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(57 ABSTRACT

A display device includes first and second substrates with a
liquid crystal layer therebetween, video signal lines and scan
lines on one of the substrates, and display electrodes con-
nected to a video signal line through an active device. Pixel
areas are defined by the video signal and scan signal lines, and
each pixel area has the display electrode, a reference elec-
trode and the active device. Display electrodes are arranged
on the first substrate and reference electrodes are arranged the
second substrate. A part of the reference electrodes have a
plurality layers and is conductive. A sealing material is
formed between the substrates and along a periphery thereof
and include conductive beads. A connecting terminal is
formed from an edge of the first substrate to under the sealing
material, and is connected electrically to the reference elec-
trodes thorough the sealing material.
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FIG, 2
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FIG, 4
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ACTIVE-MATRIX LIQUID CRYSTAL
DISPLAY

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation application of U.S. applica-
tion Ser. No. 11/860,039, filed Sep. 24, 2007, whichis a U.S.
Ser. No. 11/511,292, filed Aug. 29, 2006, now U.S. Pat. No.
7,289,182, which is a continuation of U.S. Ser. No. 11/144,
619, filed Jun. 6, 2005, now U.S. Pat. No. 7,102,711, which is
a divisional application of U.S. Ser. No. 10/670,226, Filed
Sep. 26, 2003, now U.S. Pat. No. 6,927,816, which is a
continuation of U.S. application Ser. No. 09/904,835, filed
Jul. 16, 2001, now U.S. Pat. No. 6,654,092, and U.S. appli-
cation Ser. No. 09/029,747, filed Mar. 2, 1998, now U.S. Pat.
No. 6,266,117, which is a 371 of PCT/IP96/102562, filed
Sep. 9, 1996, the subject matter of which is incorporated by
reference herein.

FIELD OF THE INVENTION

[0002] The present invention relates to an active-matrix
liquid crystal display device, and particularly to a liquid crys-
tal display device of the so-called in-plane field type.

BACKGROUND OF THE INVENTION

[0003] Incolorliquidecrystal display devices ofthe in-plane
field type, one or both of two transparent substrates placed
opposite to each other, with a liquid crystal layer disposed in
between, have display electrodes and reference electrodes
arranged in areas on the sides of the liquid crystal correspond-
ing to unit pixels, and an electric field parallel to the trans-
parent substrate surface is produced between the display elec-
trodes and the reference electrodes to modulate light passing
through the liquid crystal layer.

[0004] Such a color liquid crystal display device can pro-
duce a picture that can be recognized at a wide viewing angle
and has become known for its excellence in the so-called wide
angle visual field.

[0005] Liquid crystal display devices with the above con-
figuration are described in detail, for example, in the Pub-
lished Japanese Translation of PCT International Publication
for Japanese Patent Application No. 505247/1993, Japanese
Patent Publication No. 21907/1988, and Japanese Patent
Laid-Open No. 160878/1994.

[0006] Tt has been pointed out that liquid crystal display
devices of this configuration, however, have a problem in that
anundesired electric field produced from the video signal line
changes the electric field between the display electrodes and
the reference electrodes, causing so-called vertical smear
extending along the video signal line on the display surface. A
known means to solve this problem involves the use of a
shield electrode on the same substrate close to the video
signal line (see Japanese Patent Laid-Open No. 202127/
1994).

[0007] Liquid crystal display devices thus structured, how-
ever, have a problem in that, because the shield electrode is
provided on the same substrate, the capacitance between the
shield electrode and the signal electrode is large, the load on
the drive circuit becomes too heavy, and the power consump-
tion or the size of the drive circuit becomes too large.

[0008] Liquid crystal display devices thus constructed have
another problem in that, because opaque electrodes are
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formed like a comb, the percentage of the pixel area occupied
by the opaque metal is high, and so the aperture ratio cannot
be increased.

[0009] Further, because a voltage is applied to the reference
electrodes formed in individual pixel areas through common
stripe-shaped reference signal lines extending in a row or
column direction, the waveform of the applied voltage
becomes dull from the signal supply portions of the reference
signal lines toward the far ends of the reference signal lines,
with the result that a brightness gradient or so-called horizon-
tal smear occurs with the reference signal lines on the display
surface.

[0010] The present invention has been accomplished to
avoid these circumstances and an object thereof’is to provide
a liquid crystal display device that minimizes so-called ver-
tical smear and reduces power consumption and the size of
the peripheral circuits.

[0011] Another object ofthis invention is to provide aliquid
crystal display device having an improvement in the so-called
aperture ratio.

[0012] Still another object of this invention is to provide a
liquid crystal display device in which what is generally-called
a brightness gradient and also the horizontal smear are sup-
pressed.

[0013] A further object of this invention is to provide a
liquid crystal cell with a low reflectance.

SUMMARY OF THE INVENTION

[0014] Representative aspects of this invention disclosed in
this specification may be briefly summarized as follows.
[0015] An active-matrix liquid crystal display device,
which is applicable to the present invention comprises trans-
parent substrates opposed to each other; a liquid crystal layer
interposed between the opposed transparent substrates; pixel
areas arranged on the surfaces of the transparent substrates on
the liquid crystal side; and display electrodes, reference elec-
trodes, scan lines, video signal lines and active devices
arranged in the pixel areas; wherein a voltage is applied
between the display electrodes and the reference electrodes to
produce an electric field parallel to the transparent substrates
in the liquid crystal layer to modulate light passing through
the liquid crystal layer. A first aspect of the invention is
characterized in that, on one of the transparent substrates, the
reference electrodes are arranged on both sides of the video
signal lines, and on the other transparent substrate, a shield
electrode is formed to cover in plan view the video signal lines
in the pixel areas and a part of the reference electrodes on both
sides of the video signal lines.

[0016] Anactive-matrix liquid crystal display device which
comprises: transparent substrates opposed to each other; a
liquid crystal layer interposed between the opposed transpar-
ent substrates; pixel areas arranged on the surfaces of the
transparent substrates on the liquid crystal side; and display
electrodes, reference electrodes, scan lines, video signal lines
and active devices arranged in the pixel areas; wherein a
voltage is applied between the display electrodes and the
reference electrodes to produce an electric field parallel to the
transparent substrates in the liquid crystal layer to modulate
light passing through the liquid crystal layer; the aspect of the
invention is characterized in that, on the other transparent
substrate opposed to the one transparent substrate formed
with the video signal lines, a shield electrode is formed com-
pletely overlapping the video signal lines in plan view and is
formed integrally with the reference electrodes; and the video
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signal lines for allowing the display electrodes to function and
the reference signal lines connected with the reference elec-
trodes are completely superimposed when seen in plan view.
[0017] In accordance with the invention, the shield elec-
trode is electrically connected to the light shielding layer
having apertures only at the pixel areas or is integrally formed
with the light shielding layer.

[0018] In the active-matrix liquid crystal display device
which comprises: transparent substrates placed opposed to
each other; a liquid crystal layer interposed between the
opposed transparent substrates; pixel areas arranged on the
surface of one of the transparent substrates on the liquid
crystal side; display electrodes, scan signal lines, video signal
lines and active devices arranged in the pixel areas; and a
conductive light shielding layer formed in matrix, provided in
the pixel areas on the other transparent substrate and supplied
with a reference signal; wherein a voltage is applied between
the light shielding layer and the display electrodes to produce
an electric field having a component parallel to the transpar-
ent substrates to modulate light passing through the liquid
crystal layer; the third aspect of the invention is characterized
in that the light shielding layer has a multilayer structure
comprising a layer with a reflectance of 10% or less on the
transparent substrate side and a highly conductive layer on the
liquid crystal layer side; that a backlight unit is disposed on
the side of the transparent substrate provided with the display
electrodes, the scan signal lines, the video signal lines and the
active devices, opposite to the liquid crystal layer; and that the
transparent substrate provided with the display electrodes, the
scan signal lines, the video signal lines and the active devices
has thereon a connection terminal for supplying the reference
signal to the light shielding layer and a conductive layer fox
electrically connecting the connection terminal to the light
shielding layer.

[0019] In accordance with the first aspect of the present
invention, because the video signal lines and the reference
electrodes adjacent to the video signal lines, both formed on
one of the transparent substrates, are completely superim-
posed, in plan view, by the shield electrode formed on the
other transparent substrate, unwanted electric lines of force
generated by the video signal lines are terminated at the shield
electrode and the reference electrodes adjacent to the video
signal lines, thus preventing the electric field between the
display electrodes and the reference electrodes from varying
depending on the video signal, and greatly minimizing the
vertical smear.

[0020] Further, because the shield electrodes are formed on
the substrate opposite to the video signal lines, the shield
electrodes and the video signal lines are spaced more from
each other by the thickness of the liquid crystal layer, so that
the capacitance between the shield electrodes and the video
signal lines is reduced. This prevents the load on the drive
circuit from increasing, minimizes power consumption and
reduces the size of the drive circuit.

[0021] Inaccordance with the second aspect of the present
invention, because the video signal lines for allowing the
display electrodes to function and the reference signal lines
connected with the reference electrodes are formed to com-
pletely overlap each other, when seen in plan view, the effec-
tive pixel areas can be increased, thus improving the so-called
aperture ratio.

[0022] Further, because the reference electrodes are so
formed as to be electrically connected to the light shielding
layer having apertures only at the pixel areas, a voltage is
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applied through a low resistance to the reference electrode in
each pixel area. As a result, the reference signal waveforms
can be prevented from becoming dull, thus minimizing what
is generally called a brightness gradient and the horizontal
smear.

[0023] Furthermore, the third aspect of the present inven-
tion has the features of the first and second aspects combined
and can reduce the reflectance of the liquid crystal display
device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a plan view of Embodiment 1 of this
invention;

[0025] FIG. 2is a schematic diagram showing the configu-
ration of the liquid crystal display device of Embodiment 1
and its peripheral circuits;

[0026] FIG.3isaplan view showing the positional arrange-
ment of the shield electrode in Embodiment 1;

[0027] FIG. 4isacross section taken along the line ITI-11T of
FIG. 1;

[0028] FIG. 5is across section taken along the line IV-IV of
FIG. 1;

[0029] FIG. 6 is a cross section taken along the line V-V of
FIG. 1;

[0030] FIG. 7 is a side sectional view showing the method
of making an electrical connection of the shield electrode in
the liquid crystal display device of Embodiment 1;

[0031] FIG. 8 is a graph showing the relation between the
width of the shield electrode and the vertical smear;

[0032] FIG. 9 is a vector diagram showing the relation
between the alignment layer and the polarizer plate in the
liquid crystal display device of Embodiment 1;

[0033] FIG. 10 is a plan view of Embodiment 2 of this
invention;

[0034] FIG. 11 is a plan view showing the arrangement of
the shield electrode that also serves as the reference electrode
in Embodiment 2;

[0035] FIG. 12 is a cross section taken along the line III-IIT
of FIG. 10;

[0036] FIG. 13 isacross section taken along the line V-V of
FIG. 10;

[0037] FIG. 14 is a schematic diagram showing the con-
figuration of the liquid crystal display device of Embodiment
2 and its peripheral circuits;

[0038] FIG. 15 is a plan view of Embodiment 4;

[0039] FIG. 16 is a cross section taken along the line III-IIT
of FIG. 15;

[0040] FIG. 17 is a schematic diagram showing the con-
figuration of the liquid crystal display device of Embodiment
4 and its peripheral circuits;

[0041] FIG. 18 is a cross section of Embodiment 3;

[0042] FIG. 19 is a plan view of Embodiment 7;

[0043] FIG. 20 is a plan view showing the positional
arrangement of the shield electrode that also serves as the
reference electrode and a light shielding layer in Embodiment
7,

[0044] FIG. 21 is a schematic diagram showing the con-
figuration of the liquid crystal display device of Embodiment
7 and its peripheral circuits;

[0045] FIG. 22 is a cross section of Embodiment 7,
[0046] FIG. 23 is a cross section of Embodiment 8;
[0047] FIG. 24 is a cross section of Embodiment 9;
[0048] FIG. 25 is a cross section of Embodiment 10,
[0049] FIG. 26 is a cross section of Embodiment 10;
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[0050] FIG. 27 is a plan view of Embodiment 10;
[0051] FIG. 28 is a cross section of Embodiment 11;
[0052] FIG. 29 is a cross section of Embodiment 12;
[0053] FIG. 30 is a cross section of Embodiment 13;
[0054] FIG. 31 is a plan view of Embodiment 13; and

[0055] FIG. 32 is a cross section of Embodiment 15.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiment 1

[0056] FIG.2isadiagram showing the configuration of one
Embodiment of the liquid crystal display device of the present
invention and its peripheral circuits.

[0057] Inthefigure, liquidcrystal display device 1 has as its
enclosure a transparent substrate 1A and a transparent sub-
strate 1B with a liquid crystal layer interposed therebetween.
On the surface of the transparent substrate 1A, which is a
so-called lower substrate, on the liquid crystal layer side, are
formed scan signal lines 2 and reference signal lines 4 that
extend in the x direction in the figure and are parallelly
arranged in the y direction. The scan signal lines 2 and the
reference signal lines 4 are arranged alternately such that a
first reference signal line 4 is provided close to a first scan
signal line 2 in the (=) y direction, a second scan signal line 2
is greatly spaced from the first reference signal line 4 in the
(-) y direction, a second reference signal line 4 is provided
close to the second scan signal line 2 in the (=) y direction, and
so on. Insulated from these signal lines 2 and 4, video signal
lines 3 are formed so as to extend in the y direction and are
parallelly arranged in the x direction.

[0058] Relatively large rectangular areas enclosed by the
scan signal lines 2 and reference signal lines 4 and the video
signal lines 3 constitute pixel areas, which are arranged in a
matrix to form a display unit.

[0059] In each pixel area a display electrode is formed and
a thin film transistor TFT and a storage capacitor Cstg are
arranged in a part of the periphery of the pixel area. (None of
these is shown.)

[0060] On the surface of the transparent substrate 1B, on
the liquid crystal layer side, a shield electrode 31 is formed to
overlap the video signal lines 3, extending in the y direction in
the figure and parallelly arranged in the x direction. The shield
electrode 31 is provided to terminate the electric field from
the video signal lines 3 to reduce a leakage field from the
video signal lines 3 into the pixel, thereby minimizing vertical
smear caused by such a leakage field.

[0061] The liquid crystal display device 1 has as external
circuits a vertical scanning circuit 5 and a video signal drive
circuit 6. The vertical scanning circuit 5 supplies a scan signal
(voltage) to the scan signal lines 2 successively, and the video
signal drive circuit 6 supplies video signals (voltages) to the
video signal lines 3 in synchronism with the scan signals.
[0062] The vertical scanning circuit 5 and the video signal
drive circuit 6 are each supplied with electricity from an LCD
driver power circuit 7, and also with display data and a control
signal, separated from image information received from a
CPU 8 by a controller 9.

[0063] The LCD driver power circuit 7 also supplies volt-
ages to the reference signal lines 4 and the shield electrode 31.
This embodiment uses an AC voltage as the voltage applied to
the reference signal lines 4 to lower the dielectric strength of
the video signal drive circuit 6. The shield electrode 31 is
supplied with the same potential as the reference signal line,
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so that the in-plane field is provided in the display area
between the display electrode and the reference electrode
more efficiently. The shield electrode 31 may also be con-
nected to the reference earth potential of the LCD driver
power circuit 7.

[0064] FIG. 11is a plan view showing the detailed configu-
ration of one pixel area in the liquid crystal display device 1.
In the figure, solid lines show a structure formed on the
transparent substrate 1A and dashed lines show a structure
formed on the transparent substrate 1B. The cross section
along the line III-III of FIG. 1 is shown in FIG. 4, the cross
section along the line [V-IV is shown in FIG. 5 and the cross
section along the line V-V is shown in FIG. 6. FIG. 3 isa plan
view showing the arrangement of the shield electrode 31 of
FIG. 1.

[0065] On the liquid crystal layer side of the transparent
substrate 1A, the scan signal line 2 made of aluminum Al for
example is formed to extend in the x direction, and the refer-
ence signal line 4 made of aluminum Al for example is formed
close to a scan signal line 2 in an adjacent pixel area in the (+)
direction. The scan signal line 2 is spaced a great distance
fromthe reference signalline 4 inthe (-)y direction. The pixel
area is defined by the scan signal line 2 and the reference
signal line 4 and also by the video signal line 3, as described
earlier.

[0066] In each pixel area three reference electrodes 14 are
formed integrally with the reference signal line 4. Of these
reference electrodes 14, two are arranged adjacent to the
video signal lines 3, and extend from the reference signal line
4 in the (-) y direction. Another reference signal line 4
extends from the reference signal line 4 in the () y direction,
dividing the pixel area along the center line. All the three
reference electrodes 14 are spaced from the scan signal line 2
which is provided on the (<) y direction side of the reference
signal line 4.

[0067] Over the surface of the transparent substrate 1A
where the scan signal line 2 is formed, an insulating film 11
(see FIGS. 4, 5 and 6) of a silicon nitride film, for example, is
formed covering the scan signal line 2, the reference signal
line 4 and the reference electrodes 14. The insulating film 11
serves as an interlayer insulating film between the video
signal line 3 and the scan signal line 2 and between the video
signal line 3 and the reference signal line 4, as a gate insulat-
ing film in a region where a thin film transistor TFT is formed,
and as a dielectric film in a region where the storage capacitor
Cstg is formed.

[0068] Over the surface ofthe insulating film 11 a semicon-
ductor layer 12 is formed in the thin film transistor TFT
forming region. The semiconductor layer 12 is made, for
example, of amorphous silicon and is formed to overlap the
scan signal line 2 at a location close to the video signal line 3.
In this structure a part of the scan signal line 2 serves as a gate
electrode of the thin film transistor TFT.

[0069] Over the surface ofthe insulating film 11 are formed
video signal lines 3 adjacently arranged and extending in the
y direction, which lines are made in the form of a multilayer
structure of, say, chromium and aluminum. A part of the video
signal line 3 is extended and formed integrally with a drain
electrode 3A formed over a part of the semiconductor layer
12.

[0070] Further, a display electrode 15 is formed over the
surface of the insulating film 11 in the pixel area and is
U-shaped to divide one pixel area in three. One end of the
display electrode 15 is formed integrally with a source elec-
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trode 15A of the thin film transistor TFT, and the electrode
extends in the (+) y direction, then in the (+) x direction over
the reference signal line 4 and then in the (-) y direction.
[0071] In this case, the part of the display electrode 15
formed over the reference signal line 4 constitutes a storage
capacitor Cstg having the insulating film 11 as a dielectric
film. The storage capacitor Cstg produces an effect of holding
the video information in the display electrode 15 for a long
period after the thin film transistor TFT has been turned off.
[0072] The interface between the semiconductor layer 12
and the drain and source electrodes 3A, 15A of the thin film
transistor TFT is doped with phosphorus (P) and is a high
concentration layer through which ohmic contacts with these
electrodes are made. This construction can be obtained by
forming the high concentration layer over the entire surface of
the semiconductor layer 12, forming the drain and source
electrodes, and etching the high concentration layer other
than on the electrode-formed regions with the electrodes
being used as a mask.

[0073] Ower the insulating film 11 over which the thin film
transistor TFT, the video signal line 3 and storage capacitor
Cstgare formed, a passivation film 16 of, for example, silicon
nitride (see FIG. 4, 5 and 6) is formed. Over the passivation
film 16 there is formed an alignment layer 17. This structure
as a whole constitutes a so-called lower substrate of the liquid
crystal display device. The lower substrate is provided with a
polarizing plate 18 on the side opposite to the liquid crystal
layer.

[0074] A light shielding film 30 is formed on the liquid
crystal side of the transparent substrate 1B to serve as what is
generally called an upper substrate, which is shown by dotted
lines in FIG. 1. The light shielding film 30 is made of an
organic resin in which, e.g., black pigment is dispersed. Fur-
ther, as shown by dashed lines in FIG. 1, a shield electrode 31
is so formed as to completely be superimposed over the video
signal line 3 in plan view. That is, as shown in FIG. 3, the
shield electrode 31 covers the video signal line 3 completely.
The shield electrode 31 is made of, for example, [TO (indium-
tin-oxide) that forms a so-called transparent electrode. In this
case, because the shield electrode has no light shielding
effect, it is desirable that its boundary be located inside the
boundary of the light shielding film 30 as shown in FIG. 1. It
is of course possible to form the shield electrode 31 out of a
metallic material, for example, chromium Cr.

[0075] As described above, the object of providing the
shield electrode 31 is to terminate undesired electric lines of
force coming out of the video signal line 3 at the shield
electrode 31 to prevent the electric field between the display
electrode 15 and the reference electrodes 14 from fluctuating
depending on the video signal and thereby to minimize the
vertical smear.

[0076] FIG. 8 shows experimental data representing the
relation between the width of the shield electrode 31 covering
the video signal line 3 entirely and the intensity of the vertical
smear. In the figure, W3 is defined as follows.

[0077] W3=(W2-W1)/2

where W1 is the width of the video signal line 3 and W2 is the
width of the shield electrode 31.

[0078] Ithas been empirically known that when the vertical
smear intensity T is less than 3%, the vertical smear cannot be
recognized visually. Therefore, from the above data, it is
preferable that the width of W3 be set at 4.7 um or larger. This
means that the vertical smear can be eliminated by setting the
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width of the shield electrode 31 to be more than 9.4 um greater
than the width of the video signal line 3.

[0079] Further, because on the lower substrate 1A the ref-
erence electrodes 14 are formed on both sides of the video
signal line when seen in plan view, this arrangement of the
reference electrodes 14 combined with the action of the shield
electrode can minimize the electric field of the video signal
line more effectively.

[0080] The shield electrode 31 provided on the upper sub-
strate 1B can reduce the parasitic capacitance between the
video signal line 3 and the shield electrode 31 much more than
when it is provided on the lower substrate 1A. This in turn
reduces the power consumption more than when the shield
electrode 31 is provided on the lower substrate 1A and also
leads to size reduction of the video signal drive circuit.

[0081] FIG.4isacross section takenalong the line ITI-1IT of
FIG. 1.

[0082] Inthe figure, when a voltage is applied between the
reference electrodes 14 and the display electrode 15 formed
on the transparent substrate 1A (lower substrate), an electric
field E is produced in the liquid crystal layer L.C in a direction
almost parallel to the transparent substrate 1A.

[0083] In FIG. 4, though the horizontal distance between
the display electrode 15 and the reference electrodes 14 is
apparently smaller than the thickness of the liquid crystal
layer LC in plan view, the actual horizontal distance between
the display electrode 15 and the reference electrodes 14 is
much larger than the thickness of the liquid crystal layer LC
and thus the electric field E produced is almost parallel to the
transparent substrate.

[0084] The shield electrode 31 on the transparent substrate
1B side is formed over the surface of a planarization film 27
covering a color filter 25 formed on the surface of the trans-
parent substrate 1B, in such a way that the shield electrode 31
overlaps the video signal line 3 and is disposed inside the
region of the light shielding film 30. An alignment layer 28 is
formed over the surface of the shield electrode 31. A polariz-
ing plate 29 is disposed on the surface of the transparent
substrate 1B on the side opposite to the liquid crystal.

[0085] FIG. 7 is a schematic cross section showing the
construction of the liquid crystal display device 1 for con-
necting the shield electrode 31 to the LCD driver power
circuit 7. The shield electrode 31 formed on the upper sub-
strate 1B 1is connected through a conductive layer 40 to a
shield electrode connecting terminal 41 provided on the lower
substrate 1A. The conductive layer 40 may be made of a
sealant material in which conductive beads are dispersed and
electrically interconnects the shield electrode 31 and the
shield electrode connecting terminal 41. The material of the
conductive layer 40 is not limited thereto and may be any of
conductive materials such as silver paste.

[0086] Theshield electrode connecting terminal 41 and the
LCD driver power circuit 7 are electrically connected by, e.g.,
an independent wiring. It is also possible, however, to use at
least one line of the video signal lines 3 as a dedicated line for
electrical connection between the shield electrode connecting
terminal 41 and the LCD driver power circuit 7, and to elec-
trically connect it to the LCD driver power circuit 7 when
connecting the video signal line 3 and the video signal drive
circuit 6. Alternatively, it impossible to use at least one line of
the scan signal lines 2 outside the display area as a dedicated
line for electrical connection between the shield electrode
connecting terminal 41 and the LCD driver power circuit 7,
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and to electrically connect it to the LCD driver power circuit
7 when connecting the scan signal line 2 and the vertical
scanning circuit 5.

[0087] Next, the relation between the alignment layer 17
and the polarizing plate 18 arranged on the transparent sub-
strate 1A and the relation between the alignment layer 28 and
the polarizing plate 29 formed on the transparent substrate 1B
will be described, referring to FIG. 9.

[0088] Theangle ®LC of the rubbing directions 208 of the
alignment layers 17, 18 are both 85 degrees with respect to the
direction 207 of the electric field applied between the display
electrode 15 and the reference electrodes 14. The polarizing
plate 18 has a polarized light transmitting axis 209 at an angle
®P, which is equal to DLC. The other polarizing plate 29 has
a polarized light transmitting axis perpendicular to 209. The
liquid crystal layer LC uses a nematic liquid crystal material
having a positive dielectric constant anisotropy Ae of 7.3 (1
kHz) and a refractive index anisotropy An of 0.073 (589 nm,
20°C)).

[0089] With this arrangement, generating an electric field
parallel to the transparent substrate 1A in the liquid crystal
layer LC makes it possible to modulate light passing through
the liquid crystal layer LC.

[0090] As long as a construction is employed in which the
light passing through the liquid crystal layer can be modu-
lated by a in-plane field, it is obvious that there are no restric-
tions on the structure of the alignment layer and polarizing
plate or the material of the liquid crystal.

Embodiment 2

[0091] A second embodiment will be described centering
on its differences from Embodiment 1.

[0092] FIG. 14 is a schematic diagram corresponding to
FIG. 2 what differs from the configuration of FIG. 2 is, first,
that the reference signal lines 4 and the reference electrodes
14 are not formed on the lower substrate 1B. Hence, instead of
the storage capacitor Cstg used in Embodiment 1, an addi-
tional capacitor Cadd is provided in each pixel (These are not
shown).

[0093] On the transparent substrate 1B on the liquid crystal
layer side, a shield electrode 32 that also serves as the refer-
enceelectrodes 14 are formed to overlap the video signal lines
3 extending in the y direction in the figure and adjacently
arranged in the x direction. The shield electrode 32 that also
serves as the reference electrodes 14 are also arranged at the
center of the pixel area, extending in the Y direction. The plan
view arrangement of the shield electrode 32 functioning also
as the reference electrodes is shown in FIG. 11 that corre-
sponds to FIG. 3.

[0094] The voltage applied to the shield electrode 32 that
also serves as the reference electrodes 14 is supplied from the
LCD driver power circuit 7. This voltage is the same as that
applied to the reference signal line 4 of Embodiment 1.
[0095] FIG. 10 is a plan view showing the detailed con-
struction of a pixel area corresponding to FIG. 1. A cross
section corresponding to FIG. 41s shown in FIG. 2and a cross
section of a region of the additional capacitor Cadd corre-
sponding to FIG. 6 is shown in FIG. 13.

[0096] In these figures, on the surface of the transparent
substrate 1A on the liquid crystal layer side scan signal lines
2 made of,, for example, aluminum Al are formed to extend in
the x direction. Over the surface of the transparent substrate
1A over which the scan signal lines 2 are formed an insulating
film 11 (see FIG. 12 and 13) of, say, silicon nitride is formed
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to cover the scan signal lines 2. This insulating film 11 func-
tions as an interlayer insulation film between the video signal
lines 3 and the scan signal lines 2, as a gate insulating film in
the thin film transistor TFT forming regions, and as a dielec-
tric film in the additional capacitor Cadd forming regions.
[0097] Display electrodes 15 are formed over the surface of
the insulating film 11 in the pixel areas. Each of the display
electrodes 15 is U-shaped, to divide one pixel area into, e.g.,
three parts. That is, one end of the display electrode 15 is
formed integrally with the source electrode 15A of the thin
film transistor TFT, and the electrode extends in the y direc-
tion, then extends in the (+) x direction over the scan signal
line 2 of an adjoining pixel on the (+) y direction side, and
then extends in the (=) y direction.

[0098] In this configuration, the part of the display elec-
trode 15 formed over the scan signal line 2 constitutes the
additional capacitor Cadd having the insulating film 11 as a
dielectric film. This additional capacitor Cadd provides an
effect ofholding video information in the display electrode 15
for a long time after the thin film transistor TFT has been
turned off.

[0099] Over a part of the transparent substrate 1B or the
upper substrate on the liquid crystal side a light shielding film
30 is formed as shown by dashed lines in FIG. 10. The light
shielding film 30 may be formed of an organic resin in which,
for example, black pigment is dispersed. As shown by dashed
lines in FIG. 10, shield electrode 32 that also serves as the
reference electrodes 14 is formed to completely to overlap the
video signal lines 3 in plan view. Further, in this embodiment,
the shield electrode 32 that also serves as the reference elec-
trodes 14 also extends through the center of each pixel areain
the y direction. Here, the shield electrode 32 also serving as
the reference electrodes 14 is formed of ITO in order to
eliminate the need to form the reference signal lines on the
lower substrate 1A and thereby to use the area thus saved as
the aperture area, improving the aperture ratio. This advan-
tage is obtained in addition to the advantage of Embodiment
1.

[0100] FIG.12isacrosssection corresponding to FIG. 4. In
the figure, a voltage is applied between the display electrodes
15 formed on the transparent substrate 1A (lower substrate)
and the shield electrode 32 formed on the transparent sub-
strate 1B (upper substrate) and having the function of the
reference electrodes 14 to produce an electric field E extend-
ing through the liquid crystal layer LC parallel to the trans-
parent substrate 1A. Although in FIG. 12, the horizontal
distance between the display electrode 15 and the shield
electrode 32 serving as the reference electrode is apparently
smaller than the thickness of the liquid crystal layer LC, it is
noted, however, that the actual distance is much larger than
the thickness ofthe liquid crystal layer L.C. Hence, the electric
field E generated extends parallelly to the transparent sub-
strate.

[0101] The shield electrode 32 on the transparent substrate
1B that also serves as the reference electrodes is formed over
a planarization film 26 that covers a color filter 25 formed on
the surface of the transparent substrate 1B in such a way that
the shield electrode 32 is superimposed over the video signal
lines and disposed inside the area of the light shielding layer.
In this embodiment, the shield electrode 32 also extends
through the center of each pixel area in the y direction. Over
the shield electrode 32 that also serves as the reference elec-
trodes 14 there is formed a planarization film 27, over which
an alignment layer 28 is formed. On the surface of the trans-
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parent substrate 1B opposite to the liquid crystal side there is
provided a polarizing plate 29.

[0102] As longas a configuration is employed in which the
light passing through the liquid crystal layer can be modu-
lated by an in-plane field, it is obvious that there are no
restrictions on the structure of the alignment layer and polar-
izing plate and the materials such as that of the liquid crystal.

Embodiment 3

[0103] Inthe third embodiment, the shield electrode 32 that
also serves as the reference electrodes 14 is made of a metal
such as Cr.

[0104] The disadvantage of Embodiment 2 is that because
the shield electrode 32 serving also as the reference elec-
trodes 14 is made of ITO, the part of the shield electrode 32
extending through the center of each pixel area does not block
light but transmits it, deteriorating the contrast. If a light
shielding layer is provided over the part of the shield electrode
32 at the center of the pixel, a deteriorated contrast can be
avoided, but other problems arise including degraded aper-
ture ratio and reduction in margin for the alighment between
the upper and lower substrates.

[0105] Hence, the shield electrode 32 serving also as the
reference electrodes 14 are made of a metallic material, so
that the part of the shield electrode 32 at the center of the pixel
has a light blocking capability and thus can improve the
contrast without obviating the advantages of Embodiment 2
such as reduced vertical smear and improved aperture ratio.

Embodiment 4

[0106] This embodiment will be described centering on its
differences from Embodiment 1.

[0107] FIG. 17 illustrates the configuration of the liquid
crystal display device and its peripheral circuits. In the figure,
ashield electrode 33 that also serves as the light shielding film
30 is formed in a matrix form over the surface of the trans-
parent substrate 1B—which constitutes the liquid crystal dis-
play device 1—on the liquid crystal layer side in such a way
that the shield electrode 33 overlaps the video signal lines 3
and the scan signal lines 2. The shield electrode 33 with the
function of the light shielding film 30 is required to have both
conductivity and a light blocking capability. In this embodi-
ment, the shield electrode 33 is made of a metal such as Cr, for
example. The shield electrode 33 is electrically connected to
the LCD driver power circuit 7 in a way similar to that in
which the shield electrode 31 in Embodiment 1 is connected.
[0108] FIG. 151s a plan view showing the detailed configu-
ration of one pixel area. In the figure, solid lines show the
construction formed on the transparent substrate 1A side and
dashed lines show the construction formed on the transparent
substrate 1B side. The top view pattern of the shield electrode
33 serving also as the light shielding film 30 in this embodi-
ment is shaped in a matrix form in each pixel and is almost
similar to the top view pattern of the light shielding film 30 of
Embodiment 1. In other words, the shield electrode 33 serv-
ing also as the light shielding layer is the light shielding layer
30 serving also as the shield electrode.

[0109] FIG. 16 shows a cross-sectional structure of one
pixel. On the transparent substrate 1B there is formed the
shield electrode 33 serving also as the light shielding layer,
over which a color filter 25 and then a planarization film 27
are formed, followed by the deposition of an alignment layer
28.
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[0110] Inthis embodiment, the shield electrode 33 t at also
serves as the light shielding film 30 eliminates the need to
form the light shielding film 30 and the shield electrode 33
separately, offering the advantage of improved productivity
in addition to the advantage of Embodiment 1.

Embodiment 5

[0111] The only difference between this embodiment and
Embodiment 4 is the construction of the shield electrode 33
that also serves as the light shielding layer. In this embodi-
ment the shield electrode 33 serving also as the light shielding
layer has a two-layer structure. FIG. 18 illustrates a cross-
sectional structure of a pixel. The shield electrode 33 serving
also as the light shielding layer has two layers: a Crlayer 33A
and an ITO layer 33B. Thus, in FIG. 7, when the shield
electrode 33 that also serves as the light shielding layer is
provided instead of the shield electrode 31, the conductive
layer 40 is directly in contact with the ITO layer 33B of the
shield electrode 33 in the region where the shield electrode
also serving as the light shielding layer is in contact with the
conductive layer 40. The 1TO layer 33B made of an oxide is
known to exhibit better characteristics than metallic materials
in terms of long-term reliability of connection with different
materials. By forming the Crlayer 33A and the ITO layer 33B
integrally, it is possible to form the two-layer shield electrode
33 serving as the light shielding layer without increasing the
photographic process.

[0112] Therefore, this embodiment can offer the advantage
of being able to increase the long-term reliability of the shield
electrode 33 also serving as the light shielding layer in addi-
tion to the advantages of Embodiment 4.

Embodiment 6

[0113] In this embodiment, the light shielding layer that
also serves as the shield electrode of Embodiment 5 is formed
as an ITO single layer at the electric connection section of
Embodiment 5. Because the terminal portion is formed as the
single ITO layer with an excellent long-term reliability, the
electrical connection is further improved compared with
Embodiment 5 in terms of long-term reliability.

Embodiment 7

[0114] The following description will center on the differ-
ence from Embodiment 2.

[0115] FIG. 19 shows the detailed configuration of one
pixel area. What differs from the configuration of FIG. 10 is
that, instead of the light shielding film 30 and the shield
electrode 32 also serving as the reference electrodes, a shield
electrode 34 that also serves as the light shielding layer and
the reference electrodes is provided on the upper substrate
1B.

[0116] FIG. 20 is a plan view showing the positional rela-
tion between the shield electrode 34 on the substrate 1B and
various wirings on the substrate 1A. Because the shield elec-
trode 34 also serving as the reference electrodes and the light
shielding layer has functions of the light shielding film 30 and
the shield electrode 32 also serving as the reference elec-
trodes in the embodiment 2 of FIG. 10, the shield electrode 34
has a superposed shape of the light shielding film 30 and the
shield electrode 32.

[0117] FIG. 21 shows the configuration of the liquid crystal
display device and its peripheral circuits.
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[0118] The shield electrode 34 that also serves as the ref-
erence electrodes and the light shielding layer is supplied
with a reference potential (voltage) from the LCD driver
power circuit 7. In this embodiment, to reduce the dielectric
strength of the video signal drive circuit 6, the reference
potential (voltage) used is an AC voltage.

[0119] FIG. 22 shows the cross-sectional structure of a
pixel. In this embodiment, the functions of the two layers—
the light shielding film 30 of FIG. 12 and the shield electrode
32 also serving as the reference electrodes—are achieved by
a single layer of the shield electrode 34 that also serves as the
reference electrodes and the light shielding film.

[0120] The shield electrode 34 that also serves as the ref-
erence electrodes and the light shielding layer is required to
have both a light shielding capability and a conductivity.
Hence, in this embodiment, the shield electrode 34 is formed
of a metal such as chromium Cr.

[0121] In this embodiment, the construction of the upper
substrate 1B is made simpler than that of Embodiment 2,
which realizes a reduced cost compared with Embodiment 2
and an improved productivity.

[0122] The shield electrode 34 functioning also as the ref-
erence electrodes and the light shielding layer is shaped like
a matrix with openings only at pixel areas. The fact that the
shield electrode 34 also serves as the reference electrodes and
the reference signal line means that the reference electrodes
and the reference signal line are formed in a relatively large
area. Hence, a voltage is applied to the shield electrode 34 that
also serves as the reference electrode and the light shielding
layer in each pixel area through a low resistance, so that the
reference signal waveform can be prevented from becoming
dull, minimizing the so-called brightness gradient and hori-
zontal smear.

Embodiment 8

[0123] The following description will center on the differ-
ence from Embodiment 7.

[0124] FIG. 23 shows a cross section of one pixel. What
differs from the construction of FIG. 22 is the shield electrode
34 that also serves as the reference electrodes and the light
shielding layer. That is, on the surface of the transparent
substrate 1B on the liquid crystal side is formed the shield
electrode 34 also serving as the reference electrodes and the
light shielding layer, over which a color filter 25, a planariza-
tion film 27 and an alignment layer 28 are formed in order.
[0125] The shield electrode 34 that also serves as the ref-
erence electrodes and the light shielding layer uses such a
material as chromium Cr.

[0126] This construction obviates the planarization film 26
of FIG. 22, realizing an improved productivity and a reduced
cost when compared with Embodiment 7.

[0127] In Embodiment 7 the shield electrode 34 also serv-
ing as the reference electrodes and the light shielding layer is
formed over the planarization film 26, whereas this embodi-
ment has the shield electrode 34 which also serves as the
reference electrodes and the light shielding layer directly
formed over the transparent substrate 1B. Considering the
planarized surface, the transparent substrate 1B obviously has
a better flatness than the planarization film 26 covering the
color filter. This means that the structure of FIG. 23 has a
lower probability of occurrence of shape defect including
wire break parts and damaged parts in the shield electrode 34,
which also serves as the reference electrodes and the light
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shielding layer, than the structure of FIG. 22. This embodi-
ment therefore can reduce the fraction defective compared
with Embodiment 7.

Embodiment 9

[0128] The following description will center on the differ-
ence from Embodiment 8.

[0129] FIG. 24 shows a cross section of one pixel. What
differs from the construction of FIG. 23 is that the shield
electrode 34 that also serves as the reference electrodes and
the light shielding layer is formed of a multilayer structure of
layers 34A and 34B of different materials. That is, the layer
34A formed on the transparent substrate 1B side is made of a
material having a low light reflectance and the layer 34B on
the liquid crystal layer LC side is made of a material having a
high conductivity.

[0130] The material of the layer 34A with a low reflectance
may be chosen from organic materials containing carbon and
the material of the layer 34B with a high conductivity from
metals such as Cr.

[0131] A so-called backlight as a source of light passing
through the liquid crystal layer LC is provided behind the
transparent substrate 1A (lower substrate).

[0132] In the liquid crystal display device with the above
configuration, when the display surface is observed through
the transparent substrate 1B (upper substrate), the reflection
of light from the shield electrode 34 that also serves as the
reference electrodes and the light shielding layer can be
reduced significantly. When compared with Embodiment 8, it
is found that this embodiment can reduce the light reflectance
for the shield electrode 34, which is about 30% in Embodi-
ment 8, down to about 1%. This embodiment therefore can
form a clear display picture.

[0133] In the embodiment structured as described above,
the multilayer shield electrode 34 having the functions of the
reference electrodes and the light shielding layer comprises a
material layer 34A on the transparent substrate 1B side made
of a material with a low light reflectance and a material layer
34B on the liquid crystal layer LC side made of a material
with a high conductivity.

[0134] It is easily understood that on condition that the
backlight is provided behind the transparent substrate 1B, a
similar effect can be achieved even if the multilayer relation is
reversed.

[0135] In the embodiment described above, an organic
material containing carbon is used for the material layer with
alow light reflectance. It is easily understood that other mate-
rials may be used, such as organic materials where pigment is
dispersed or organic materials where metallic material is
dispersed, to produce a similar effect. When an organic mate-
rial in which a metallic material is dispersed is used, a plu-
rality of different metallic materials may be combined as the
material to be dispersed in the organic material. This can
planarize the absorption wavelength, offering the advantage
of being able to prevent reflected light from being colored.
[0136] For the material layer made of a material with a low
light reflectance, it is possible to use a metal such as molyb-
denum Mo. Although it does not reduce the reflectance so
much compared with the above embodiment, the use of
molybdenum improves the reliability in the manufacture of
the multilayer structure.

[0137] That is, the material layer containing carbon as a
main component not only has various limitations on its manu-
facturing method but other problems, such as a relative diffi-
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culty in forming the material layer flatly and arisk of breaking
a high conductivity overlying layer. These problems are
eliminated by the material layer.

[0138] Forming both layers out of metals offers the advan-
tage that if one of the layers is broken, the other layer will
compensate for the break.

[0139] Theuseofametal oxide witha low reflectance, such
as CrO not only improves the reliability of the manufacture of
the multilayer structure but also reduces the reflectance.

Embodiment 10

[0140] FIG. 21 is a schematic diagram showing one
embodiment of the liquid crystal display device of this inven-
tion comprising a liquid crystal display unit and peripheral
cireuits.

[0141] Inthe figure, the liquid crystal display unit 1 has as
its enclosure a transparent substrate 1A and a transparent
substrate 1B with a liquid crystal layer interposed therebe-
tween. On the surface of the transparent substrate 1A, which
is a lower substrate, on the liquid crystal layer side, scan
signal lines 2 extend in the x direction in the figure and are
arranged to be parallel in the y direction. Insulated from these
signal lines 2, video signal lines 3 are formed to extend in the
y direction and are arranged to be parallel in the x direction.
[0142] Relatively large rectangular areas enclosed by the
scan signal lines 2 and the video signal lines 3 constitute pixel
areas, which are arranged in a matrix arrangement to form a
display unit. In each pixel area a display electrode is formed
and a thin film transistor TFT and an additional capacitor
Cadd are arranged in a part of the periphery of the pixel area.
(None of these is shown.)

[0143] On the surface of the transparent substrate 1B on the
liquid crystal layer side there is formed a light shielding layer
34 which is conductive and has a surface reflectance of less
than 10% on the display surface aide. The light shielding layer
34 terminates the electric field from the video signal lines 3 to
reduce a leakage field from the video signal lines 3 into the
pixel, thereby minimizing vertical smear caused by such a
leakage field.

[0144] The liquid crystal display unit 1 has as external
circuits a vertical scanning circuit 5 and a video signal drive
circuit 6. The vertical scanning circuit 5 supplies a scan signal
(voltage) to the scan signal lines 2 successively and, in syn-
chronism with the scan signals, the video signal drive circuit
6 supplies video signals (voltages) to the video signal lines 3.
[0145] The vertical scanning circuit 5 and the video signal
drive circuit 6 are each supplied with electricity from an LCD
driver power circuit 7 and also with display data and a control
signal into which image information from a CPU 8 is sepa-
rated by a controller 9.

[0146] The light shielding layer 34 is fed with a reference
signal which is also supplied from the LCD driver power
circuit 7. While this embodiment uses an AC voltage as a
voltage to be applied to the light shielding layer 34, a DC
voltage may be used.

[0147] FIG. 19 is a plan view showing a detailed configu-
ration of one pixel area of the liquid crystal display unit 1. In
the figure, solid lines show the construction formed on the
transparent substrate 1A side and dashed lines show the con-
struction formed on the transparent substrate 1B side.
[0148] On the surface of the transparent substrate 1A on the
liquid crystal layer side the scan signal lines 2 made of; for
example, aluminum Al extend in the x direction. Areas
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enclosed by the scan signal lines 2 and the video signal lines
described later constitute pixel areas, as described earlier.
[0149] Over the surface of the transparent substrate 1A
where the scan signal lines 2 and others are formed, an insu-
lating film 11 of, say, silicon nitride film is formed covering
the scan signal lines 2 and the reference electrodes 14. (See
FIG. 5, 13 and 24.) This insulating film 11 functions as an
interlayer insulation film between the video signal lines 3
described later and the scan signal lines 2, as a gate insulating
film in the thin film transistor TFT forming regions, and as a
dielectric film in the additional capacitor Cadd forming
regions.

[0150] On the surface of the insulating film 11 in the thin
film transistor TFT forming regions there is first formed a
semiconductor layer 12 which is made of, for example, amor-
phous silicon and superimposed over a part of the scan signal
line 2 close to the video signal line 3. In this structure a part of
the scan signal line 2 serves as a gate electrode of the thin film
transistor TFT.

[0151] Over the surface of the insulating film 11 there are
closely arranged video signal lines 3 extending in the y direc-
tion which are made in a multilayer structure of, say, chro-
mium and aluminum. A part of the video signal line 3 is
extended and formed integrally with a drain electrode 3A
formed over a part of the semiconductor layer 12.

[0152] Further, a display electrode 15 is formed over the
surface of the insulating film 11 in the pixel area and is shaped
like a letter U to divide one pixel area into three. One end of
the display electrode 15 is formed integrally with a source
electrode 15A o the thin film transistor TFT, and the electrode
extends in the (+) y direction, then extends over the reference
signal line 4 in the (+) x direction, and then extends in the (-)
y direction.

[0153] In this case, the part of the display electrode 15
formed over the scan signal line 2 constitutes the additional
capacitor Cadd having the insulating film 11 as a dielectric
film. The additional capacitor Cadd produces an effect of
holding the video information in the display electrode 15 for
a long time after the thin film transistor TFT has been turned
off.

[0154] The interface between the semiconductor layer 12
and the drain and source electrodes 3A, 15A of the thin film
transistor TFT is doped with phosphorus (P) and is a high
concentration layer through which ohmic contacts with these
electrodes are made. This construction can be obtained by
forming the high concentration layer over the entire surface of
the semiconductor layer 12, forming the drain and source
electrodes and, using the electrodes as a mask, etching the
high concentration layer other than in the electrode-forming
regions.

[0155] Over the insulating film 11 over which the thin film
transistor TFT, the video signal line 3 and the additional
capacitor Cadd are formed, a passivation film 16 of, for
example, silicon nitride (see FIGS. 5, 13 and 24) is formed.
Over the passivation film 16 an alignment layer 17 is formed.
This structure as a whole constitutes a so-called lower sub-
strate of the liquid crystal display unit. The lower substrate is
provided with a polarizing plate 18 on the side opposite to the
liquid crystal layer.

[0156] Onthe surface of the transparent substrate 1B which
is an upper substrate, on the liquid crystal layer side, there is
formed a light shielding layer 34 shown by dashed lines in
FIG. 19, and having a conductivity and a reflectance of less
than 10% on the display surface side. The light shielding layer
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34has a multilayer structure of, forexample, chromium oxide
CrO and chromium Cr formed in this order from the trans-
parent substrate side.

[0157] In FIG. 24 when a voltage is applied between the
display electrode 15 formed on the transparent substrate 1A
(lower substrate) and the light shielding layer 34 formed on
the transparent substrate 1B (upper substrate), an electric field
E is produced in the liquid crystal layer L.C, having a compo-
nent parallel to the transparent substrate 1A.

[0158] Although in FIG. 24 the horizontal distance
between the display electrode 15 and the light shielding layer
34 is apparently smaller than the thickness of the liquid crys-
tal layer LC, it is noted, however, that the actual distance is
much larger than the thickness of the liquid crystal layer LC.
Hence, the electric field E generated has a component parallel
to the transparent substrate.

[0159] The light shielding layer 34 comprises two layers
34A and 34B stacked on the transparent substrate 1B. In this
embodiment the CrO and Cr layers are formed successively
over the transparent substrate 1B, and are patterned simulta-
neously to form layer 34A as a CrO layer with a low reflec-
tance and layer 34B as a conductive Cr layer. A backlight unit
is provided on the surf ace of the transparent substrate 1A on
the side opposite to the liquid crystal layer. With this arrange-
ment, the surface of the light shielding layer 34 on the trans-
parent substrate 1B side, i.e., the CrO layer with a low reflec-
tance, is made the display surface, so that external light
entering the liquid crystal display unit can be reduced.
[0160] Reflection of external light from the liquid crystal
display unit is influenced by reflection from the light shield-
ing layer of the transparent substrate 1B and also by reflection
from the metallic display electrode, reference electrode and
scan electrode of the transparent substrate 1A. In this embodi-
ment, because the role of the reference electrode made of a
metal on the transparent substrate 1A in Embodiment 1 is
realized by the light shielding layer with a low reflectance, the
reflection by the metal electrodes of the transparent substrate
1A can be suppressed.

[0161] Because the total number of wires on the transparent
substrate 1A can be reduced compared with Embodiment 1,
the yield can also be improved.

[0162] Further, in this embodiment the light shielding layer
34 also serves both as the reference electrodes and the refer-
ence signal lines formed on the transparent substrate 1A in
Embodiment 1 and the light shielding layer 34 is formed in a
matrix arrangement. This is equivalent to the formation of
reference electrodes and the reference signal lines in a rela-
tively large area. Therefore, a voltage is applied to light
shielding layer 34 through a low resistance, preventing the
reference signal waveform from becoming dull, and thus
minimizing the so-called brightness gradient and horizontal
smear.

[0163] Further, a passivation film 27 is formed over the
light shielding layer 34 and the color filter 25 that is formed in
a shape having an area covering the light shielding layer 34.
Unlike the liquid crystal display unit of the so-called vertical
electric field type, the liquid crystal display device of the
so-called in-plane field type has no ITO as the reference
electrodes that cover the light shielding layer and the color
filter. Hence, in the liquid crystal display unit of the in-plane
field type, there is a possibility of contamination of the liquid
crystal by the light shielding layer and the color filter. The
provision of the passivation layer 27, however, prevents the
contamination. An alignment layer 28 is formed over the
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surface of the passivation layer 27. A polarizing plate 29 is
provided on the surface of the transparent substrate 1B on the
side opposite to the liquid crystal.

[0164] FIG. 25 schematically shows a cross section of a
terminal portion of the liquid crystal display unit 1 for con-
necting the light shielding layer 34 to the LCD driver power
circuit 7 on the lower substrate 1A a connection terminal 41 is
formed of ITO. The reason that ITO is used is to improve the
reliability. In a region that overlaps the connection terminal
when seen in plan view, the light shielding layer 34 on the
upper substrate 1B is exposed and connected through the
conductive layer 40 to the connection terminal 41 on the
lower substrate 1A.

[0165] Inthis embodiment, the conductive layer 40 uses a
sealing material where conductive beads are dispersed. In the
conductive layer 40,40 A denotes a resin component and 40B
denotes the conductive beads. The conductive beads are in
contact with the conductive portion 34B of the light shielding
layer and with the connection terminal 41 to make an electri-
cal connection between them.

[0166] In this embodiment, the conductive layer 40 also
serves as a sealing material of the liquid crystal display unit 1.
Hence, it is desirable that the diameter of the conductive
beads 40B be determined taking the gap between substrates
of the liquid crystal display unit into consideration. This
embodiment uses plastic balls coated with gold as the con-
ductive beads. Conductive fibers also provide a similar effect.
Hence, the conductive beads 40B fall within the category of
this embodiment as long as they are conductive beads or
fibers.

[0167] The connection terminals for the scan signal line 2
and the vertical scanning circuit 5 and the connection termi-
nals for the video signal line 3 and the video signal drive
circuit 6 are generally formed of a single ITO layer or a
multilayer structure with the ITO layer at the top. One
example of the cross-sectional structure of the connection
terminal portion for the scan signal line 2 and the vertical
scanning circuit 5 is shown in FIG. 26.

[0168] Inthe figure, the connection terminal 42 for the scan
signal line 2 and the vertical scanning circuit5 is formed in the
same layer where the connection terminal 41 is provided. In
this embodiment, the connection terminal for the video signal
line 3 and the video signal drive circuit 6 is also formed in the
same layer where the connection terminal 41 is provided. This
construction eliminates the need for an additional process of
forming the connection terminal 41.

[0169] As described above, to prevent contamination of the
liquid crystal it is desirable that the conductive layer is not in
direct contact with the liquid crystal. Hence, this embodiment
is so constructed that the area in which the light shielding
layer 34 is electrically connected with the connection termi-
nal 41 does not extend into the area of the liquid crystal layer.
[0170] FIG. 27 shows a schematic plan view of the connec-
tion between the light shielding layer 34 and the connection
terminal 41. The connection terminal 41 is formed over the
transparent substrate 1A and the light shielding layer is
formed as a matrix over the transparent substrate 1B as shown
in FIG. 21.

[0171] Liquid crystal is sealed in an area enclosed by the
conductive layer 40 that also serves as a sealing material.
Normally, in the liquid crystal filling port region the sealing
material is not formed. Instead, only after the liquid crystal is
sealed, will the sealing material be formed to seal the liquid
crystal. This is ignored in FIG. 27 since it is a schematic
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explanatory view. In the rectangular region 43 the passivation
film 27 is not provided, so that electrical connection can be
made between the light shielding layer 34 and the connection
terminal 41 by conductive beads.

[0172] The connection terminal 41 and the LCD driver
power circuit 7 are electrically connected by independent
wires. It is possible to use at least one of the connecting wires
of the video signal line 3 and the video signal drive circuit 6
to connect the connection terminal 41 and the LCD driver
power circuit 7. At least one of the connecting wires for the
scan signal line 2 and the vertical scanning circuit 5 may also
be used for connecting the connection terminal 41 and the
LCD driver power circuit 7.

[0173] Next, the relation between the alignment layer 17
and the polarizing plate 18 formed on the transparent sub-
strate 1A and the relation between the alignment layer 28 and
the polarizing plate 29 formed on the transparent substrate 1B
will be described with reference to FIG. 9.

[0174] The rubbing directions 208 of the alignment layers
17 and 28 are at an angle ®LC of 85 degrees with respect to
the direction 207 of the electric field applied between the
display electrode 15 and the reference electrodes 14. The
polarized light transmitting axis 209 of polarizing plate 18 is
at an angle ®P equal to ®LC. The other polarizing plate 29
has a polarized light transmitting axis perpendicular to 209.
The liquid crystal layer LC uses a nematic liquid crystal
material having a positive dielectric constant anisotropy Ae of
7.3 (1 kHz) and a refractive index anisotropy An 0f0.073 (589
nm, 20° C.).

[0175] With this arrangement, generating an electric field
parallel to the transparent substrate 1A in the liquid crystal
layer LC makes it possible to modulate the light passing
through the liquid crystal layer LC.

[0176] As long as a construction is employed in which the
light passing through the liquid crystal layer can be modu-
lated by a in-plane field, it is obvious that there are no restric-
tions on the structure of the alignment layer and polarizing
plate and the material of the liquid crystal.

[0177] Any light shielding layer 34 having a layer 34A with
a reflectance of less than about 10% and a layer 34B made of
atleastone of Al, Cr, Mo, Ta, Ti, W and their alloys falls in the
scope of this embodiment.

Embodiment 11

[0178] The difference between this embodiment and
Embodiment 10 is the structure of the light shielding layer 34.
FIG. 28 is a schematic cross section showing the structure of
the terminal portion.

[0179] In this embodiment, the light shielding layer 34
comprises three layers 34A, 34B, 34C. The layer 34 A is made
of CrO, 34B Crand 34C ITO. This embodiment therefore can
produce the same effect as that of Embodiment 10. Further in
this embodiment, the innermost layer 34C of the shield elec-
trode 34 on the liquid crystal layer side is formed of 1TO.
[0180] This construction can improve the reliability of the
connection between the light shielding layer and the conduc-
tive layer 40. Because the surface of the light shielding layer
on the liquid crystal layer side is made of ITO, contamination
by the light shielding layer of the liquid crystal can be pre-
vented, which makes it possible to provide even in the liquid
crystal layer an area where the light shielding layer is
exposed. As a result, the connection region where the light
shielding layer 34 and the connection terminal 41 are con-
nected by the conductive layer 40 can be formed almost flat,
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thus reducing the contact resistance and improving the pre-
cision of the gap between the substrates of the liquid crystal
display unit.

[0181] This embodiment includes a modification where the
ITO layer 34¢ of the light shielding layer 34 is not formed in
the display area of the liquid crystal display unit. In this case,
because the layer 34C cannot be simultaneously patterned
together with the other layers 34 A and 34B when forming the
light shielding layer 34, the number of processes increases.
However, because the 1TO residues can be prevented from
entering the display area during the ITO etching, a defective
display caused by the ITO residues can be reduced, improving
the yield.

Embodiment 12

[0182] The difference between Embodiment 12 and
Embodiment 10 lies in the structure of the connecting portion
between the light shielding layer 34 and the connection ter-
minal 41. FIG. 29 is a schematic cross section showing the
construction of the terminal portion.

[0183] In this embodiment, an electrical connection
between the conductive layer 40 and the light shielding layer
34 is achieved by a light shielding layer connection terminal
44 connected to the light shielding layer 34. This embodiment
uses ITO for the light shielding layer connection terminal 44.
[0184] Inthis embodiment the region directly connected to
the conductive layer 40 is formed as a low-corrosiveness I[TO
single layer, so that the corrosion resistance of the connecting
portion can be improved compared with Embodiment 11.

Embodiment 13

[0185] The difference between this embodiment and
Embodiment 12 lies in the structure of the connecting portion
between the light shielding layer 34 and the connection ter-
minal 41. FIG. 30 is a schematic cross section showing the
construction of the connecting portion.

[0186] In this embodiment, the conductive layer electri-
cally connecting the light shielding layer 34 with the connec-
tion terminal 41 is formed separately from the sealing mate-
rial.

[0187] In Embodiment 12, conductive beads are used for
the beads in the sealing material that support the gap between
the substrates, so that the connecting portion functions both as
the sealing material and the conductive layer 40. In this
embodiment, however, sealing material 46 in the form of an
insulating material and a conductive layer 45 are provided
separately. The sealing material 46 is a resin where insulating
plastic fibers are dispersed, and the conductive layer 45 uses
a material similar to the conductive layer 40 of Embodiment
12. The conductive layer 45 of this embodiment comprises
the resin 45A wherein conductive beads 45B prepared by
coating plastic beads with gold over the surface are dispersed.
[0188] In this embodiment, the conductive layer 45 is
formed inside the sealing material 46, i.e., in the area of the
liquid crystal layer, so that degradation of the conductive
layer 45 due to moisture in the open air can be prevented.
[0189] FIG. 31 is a schematical plan view showing the
configuration of the connection between the light shielding
layer 34 and the connection terminal 41 of this embodiment.
[0190] The conductive layer 45 is formed inside a rectan-
gular area enclosed by the sealant material 46. The area of the
conductive layer 45, as shown in FIG. 31, is smaller than that
of the sealing material 46. As a result, the amount of conduc-
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tive beads or conductive fibers in the conductive layer can be
reduced significantly. The conductive beads or conductive
fibers are generally made of an insulating material coated
with gold and are very expensive. Hence, the reduced amount
ofthese materials can reduce the material cost compared with
Embodiment 12.

Embodiment 14

[0191] The difference between this embodiment and
Embodiment 13 is that the conductive layer 45 is formed
outside the rectangular area enclosed by the sealing material
46. Like Embodiment 13, this construction can also offer the
advantage of a reduced material cost. Further, because this
embodiment does not need consideration of contamination of
the liquid crystal material by the conductive layer 45, a less
expensive material such as silver paste can be used for the
conductive layer 45, further reducing the material cost com-
pared with the configuration of Embodiment 13.

Embodiment 15

[0192] The difference between this embodiment and
Embodiment 10 s the construction of the connection terminal
41.FIG. 32 is a schematic cross section showing the construc-
tion of the terminal portion.
[0193] Inthis embodiment, the connection terminal 41 has
two or more layers. In this example, the connection terminal
41 has two layers 41A, 41B, the layer 41 A being made of ITO
and the layer 41B being made of the same material as the
video signal line. This reduces the probability of disconnec-
tion failure of the connection terminal 41, improving the
reliability and the yield compared with Embodiment 10.
Since the resistance of the connecting portion is reduced, the
resistance of the connection from the LCD driver power cir-
cuit to the light shielding layer 34 can also be reduced. Fur-
ther, because the layer 41B can be formed together with the
video signal line, the number of processes does not increase.
This 1s also true when the layer 41B is made of the same
material as that of the scan signal line. It is also noted that
while the layers 41A and 41B have a passivation film 16
interposed therebetween in some area, a structure without
such an interposed passivation film is also included in this
embodiment.
[0194] As can be seen from the foregoing description, the
liquid crystal display device of this invention can minimize
the so-called vertical smear and reduce the power consump-
tion and the size of the peripheral circuits. Further, the aper-
ture ratio can be improved. Moreover the invention can mini-
mize the brightness gradient and horizontal smear and lower
the reflectance.
[0195] This invention, applied to liquid crystals as
described above, has a practical applicability in the liquid
crystal manufacturing industry.
What is claimed is:
1. An active matrix liquid crystal display device compris-
ing:
a first substrate and a second substrate with a liquid crystal
layer therebetween;
aplurality of video signal lines and a plurality of scan lines
formed on one of the first and second substrates, and a
plurality of display electrodes connected to one of the
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video signal lines on the one of the first and second
substrates through an active device;

a plurality of pixel areas which are defined by the video
signal lines and the scan signal lines which are formed in
the shape of a matrix; and

each of the pixel areas has the display electrode, areference
electrode and the active device;

wherein the display electrodes are arranged on the first
substrate, and is the reference electrodes are arranged
the second substrate;

apart of the reference electrodes have a plurality layers and
is conductive;

a sealing material is formed between the first and second
substrate and along a periphery of the first and second
substrates, the sealing material having a plurality of
conductive beads; and

a connecting terminal is formed on the first substrate, the
connecting terminal extending from an edge of the first
substrate to under the sealing material,

wherein the connecting terminal is connected electrically
to the reference electrodes thorough the sealing mate-
rial.

2. An active matrix liquid crystal display device according
to claim 1, wherein a part of the reference electrodes are
formed between the second substrate and the sealing material.

3. An active matrix liquid crystal display device according
to claim 2, wherein a protective layer is formed between the
reference electrodes and the liquid crystal layer, at least a
portion of the protective layer not being arranged between the
sealing material and the reference electrodes.

4. An active matrix liquid crystal display device according
to claim 1, wherein the reference electrodes of the pixel areas
have a common voltage inputted through the connecting ter-
minal.

5. An active matrix liquid crystal display device according
to claim 1 wherein the reference electrodes enable light
shielding.

6. An active matrix liquid crystal display device according
to claim 1, wherein the reference electrodes include a low
reflectance layer and a high electric conductivity layer.

7. An active matrix liquid crystal display device according
to claim 6, wherein the low reflectance layer is formed of
organic materials including carbon.

8. An active matrix liquid crystal display device according
to claim 7, wherein the low reflectance layer is formed of a
metal material.

9. An active matrix liquid crystal display device according
to claim 8, wherein the a low reflectance layer is formed of
molybdenum(Mo).

10. Anactive matrix liquid crystal display device according
to claim 6, wherein the high electric conductivity layer is
formed of a metal material.

11. Anactive matrix liquid crystal display device according
to claim 10, wherein the high electric conductivity layer is
formed of chromium(Cr).

12. Anactive matrix liquid crystal display device according
to claim 6, wherein the reference electrodes further include a
transparent conductive layer.
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