element, first suppose that no electric field is applied across
the liquid crystal layer. The incident light is converted into
a linearly polarized light by the entrance-side polarizer, the
linearly polarized light propagates along the twist of the
liquid crystal molecules, and then all of the linearly polar-
ized light passes through the exit-side polarizer and provides
a white display if an azimuthal angle of the transmission axis
of the exit-side polarizer is identical with that of the linearly
polarized light entering the exit-side polarizer. This is the
so-called normally open mode.

[0007] Next, suppose that an electric field is applied across
the liquid crystal layer. The direction (director) of a unit
vector representing the average direction of orientations of
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axes of liquid crystal molecules of the liquid crystal layer is
perpendicular to the surface of the substrate, the azumuthal
angle of the linearly polarized light entering the liquid
crystal layer is not changed, and as a result, it is identical
with that of the absorption angle of the exit-end polarizer
and consequently, the liquid crystal display element pro-
vides a black display. For further detail, see “Basics and
Application of Liquid Crystal,” Industrial Research Asso-
ciation, Tokyo, 1991.

[0008] As described above, the TN type liquid crystal
display element includes a pair of opposing transparent
insulating substrates made of material such as glass, a liquid
crystal layer sandwiched between the opposing glass sub-
strates, a group of scanning signal lines (hereinafter also
called gate signal lines) extending in the x direction and
arranged in the y direction on the liquid-crystal layer side
surface of one of the substrates in a system of rectangular
co-ordinates, and a group of drain lines (hereinafter also
called video signal lines) insulated from the gate signal lines,
extending in the y direction, and arranged in the x direction.

[0009] A pixel area is formed in an area surrounded by two
adjacent gate lines and two adjacent drain lines, and all the
pixel areas form a display area. Formed in each pixel area
are a thin film transistor (TFT) serving as an active element
(a switching clement), for example, and a transparent pixel
electrode.

[0010] A scanning signal supplied to a gate line switch on
a thin film transistor which, in turn, supplies a video signal
to a pixel electrode from a drain line.

[0011] A capacitance formed by a dielectric of the lighted
liquid crystal is not sufficient to maintain the ON (lighted)
state of the pixel which has been driven by the thin film
transistor during a specified period of time, and therefore an
additional capacitance is provided to each pixel so as to
replenish the shortage of the capacitance. The additional
capacitance has been provided by overlaying a portion of the
pixel electrode on the gate line with an insulating layer
interposed therebetween.

[0012] On the other hand, a storage method is suggested
which disposes a storage line in the pixel area and forms a
capacitance (a storage capacitance) using a pixel electrode,
the storage line and an insulating layer therebetween.

[0013] Storage type liquid crystal display devices are
disclosed in Japanese Patent Application Laid-open No. Hei
11-231341 (laid-open on Aug. 27, 1999), Japanese Patent
Application Laid-open No. 2000-221527 (laid-open on Aug.
11, 2000), and Japanese Utility Model Registration No.
2536632 (registered on Feb. 21, 1997).

[0014] FIG. 13 shows an equivalent circuit of a storage
type liquid crystal display element. In the storage type liquid
crystal display element, a plurality of gate lines GL and a
plurality of drain lines DL are disposed to intersect one
another in a display area AR on one of a pair of opposing
substrates, a thin film transistor TFT is disposed at each of
intersections of the gate lines GL and the drain lines DL, and
a plurality of storage lines STL are disposed between and
parallel with the gate lines GL. Reference character ITO2
denotes a common electrode disposed on an inner surface of
the other substrate.

[0015] A source electrode (the roles of source and drain
may be exchanged in a driving cycle) of the thin film
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transistor TFT is connected to the pixel electrode ITO1, a
liquid crystal capacitance Clc is formed between the pixel
electrode ITO1 and the common electrode ITO2 with a
liquid crystal therebetween serving as a dielectric, and a
storage capacity Cstg is formed between the pixel electrode
ITO1 and the storage line STL.

[0016] The common electrode ITO2 is supplied with a
specified voltage (preferably a fixed voltage) from a com-
mon-electrode driving circuit CDR, and the storage lines
STL are supplied with a specified voltage (preferably a fixed
voltage) from a storage-line driving circuit STR. Reference
character GDR denotes a gate line driving circuit, DDR is a
drain line driving circuit, CONT is a display control circuit
for supplying display signals and timing signals.

[0017] FIG. 14 is a plan view of essential parts of a unit
pixel and its vicinity formed on a substrate SUBL of the
storage type liquid crystal display element. In FIG. 14,
certain of the shapes and dimensions are exaggerated for
clarity.

[0018] FIG. 15 is a schematic cross-sectional view of the
storage type liquid crystal display element taken along line
XV-XV of FIG. 14.

[0019] In FIG. 14, cach pixel is disposed in an area
surrounded by two adjacent gate lines GL and two adjacent
drain lines intersecting the gate lines GL, and is provided
with a thin film transistor TFT at their intersection. The thin
film transistor TFT is comprised of the gate line GL, an
insulating film (not shown to avoid undue complication of
the drawing) covering the gate line GL, a semiconductor
layer 100 made of amorphous silicon with the insulating film
formed on the insulating film, a pair of a source electrode
SD1 and a drain electrode SD2 which are disposed to oppose
each other on the semiconductor layer 100. A semiconductor
layer integral with the semiconductor layer 100 is disposed
below the drain line DL so as to reduce step heights.
Reference character SH denotes light-shielding members,
reference numeral 102 are openings made in the gate lines
GL for the purpose of reducing line defects.

[0020] The pixel electrode ITO1 made of transparent
conductive film is formed in the pixel area and is connected
to the source electrode SD1 of the thin film transistor TFT.
The storage line STL is formed in parallel with the gate lines
GL, below the pixel electrode ITO1 with an insulating layer
interposed (not shown for clarity in FIG. 14, but should be
understood to be present) between the pixel electrode ITO1
and the storage line STL in the pixel area. Reference
numeral 103 denotes a contact hole made in the insulating
layer.

[0021] Generally, the storage lines STL are fabricated
from the same material as that of the gate lines GL and
simultaneously with the gate lines GL. The drain electrode
SD2 of the thin film transistor TFT is formed as an extension
from the drain line DL.

[0022] As shown in FIG. 15, formed on the inner surface
of the substrate SUB1 which is also called “the thin film
transistor substrate” are the storage line STL, a first insu-
lating layer SiN made preferably of silicon nitride, a second
insulating layer PAS made of a passivation layer, and the
pixel electrode ITO1, in the order named. The common
electrode ITO2 is formed on the inner surface of the other
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substrate SUB2. A liquid crystal layer LC is sandwiched
between the two substrates SUB1 and SUB2.

[0023] Although not shown in FIGS. 14 and 15, orienta-
tion films for orientating liquid crystal molecules are dis-
posed on the respective surfaces of the pixel electrodes ITO1
and the common electrode 1TO2, are in direct contact with
the liquid crystal layer. In the color liquid crystal display
element, three-color filters are disposed below the common
electrode ITO2 on the substrate SUB2, and in this case, the
substrate SUB2 is also called “a color filter substrate.”

[0024] In FIG. 15, the storage capacitance Cstg shown as
a hatched area is formed by the pixel electrode ITO1, the
storage line STL, the first insulating layer SiN and the
second insulating layer PAS.

[0025] The storage capacitance Cstg is determined by the
area of the overlap between the pixel electrode I'TO1 and the
storage line STL, and is therefore determined by the shape
and dimensions of the storage line, and consequently, the
exact establishment of the storage capacitance Cstg is dif-
ficult, and also the resistance is increased.

[0026] The common electrode ITO2 also overlies the gate
lines GL and the drain lines DL with the liquid crystal layer
interposed therebetween, and therefore a large wiring
capacitance is formed between the common electrode ITO2
and the drain and gate lines GL, DL, and consequently delay
caused by wiring produces brightness grading in a display
image.

[0027] FIG. 16 is a schematic cross-sectional view of the
liquid crystal display element for explaining a wiring capaci-
tance formed by the gate line GL, and FIG. 17 is a schematic
cross-sectional view of the liquid crystal display element for
explaining a wiring capacitance formed by the drain line DL.
Positioned over the gate line GL are the first insulating layer
SiN, the second insulating layer PAS, the liquid crystal layer
LC and the common electrode ITO2. Positioned over the
drain line DL are the second insulating layer PAS, the liquid
crystal layer L.C and the common c¢lectrode ITO2. Formed
between the wiring lines GL, DL and the common electrode
ITO2 are wiring capacitances having configurations indi-
cated by broken lines in FIGS. 16 and 17, respectively.

[0028] The larger the size of the liquid crystal display
element, the longer the lengths of the storage lines STL, the
gate lines GL and the drain lines DL, and the larger the
wiring capacitances, and therefore the so-called wiring
delays occur. Consequently, there is a problem in that flicker
or brightness grading occurs in a displayed image.

[0029] A voltage supply to the common electrode ITO2 is
made via a conductive paste disposed in the vicinity of the
sealing member sealing a pair of substrates together along
peripheries of a display area of the substrates. The conduc-
tive paste is sandwiched between a common-electrode volt-
age supply line formed on the substrate SUB1 and the
common electrode ITO2 formed on the other substrate
SUB2.

[0030] FIG. 18 is a schematic plan view of the liquid
crystal display element for explaining an example of posi-
tions of the conductive pastes for electrically connecting the
common-electrode voltage supply line on the substrate
SUB1 to the common electrode ITO2 on the substrate
SUB2.
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[0031] In this liquid crystal display element, the substrates
SUBI1 and SUB2 are sealed together by placing the substrate
SUB2 over the substrate SUB1 with a sealing member SL
interposed therebetween along the periphery of the display
area AR of the substrates SUB1 and SUB2.

[0032] The common-electrode voltage supply line (not
shown) is formed in the vicinity of the sealing member SL
on the substrate SUBI. In the sealing operation, the con-
ductive paste CPT is coated to overlie the common-electrode
voltage supply line at positions such as corners of the sealing
member SL coated on the substrate SUBI1, and then the
substrate SUB2 is placed over the substrate SUB2 such that
the common electrode ITO2 on the inner surface of the
substrate SUB2 is electrically connected to the conductive
paste CPT to make possible application of a specified
voltage to the common electrode ITO2.

[0033] A voltage supply to the storage lines STL is made
by connecting a storage-line voltage supply line (not shown)
formed in the vicinity of the sealing member SL on the inner
surface of the substrate SUBI to a power supply (a storage-
line driving circuit) at one side or both sides of the display
area.

[0034] However, there is a problem in that, the longer the
storage lines, the larger the resistance and a wiring capaci-
tance, and fluctuations in potentials occur, and consequently,
flicker and brightness grading occur in a display and they
deteriorate the quality of the display.

[0035] As for a measure against these, the number of the
coated conductive pastes can be increased, the coating
operation of the conductive pastes requires a lot of time, and
as a result, the so-called tact time is increased. In a driving
method employing the common-electrode voltage inversion,
it is difficult to reduce the number of the points for voltage
supply because a signal is supplied to the common electrode.

SUMMARY OF THE INVENTION

[0036] It is an object of the present invention to provide a
liquid crystal display element capable of suppressing occur-
rence of flicker and brightness grading in a display by
solving the problems with the prior art, facilitating the
establishment of a desired storage capacitance, and reducing
a storage capacitance, wiring capacitances formed by gate
lines or drain lines, and further capable of improving a
manufacturing tact.

[0037] To achieve the above object, the present invention
is capable of establishing the storage capacitance value in
accordance with the storage line by providing an opening in
a pixel electrode, reducing wiring capacitances of gate lines
and/or drain lines by providing cutouts in a portion of a
common electrode overlying (or being located at an opposite
side of the liquid crystal layer to) the gate lines and/or the
drain lines (e.g. by eliminating the portion of the common
electrode so as to form an opening therein), or supplying a
voltage to the common electrode or the storage lines by
providing column-like conductive spacers between the com-
mon electrode and the storage lines without a conductive
paste.

[0038] The following describes representative configura-
tions of the liquid crystal display elements in accordance
with the present invention.
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[0039] In accordance with an embodiment of the present
invention, there is provide a liquid crystal display element
comprising: a pair of substrates; a liquid crystal layer
sandwiched (or interposed) between the pair of substrates; a
plurality of gate lines disposed on one of the pair of
substrates; a plurality of drain lines disposed to be insulated
from and intersect the plurality of the gate lines on the one
of the pair of substrates; a plurality of thin film transistors
disposed in a vicinity of intersections of the plurality of gate
lines and the plurality of drain lines; a plurality of pixel
electrodes made of transparent conductive material, each of
the plurality of pixel electrodes being disposed in an area
surrounded by two adjacent ones of the plurality of gate lines
and two adjacent ones of the plurality of drain lines, and
driven by a corresponding one of the plurality of thin film
transistors; a common electrode disposed on another of the
pair of substrates to face the plurality of pixel electrodes; and
a plurality of storage lines disposed below the plurality of
pixel electrodes with an insulating layer interposed between
the plurality of storage lines and the plurality of pixel
electrodes, each of the plurality of pixel electrodes being
formed with an opening in a portion thereof facing a
corresponding one of the plurality of storage lines.

[0040] In accordance with another embodiment of the
present invention, there is provided a liquid crystal display
element comprising: a pair of substrates; a liquid crystal
layer sandwiched (or interposed) between the pair of sub-
strates; a plurality of gate lines disposed on one of the pair
of substrates; a plurality of drain lines disposed to be
insulated from and intersect the plurality of the gate lines on
the one of the pair of substrates; a plurality of thin film
transistors disposed in a vicinity of intersections of the
plurality of gate lines and the plurality of drain lines; a
plurality of pixel electrodes made of transparent conductive
material, each of the plurality of pixel electrodes being
disposed in an area surrounded by two adjacent ones of the
plurality of gate lines and two adjacent ones of the plurality
of drain lines, and driven by a corresponding one of the
plurality of thin film transistors; and a common electrode
disposed on another of the pair of substrates to face the
plurality of pixel electrodes, the common electrode being
formed with cutouts in portions thereof facing at least one of
(1) the plurality of gate lines and (2) the plurality of drain
lines.

[0041] In accordance with another embodiment of the
present invention, there is a liquid crystal display element
comprising: a pair of substrates; a liquid crystal layer
sandwiched (or interposed) between the of substrates; a
plurality of gate lines disposed on one of the pair of
substrates; a plurality of drain lines disposed to be insulated
from and intersect the plurality of the gate lines on the one
of the pair of substrates; a plurality of thin film transistors
disposed in a vicinity of intersections of the plurality of gate
lines and the plurality of drain lines; a plurality of pixel
electrodes made of transparent conductive material, each of
the plurality of pixel electrodes being disposed in an area
surrounded by two adjacent ones of the plurality of gate lines
and two adjacent ones of the plurality of drain lines, and
driven by a corresponding one of the plurality of thin film
transistors; a common electrode disposed on another of the
pair of substrates to face the plurality of pixel electrodes; a
plurality of storage lines disposed below the plurality of
pixel electrodes with an insulating layer interposed between
the plurality of storage lines and the plurality of pixel
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electrodes, each of the plurality of pixel electrodes and a
portion of the insulating layer thereunder and being formed
with an opening in a portion thereof facing a corresponding
one of the plurality of storage lines, the opening passing
through all thicknesses of the plurality of pixel electrodes
and the insulating layer; a plurality of column-like conduc-
tive spacers, each of the plurality of column-like conductive
spacers disposed in a respective one of the openings for
electrically connecting one of the plurality of storage lines to
the common electrode.

[0042] In accordance with another embodiment of the
present invention, there is provided a liquid crystal display
element comprising: a pair of substrates sealed together
along peripheries thereof with a sealing member; a liquid
crystal layer sandwiched (or interposed) between the pair of
substrates; a plurality of gate lines disposed on one of the
pair of substrates; a plurality of drain lines disposed to be
insulated from and intersect the plurality of the gate lines on
the one of the pair of substrates; a plurality of thin film
transistors disposed in a vicinity of intersections of the
plurality of gate lines and the plurality of drain lines; a
plurality of pixel electrodes made of transparent conductive
material, each of the plurality of pixel electrodes being
disposed in an area surrounded by two adjacent ones of the
plurality of gate lines and two adjacent ones of the plurality
of drain lines, and driven by a corresponding one of the
plurality of thin film transistors; a common electrode dis-
posed on another of the pair of substrates to face the plurality
of pixel electrodes; a lead disposed on the one of the pair of
substrates for supplying a voltage to the common electrode;
a plurality of storage lines disposed below the plurality of
pixel electrodes with an insulating layer interposed between
the plurality of storage lines and the plurality of pixel
electrodes, each of the plurality of pixel electrodes and a
portion of the insulating layer thereunder and being formed
with an opening in a portion thereof facing a corresponding
one of the plurality of storage lines, the opening passing
through all thicknesses of the plurality of pixel electrodes
and the insulating layer; a plurality of column-like conduc-
tive spacers, each of the plurality of column-like conductive
spacers disposed in a respective one of the openings for
electrically connecting one of the plurality of storage lines to
the common electrode; and a column-like conductive spacer
disposed in a vicinity of the sealing member for electrically
connecting the common electrode to the lead.

[0043] In one of concrete structures of the aforementioned
liquid crystal display devices according to the present inven-
tion, the plurality of storage lines are arranged to form a
capacitance together with one of the plurality of pixel
electrodes corresponding thereto and the insulating layer
interposed between the one of the pixel electrodes and the
one of storage lines, respectively. The vicinity of intersec-
tions of the plurality of gate lines and the plurality of drain
lines defines an area not only close to the intersection but
also any area where one of the plurality of thin film transistor
can connect a gate electrode thereof electrically to one of the
plurality of gate lines and a drain electrode thereof electri-
cally to one of the plurality of drain lines, respectively. Each
one of the plurality thin film transistor has a field effect type
transistor structure which switches a current between a
source electrode thereof and a drain electrode thereof in
accordance with an electrical field applied by a gate elec-
trode thereof, for example. While definitions of the source
electrode and the drain electrode in the thin film transistor
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are reversed in accordance with a current direction therebe-
tween, one of the source and drain electrodes being con-
nected to one of the plurality of the drain lines will be
defined as a drain electrode, and another of the source and
drain electrodes being connected to one of the plurality of
the pixel electrode will be defined as a source electrode, in
this specification for convenience. In the other one of
concrete structures of the aforementioned liquid crystal
display devices according to the present invention, a con-
ductive layer may be interposed between one of the plurality
of storage lines and one of the column-like spacers to cover
the one of the plurality of storage lines. In this structure, the
conductive layer should be made of same material as that of
the plurality of pixel electrodes, or of such an oxide material
having electrical conductivity as an Indium-Tin-Oxide or an
Indium-Zinc-Oxide.

[0044] The present invention. is not limited to the above
configurations and the embodiments described subse-
quently, but various changes and modifications may be made
without departing from the nature and spirit of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] In the accompanying drawings, in which like ref-
erence numerals designate similar components throughout
the figures, and in which:

[0046] FIG. 1 is a plan view of essential parts of a unit
pixel and its vicinity formed on a substrate of a storage type
liquid crystal display element in accordance with the present
invention;

[0047] FIG. 2 is a schematic cross-sectional view of the
storage type liquid crystal display element taken along line
II-1I of FIG. 1,

[0048] FIG. 3 is a schematic cross-sectional view of a
second embodiment of the liquid crystal display element in
accordance with the present invention for explaining a
wiring capacitance formed by a gate line;

[0049] FIG. 4 is a schematic cross-sectional view of the
second embodiment for explaining a wiring capacitance
formed by a drain line;

[0050] FIG. 5 is a plan view of essential parts of a third
embodiment of the liquid crystal display element of the
present invention for explaining a configuration of its stor-
age line portion;

[0051] FIG. 6 is a schematic cross-sectional view of the
liquid crystal display element taken along line VI-VI of
FIG. 5;

[0052] FIG. 7 is a plan view of essential parts of a fourth
embodiment of the liquid crystal display element of the
present invention for explaining a configuration of its stor-
age line portion;

[0053] FIG. 8 is a schematic cross-sectional view of the
liquid crystal display element taken along line VI-VI of
FIG. 7,

[0054] FIG.9 is a block diagram for explaining an exem-
plary configuration of a driving system of a general active
matrix type liquid crystal display device employing a liquid
crystal display element of the present invention;
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[0055] FIG. 10 is a block diagram showing rough con-
figurations of respective drivers and flows of signals in the
liquid crystal display element of FIG. 9;

[0056] FIG. 11 is a timing chart showing display data
supplied to a display control device from a signal source (a
main body) and signals output from the display control
device to a drain driver and a gate driver;

[0057] FIG. 12 is an external view of a display monitor as
an example of electronic equipment incorporating a liquid
crystal display device employing a liquid crystal display
element of the present invention;

[0058] FIG. 13 is an equivalent circuit of a storage type
liquid crystal display element;

[0059] FIG. 14 is a plan view of essential parts of a unit
pixel and its vicinity formed on a substrate of the storage
type liquid crystal display element;

[0060] FIG. 15 is a schematic cross-sectional view of the
storage type liquid crystal display element taken along line
XV-XV of FIG. 14;

[0061] FIG. 16 is a schematic cross-sectional view of the
liquid crystal display element for explaining a wiring capaci-
tance formed by a gate line;

[0062] FIG. 17 is a schematic cross-sectional view of the
liquid crystal display element for explaining a wiring capaci-
tance formed by a drain line; and

[0063] FIG. 18 is a schematic plan view of the liquid
crystal display element for explaining an example of posi-
tions of conductive pastes for electrically connecting the
common-electrode voltage supply line on one substrate to
the common electrode on another substrate.

DETAILED DESCRIPTION

[0064] Now the embodiments of the present invention will
be described in detail by reference to the drawings.

[0065] FIG. 1 is a plan view of essential parts of a unit
pixel and its vicinity formed on a substrate of a storage type
liquid crystal display element in accordance with the present
invention, and FIG. 2 is a schematic cross-sectional view of
the storage type liquid crystal display element taken along
line II-II of FIG. 1. Reference character ALC denotes an
opening, and the same reference characters and numerals as
utilized in FIGS. 14 and 15 designate functionally corre-
sponding portions in FIGS. 1 and 2.

[0066] The storage line STL in FIGS. 1 and 2 is formed
similarly to that shown in FIGS. 14 and 15. The opening
ALC is made at least in the pixel electrode ITO1 overlying
the storage line STL. The opening ALC can be made in one
or both of the first insulating layer SiN and the second
insulating layer PAS overlying the storage line STL in
addition to the opening ALC in the pixel electrode ITO1, if
necessary.

[0067] It is desirable that the projection of the contours of
the opening ALC in the pixel electrode ITO1 on the storage
line STL is within the contours of the storage line STL, and
it is also desirable that the contours of the openings ALC in
the first and second insulating layers SiN, PAS are identical
to or within the contours of the opening ALC in the pixel
electrode ITO1.
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[0068] As in this embodiment, in a case where the storage
line STL is provided to divide the area of the pixel electrode
ITO1 (or the light-transmissive region of the pixel electrode
ITO1 when the light transmission of the storage line STL is
lower than that of the pixel electrode ITO1) into at least two
parts, fluctuations in light transmission is negligible which is
caused by non-uniformity of electric charge distribution in
the pixel electrode ITO1 due to presence of the opening
ALC, if the opening ALC is made in the pixel electrode
ITO1 to have the above-described dimensional relationship.

[0069] By spacing the storage line STL and the pixel
electrode ITO1 from each other by at least two kinds of
insulating layers (PAS, SiN), if a fault such as a pinhole
occur in one of the insulating layers, its adverse effects (for
example, a short circuit between the storage line STL and the
pixel electrode ITO1) is eliminated by the other of the
insulating layers. Consequently, the above openings in the
pixel electrode ITO1 or both of the pixel electrode ITO1 and
the insulating layers PAS, SiN can be made to have a desired
size without concern for possible faults in the insulating
layers.

[0070] The opening ALC passes through all the thick-
nesses of the pixel electrode ITO1, the first insulating layer
SiN and the second insulating layer PAS and opposes the
storage line STL.

[0071] With this configuration, the storage capacity Cstg
uses hatched portions of the first and second insulating
layers SiN and PAS indicated in FIG. 2 as dielectrics, and
is formed between a portion of the pixel electrode ITO1
along the opening ALC in the pixel electrode ITO1 and the
storage line STL opposing the portion. The capacitance
value of the storage capacitance Cstg can be controlled by
the size of the opening ALC.

[0072] In the liquid crystal display device of this embodi-
ment, it is desirable that the opening ALC is made in the
pixel electrode ITO1 or both of the pixel electrode ITO1 and
the insulating layers PAS, SiN in each of pixels contributing
to an image display (in other words, pixels within the
effective display area).

[0073] Further, in the present invention, the capacitance
value of the storage capacity Cstg of each pixel is capable of
being adjusted by the area of the opening ALC, and therefore
this eliminates the complicated step for adjusting the size of
the storage line STL. Thus, the width of the storage line STL
in a direction perpendicular to a direction of extension of the
storage line STL does not need to be reduced, and therefore
an increase in the resistance of the storage line STL is
suppressed. Consequently, electric charges having been
stored in the pixel electrode ITO1 during one frame period
can be removed from the pixel electrode ITO1 immediately
in the next frame period.

[0074] Further, in this embodiment, the capacitance value
of the storage capacitance Cstg can also be established by
controlling the size of the opening ALC made in the pixel
electrode ITO1 for each pixel such that there is little
variation in capacitance value of the storage capacitance
from pixel to pixel, and consequently, occurrence of a
non-uniformity display and flicker due to variations in the
storage capacitance Cstg can be prevented.

[0075] FIG. 3 is a schematic cross-sectional view of a
second embodiment of the liquid crystal display element in
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accordance with the present invention for explaining a
wiring capacitance formed by the gate line GL, and FIG. 4
is a schematic cross-sectional view of the second embodi-
ment for explaining a wiring capacitance formed by the
drain line DL. In FIGS. 3 and 4, reference character CUT
denotes cutouts made in the common electrode ITO2 formed
on the substrate SUB2. The same reference characters and
numerals as utilized in FIGS. 14 and 15 designate func-
tionally corresponding portions in FIGS. 3 and 4.

[0076] In this embodiment, the wiring capacitances
formed between the gate line GL and the common electrode
ITO2 and the wiring capacitance formed between the drain
line DL and the common electrode ITO2 can be reduced to
approximately zero, and as a result, time delay due to wiring
is reduced and occurrence of flicker and brightness grading
in a display can be prevented.

[0077] FIG. 5 is a plan view of essential parts of a third
embodiment of the liquid crystal display element of the
present invention for explaining a configuration of its stor-
age line STL portion, and FIG. 6 is a schematic cross-
sectional view of the liquid crystal display element taken
along line VI-VI of FIG. 5. In FIGS. 5 and 6, reference
character SOC denotes a conductive column-like spacer, SH
is a light-shielding member, and the same reference char-
acters and numerals as utilized in FIGS. 1-4 designate
functionally corresponding portions in FIGS. 5 and 6.

[0078] The conductive column-like spacer SOC is shaped
from a photosensitive resin having carbon black dispersed
therein or a conductive polymer, for example. For the
former, a material capable of being hardened by photoli-
thography is suitable for the photosensitive resin. For the
latter, for example, the conductive polymer may be a mate-
rial belonging to poly-acetylene system, poly-phenylene
system, etc. mixed with dopants such as an arsenic com-
pound AsFj, sulfuric acid H,SO, and iodine I, and a trace
amount of a photoinitiator, or a heterocyclic polymer such as
poly-pyrol, or an ionic polymer such as aromatic amine
series. Functional groups of these materials may be modified
so that their polymerization starts with irradiation of light
such as ultraviolet light.

[0079] In this embodiment, an opening ALCN is made in
the first insulating layer SiN, the second insulating layer
PAS and the pixel electrode ITO1 formed over the storage
line STL formed on the substrate SUB1, and a conductive
column-like spacer SOC is disposed in the opening ALCN
to electrically connect the storage line STL to the common
electrode ITO2 on the other substrate SUB2.

[0080] This configuration eliminates the need for a voltage
supply line for the storage line STL, and provision of the
conductive column-like spacer SOC in each pixel prevents
the brightness grading and flicker because the number of its
voltage supply points is plural and as a result time delay due
to wiring does not occur if the wiring length of the storage
line STL is increased.

[0081] In FIGS. 5 and 6, the opening ALCN is such that
the area of the opening in the pixel electrode ITO1 is larger
than that of the opening in the underlying insulating layers
PAS and SiN, and the reason for this is that fabrication of the
conductive column-like spacer SOC is facilitated. There is
no problem if the area of the opening in the pixel electrode
ITO1 is made identical with that of the opening in the
insulating layers PAS and SiN as in the case of FIGS. 1 and
2.
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[0082] In FIG. 5, a contour of an opening of a black
matrix BM formed on the other substrate SUB2 is indicated
by broken lines for the purpose of reference.

[0083] FIG. 7 is a plan view of essential parts of a fourth
embodiment of the liquid crystal display element of the
present invention for explaining a configuration of its stor-
age line STL portion, and FIG. 8 is a schematic cross-
sectional view of the liquid crystal display element taken
along line VIII-VIII of FIG. 7. In FIGS. 7 and 8, reference
character ITO3 denotes a conductive layer, and the same
reference characters and numerals as utilized in FIGS. 1-6
designate functionally corresponding portions in FIGS. 7
and 8.

[0084] In this embodiment, the conductive layer ITO3 is
formed to cover the storage line STL at the bottom of the
opening ALCN in Embodiment 3, and the conductive col-
umn-like spacer SOC is formed on the conductive layer
ITO3.

[0085] The configuration of this embodiment prevents
corrosion of the otherwise storage line STL, and thereby
provides stable display characteristics for a long period of
time in addition to the advantage provided by Embodiment
3.

[0086] Next, Embodiment 5 of the present invention will
be explained.

[0087] In this embodiment, a second type conductive
column-like spacer is used instead of the conductive paste
CPT disposed in the vicinity of the sealing member SL in
FIG. 8. The second type column-like spacer is similar in
shape to the above-explained conductive column-like spacer
(hereinafter the first column-like spacer) disposed in the
pixel area, but is made to have a required area in cross
section. This embodiment makes possible a voltage supply
to the common electrode ITO2 without using the conductive
paste, and reduces the number of manufacturing steps con-
siderably by fabricating the second type column-like spacer
simultaneously with the first type column-like spacers.

[0088] The following explains an example of a liquid
crystal display device employing a liquid crystal display
element of the present invention, in respect of a configura-
tion of its driving circuit and application of the liquid crystal
display device.

[0089] FIG. 9 is a block diagram for explaining an exem-
plary configuration of a driving system of a general active
matrix type liquid crystal display device employing a liquid
crystal display element of the present invention.

[0090] The liquid crystal display device includes: a liquid
crystal display element PNL having a liquid crystal layer
sandwiched between a pair of substrates; a circuit (IC chips)
disposed at the periphery of the liquid crystal display
element PNL for driving drain lines (also called data lines,
drain signal lines or video signal lines), that is, the above-
described drain driver DDR; a circuit (IC chips) disposed at
the periphery of the liquid crystal display element PNL for
driving gate lines (also called gate signal lines or scanning
signal lines), that is, the above-described gate driver GDR;
a display control device CRL serving as a display control
means for supplying display data for an image display, clock
signals and gray scale voltages to the drain driver DDR and
the gate driver GDR; and a power supply circuit PWU. The
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display control device CRL is supplied with display data (the
above-mentioned display signals) from external signal
sources such as computers, personal computers, and TV
receiver circuits, control signal clocks, display timing sig-
nals and syn signals.

[0091] The display control device CRL includes a gray-
scale reference voltage generating section, a timing con-
verter TCON and others, and converts the display data from
the external source into data in format appropriate for a
display on the liquid crystal display element PNL.

[0092] The display signals and clock signals for the gate
driver GDR and the drain driver DDR are supplied as
indicated in FIG. 9. A carry signal output from one stage of
the drain driver DDR is given to a carry input of the next
stage of the drain driver DDR.

[0093] A plurality of storage lines STL are disposed in
parallel with the gate lines GL in the display area of the
liquid crystal display element PNL. The storage lines STL
are connected to the common electrode via the conductive
column-like spacers explained in the above embodiments,
and are supplied with a specified voltage from the power
supply circuit PWU.

[0094] FIG. 10 is a block diagram showing rough con-
figurations of the respective drivers and flows of the signals
in the liquid crystal display element of FIG. 9. The drain
driver DDR comprises a data latch section for display data
(display signals) such as video (picture) signals and an
output-voltage generating circuit. There are a gray-scale
reference voltage generating section HTV, a multiplexer
MPX, a common-electrode voltage generating section CVD,
a common-electrode driver. CDD, a level shift circuit LST,
a gate-on voltage generating section GOV, a gate-off voltage
generating section GFD, and a DC-DC converter D/D
mounted on a board mounting the display control device
CRL and the power supply circuit PWU shown in FIG. 9.

[0095] FIG. 11 is a timing chart showing display data
supplied to the display control device CRL from a signal
source (a main body) and signals output from the display
control device CRL to the drain driver DDR and the gate
driver GDR. The display control device CRL receives the
control signals (the clock signals, display timing signals and
syn signals) from the signal source and generates a clock D1
(CL1), a shift clock D2 (CL2) and display data as control
signals for the drain driver DDR, and at the same generates
a frame start command signal FLLM, a clock G (CL3) and
display data as control signals for the gate driver GDR.

[0096] Incidentally, in the case of a system of using
low-voltage difference signals (LVDS signals) for transfer of
display data from the signal source, the LVDS signals from
the signal source are converted into original signals by an
LVDS receiving circuit mounted on the board (the interface
board) mounting the display control device CRL, and then
are supplied to the gate driver GDR and the drain driver
DDR.

[0097] As is apparent from FIG. 11, the frequency of the
shift clock signal D2 (CL2) for the drain driver DDR is the
same as that of a clock signal (DCLK) supplied from the
main computer or the like and display data, and is a high
frequency of about 40 MHz in the case of an XGA liquid
crystal display element. The liquid crystal display device of
such a configuration has a feature of a thin profile and low
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power consumption and tends to be widely used as a display
device in various fields in the future.

[0098] FIG. 12 is an external view of a display monitor as
an example of electronic equipment incorporating a liquid
crystal display device employing the liquid crystal display
element of the present invention. The liquid crystal display
device is used as a display section of the display monitor.

[0099] The liquid crystal display element PNL constitut-
ing the liquid crystal display device of the display monitor
has the storage lines and the conductive column-like spacers
of the configuration explained in the above embodiments,
has a storage capacitance appropriately established for each
pixel, has wiring capacitances reduced, and is capable of
providing a display free from occurrence of flicker and
uniform in brightness over the entire display area with
brightness grading eliminated.

[0100] 1t is needless to say that application of the liquid
crystal display element of the present invention is not
limited to such a display monitor, but the liquid crystal
display element of the present invention can be used as a
monitor of a desk-top personal computer and a display
device of a notebook personal computer, a TV receiver, and
other equipment.

[0101] As explained above, in the present invention, the
storage capacitance formed by the storage line can be
controlled by providing an opening in a pixel electrode,
wiring capacitances of the gate lines and the drain lines are
reduced by providing cutouts in the common electrode over
the gate and drain lines, and manufacturing tact can be
improved by disposing conductive column-like spacers
between the common electrode and the storage lines such
that voltage supply to the common electrode and the storage
lines can be made without using any conductive pastes or by
using the minimum number of the conductive pastes, and
consequently, the present invention provides the high-qual-
ity liquid crystal display element.

What is claimed is:
1. A liquid crystal display element comprising:

a pair of substrates;

a liquid crystal layer sandwiched between said pair of
substrates;

a plurality of gate lines disposed on one of said pair of
substrates;

a plurality of drain lines disposed to be insulated from and
intersect said plurality of said gate lines on said one of
said pair of substrates;

a plurality of thin film transistors disposed in a vicinity of
intersections of said plurality of gate lines and said
plurality of drain lines;

a plurality of pixel electrodes made of transparent con-
ductive material,

each of said plurality of pixel electrodes being disposed in
an area surrounded by two adjacent ones of said
plurality of gate lines and two adjacent ones of said
plurality of drain lines, and driven by a corresponding
one of said plurality of thin film transistors;

a common electrode disposed on another of said pair of
substrates to face said plurality of pixel electrodes; and
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a plurality of storage lines disposed below said plurality
of pixel electrodes with an insulating layer interposed
between said plurality of storage lines and said plurality
of pixel electrodes,

each of said plurality of pixel electrodes being formed
with an opening in a portion thereof facing a corre-
sponding one of said plurality of storage lines.

2. A liquid crystal display element according to claim 1,
wherein said common electrode is formed with cutouts in
portions thereof facing said plurality of gate lines.

3. A liquid crystal display element according to claim 1,
wherein said common electrode is formed with cutouts in
portions thereof facing said plurality of drain lines.

4. A liquid crystal display element comprising:

a pair of substrates;

a liquid crystal layer being interposed between said pair of
substrates;

a plurality of gate lines disposed on one of said pair of
substrates;

a plurality of drain lines disposed to be insulated from and
intersect said plurality of said gate lines on said one of
said pair of substrates;

a plurality of thin film transistors disposed in a vicinity of
intersections of said plurality of gate lines and said
plurality of drain lines;

a plurality of pixel electrodes made of transparent con-
ductive material,

each of said plurality of pixel electrodes being disposed in
an arca surrounded by two adjacent ones of said
plurality of gate lines and two adjacent ones of said
plurality of drain lines, and driven by a corresponding
one of said plurality of thin film transistors; and

a common electrode disposed on another of said pair of
substrates to face said plurality of pixel electrodes,

said common electrode being formed with cutouts in
portions thereof facing at least one of (1) said plurality
of gate lines and (2) said plurality of drain lines.

5. A liquid crystal display element comprising:

a pair of substrates;

a liquid crystal layer sandwiched between said pair of
substrates;

a plurality of gate lines disposed on one of said pair of
substrates;

a plurality of drain lines disposed to be insulated from and
intersect said plurality of said gate lines on said one of
said pair of substrates;

a plurality of thin film transistors disposed in a vicinity of
intersections of said plurality of gate lines and said
plurality of drain lines;

a plurality of pixel electrodes made of transparent con-
ductive material,

each of said plurality of pixel electrodes being disposed in
an area surrounded by two adjacent ones of said
plurality of gate lines and two adjacent ones of said
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plurality of drain lines, and driven by a corresponding
one of said plurality of thin film transistors;

a common electrode disposed on another of said pair of
substrates to face said plurality of pixel electrodes;

a plurality of storage lines disposed below said plurality
of pixel electrodes with an insulating layer interposed
between said plurality of storage lines and said plurality
of pixel electrodes,

each of said plurality of pixel electrodes and a portion of
said insulating layer thereunder and being formed with
an opening in a portion thereof facing a corresponding
one of said plurality of storage lines,

said opening passing through all thicknesses of said
plurality of pixel electrodes and said insulating layer;

a plurality of column-like conductive spacers, each of said
plurality of column-like conductive spacers disposed in
a respective one of said openings for electrically con-
necting one of said plurality of storage lines to said
common electrode.

6. A liquid crystal display element comprising:

a pair of substrates sealed together along peripheries
thereof with a sealing member;

a liquid crystal layer being interposed between said pair of
substrates;

a plurality of gate lines disposed on one of said pair of
substrates;

a plurality of drain lines disposed to be insulated from and
intersect said plurality of said gate lines on said one of
said pair of substrates;

a plurality of thin film transistors disposed in a vicinity of
intersections of said plurality of gate lines and said
plurality of drain lines;

a plurality of pixel electrodes made of transparent con-
ductive material,

cach of said plurality of pixel electrodes being disposed in
an area surrounded by two adjacent ones of said
plurality of gate lines and two adjacent ones of said
plurality of drain lines, and driven by a corresponding
one of said plurality of thin film transistors;

a common electrode disposed on another of said pair of
substrates to face said plurality of pixel electrodes;

a lead disposed on said one of said pair of substrates for
supplying a voltage to said common electrode;

a plurality of storage lines disposed below said plurality
of pixel electrodes with an insulating layer interposed
between said plurality of storage lines and said plurality
of pixel electrodes,

each of said plurality of pixel electrodes and a portion of
said insulating layer thereunder and being formed with
an opening in a portion thereof facing a corresponding
one of said plurality of storage lines,

said opening passing through all thicknesses of said
plurality of pixel electrodes and said insulating layer;
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a plurality of column-like conductive spacers, each of said
plurality of column-like conductive spacers disposed in
a respective one of said openings for electrically con-
necting one of said plurality of storage lines to said
common electrode; and

a column-like conductive spacer disposed in a vicinity of
said sealing member for electrically connecting said
common electrode to said lead.

7. A liquid crystal display element according to claim 5,
wherein said liquid crystal element further comprises a
conductive layer interposed between corresponding ones of
said plurality of storage lines and said plurality of column-
like spacers for covering said plurality of storage lines.

8. A liquid crystal display element according to claim 6,
wherein said liquid crystal element further comprises a
conductive layer interposed between corresponding ones of
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said plurality of storage lines and said plurality of column-
like spacers for covering said plurality of storage lines.

9. A liquid crystal display element according to claim 7,
wherein said conductive layer is made of same material as
that of said plurality of pixel electrodes.

10. A liquid crystal display element according to claim 8,
wherein said conductive layer is made of same material as
that of said plurality of pixel electrodes.

11. A liquid crystal display element according to claim 7,
wherein said conductive layer is made of an oxide material
having electrical conductivity.

12. A liquid erystal display element according to claim 8,
wherein said conductive layer is made of an oxide material
having electrical conductivity.

* * * * *
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