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7) ABSTRACT

In an in-plane switching (IPS) mode active matrix type
liquid crystal display device, data lines 24 supplied with data
signals, common electrode wiring portions 26a and 26b
applied with a reference voltage, a common electrode 26,
pixel electrodes corresponding to pixels to be displayed,
scanning lines 28 supplied with scan signals and TFT’s 50
are provided on an active element substrate 11. The common
electrode wiring portions 26a and 26b are formed by using
a first metal layer, extend in parallel to the scanning line and
connected to a common electrode potential at a peripheral

(21) Appl. No.: 10/119,362 1 (
portion thereof. Protruded portions 299a and 2995 are
(22) Filed: Apr. 9, 2002 formed in at least one of the common electrode wiring
portions 26a and 26) in such a way that the protruded
(30) Foreign Application Priority Data portions are positioned on both sides of the data line 24 to
be formed later. Unevenness of display of the display device
Apr. 17,2001 (JP) oo 118083/2001 is reduced and the aperture ratio thereof is improved.
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ACTIVE MATRIX TYPE LIQUID CRYSTAL
DISPLAY DEVICE AND FABRICATION METHOD
THEREOF

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a liquid crystal
display device and a fabrication method thereof and, par-
ticularly, to an IPS (In-Plane Switching) mode active matrix
type liquid crystal display device and a fabrication method
thereof.

[0003]

[0004] An active matrix type liquid crystal display device
(referred to as “AMLCD”, hereinafter), which uses TFI’s
(Thin Film Transistors) as pixel switching elements, can
provide a high image quality and has been used as a display
device of a portable type computer and, particularly, as a
monitor of a compact desk-top computer recently.

[0005] The AMLCD is roughly classified to a type in
which a display is performed by rotating a direction of
molecular axis of oriented liquid crystal molecule, which is
called “director”, in a plane orthogonal to a substrate thereof
and a type in which a display is performed by rotating the
director in a plane parallel to the substrate.

[0006] A liquid crystal display device of the TN (Twisted
Nematic) mode is a typical example of the former type and
that of the IPS (In-Plane Switching) mode is a typical
example of the latter type.

[0007] Since, in the AMLCD of the IPS mode, a user
basically looks liquid crystal molecules in only shorter axis
direction even when a view point is moved, there is no
dependency of the “rising” of liquid crystal molecule on a
viewing angle and so it is possible to achieve the viewing
angle, which is wider than that achievable in the TN mode
liquid crystal display device.

[0008] In general, when a liquid crystal display device is
manufactured, a patterning on a substrate is performed by
photolithography using a photo mask.

[0009] Since, when the size of a liquid crystal panel
becomes larger, the size of the photo mask for transferring
a pattern of a liquid crystal panel onto a whole surface of the
substrate becomes larger, the cost of the photo mask
becomes very high. Therefore, in order to reduce the manu-
facturing cost, it is usual that repeated patterns to be formed
in respective display regions are formed by dividing the
whole display region to a plurality of sub regions and
exposing the sub regions one by one with using a single
small photo mask for one pattern. This technique is gener-
ally referred to as “stepper exposure”.

[0010] However, since the stepper exposure is performed
in the display region within the substrate, it is required, in
laminating patterned layers in the display region, to pre-
cisely pattern an underlying layer in a vertical direction in
every shot and to make an error of overlapped area between
adjacent exposure shots as small as possible in a horizontal
direction in every exposing shot.

[0011] When the overlapped area between the adjacent
exposure shots is large, the quality of formed pattern

1. Field of the Invention

2. Description of the Prior Art
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becomes different between the exposure shots, resulting in a
display defect called unevenness of division.

[0012] On the other hand, the IPS mode AMLCD has the
merit of wide viewing angle while has a demerit of small
area of a aperture of a pixel region. Therefore, the demand
of a technique for increasing the area of the aperture has
become prosperous recently.

[0013] An example of the IPS mode liquid crystal display
device is disclosed in JP H07-036058 A (referred to as “prior
art 17, hereinafter).

[0014] The IPS mode liquid crystal display device dis-
closed in the prior art 1 is constructed with a TFT array
substrate, scanning lines formed on the substrate, which is
formed firstly, a common electrode formed in a metal layer,
which is in the same layer of the scanning lines, signal lines
(referred to as “data lines”, hereinafter) formed between the
common electrode and an insulating film and pixel elec-
trodes formed in the same layer of the data lines.

[0015] Another example of the IPS mode liquid crystal
display device is disclosed in U.S. Pat. No. 6,069,678
(corresponding to JP H10-186407 A and referred to as “prior
art 27, hereinafter). In one embodiment of the prior art 2, a
common electrode is formed in an uppermost layer in lieu of
the same layer as the initially formed scanning lines.

[0016] Since, in the latter case, it becomes possible to
shield electric field generated by the data lines by the
common electrode and to widen an effective display region
of the pixels, it becomes possible to improve the aperture
ratio of the pixel and, hence, the light utilization efficiency.

[0017] Tt is usual that, when a large areca LCD is to be
exposed by using a stepper, a very high positional accuracy
is required between the exposure shots.

[0018] Describing this with reference to the stepper expo-
sure, a pattern exposure for a substrate is performed by
dividing the pattern as shown in FIG. 1. Assuming that the
size of a transparent insulating substrate is constituted with
zones 37z, zones 17 to 20Z arranged in a peripheral portion
form a peripheral terminal portion for inputting voltages to
a display region and the display region as a liquid crystal
display is formed by zones 217 to 36Z within an area
defined by a thick solid line.

[0019] For example, FIG. 2 shows a case where only the
exposure shot in the zone 217 is deviated rightward with
respect to a gate layer. FIG. 3A shows an ideally arranged
pattern of a layout in the vicinity of a unit TFT element. As
shown in FIG. 3A, an interlayer insulating film is formed on
a scanning line 28 forming a first wiring layer and a common
electrode wiring portion 26a and, on the interlayer insulating
film, data lines 24 forming a second wiring layer and a pixel
auxiliary electrode 35 are formed. In the TFT region, an
amorphous silicon layer 29 is formed on the scanning line 28
and a drain electrode 30a connected to the data line 24 and
a source electrode 305 connected to the pixel auxiliary
electrode 35 are formed on the amorphous silicon layer 29.

[0020] FIG. 3B shows a case where the pattern of the data
line, the drain electrode and the pixel auxiliary electrode is
deviated in the rightward direction. In FIG. 3B, when the
exposure shot of the zone 217 is deviated rightward with
respect to the scanning line 28 (gate line), areas of the drain
electrode and the source electrode, which are overlapped
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with the amorphous silicon layer 29 are reduced. Therefore,
write characteristics and holding characteristics of the TFT,
which is formed by the exposure shot of the zone 217, with
respect to voltage applied to liquid crystal of the TFT are
varied. Therefore, a display state becomes uneven since only
the region in which the exposure shots are deviated becomes
dark as shown in FIG. 5, comparing with a uniform display
state of a liquid crystal display device having no overlapping
deviation between adjacent exposure shots shown in FIG. 4.

[0021] When the data line 24 and the pixel auxiliary
electrode 35 on the gate layer (scanning line 28) are deviated
with respect to the gate layer by various amounts between
adjacent exposure shots, the deviation is observed as
unevenness of display, which is looked as unevenness of
division such as shown in FIG. 6.

[0022] In order to achieve such high precision alignment,
the second (second wiring layer) and subsequent exposures
to be performed subsequent to an exposure of the first layer
(first wiring layer), which is performed on absolute position
with high precision, must be performed as mentioned below.

[0023] Firstly, a test exposure is performed by detecting an
alignment marker formed in the first layer and, on the basis
of the detected alignment marker as a reference, program-
ming the exposure such that a designed overlapping with the
pattern of the first layer is obtained.

[0024] Secondly, it is necessary to measure the positional
relation of the resist pattern of the second layer to the pattern
of the first layer by a fine distance measuring device, detect
a deviation of the resist pattern of the first layer from an
optimal position on the basis of the measurement and
feeding back the detected deviation to the exposure program
to thereby make the second exposure shot to the optimal
position, and so on.

[0025] In the prior art 1 mentioned above, there is the
common electrode in the first layer, which extends in a
longitudinal direction of the data line of the second layer.
Therefore, it is possible to perform the alignment in a lateral
direction precisely by using a plurality of common elec-
trodes as references in position measurement in the lateral
direction by means of the fine distance measuring device.

[0026] Further, it is possible to perform the alignment in a
longitudinal direction precisely by using a scanning line in
the first layer, which extends laterally, or a wiring for the
common electrode for applying a potential to the common
electrode as a reference in position measurement in the
longitudinal direction by means of the fine distance mea-
suring device.

[0027] However, when there is no pattern such as the
pattern of the common electrode extending in the extending
direction of the data line in the first layer as in the case of
the prior art 2, there is no reference for the lateral position
measurement by means of the fine distance measuring
device. Therefore, there is a problem that it is impossible to
precisely perform the lateral alignment and unevenness of
division tends to occur.

SUMMARY OF THE INVENTION

[0028] The present invention was made in view of these
problems and an object of the present invention is to provide
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an active matrix type liquid crystal display device, which
can excludes the problems of the prior art display device.

[0029] Another object of the present invention is to pro-
vide a manufacturing method for manufacturing the active
matrix type liquid crystal display device.

[0030] In order to achieve the above objects, the present
invention is featured by that a region having sides extending
in a wiring direction of a second wiring layer is formed of
a material forming a first wiring layer (underlying wiring
layer) in the same time as the time in which the first wiring
layer is formed.

[0031] According to the present invention, in an IPS mode
active matrix type liquid crystal display device having a pair
of substrates sandwiching a liquid crystal layer therebe-
tween, a first electrically conductive layer, which constitutes
scanning lines each extending over a plurality of pixel
regions and a common electrode wiring, is formed on one of
the substrate pair, which is an active element side substrate
on which switching elements such as TFT’s are formed.
Positioning reference pattern regions each extending in a
direction crossing an extending direction of the scanning
lines are formed in the first conductive layer. Further, a
plurality of switching elements are formed on the active
element substrate correspondingly to a plurality of pixel
regions related to the scanning lines. A second electrically
conductive layer constituting data lines each extending over
a plurality of pixel regions related to the plurality of the
switching elements is formed simultaneously with the for-
mation of the electrodes of the switching elements and the
extending direction of the data line is positioned such that it
coincident with an extending direction of the positioning
reference pattern regions. Further, a third electrically con-
ductive layer constituting the pixel electrodes and the com-
mon electrode is formed on the side of the uppermost layer
(close to the liquid crystal layer) and the pixel electrodes are
electrically connected to the respective switching elements
through contact-holes.

[0032] In a preferred embodiment of the IPS mode active
matrix type liquid crystal display device according to the
present invention, the common electrode is formed of a
transparent electrode material and the data lines except
portions thereof in the vicinity of the scanning lines are
positioned within width of the common electrode. The
positioning reference pattern region has at least one of a
protruded portion and a recessed portion provided in at least
one of a portion of the common electrode wiring and a
portion of the scanning line.

[0033] In another preferred embodiment, the common
electrode and the pixel electrodes are formed of the same
material and the common electrode is electrically connected
to the common electrode wiring through contact-holes pro-
vided in an insulating layer between the first electrically
conductive layer and the third electrically conductive layer
in every pixel region.

[0034] 1In a further preferred embodiment, a black matrix
layer having width smaller than the width of the common
electrode covering the data line is formed in a position
opposing to the data line on the opposing substrate opposing
the active element substrate such that a light shielding film
does not exist between the common electrode covering the
data line and the pixel electrode adjacent to the common
electrode in a plan view.
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[0035] In another preferred embodiment of the present
invention, when the positioning reference patter region is the
protruded or recessed portion, the positioning reference
pattern regions are arranged on both sides of the data line.

[0036] The width of the protruded or recessed portion as
the positioning reference pattern region in a direction
orthogonal to the data line is preferably not smaller than 2
um and not larger than 10 um. By setting the width of the
protruded or recessed portion in the above mentioned range,
it is possible to perform the fine distance measurement with
high precision without reducing the aperture ratio.

[0037] Particularly, a length of the protruded portion is
preferably not smaller than 5 #gm and not larger than the
length of the pixel aperture. In such case, it is possible to
stably perform the fine distance measurement with high
precision.

[0038] Further, in a preferred embodiment of the IPS
mode active matrix type liquid crystal display device
according to the present invention, the switching element is
a thin film transistor and a semiconductor layer region for
thin film transistors is formed on a first insulating layer
formed on the scanning lines as gate electrodes thereof. In
this embodiment, a source electrode and a drain electrode of
the thin film transistor in the semiconductor layer are formed
by a second electrically conductive layer and one of the
source and drain electrodes and the other electrodes are
electrically connected to the data lines and the pixel elec-
trodes, respectively.

[0039] Particularly, the above mentioned IPS mode active
matrix liquid crystal display device mentioned above further
includes a color layer and the black matrix layer formed on
the second substrate. In the liquid crystal display device, a
reference potential is applied to the common electrode, the
common electrode wiring and the scanning line are formed
of the same material in the same step and the gate electrode,
the drain electrode, the source electrode and the common
electrode are electrically connected to the scanning line, the
data line, the pixel electrode and the common electrode
wiring, respectively. a display is performed by rotating
molecular axis of the liquid crystal layer in a plane parallel
to a main surface of the first substrate by electric field
applied substantially in parallel to the main surface, the data
line except a portion thereof in the vicinity of the scanning
line is completely covered by the common electrode by
interposing an insulating layer therebetween, the common
electrodes are connected to the common electrode wiring
through contact-holes provided in the respective pixel
regions, at least one of the common electrode wiring and the
scanning line has at least one of a protruded portion and a
recessed portion extending in the extending direction of the
data line in every pixel region, the width of the black matrix
arranged in the position opposing to the data line in the
region in which the data line is completely covered by the
common clectrode is smaller than the width of the common
electrode covering the data line and there is no light shield-
ing film between the common electrode covering the data
line and the pixel electrodes adjacent thereto.

[0040] In another embodiment of the present invention,
the positioning reference patterns are arranged in the vicinity
of the data line as floating regions electrically separated
from the scanning line and the common electrode wiring.

[0041] In the latter construction having the floating
regions, at least one of the floating regions may be formed
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in only pixel regions of any one of red, green and blue
colors. With such arrangement of the floating regions in the
pixels of only one of R, G and B colors, it is possible to
stably perform the fine distance measurement with high
precision. The aperture ratio can be further improved by
reducing the number of the floating regions.

[0042] At least one of the floating regions may be formed
at intervals of several pixel regions. With such arrangement
of the floating regions, it is possible to highly precisely
perform the fine distance measurement and the aperture ratio
can be further improved by reducing the number of the
floating regions.

[0043] At least one of the floating regions is arranged
immediately below the data line with the insulating film
interposed therebetween. By arranging the floating region
immediately below the data line, it is possible to form a
pattern with which the fine distance measurement can be
stably performed without reducing the aperture ratio. Fur-
ther, by providing the floating regions, the data line has no
capacitive load and so it is possible to prevent signal delay.

[0044] In a method for manufacturing the above men-
tioned IPS mode active matrix type liquid crystal display
device, according to the present invention, in which the
pattern formation of at least the display region is performed
by the stepper exposure using a divided photo mask, an
exposure correction between the divided exposures in per-
forming a patterning of a new layer of laminated layers in
which the common electrode wiring is formed by photoli-
thography is performed by finely measuring a relative posi-
tion of the photo mask to the layer in which the common
electrode wiring is formed by means of the positioning
reference pattern region.

[0045] According to a more preferred embodiment of the
present invention, an IPS mode active matrix type liquid
crystal display device including at least an active element
substrate, an opposing substrate and a liquid crystal layer
held between the active element substrate and the opposing
substrate, is provided, wherein the opposing substrate
includes a color layer and a black matrix layer and the active
clement substrate includes TFI’s each including a gate
electrode, a drain electrode and a source electrode, pixel
electrodes corresponding to pixels to be displayed, a com-
mon electrode supplied with a reference potential, a data
line, a scanning line and a common electrode wiring, the
common electrode wiring and the scanning line are formed
of the same material in the same step, the gate electrode, the
drain electrode and the source electrode of the TFT are
electrically connected to the scanning line, the data line and
the pixel electrode, respectively, and a display is performed
by rotating molecular axis of the liquid crystal layer in a
plane parallel to a main surface of the active element
substrate by electric field applied between the pixel elec-
trode and the common electrode substantially in parallel to
the main surface of the active element substrate, the com-
mon electrode is formed of a transparent electrode material
on a layer closer to the liquid crystal layer than the data line,
the data line except a portion thereof in the vicinity of the
scanning line is sandwiched between the insulating films and
completely covered by the common electrode, the common
electrodes are connected to the common electrode wiring
through contact-holes provided in the respective pixel
regions, the width of the black matrix arranged in the
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position opposing to the data line in the region including
protruded or recessed portions formed by a portion of the
common electrode wiring or the scanning line and extending
in the extending direction of the data line in every pixel
region and completely covered by the common electrode is
smaller than the width of the common electrode covering the
data line and there is no light shielding film between the
common electrode covering the data line and the pixel
electrodes adjacent thereto.

[0046] According to another embodiment of the present
invention, an IPS mode active matrix type liquid crystal
display device including at least an active element substrate,
an opposing substrate and a liquid crystal layer held between
the active element substrate and the opposing substrate, is
provided, wherein the opposing substrate includes a color
layer and a black matrix layer, the active element substrate
includes TFT’s each including a gate electrode, a drain
electrode and a source electrode, pixel electrodes corre-
sponding to pixels to be displayed, a common electrode
supplied with a reference potential, a data line, a scanning
line and a common electrode wiring, the common electrode
wiring and the scanning line are formed of the same material
in the same step, the gate electrode, the drain electrode, the
source electrode and the common electrode are electrically
connected to the scanning line, the data line, the pixel
electrode and the common electrode wiring, respectively,
and a display is performed by rotating molecular axis of the
liquid crystal layer in a plane parallel to a main surface of the
active element substrate by electric field applied between the
pixel electrode and the common electrode substantially in
parallel to the main surface of the active element substrate,
the common electrode is formed of a transparent electrode
material on a layer closer to the liquid crystal layer than the
data line, the data line except a portion thereof in the vicinity
of the scanning line is completely covered by the common
electrode with an insulating film sandwiched therebetween,
the common electrodes are connected to the common elec-
trode wiring through contact-holes provided in the respec-
tive pixels, a pattern extending in the extending direction of
the data line every unit element and formed of the same film
as that of the common electrode wiring and the scanning line
is arranged in the vicinity of the data line or in the vicinity
of the pattern formed by the same layer as that of the data
line, the pattern formed by the same film as that of the
common electrode wiring and the scanning line is electri-
cally floating, the width of the black matrix arranged in the
position opposing to the data line in the region in which the
data line is completely covered by the common electrode is
smaller than the width of the common electrode covering the
data line and there is no light shield film between the
common electrode covering the data line and the pixel
electrodes adjacent thereto.

[0047] Since, in such liquid crystal display device, the
pattern extending in the longitudinal direction of the data
line is formed in the same layer as that including the initially
formed scanning line and the common electrode wiring, it
becomes possible to precisely perform the alignment for the
second and subsequent layers by using the pattern as the
reference for the fine distance measurement to thereby
obtain the IPS mode liquid crystal display device having
high aperture ratio without divisional variation, which is
caused by the stepper exposure.
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[0048] Further, the present invention provides an IPS
mode liquid crystal display device featured by that protruded
or recessed portions formed by a portion of the common
electrode wiring or a portion of the scanning line are
arranged such that the data line is put between the protruded
or recessed portions. By forming the protruded or recessed
portions such that the data line is put between them, it is
possible to precisely perform the fine distance measurement
between the layer (the layer of the data line) in which the
source and/or drain electrode of the TFT is formed and the
layer in which the scanning line is formed to thereby
perform the alignment between them more precisely.

[0049] Further, according to the present invention, an IPS
mode liquid crystal display device featured by that the
pattern formed in the same layer as that of the common
electrode wiring and the scanning line extends in the extend-
ing direction of the data line and has a width in a direction
perpendicular to the data line extending direction is in a
range from 2 ym or more to 10 um or less is provided. By
setting the width of the pattern as above, it is possible to
perform the fine distance measurement with high precision
without reducing the aperture ratio.

[0050] Further, according to the present invention, an IPS
mode liquid crystal display device featured by that the
pattern formed in the same layer as that of the common
electrode wiring and the scanning line extends in the extend-
ing direction of the data line and has a length in a direction
parallel to the data line is not smaller than 5 u#m and not
larger than the length of the aperture or less is provided. By
setting the length of the pattern as above, it is possible to
stably perform the fine distance measurement with high
precision without reducing the aperture ratio.

[0051] According to the present invention, a manufactur-
ing method for manufacturing an IPS mode active matrix
type liquid crystal display device, which includes at least an
active element substrate, an opposing substrate, a liquid
crystal layer held between the active element substrate and
the opposing substrate, the opposing substrate including a
color layer and a black matrix layer, the active element
substrate including a TFT having a gate electrode, a drain
electrode and a source electrode, a pixel electrode corre-
sponding to a pixel to be displayed, a common electrode
supplied with a reference potential, a data line, a scanning
line, a common electrode wiring, a data line terminal, a
scanning line terminal and a common electrode wiring
terminal, the common electrode wiring and the scanning line
being formed of the same material in the same step, the gate
electrode, the drain electrode, the source electrode of the
TFT and the common electrode being electrically connected
to the scanning line, the data line, the pixel electrode and the
common electrode wiring, respectively, a display being
performed by rotating molecular axis of the liquid crystal
layer in a plane parallel to a main surface of the active
element substrate by electric field applied between the pixel
electrode and the common electrode substantially in parallel
to the main surface of the active element substrate, is
provided. In the manufacturing method of the present inven-
tion, a pattern formation of at least a display region is
performed by a division exposure by using a divided photo
mask and an exposure correction in patterning a new layer
of a lamination of a plurality of layers, in which the common
electrode wiring is formed by photolithography, is per-
formed by a fine measurement of a relative position to the
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common electrode wiring layer by using a protruded or
recessed portion of the common electrode wiring or at least
one floating film in the same layer as that of the common
electrode wiring layer.

[0052] By using the above mentioned method, it is pos-
sible to manufacture an IPS mode liquid crystal display
device having high aperture ratio without unevenness of
division.

[0053] With the above mentioned construction, the object
of the present invention, that is, to provide an IPS mode
liquid crystal display device, which has improved aperture
ratio and can prevent the unevenness of display such as
unevenness of division, etc., without increasing the manu-
facturing cost, can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] FIG. 1 shows a pattern formed by exposure shots
when a divisional exposure in a photolithography is per-
formed ideally;

[0055] FIG. 2 shows a pattern formed by exposure shots
when a specific one of the exposure shots in the divisional
exposure in a photolithography is deviated;

[0056] FIG. 3A is a plan view of a unit element when a
structure in the vicinity of a TFT element is formed ideally;

[0057] FIG. 3B is a plan view of the unit element when a
data line layer shown in FIG. 3A is deviated rightward with
respect to a gate line layer;

[0058] FIG. 4 illustrates middle tone display of a liquid
crystal panel manufactured by the divisional exposure
shown in FIG. 1;

[0059] FIG. 5 illustrates middle tone display of a liquid
crystal panel manufactured by the divisional exposure
shown in FIG. 2;

[0060] FIG. 6 illustrates a divisional variation in middle
tone display;
[0061] FIG. 7 is a plan view showing a unit pixel of a

liquid crystal display device according to an embodiment of
the present invention; FIG. 8 is a cross section taken along
a line A-A' in FIG. 7,

[0062] FIG. 9 is an equivalent circuit diagram of the unit
pixel shown in FIG. 7;

[0063] FIG. 10A is a plan view of a region in which a first
metal layer and a second metal layer shown in FIG. 7 are
formed;

[0064] FIG. 10B is a plan view of a region in which a
transparent electrode (ITO) shown in FIG. 7 is formed and
shows a pattern overlapped on an upper portion in FIG.
104,

[0065] FIG. 11 shows cross sections of a TFT substrate
side of the unit pixel in the present invention, taken along
lines A-A', B-B' and C-C' in FIG. 12;

[0066] FIG. 12 corresponds to FIG. 7 and is a plan view
of the portions of the TFT substrate side shown in FIG. 11;

[0067] FIG. 13 is a partial cross section of the unit pixel,
showing a relation in width between a data line and a
common electrode;
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[0068] FIG. 14 is a partial cross section of the unit pixel,
showing a relation in width between the data line and a black
matrix layer;

[0069] FIG. 15 is a plan view showing a region of an
opposing substrate shown in FIG. 7, in which the black
matrix layer is formed;

[0070] FIG. 16 is a partial cross section of the liquid
crystal display device according to the present invention, for
explaining a merit when the common electrode is a trans-
parent electrode (ITO);

[0071] FIG. 17 is a plan view illustrating an arrangement
of contact holes of the liquid crystal display device accord-
ing to the present invention;

[0072] FIG. 18A to FIG. 18K are cross sections of the
liquid crystal display device according to the present inven-
tion, showing manufacturing steps of a manufacturing
method thereof;

[0073] FIG. 19 illustrates a correction method for correct-
ing an exposure patterning of an amorphous silicon layer
with respect to a first metal layer in photolithography in the
present invention;

[0074] FIG. 20 illustrates a correction method for correct-
ing an exposure patterning of a second metal layer with
respect to the first metal layer in photolithography in the
present invention,

[0075] FIG. 21A is a plan view showing a region formed
by a first metal layer and a second metal layer in a second
embodiment of the present invention;

[0076] FIG. 21B is a plan view showing a region formed
by a transparent electrode (ITO) to be overlapped on the
region shown in FIG. 21A;

[0077] FIG. 22A is a plan view showing a region formed
by a first metal layer and a second metal layer in a third
embodiment of the present invention;

[0078] FIG. 22B is a plan view showing a region formed
by a transparent electrode (ITO) to be overlapped on the
region shown in FIG. 22A;

[0079] FIG. 23A is a plan view showing a region formed
by a first metal layer and a second metal layer in a fourth
embodiment of the present invention;

[0080] FIG. 23B is a plan view showing a region formed
by a transparent electrode (ITO) to be overlapped on the
region shown in FIG. 23A;

[0081] FIG. 24A is a plan view showing a region formed
by a first metal layer and a second metal layer in a fifth
embodiment of the present invention;

[0082] FIG. 24B is a plan view showing a region formed
by a transparent electrode (ITO) to be overlapped on the
region shown in FIG. 24A;

[0083] FIG. 25A is a plan view showing a region formed
by a first metal layer and a second metal layer in a sixth
embodiment of the present invention;

[0084] FIG. 25B is a plan view showing a region formed
by a transparent electrode (ITO) to be overlapped on the
region shown in FIG. 25A;
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[0085] FIG. 26A is a plan view showing a region formed
by a first metal layer and a second metal layer in a seventh
embodiment of the present invention;

[0086] FIG. 26B is a plan view showing a region formed
by a transparent electrode (ITO) to be overlapped on the
region shown in FIG. 26A;

[0087] FIG. 26C is a plan view showing a region formed
by a first metal layer and a second metal layer in the region
shown in FIG. 26A;

[0088] FIG. 26D is a plan view showing a region formed
by the second metal layer in the region shown in FIG. 26A,

[0089] FIG. 27A is a plan view showing a region formed
by a first metal layer and a second metal layer in an eighth
embodiment of the present invention;

[0090] FIG. 27B is a plan view showing a region formed
by a transparent electrode (ITO) to be overlapped on the
region shown in FIG. 27A;

[0091] FIG. 28A is a plan view showing a region formed
by a first metal layer and a second metal layer in a ninth
embodiment of the present invention;

[0092] FIG. 28B is a plan view showing a region formed
by a transparent electrode (ITO) to be overlapped on the
region shown in FIG. 28A;

[0093] FIG. 29A is a plan view showing a region formed
by a first metal layer and a second metal layer in a tenth
embodiment of the present invention;

[0094] FIG. 29B is a plan view showing a region formed
by a transparent electrode (ITO) to be overlapped on the
region shown in FIG. 29A;

[0095] FIG. 29C is a plan view showing a region formed
by the first metal layer and an amorphous silicon layer in the
region shown in FIG. 29A;

[0096] FIG. 29D is a plan view showing a region formed
by the second metal layer and an amorphous silicon layer in
the region shown in FIG. 29A;

[0097] FIG. 30A is a plan view showing a region formed
by a first metal layer and a second metal layer in an eleventh
embodiment of the present invention;

[0098] FIG. 30B is a plan view showing a region formed
by a transparent electrode (ITO) to be overlapped on the
region shown in FIG. 30A;

[0099] FIG. 31A is a plan view showing a region formed
by a first metal layer and a second metal layer in a twelfth
embodiment of the present invention;

[0100] FIG. 31B is a plan view showing a region formed
by a transparent electrode (ITO) to be overlapped on the
region shown in FIG. 31A;

[0101] FIG. 32A is a plan view showing a region formed
by a first metal layer and a second metal layer in a thirteenth
embodiment of the present invention;

[0102] FIG. 32B is a plan view showing a region formed
by a transparent electrode (ITO) to be overlapped on the
region shown in FIG. 32A;
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[0103] FIG. 33A is a plan view showing a region formed
by a first metal layer and a second metal layer in a fourteenth
embodiment of the present invention; and

[0104] FIG. 33B is a plan view showing a region formed
by a transparent electrode (ITO) to be overlapped on the
region shown in FIG. 33A.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0105] Referring to FIG. 7 and FIG. 8, an IPS mode
AMLCD 10 according to the present invention is con-
structed with an active element substrate 11, an opposing
substrate 12 and a liquid crystal layer 13 held between the
active element substrate 11 and the opposing substrate 12.

[0106] The opposing substrate 12 is composed of a trans-
parent insulating substrate 16, a black matrix layer 17
formed on a surface of the transparent insulating substrate
16 as a light shielding film, a color layer 18 overlapped
partially on the black matrix layer 17 and a transparent
overcoat film 19 formed on the black matrix layer 17 and the
color layer 18. Further, in order to prevent electric charges
produced by such as touching from a surface of the liquid
crystal display panel from electrically influencing the liquid
crystal layer 13, a transparent, electrically conductive layer
15 is formed on a surface of the transparent insulating
substrate 16. The color layer 18 is formed of a resin film
containing red (R), green (G) and blue (B) color dyes or
pigments.

[0107] The active element substrate 11 is composed of a
transparent insulating substrate 22, a first metal layer form-
ing a scanning line 28 and a gate electrode 30c formed on the
transparent insulating substrate 22, a first interlayer insulat-
ing film 23 formed on the first metal layer, a land shaped
amorphous silicon film formed on the first interlayer insu-
lating film 23, a second metal layer forming a data line 24
and a source electrode 305 and a drain electrode 30a of a
TFT 50, a first film 25a of the second interlayer insulating
film formed thereon, a second film 25b of the second
interlayer insulating film formed on the first film 254 and a
common electrode 26 and a pixel electrode 27, which are
formed of a transparent electrode material on the second film
25b.

[0108] A pixel auxiliary electrode 35 to be described later
is formed on the first interlayer insulating film 23 together
with the data line 24. The data line 24 and the pixel auxiliary
clectrode 35 are formed by the second metal layer.

[0109] In this description, layers on the active element
substrate 11 as well as the opposing substrate 12, which are
closer to the liquid crystal layer 13, will be referred to as
upper layers and layers, which are remoter from the liquid
crystal layer 13, will be referred to as lower layers.

[0110] An alignment layer 31 and an alignment layer 20
are formed on a surface of the active element substrate 11
and a surface of the opposing substrate 12, respectively. The
liquid crystal layer 13 is rubbed such that liquid crystal
molecules are homogeneously oriented in a predetermined
direction tilted by about 10 to 30 degrees with respect to the
extending direction of the pixel electrode 27 and the com-
mon electrode 26 as shown in FIG. 7 and the alignment
layers 31 and 20 of the active element substrate 11 and the
opposing substrate 12 are bonded to surfaces of the liquid
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crystal layer 13. The above mentioned tilting angle is
referred to as initial orientation direction of liquid crystal
molecule.

[0111] Aspacer (not shown) for maintaining a thickness of
the liquid crystal layer 13 is arranged between the active
element substrate 11 and the opposing substrate 12 and a seal
(not shown) for preventing liquid crystal molecules from
leaking out is formed around the liquid crystal layer 13.

[0112] Since the black matrix layer 17 functions to shield
light leaking out from adjacent pixels in a region in which
the black matrix layer 17 overlapped with the data line 24,
width of the black matrix layer 17 is smaller than that of the
common electrode 26 formed of a transparent electrode
material and completely covering the data line 24 so that
light transmitting through the common electrode is not
blocked.

[0113] As shown in FIG. 7, the data line 24 for supplying
data signal, the common electrode wiring portions 26a and
26b and the common electrode 26 to which the reference
potential is applied, the pixel electrode corresponding to a
pixel to be displayed, the scanning line 28 to which a scan
signal is supplied and the TFT 350, etc., are provided on the
active element substrate 11.

[0114] The TFT 50 includes the gate electrode 30c, the
drain electrode 30a and the source electrode 30b and is
provided in the vicinity of a cross point of the scanning line
28 and the data line 24 correspondingly to each pixel. The
gate electrode 30c, the drain electrode 30a and the source
electrode 30b are electrically connected to the scanning line
28, the data line 24 and the pixel electrode 27, respectively.

[0115] The common electrode 26 and the pixel electrode
27 have comb configurations, respectively, and the comb
teeth of the respective electrodes extend in parallel to the
data line 24. Further, the comb teeth of the common elec-
trode 26 and the comb teeth of the pixel electrode 27 are
interleaved mutually.

[0116] Further, as shown in FIG. 7, the common electrode
26 formed of the transparent electrode material is connected
to the common electrode wiring portion 26b through a
common electrode contact hole 39a.

[0117] FIG. 10A and FIG. 10B are plan views showing
the common electrode 26 and the pixel electrode 27shown in
FIG. 7 separately to distinguish one formed of the trans-
parent electrode material from the other.

[0118] Further, FIG. 11 shows the TFT ¢lement portion,
the unit pixel portion and the common electrode contact hole
portion of the unit pixel portion of the liquid crystal display
device 10 according to this embodiment together. The
respective portions are shown as cross sections basically
taken along lines A-A', B-B' and C-C' in the FIG. 7.

[0119] FIG. 11 shows a case where the second interlayer
insulating film 25 is a lamination of the first film 252 and the
second film 25b. When the second interlayer insulating film
25 has a single layer structure, it may be considered that the
first film is a lower layer of the second interlayer insulating
film and the second film of the second interlayer insulating
film is an upper layer of the second interlayer insulating film.

[0120] The common electrode wiring portions 26b and
264 are formed by the first metal layer and extend in parallel
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to the scanning line and a peripheral portion of the common
electrode wiring is connected to a common electrode poten-
tial, as shown in FIG. 11 and FIG. 7.

[0121] Protrusions 299a and 2995 are formed in at least
one of the common electrode wiring portions 26a and 26b
such that the data line 24 to be formed in a later step is put
therebetween along the extending direction of the data line.

[0122] The pixel electrode 27 formed of the transparent
electrode material is formed by a second metal layer and
connected to the pixel auxiliary electrode 35 integrally
formed with the source 30b of the TFT 50 through the pixel
electrode contact hole 39b, as shown in FIG. 7.

[0123] In the IPS mode AMLCD 10, a predetermined
display is performed by generating electric field parallel to
the transparent insulating substrates 16 and 22 between the
common electrode 26 and the pixel electrode 27 of a pixel,
which is selected by the scan signal supplied through the
scanning line and written in with a data signal supplied
through the data line 24, and rotating orientation direction of
liquid crystal molecule in a plane parallel to the transparent
insulating substrates 16 and 22 according to the electric
field. In FIG. 10B, narrow vertical regions surrounded by
the comb teeth of the common electrode 26 and the comb
teeth of the pixel electrode 27 are referred to as “columns”.
In the present liquid crystal display device 10, the common
electrode 26 and the pixel electrode 27 are formed of ITO
(Indium Tin Oxide), which is a transparent electrically
conductive material.

[0124] In the present AMLCD 10, the pixel auxiliary
electrode 35 integrally formed with the source electrode 30b
of the TFT 50, which is formed by the second metal layer on
the first interlayer insulating film 23, may be provided below
the second interlayer insulating film 25 as shown in FIG.
10A and FIG. 11.

[0125] As shown in FIG. 10A, the pixel auxiliary elec-
trode 35 includes a first portion 35a on the common elec-
trode wiring portion 265 formed by the first metal layer to
form a storage capacitor, a second portion 35 on the
common electrode wiring portion 26a formed by the first
metal layer to form a storage capacitor and a third portion
35¢, which extends in parallel to the data line 24, is
positioned below the pixel electrode 27 formed on the
second interlayer insulating film 25 by a transparent metal
and connects the first portion 354 and the second portion 35b
together and the first, second and third portions constitute a
letter “I” shape.

[0126] The first, second and third portions 354, 35b and
35¢ of the pixel auxiliary electrode 35 are formed on the first
interlayer insulating film 23 by the second metal layer,
which is formed of an opaque metal. As will be clear from
FIG. 17, the drain electrode 30z and the source electrode
30c¢ of the TFT 50 are formed by the second metal layer and
the source electrode 30b of the TFT is connected to the pixel
auxiliary electrode 35. By forming the pixel auxiliary elec-
trode 35 of the opaque metal, transmittivity may be lowered
to some extent. However, by connecting the pixel auxiliary
electrodes 35 mutually, it is possible to form the storage
capacitances on both sides of the pixels, so that the display
can be stabilized since a total storage capacitance becomes
large.

[0127] Incidentally, the configuration of the pixel auxiliary
electrode 35 is not limited to that shown in FIG. 10 and may
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be any, provided that it is positioned below the pixel
electrode 27. Although not shown in FIG. 10A, it may be
possible to form a common auxiliary electrode on the first
interlayer insulating film 23 shown in FIG. 11 by the second
metal layer similarly to the pixel auxiliary electrode 35 and
connect the common electrode wiring portions 26a and 26b
formed by the first metal layer and the common electrode 26
together thereby.

[0128] As is clear from FIG. 11, the gate electrode 30c of
the TFT 50 is formed by the first metal layer. Since it is
possible, by connecting the common electrodes 26 mutually,
to form the storage capacitances on both sides of the pixels,
the storage capacitance can be made large and the display
can be stabilized.

[0129] As shown in FIG. 7 and FIG. 8, the common
electrode 26 is formed in the layer higher than the data line
24 and completely covers the data line 24 except the region
thereof in which the data line 24 and the scanning line 28
cross each other and the region in the vicinity of the cross
region. That is, as shown in FIG. 13, L(COM)>L(D) is
established, where L(COM) is width of the common elec-
trode 26 and L(D) is width of the data line 24, and the width
(D) is within the width TL(COM). In FIG. 7, since the
region in which the data line 24 and the scanning line 28
cross each other and the region in the vicinity of the cross
region include large step portions, the common electrode 26
does not cover the data line 24 in these regions in order to
prevent short-circuit.

[0130] As described above, the width of the black matrix
layer 17 on the data line 24 is set smaller than the width of
the common electrode 26 and there is no light shielding film
between the common electrode 26 and the pixel electrode 27
adjacent to the common electrode 26 in plan view. Further,
the black matrix layer 17 is narrower than the data line 24
and overlaps with the data line 24 in the whole region
thereof. That is, as shown in FIG. 14, L(D)>L(BM) is
established, where L(BM) is the width of the black matrix
layer 17, and L(BM) is included within (D).

[0131] Since the width of the black matrix layer 17 is
smaller than the width of the data line 24, light transmitted
through bulging portions of the transparent common elec-
trode 26 covering the data line 24 can be utilized completely,
so that the transmittivity of the panel can be further
improved.

[0132] In this embodiment, the black matrix layer 17 is 6
um wide. However, the width of the black matrix layer 17 is
not limited thereto and, preferably, larger than 6 um. When
the width of the black matrix layer 17 is smaller than 6 um,
reflection from the data line 24 becomes large and, therefore,
an image displayed on the display panel may become
unclear in a bright environment.

[0133] Incidentally, the common electrode 26 may be
formed of a material, which is the same as a material coating
terminals of the present liquid crystal display device 10.
That is, it is possible to form the terminals in the same [TO
layer of the common electrode 26 like the contact hole 394
shown in FIG. 11.

[0134] Therefore, the common electrode 26 can be formed
in the same manufacturing step and of the same material as
those of the terminals portion of the present liquid crystal
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display device 10 and, hence, it is possible to prevent an
increase of the number of steps due to formation of the
common electrode 26.

[0135] Further, in the present AMLCD 10, when the
common electrode 26 does not cover the data line 24
completely in the plan view, the common clectrode 26 can
not shield electric field from the data line 24. Therefore,
electric field is generated between the data line 24 and the
adjacent pixel electrode 27, causing an erroneous operation
of liquid crystal in that area. That is, liquid crystal in that
area performs an operation, which is not defined by a
potential difference between the common electrode 26 and
the pixel electrode 27, causing vertical cross-talk.

[0136] When there is the black matrix layer 17 in the
opposing substrate 12 and the width of the black matrix layer
17 is sufficiently large to cover the data line 24, it may be
enough to shield the erroneous operation region against a
viewer. On the other hand, when the black matrix layer 17
of the opposing substrate 12 does not cover the data line 24,
it is possible to shield the erroneous operation region against
a viewer by providing a light shielding layer connected to
the common electrode 26 below the data line 24 to shield
light from a back light. If this light shielding layer is not
connected to the common electrode 26, the potential thereof
becomes unstable and, as a result, DC electric field may be
generated between the pixel electrode 27 and the common
electrode 26 or an erroneous operation such as cross-talk
may occur.

[0137] In more detail, a light shielding layer connected to
the common electrode wiring portion 264 through the first
metal layer forming the scanning line 28 is formed. Since the
common e¢lectrode wiring portions 26a and 26b are con-
nected to the common electrode 26 through the contact-hole
39a, the common electrode wiring portions 264 and 26b may
be used as a light shielding layer.-The light shielding layer
may be constructed as a single layer of, for example,
chromium, titanium, molybdenum, tungsten or aluminum or
a lamination of layers of these metals. When the laminated
light shielding layer structure is used, it is possible to reduce
an electric resistance thereof.

[0138] In the plan view shown in FIG. 7, the common
electrode 26 does not cover the data line 24 in the region in
which the data line 24 and the scanning line 28 cross each
other and the region in the vicinity thercof. Therefore, the
common electrode 26 can not shield electric field of the data
line 24 in the region in which it crosses the scanning line 28.
Consequently, electric field is generated between the data
line 24 and the adjacent pixel electrode 27, causing errone-
ous operation of liquid crystal. Further, liquid crystal may
erroneously operate by electric field of the scanning line 28.

[0139] However, since the common electrode wiring por-
tions 26a and 26b are formed in the first metal layer forming
the scanning line 28, it is impossible to shield the errone-
ously operable regions by the common electrode wiring
portions 26a and 26b. in view of this, it is preferable to
shield these erroneously operable regions by the black
matrix layer 17 provided on the side of the opposing
substrate.

[0140] FIG. 15 shows an example of the above mentioned
structure. In FIG. 15, by covering the scanning line 28 and
a region in the vicinity thereof by the black matrix layer 17,
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aregion between the scanning line 28 and the pixel electrode
27 and a region in the vicinity thereof, which are defined by
thick solid lines, are shielded.

[0141] The common electrode 26 in the present AMLCD
10 is formed of ITO, which is a transparent, electrically
conductive material. Therefore, the area of the transparent
region in the present liquid crystal display device 10 is
increased, so that it is possible to improve the aperture ratio.

[0142] Although sheet resistance of the ITO film is as
large as about 100 €2/, it is possible to reduce the resistance
of a whole wiring of the common electrodes and provide
redundancy thereof by laterally connecting the common
electrodes 26 formed by the ITO layer.

[0143] As shown in FIG. 8, the second interlayer insulat-
ing film 25 is provided between the common electrode 26
and the data line 24. It is possible to reduce parasitic
capacitance between the data line 24 and the common
electrode 26 by selecting d/e sufficiently large, where d is
thickness of the second interlayer insulating film 25 and e is
dielectric constant thereof.

[0144] Further, since the longitudinal cross-talk is
restricted, it is unnecessary to form a black matrix layer for
preventing defective display caused by electric field leakage
from the data line 24. Therefore, since it is enough to form
the black matrix layer 17 for only improving contrast, it is
possible to reduce the width of the black matrix layer 17.
With the reduction of the width of the black matrix layer 17,
it is possible to make the aperture ratio of the present liquid
crystal display device 10 larger.

[0145] Further, in the present AMLCD 10, the common
electrode 26 and the pixel electrode 27 are formed on the
second interlayer insulating film 25. By forming the com-
mon electrode 26 and the pixel electrode 27 in the same
layer, it is possible to form the common electrode 26 and the
pixel electrode 27 of the same material in the same step and,
therefore, it is possible to improve the manufacturing effi-
ciency.

[0146] As mentioned above, in the present AMLCD 10,
the common electrode 26 shielding the data line 24 is formed
of ITO. Therefore, it is possible to improve the reliability of
the present liquid crystal display device 10, compared with
a case where the common ¢lectrode 26 is formed of another
metal. The reason for this will be described.

[0147] As shown in FIG. 16, the common electrode 26
and the pixel electrode 27 are formed of other metal than
ITO on the second interlayer insulating film 25 and an
alignment layer 31 covering the common electrode 26 and
the pixel electrode 27 and having thickness of 50 to 100 nm
is formed on the second interlayer insulating film 25.

[0148] If there is a pin hole 51 in the alignment layer 31,
liquid crystal material forming the liquid crystal layer 13 and
the metal forming the common electrode 26 and the pixel
electrode 27 are electrochemically reacted through the pin
hole 51 to ionize the metal forming the common electrode
and the pixel electrode and ions 52 thus produced may be
eluted into the liquid crystal layer 13. Such elution of the
metal ions 52 into the liquid crystal layer 13 becomes a
cause of the display variation of the liquid crystal display
device.
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[0149] Particularly, when the liquid crystal layer 13 is
formed of a liquid erystal material having strong polarity, the
elution of the metal ions 52 into the liquid crystal layer 13
becomes substantial. Since, in the IPS mode liquid crystal
display device, it is necessary to use a liquid crystal material
having large dielectric constant anisotropy Ae, the elution of
the metal ions 52 is particularly severe.

[0150] Therefore, the common electrode 26 and the pixel
electrode 27 provided in contact with the alignment layer 31
should be formed of a material, which is stable with respect
to the electrochemical reaction with the liquid crystal mate-
rial, that is, a material having reactivity with the liquid
crystal material is low.

[0151] ITO is a very stable material in such electrochemi-
cal reaction as proved by the fact that it has been used as a
transparent electrode material in the TN (Twisted Nematic)
and the STN (Super Twisted Nematic) type liquid crystal
display devices. Therefore, the common electrode 26 and the
pixel electrode 27 formed of ITO can be used in directly
contact with the alignment layer 31 and can improve the
reliability of the present liquid crystal display device 10,
compared with the case where the common electrode 26 and
the pixel electrode 27 are formed of other metal than ITO.

[0152] In the present AMLCD 10, the common electrode
26 is formed to completely cover the data line 24 in almost
all regions. It is preferable that the common electrode 26 has
aprons each 1.5 yum wide or more on both sides of the data
line 24.

[0153] The second interlayer insulating film 235 of the
present liquid crystal display device 10 is 1 to 2 um thick.
Further, the second interlayer insulating film 25 may be
formed by a single layer film of inorganic or organic
material.

[0154] Alternatively, the second interlayer insulating film
25 may take a lamination structure including a first film of
inorganic material and a second film of organic material
covering the first film, as shown in FIG. 11.

[0155] Since diclectric constant of the organic film is
lower than that of the inorganic film, it is possible to reduce
dielectric constant of the whole interlayer insulating film
having the lamination structure, compared with the case
where the interlayer insulating film has the single layer
structure.

[0156] Further, when the interlayer insulating film is con-
structed with a single organic film, an interface between the
semiconductor layer of the TFT and the organic film cov-
ering the semiconductor layer becomes unstable and, when
it is driven at high temperature, leak current of the TFT is
increased, causing display variation. By using an inorganic
film such as a silicon nitride film as the first film in contact
with the semiconductor layer of the TFT and laminating an
organic film on the inorganic film, a stable interface between
the inorganic film and the semiconductor layer is formed, so
that a problem such as mentioned above can be restricted.
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[0157] Examples of inorganic and organic films are shown
in Table 1 below.

TABLE 1

Film Configuration
Film Diclectric ~ forming forming

thickness  constant method  method
(1) only SiNx film 1~3 pm 6.4 Plasma CVD Dry etching
inorganic using photo
film resist as
mask
(1) only SiNx film 1pm 6.4 Plasma CVD Dry etching
inorganic /SiOx film /0.5 pum /4.0 /sputtering using photo
film resist as
mask
(1) only Inorganic 1~2 pm 45 Spin Dry etching
inorganic polysilazane coating & using photo
film film sintering  resist as
mask
(1) only SiNx 0.15 pm 6.4 Plasma CVD Dry etching
inorganic /inorganic /1~2 ym /4.5 /spin using photo
film polysilazane coating & resist as
film sintering  mask
@) SiNx film 0.15 pm 6.4 Plasma CVD Sintering
inorganic /photosensitive  /1~2 ym /3.3 /spin photosensitive
film/organic  acrylic coating  acrylic resin after
film resin film pattern formation
lamination by exposure
and
development/dry
etching of
SiNx
© SiNx film 0.15 um 6.4 Plasma CVD Sintering
inorganic /photosensitive  /1~2 um J— jspin  photosensitive
film/organic  acrylic coating  acrylic resin after
film resin film pattern formation
lamination by exposure
and
development/dry
etching of
SiNx
@
inorganic
film/organic
film
lamination
(3) only BCB (benzo- 1~2 um 4.5 Spin  Dry etching
organic cyclobutene) coating & using photo
film film sintering  resist as
mask
(3) only Organic 1~2 um 3.8 Spin  Dry etching
organic polysilazane coating & using photo
film film sintering  resist as
mask
(3) only Siloxane 1~2 um — Spin  Dry etching
organic film coating & using photo
film sintering  resist as
mask

[0158] As shown in Table 1, in the case where the second  [0160] Further, in the case where the second interlayer
interlayer insulating film 25 is a single layer of inorganic insulating film is a lamination of the first and second films,

film, the inorganic film may be selected from a group
consisting of a SiNx (silicon nitride) film, an inorganic
polysilazane film, a lamination film of a silicon nitride film
and a silicon oxide film and a lamination film of a silicon ~tive polyimide resin film.
nitride film and an inorganic polysilazane film.

the first film may be a silicon nitride film and the second film
may be a photosensitive acrylic resin film or a photosensi-

[0161] Incidentally, in the Table 1, thickness of the inor-

[0159] In the case where the second interlayer insulating
film 25 is a single layer of organic film, the organic film may
be selected from a group consisting of a BCB (benzocy-

ganic film in the case where the second interlayer insulating
film 25 is the lamination is 0.15 um. However, the film

clobutene) film, an organic polysilazane film and a siloxane thickness is not limited thereto. A preferable thickness range
film. of the inorganic film is from about 0.1 ym to about 1.0 ym.



US 2002/0191138 Al

[0162] Further, it should be noted that the thickness values
of the respective films shown in the Table 1 are mere
examples and not limited to the shown values.

[0163] Since the common electrode 26 is formed of a
transparent material, the transparent area of the panel is
increased by an area of the region occupied by the common
electrode 26 and it is possible to improve the aperture ratio
of the present liquid crystal display device 10.

[0164] Further, it is possible to form the common elec-
trode wiring portion 26a on the lower side of the unit
element and to form the common electrode wiring portion
26b on the upper side of the unit element. By forming the
common electrode wiring portions 26a and 26b on the lower
and upper sides of the unit element, respectively, it is
possible to increase the storage capacitance, compared with
the case where the common electrode wiring is formed on
either of the upper and lower sides of the unit element.

[0165] When the TFT 50 is arranged on the lower side of
the unit pixel as in the case of the present liquid crystal
display device 10, it is possible to connect the pixel elec-
trode 27 to the drain layer forming the drain electrode 30a
on the lower side of the unit element through the contact
hole 39b and to connect the common electrode 26 to the
common electrode wiring portion 265 on the upper side of
the unit element through the contact hole 394, as shown in
FIG. 17.

[0166] By connecting the common electrode 26 to the
common electrode wiring portions 26a and 26D through the
contact holes 39a and 395, respectively, every unit pixel in
this manner, it is possible to reduce the resistance of the
whole wiring of the common electrode 26.

[0167] Now, a manufacturing method for manufacturing
the liquid crystal display device 10 according to this
embodiment will be described with reference to FIG. 18A
to FIG. 18K.

[0168] In these figures, the second interlayer insulating
film 25 takes in the form of a lamination of an inorganic film
and an organic film and the TFT element portion, the unit
pixel portion and the contact hole portion of the common
electrode, which have the structures shown by the cross
sections taken along the lines A-A', B-B' and C-C' in FIG.
12, are shown as being formed in one region.

[0169] The protruded portions 299a and 2995 of the
common electrode wiring are formed in the same layer as
that of the scanning line, which is formed initially by
photolithography, such that the protruded portions extend
along the extending direction of at least one of the common
electrode wiring portions 26a and 265 on both sides of the
data line 24, which is formed in a later step.

[0170] Therefore, in order to improve the positional accu-
racy in the lateral direction in the exposure of the second and
subsequent layers, it is possible to utilize the protruded
portions 299a and 2995 of the common electrode wiring as
a reference in measuring the overlapping condition of the
resist pattern in the lateral direction by the fine distance
measuring device, after a test exposure is performed.

[0171] When there is no such protruded portions, there is
no pattern, which is used as a reference for the fine distance
measurement in the lateral direction, in the pattern of the
first layer. Therefore, it is impossible to perform the lateral
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alignment precisely and the divisional variation tends to
occur. On the contrary, with the existence of the protruded
portions 299« and 2995, it is possible to precisely perform
the exposure for the second and subsequent layers with
respect to the pattern of the first layer to thereby obtain a
good display without divisional variation.

[0172] Since the potential of the protruded portions 299a
and 29956 is fixed to that of the common electrode, the
electrically characteristics thereof is stable and so the prob-
lem of the degradation of display due to DC electric field
generated in the display region is solved.

[0173] As mentioned above, it is possible to provide a
liquid crystal display device, which is highly reliable, has a
high aperture ratio and a large viewing angle, according the
present invention.

[0174] The present invention will be described in more
detail with reference to preferred embodiments thereof.

FIRST EMBODIMENT

[0175] In a first embodiment, the second interlayer insu-
lating film 25 is a lamination of the inorganic film and an
organic film.

[0176] As shown in FIG. 18A, the gate electrode 30c and
the common electrode wiring portions 26a and 26b are
formed by patterning the first metal layer formed of chro-
mium on the transparent insulating substrate 22 of glass by
photolithography and dry etching. Although only the com-
mon electrode wiring portion 26b is shown in FIG. 18A to
FIG. 18K, the common electrode wiring portion 26a, which
is inevitable, will be described together in the following
description.

[0177] The photolithography is performed by depositing a
film to be patterned on a whole surface of the transparent
insulating substrate 22, forming a photosensitive resin film
on the whole surface of the deposited film by spin coating,
exposing the photosensitive resin film with light having a
specific wavelength with which the photosensitive organic
film is hardened by using a photo mask shielding only a
desired pattern and processing the organic film resist with a
specific developer such that portions of the photosensitive
organic film resist, which are not hardened, are removed.
The film to be patterned is patterned by using the remaining
portion of the hardened photosensitive organic film resist as
a protective film for the film to be patterned and the desired
pattern is formed by removing the resist by dipping it in a
peeling liquid.

[0178] The protruded portions 299a and 2995 of the
common electrode wiring each being 2 gm wide or more in
the extending direction parallel to the longitudinal direction
of the data line and having a length in a range from 5 um to
the length of the aperture are formed in at least one of the
common electrode wiring portions 26a and 265 such that the
protruded portions extend along the extending direction of at
least one of the common electrode wiring portions 26a and
26b on both sides of the data line 24, which is formed in a
later step.

[0179] In this embodiment, each of the protruded portions
299a and 299b of the common electrode wiring will be
described as being 2 ym wide and 20 um long.
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[0180] Thereafter, as shown in FIG. 18B, the first inter-
layer insulating film 23 in the form of a lamination of a
silicon dioxide (Si0,) film and a silicon nitride (SiNx) film
is formed on the whole surface of the transparent insulating
substrate 22 to cover the gate electrode 30c¢, the common
electrode wiring portions 26a and 26b and the protruded
portions 299« and 2995 thereof.

[0181] And then, as shown in FIG. 18C, an amorphous
silicon film composed of a a-Si film 32 and an n+a-Si film
33 is formed on the whole surface of the first interlayer
insulating film 23.

[0182] Thereafter, as shown in FIG. 18D, the amorphous
silicon film (32 and 33) is patterned by photolithography and
dry etching to form a land-shaped semiconductor layer of
the TFT.

[0183] The exposure of the amorphous silicon film (32 and
33) in the photolithography processing is performed by
using a matching marker formed by the underlying first
metal layer, which is the gate electrode 30c and the common
electrode wiring portions 26a and 26b, as a reference.

[0184] Since the gate electrode 30c and the common
electrode wiring portions 26a and 26b, which extend in the
lateral direction, and the protruded portions 299a and 299h
of the common electrode wiring, which extend in the vertical
direction, exist in the underlying first metal layer, it is
possible to measure a lateral and vertical deviations of the
organic film resist pattern, which is left through the exposure
step and the developing step of the amorphous silicon film
(32 and 33), every exposure shot by measuring the vertical
and lateral parallel lines by the fine distance measuring
device with using the protruded portions as the markers, as
shown in FIG. 19. That is, outside edges of the paired
protruded portions 299a and 299b formed in the common
electrode wiring portion 26b are finely measured to deter-
mine a center value W1 between the protruded portions. And
then, edges of the organic film resist in the lateral direction
with respect to the amorphous silicon film 29 is measured
finely to determine a center value W2 of the amorphous
silicon film 29 in the lateral direction. A correction of the
deviations is performed for the exposure in the lateral
direction on the basis of photo mask data containing these
center values W1 and W2. Further, edges of the scanning
line 28 are measured finely to determine a center value W3
of the scanning line. And then, edges of the organic film
resist with respect to the amorphous silicon film 29 in the
vertical direction are measured finely to determine a center
value W4 of the amorphous silicon film 29 in the vertical
direction. A correction of the deviations is performed for the
exposure in the vertical direction on the basis of photo mask
data containing these center values W3 and W4.

[0185] In order to restrict a reading error when a distance
is measured accurately by the fine distance measuring
device, a pattern having a width of 2 um or more is
necessary. Further, the length of the protruded portion must
be 5 um or more. The width of the protruded portion, which
is 2 um or more, is enough. However, when the width is too
large, the area of the aperture may be shiclded by the
common electrode wiring, which is formed of opaque mate-
rial. Therefore, the width of the protruded portion is pref-
erably 10 um or smaller. The length of the protruded portion,
which is 5 um or more, is enough. However, when the length
is too large, it shields effective light transmitted through the
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common electrode wiring, which is of opaque material, and
the parasitic capacitance with respect to the data line is
increased, causing a display quality such as flicker and
lateral cross-talk, etc., to be degraded. Therefore, the length
of the protruded portion is not larger than the length of the
aperture, preferably 20~40 um.

[0186] Since, in this embodiment, the width and the length
of the common electrode wiring (2994, 299b) are 2 yum and
20 pm, respectively, the reading error is not large.

[0187] In a case where the patterning of the amorphous
silicon film is deviated with respect to the first metal layer
every exposure shot, the resist, which is hardened, can be
removed by dipping it in a peeling liquid. After the resist is
removed, a precise pattern formation with respect to the
underlying first metal layer can be done by forming a
photosensitive organic film resist by spin coating again and
correcting the exposure data on the basis of an information
obtained by the fine distance measuring device.

[0188] Thereafter, a chromium layer is deposited on the
whole surface as the second metal layer and is patterned by
photolithography and dry etching to form the drain 30c and
the source electrode 306 of the TFT 50, the data line 24 and
the pixel auxiliary electrode 35, as shown in FIG. 18E.

[0189] As shown in FIG. 18E, the exposure of the drain
clectrode 30a and the source electrode 306 of the TFT 50,
the data line 24 and the pixel auxiliary electrode 35, which
are formed by the second metal layer, in photolithography is
performed by using a matching marker formed by the
underlying first metal layer, which is the gate electrode 30¢
and the common electrode wiring portions 26a and 26b, as
a reference, similarly to that shown in FIG. 18D.

[0190] Similarly to the patterning of the amorphous silicon
film, since it is possible to measure a lateral and vertical
deviations every exposure shot by measuring the vertical
and lateral parallel lines such as shown in FIG. 20 by the
fine distance measuring device, it is possible to perform a
correct pattern formation with respect to the underlying first
metal layer similarly to the patterning of the amorphous
silicon film. That is, outside edges of the paired protruded
portions 2994 and 299b formed in the common e¢lectrode
wiring portion 26b are finely measured to determine a center
value W1 between the protruded portions. And then, edges
of the organic film resist in the lateral direction with respect
to the drain electrode 30a and the source electrode 30b
formed by the second metal layer is measured finely to
determine a center value W2 of the drain electrode 30a and
the source electrode 300 in the lateral direction. A correction
of the deviations is performed for the exposure in the lateral
direction on the basis of photo mask data containing these
center values W1 and W2. Further, edges of the scanning
line 28 are measured finely to determine a center value W3
of the scanning line. And then, a distance between the drain
electrode 30a and the source electrode 30b is measured
finely to determine a center value W4 thereof. A correction
of the deviations is performed for the exposure in the vertical
direction on the basis of photo mask data containing these
center values W3 and W4.

[0191] Thereafter, as shown in FIG. 18F, a channel of the
TFT 50 is formed in the aperture between the drain electrode
30a and the source electrode 30b thereof by etching the
n+type a-Si film 33 and the a-Si film 32 up to a middle level
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of the amorphous silicon film with using the drain electrode
30a and the source electrode 30b as a mask.

[0192] Thereafter, as shown in FIG. 18G, an inorganic
first film 254 of the second interlayer insulating film 25,
which is formed of silicon nitride, is deposited on the whole
surface.

[0193] An then, as shown in FIG. 18H, an organic second
film 25b of the second interlayer insulating film 25, which
is formed of photosensitive acrylic resin, is deposited on the
first film 25a.

[0194] Thereafter, as shown in FIG. 18I, the photosensi-
tive acrylic resin film 25b is exposed, developed and sintered
and a contact hole 395 for the pixel electrode, which reaches
the silicon nitride film of the first interlayer insulating film
23, and a contact hole 394 for the common electrode, which
reaches the silicon nitride of the interlayer insulating film 23,
are formed on the source electrode 30b and the common
electrode wiring portion 26b, respectively.

[0195] The exposure of the photosensitive acrylic resin
film as the second film 25b of the second interlayer insu-
lating film 25 in the photolithographic processing is per-
formed by using the matching marker of the first metal layer
or the matching marker of the second metal layer as a
reference. The marker as the reference of the first metal layer
or the second metal layer is determined by selecting one of
the contact holes 39a and 39bh whose margin is smaller.

[0196] Thereafter, as shown in FIG. 18], the exposed first
nitride film as the first film 254 of the second interlayer
insulating film 25 is etched away through the contact hole
395 for the pixel electrode and the contact hole 39a for the
common electrode. Thus, the contact hole 395 reaches the
pixel electrode. The etching through the contact hole 39a is
further performed up to the common electrode wiring por-
tion 26a or 26b by etching away the first interlayer insulating
film 23 composed of the silicon dioxide (Si0,) film and the
silicon nitride (SiNx) film.

[0197] The exposure of the silicon nitride film as the first
film 25¢ of the second interlayer insulating film 25 in the
photolithographic processing is performed by using the
matching marker of the first metal layer or the matching
marker of the second metal layer as a reference. The marker
as the reference of the first metal layer or the second metal
layer is determined by selecting one of the contact holes 394
and 39b whose margin is smaller.

[0198] Thereafter, an ITO film 46 is deposited on the
whole surface to cover inner walls of the contact holes 394
and 39b and, as shown in FIG. 18K, the common electrode
26 and the pixel electrode 27 are formed from the ITO film
46 in the unit element forming region by photolithography
and etching.

[0199] The exposure to the ITO film 46 by photolithog-
raphy is performed by using the matching marker of the
second metal layer as a reference. This is because, when the
common electrode 26, which is formed of ITO and covers
the data line, is deviated with respect to the data line 24, the
vertical cross-talk may occur.

[0200] Since the exposure error of the amorphous silicon
layer and the second metal layer, which are formed after the
formation of the protruded portions, can be corrected by the
protruded portions, it is possible to manufacture the liquid
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crystal display device having improved aperture ratio and
having no unevenness of display such as unevenness of
division, without increase of the manufacturing cost.

SECOND EMBODIMENT

[0201] FIG. 21A and FIG. 21B shows the second embodi-
ment, which are basically the same as FIG. 10A and FIG.
10B showing the first embodiment shown in FIG. 7, which
show the region formed by the first and second metal layers
shown in FIG. 7 and the region formed of ITO shown in
FIG. 7, respectively. A manufacturing method of the liquid
crystal display device according to the second embodiment
is also the same as that of the first embodiment. The second
embodiment differs from the first embodiment in the con-
figuration of the protruded portions formed in the common
electrode wiring portion 26a and extending in parallel to the
longitudinal direction of the data line.

[0202] Although the protruded portions 299a and 299b of
the common electrode wiring 26 are arranged on both sides
of the data line 24 in a plane in the first embodiment, only
one protruded portion (2994) having width larger than width
of the protruded portion in the first embodiment is provided
adjacent to the data line as shown in FIG. 21. The protruded
portion 299¢a is 5 um wide and 5 um long. When the width
of the protruded portion is sufficiently large, it is possible to
correct the exposure error in exposing the amorphous silicon
layer and the second metal layer, which are formed after the
formation of the common electrode wiring, by measuring
the width. Therefore, it is possible to manufacture the liquid
crystal display device having improved aperture ratio and
having no unevenness of display such as unevenness of
division, without increase of the manufacturing cost.

THIRD EMBODIMENT

[0203] FIG. 22A and FIG. 22B shows the second embodi-
ment, which are basically the same as FIG. 10A and FIG.
10B showing the first embodiment shown in FIG. 7, which
show the region formed by the first and second metal layers
shown in FIG. 7 and the region formed of ITO shown in
FIG. 7, respectively. A manufacturing method of the liquid
crystal display device according to the second embodiment
is also the same as that of the first embodiment. The second
embodiment differs from the first embodiment in the con-
figuration of the protruded portions formed in the common
electrode wiring portion 26a and extending in parallel to the
longitudinal direction of the data line.

[0204] Although the protruded portions 299a and 299b of
the common electrode wiring 26 are arranged adjacently on
both sides of the data line 24 in a plane in the first
embodiment, a protruded portion 2994 is provided adja-
cently on one side of the data line 24 and another protruded
portion 299c¢ is provided slightly remote from the protruded
portion 299a as shown in FIG. 22A.

[0205] Since it is possible to correct the exposure error in
exposing the amorphous silicon layer and the second metal
layer, which are formed after the formation of the common
electrode wiring, in such arrangement of the protruded
portions, it is possible to manufacture the liquid crystal
display device having improved aperture ratio and having no
unevenness of display such as unevenness of division,
without increase of the manufacturing cost.
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FOURTH EMBODIMENT

[0206] FIG. 23A and FIG. 23B shows the fourth embodi-
ment, which are basically the same as FIG. 21A and FIG.
21B showing the second embodiment, which show the
region formed by the first and second metal layers and the
region formed of ITO, respectively. A manufacturing
method of the liquid crystal display device according to the
second embodiment is also the same as that of the first
embodiment. The fourth embodiment differs from the sec-
ond embodiment in the configuration of the protruded por-
tions formed in the common electrode wiring portion 264
and extending in parallel to the longitudinal direction of the
data line.

[0207] Although the protruded portion 299a of the com-
mon electrode wiring portion 26 is arranged in every pixel
in the second embodiment, a protruded portion 299z is
provided in only R pixel among the pixels of red (R), green
(G) and blue (B) in the fourth embodiment as shown in FIG.
23A.

[0208] Since it is possible to correct the exposure error in
exposing the amorphous silicon layer and the second metal
layer, which are formed after the formation of the common
electrode wiring, in even such arrangement of the protruded
portions, it is possible to manufacture the liquid crystal
display device having improved aperture ratio and having no
unevenness of display such as unevenness of division,
without increase of the manufacturing cost.

[0209] Alternatively, the protruded portion 2992 may be
provided in only pixel for color B or only pixel for color G.
Alternatively, assuming the R, G and B pixels as a unit, one
protruded portion 299a may be provided at intervals of two
OF MOTre units.

[0210] Since it is possible to correct the exposure error in
exposing the amorphous silicon layer and the second metal
layer, which are formed after the formation of the common
electrode wiring, in such arrangement of the protruded
portions, it is possible to manufacture the liquid crystal
display device having improved aperture ratio and having no
unevenness of display such as unevenness of division,
without increase of the manufacturing cost.

FIFTH EMBODIMENT

[0211] FIG. 24A and FIG. 24B shows the fifth embodi-
ment, which are basically the same as FIG. 10A and FIG.
10B showing the first embodiment, which show the region
formed by the first and second metal layers and the region
formed of ITO, respectively. A manufacturing method of the
liquid crystal display device according to the second
embodiment is also the same as that of the first embodiment.
The fifth embodiment differs from the first embodiment in
the configuration of the protruded portions formed in the
common electrode wiring portion 26a and extending in
parallel to the longitudinal direction of the data line.

[0212] Although the protruded portions 299« and 299b of
the common electrode wiring 26 are adjacently arranged on
both sides of the data line 24 in the first embodiment, the
protruded portions 299a and 2995 are provided on both sides
of the pixel auxiliary electrode 35 in the fifth embodiment as
shown in FIG. 24A and FIG. 24B.

[0213] Since it is possible to correct the exposure error in
exposing the amorphous silicon layer and the second metal
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layer, which are formed after the formation of the common
electrode wiring, in even such arrangement of the protruded
portions, it is possible to manufacture the liquid crystal
display device having improved aperture ratio and having no
unevenness of display such as unevenness of division,
without increase of the manufacturing cost.

SIXTH EMBODIMENT

[0214] FIG. 25A and FIG. 25B shows the sixth embodi-
ment, which are basically the same as FIG. 10A and FIG.
10B showing the first embodiment, which show the region
formed by the first and second metal layers and the region
formed of ITO, respectively. A manufacturing method of the
liquid crystal display device according to the second
embodiment is also the same as that of the first embodiment.

[0215] The sixth embodiment differs from the first
embodiment in which the protruded portions extending in
parallel to the longitudinal direction of the data line in that
floating films 300a and 3005, which extend in parallel to the
longitudinal direction of the data and are formed by the first
metal layer, are arranged on both sides of the data line 24 in
an electrically floating state with respect to any electrode.

[0216] Since it is possible to correct the exposure error in
exposing the amorphous silicon layer and the second metal
layer, which are formed after the formation of the common
electrode wiring, in even such arrangement of the protruded
portions, it is possible to manufacture the liquid crystal
display device having improved aperture ratio and having no
unevenness of display such as unevenness of division,
without increase of the manufacturing cost.

SEVENTH EMBODIMENT

[0217] FIG. 26A and FIG. 26B shows the seventh
embodiment, which are basically the same as FIG. 10A and
FIG. 10B showing the first embodiment, which show the
region formed by the first and second metal layers and the
region formed of ITO, respectively. A manufacturing
method of the liquid crystal display device according to the
second embodiment is also the same as that of the first
embodiment.

[0218] The seventh embodiment differs from the first
embodiment in which the protruded portions extending in
parallel to the longitudinal direction of the data line in that
a floating film 300, which extends in parallel to the longi-
tudinal direction of the data and is formed by the first metal
layer, is arranged immediately below the data line 24 in an
electrically floating state with respect to any electrode.

[0219] A region shown in FIG. 26A can be shown as a
region formed by the first metal layer and the amorphous
silicon layer (FIG. 26C) and a region formed by the second
metal layer (FIG. 26D)

[0220] Since it is possible to correct the exposure error in
exposing the amorphous silicon layer and the second metal
layer, which are formed after the formation of the common
electrode wiring, in even such arrangement of the protruded
portions, it is possible to manufacture the liquid crystal
display device having improved aperture ratio and having no
unevenness of display such as unevenness of division,
without increase of the manufacturing cost.

EIGHTH EMBODIMENT

[0221] FIG. 27A and FIG. 27B shows the eighth embodi-
ment, which are basically the same as FIG. 10A and FIG.
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10B showing the first embodiment, which show the region
formed by the first and second metal layers and the region
formed of ITO, respectively. A manufacturing method of the
liquid crystal display device according to the second
embodiment is also the same as that of the first embodiment.

[0222] The eighth embodiment differs from the first
embodiment in which the protruded portions 299a and 299b
are arranged on the both sides of the data line 24 in that a
recessed portion 301 is formed in the common electrode
wiring portion 264 in a position adjacent to the data line 24
as shown in FIG. 27A. Width of the recessed portion 301 is
made large similarly to the width of the protruded portion in
the second embodiment. In the eighth embodiment, the
recessed portion is 5 um wide and 5 um long.

[0223] Since it is possible to correct the exposure error in
exposing the amorphous silicon layer and the second metal
layer, which are formed after the formation of the common
electrode wiring, in even such arrangement of the recessed
portions if the width of the recessed portion is large enough,
it is possible to manufacture the liquid crystal display device
having improved aperture ratio and having no unevenness of
display such as unevenness of division, without increase of
the manufacturing cost.

NINTH EMBODIMENT

[0224] FIG. 28A and FIG. 28B shows the ninth embodi-
ment, which are basically the same as FIG. 27A and FIG.
27B showing the first embodiment, which show the region
formed by the first and second metal layers and the region
formed of ITO, respectively. A manufacturing method of the
liquid crystal display device according to the second
embodiment is also the same as that of the first embodiment.
The ninth embodiment differs from the eighth embodiment
in that the configuration of a recessed portion formed in the
common electrode wiring portion 264 and extending in
parallel to the longitudinal direction of the data line is
different from that in the eighth embodiment.

[0225] Although, in the eighth embodiment, the recessed
portion 301 is formed in the common electrode wiring
portion 264 adjacently to the data line 25, recessed portions
301a and 301b are formed on both sides of the data line 24
in the ninth embodiment as shown in FIG.28A. Width of the
recessed portion can be made smaller than that in the eighth
embodiment and, in this embodiment, the recessed portion is
2 ym wide and 5 ym long.

[0226] Since it is possible to correct the exposure error in
exposing the amorphous silicon layer and the second metal
layer, which are formed after the formation of the common
electrode wiring, in even such arrangement of the recessed
portions, by measuring both edges of the two recessed
portions even when the width of each recessed portion is
small, it is possible to manufacture the liquid crystal display
device having improved aperture ratio and having no
unevenness of display such as unevenness of division,
without increase of the manufacturing cost.

TENTH EMBODIMENT

[0227] FIG. 29A and FIG. 29B shows the seventh
embodiment, which are basically the same as FIG. 27A and
FIG. 27B showing the first embodiment, which show the
region formed by the first and second metal layers and the
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region formed of ITO, respectively. A manufacturing
method of the liquid crystal display device according to the
second embodiment is also the same as that of the first
embodiment. However, the configuration of the recessed
portion formed in the common electrode wiring portion 264
and extending in parallel to the longitudinal direction of the
data line.

[0228] The tenth embodiment differs from the eighth
embodiment in which the recessed portion 301 is formed in
the common electrode wiring portion 26a such that it is
adjacent to the data line 24 in that a recessed portion 301¢
is formed in the common electrode wiring portion 26a in the
vicinity of the contact hole 395 on both sides of the data line
24. A region shown in FIG. 29A can be shown as a region
formed by the first metal layer and the amorphous silicon
layer (FIG. 29C) and a region formed by the second metal
layer (FIG. 29D), from which the configuration of the
recessed portion 301¢ can be understood clearly. Width of
the recessed portion 301c is larger than the width of the
protruded portion in the eighth embodiment and, in this
embodiment, the recessed portion 301c is 20 ym wide and
8 um long.

[0229] Since it is possible to correct the exposure error in
exposing the amorphous silicon layer and the second metal
layer, which are formed after the formation of the common
electrode wiring portions, in even such arrangement of the
recessed portion, by measuring a distance between the edges
of the recessed portion 301c, it is possible to manufacture
the liquid crystal display device having improved aperture
ratio and having no unevenness of display such as uneven-
ness of division, without increase of the manufacturing cost.

ELEVENTH EMBODIMENT

[0230] FIG. 30A and FIG. 30B shows the eleventh
embodiment, which are basically the same as FIG. 10A and
FIG. 10B showing the first embodiment shown in FIG. 7,
which show the region formed by the first and second metal
layers shown in FIG. 7 and the region formed of ITO shown
in FIG. 7, respectively. A manufacturing method of the
liquid crystal display device according to the second
embodiment is also the same as that of the first embodiment.
The eleventh embodiment differs from the first embodiment
in the common electrode wiring in which the protruded
portions formed in the common electrode wiring portion 26a
and extending in parallel to the longitudinal direction of the
data line.

[0231] Although the protruded portions 2994 and 2995 are
formed in the common electrode wiring portion 26« in the
first embodiment, protruded portions are formed in the
common electrode wiring portion 265 in the eleventh
embodiment as shown in FIG. 30a. Each of the protruded
portions 299d and 299¢ is 2 um wide and 20 ym long. Since
it is possible to correct the exposure error in exposing the
amorphous silicon layer and the second metal layer, which
are formed after the formation of the common electrode
wiring portion, by measuring a distance between opposite
edges of the protruded portion even if the width thereof is
small, it is possible to manufacture the liquid crystal display
device having improved aperture ratio and having no
unevenness of display such as unevenness of division,
without increase of the manufacturing cost.
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TWELFTH EMBODIMENT

[0232] FIG. 31A and FIG. 31B shows the twelfth embodi-
ment, which are basically the same as FIG. 28A and FIG.
28B showing the ninth embodiment, which show the region
formed by the first and second metal layers and the region
formed of ITO, respectively. A manufacturing method of the
liquid crystal display device according to the twelfth
embodiment is also the same as that of the ninth embodi-
ment. The twelfth embodiment differs from the ninth
embodiment in that the common electrode wiring in which
recessed portions are formed and which extend in parallel to
the longitudinal direction of the data line and the number of
the protruded portions are different from those in the ninth
embodiment.

[0233] Although, in the eighth embodiment, the recessed
portion 301 is formed in the common electrode wiring
portion 264 adjacently to the data line 25, recessed portions
301d and 301e are formed in the common electrode wiring
portion 26) on both sides of the data line 24 in the twelfth
embodiment as shown in FIG. 31A. Each of the recessed
portions is 2 um wide and 5 um long.

[0234] Since it is possible to correct the exposure error in
exposing the amorphous silicon layer and the second metal
layer, which are formed after the formation of the common
electrode wiring, in even such arrangement of the recessed
portions, by measuring both edges of the two recessed
portions even when the width of each recessed portion is
small, it is possible to manufacture the liquid crystal display
device having improved aperture ratio and having no
unevenness of display such as unevenness of division,
without increase of the manufacturing cost.

THIRTEENTH EMBODIMENT

[0235] FIG. 32A and FIG. 32B shows the thirteenth
embodiment, which are basically the same as FIG. 10A and
FIG. 10B showing the first embodiment shown in FIG. 7,
which show the region formed by the first and second metal
layers shown in FIG. 7 and the region formed of ITO shown
in FIG. 7, respectively. A manufacturing method of the
liquid crystal display device according to the second
embodiment is also the same as that of the first embodiment.
A difference of the thirteenth embodiment from the first
embodiment is that it has a protruded portion and a recessed
portion.

[0236] Although the two protruded portions are formed in
the common electrode wiring portion 264 on both sides of
the data line 24 in the first embodiment, a protruded portion
284 is formed in a portion of the scanning line 28 and a
recessed portion 301f is formed in the common electrode
wiring portion 26b in the thirteenth embodiment as shown in
FIG. 32A.

[0237] The protruded portion 284 is 5 gm wide and 5 ym
long and the recessed portion 301f is 5 um wide and 5 ym
deep. Since, in this embodiment, the scanning line 28 and
the common electrode wiring portions 26a and 26b are
formed of the same material in the same step, the protruded
portion 28a and the recessed portion 301f are formed such
that a short-circuit between them is prevented.

[0238] Since, it is possible to correct the exposure error in
exposing the amorphous silicon layer and the second metal
layer, which are formed after the formation of the common
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electrode wiring, by measuring a distance between both
edges of the protruded portion 28a or the recessed portion
301f; it is possible to manufacture the liquid crystal display
device having improved aperture ratio and having no
unevenness of display such as unevenness of division,
without increase of the manufacturing cost.

FOURTEENTH EMBODIMENT

[0239] FIG. 33A and FIG. 33B shows the thirteenth
embodiment, which are basically the same as FIG. 32A and
FIG. 32B showing the thirteenth embodiment, which show
the region formed by the first and second metal layers and
the region formed of ITO, respectively. A manufacturing
method of the liquid crystal display device according to the
second embodiment is also the same as that of the first
embodiment. A difference of the fourteenth embodiment
from the thirteenth embodiment is that it has a protruded
portion and a recessed portion, which extend in parallel to
the longitudinal direction of the data line.

[0240] Although the protruded portion 284 is formed in
the scanning line 28 and the recessed portion 301f is formed
in the common electrode wiring 26b in the thirteenth
embodiment, a recessed portion 28b is formed in a portion
of the scanning line 28. The recessed portion 28b is 5 um
wide and 5 gm deep.

[0241] Since, it is possible to correct the exposure error in
exposing the amorphous silicon layer and the second metal
layer, which are formed after the formation of the common
electrode wiring, by measuring a distance between both
edges of the recessed portion 28a, it is possible to manu-
facture the liquid crystal display device having improved
aperture ratio and having no unevenness of display such as
unevenness of division, without increase of the manufactur-
ing cost.

[0242] The structure of the unit element of the liquid
crystal display device having the common electrode and the
pixel electrode, which are liquid crystal driving electrodes of
straight line type has been described in detail. However, in
view of the provision of the liquid crystal display device,
which can prevent unevenness of display without increasing
the manufacturing cost, it is possible to provide the pro-
truded portion or portions in the common electrode wiring
portions of a unit element of a liquid crystal display device,
which has bent liquid crystal electrodes, that is, the so-called
multi domain unit element structure, with effects to those
obtained by the described embodiments can be obtained.

[0243] Further, although the common electrode and the
pixel electrodes have been described as being formed in the
same layer, the common electrode and the pixel electrodes
may be arranged on both sides of a third interlayer insulating
film in view of the provision of the liquid crystal display
device, which can prevent unevenness of display without
increasing the manufacturing cost.

[0244] 1In each of the described embodiments, the pro-
truded portion or the recessed portion, which can be used as
a reference in a fine distance measurement during the
alignment exposure may be arranged in not all of the pixels
but pixels for only R.

[0245] Alternatively, the reference may be provided in
pixels for only G or B.
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[0246] Alternatively, assuming the R, G and B pixels as a
unit, one protruded portion may be provided at intervals of
two or more units.

[0247] In the latter case, the fine distance measurement in
the lateral direction is also possible and it is possible to
perform a correct alignment. Therefore, it is possible to
manufacture a liquid crystal display device having no
unevenness of display such as unevenness of division.

[0248] Although, in the described embodiments, only the
featured portions of the present invention have been
described in detail and portions thereof, which are well
known by those skilled in the art, have been not described
in detail. However, the well-known portions should be
considered as matters, which can be easily estimated by
those skilled in the art.

[0249] As described hereinbefore, according to the present
invention, it is possible to provide an IPS mode active matrix
type liquid crystal display device, which has an improved
aperture ratio and has no unevenness of display such as
unevenness of division, without increasing the manufactur-
ing cost.

[0250] According to experiments conducted by the present
inventors, it has been confirmed that an IPS mode active
matrix type liquid crystal display device, which has an
aperture ratio improved compared with the conventional
liquid crystal display device and no unevenness of display,
is obtained without increase of the manufacturing cost.

What is claimed is:
1. An in-plane switching mode active matrix type liquid
crystal display device comprising:

a first electrically conductive layer formed on a first
substrate for constituting scanning lines and common
electrode wiring portions extending over a plurality of
pixel regions, said first electrically conductive layer
having a positioning reference pattern region extending
in a direction orthogonal to extending directions of said
scanning lines and said common electrode wiring por-
tions;

a first insulating layer formed on said first substrate to
cover said first electrically conductive layer;

a plurality of switching elements formed on said first
insulating layer substrate so as to be associated with
said scanning lines and being correspond to said plu-
rality of pixel regions, respectively;

a second electrically conductive layer formed on said first
insulating layer for constituting data lines and elec-
trodes for switching elements formed for every said
pixel regions in combination with said scanning lines,
said data lines being extending over said pixel regions
in such manner that a direction of said data lines is
coincident with the extending direction of said posi-
tioning reference pattern region,

a second insulating layer formed on said second electri-
cally conductive layer;

a third electrically conductive layer formed on said sec-
ond insulating layer for constituting pixel electrode and
common electrode for each of said pixel regions, said
pixel electrode being electrically connected to one of
said electrodes for said switching elements through first
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contact-holes formed in said second insulating layer,
said common electrode being electrically connected to
said common electrode wiring portions through second
contact-holes formed in said first insulating layer and
said second insulating layer;

a second substrate arranged in an opposing relation to said
first substrate; and

a liquid crystal layer sandwiched between said first sub-

strate and said second substrate.

2. An in-plane switching mode active matrix type liquid
crystal display device as claimed in claim 1, wherein said
common electrode is made of a transparent electrode mate-
rial; cach of said data lines is located under said common
electrode so as to be covered with said common electrode
except a portion adjacent to said scanning lines by widening
overlapping portions of said common electrode above said
data lines; and said positioning reference pattern region
comprises at least one of a protruded portion and a recessed
portion formed in at least one of a portion of said common
electrode wiring and a portion of said scanning line.

3. An in-plane switching mode active matrix type liquid
crystal display device as claimed in claim 1, wherein said
pixel electrodes and said common electrode are made of the
same material.

4. An in-plane switching mode active matrix type liquid
crystal display device as claimed in claim 1, further com-
prising a black matrix layer formed on said opposing sub-
strate so as to be overlapped with said data lines, said black
matrix layer has a width smaller than a width of said
common electrode formed to cover said data lines such that
there is no light shielding film between said common
electrode covering said data line and said pixel electrodes
adjacent thereto in a plan view.

5. An in-plane switching mode active matrix type liquid
crystal display device as claimed in claim 2, wherein said
positioning reference pattern region is arranged in such a
positional relation that each of said data lines is located
between said positioning reference pattern regions.

6. An in-plane switching mode active matrix type liquid
crystal display device as claimed in claim 2, wherein width
of said positioning reference pattern region is within a range
of 2 um to 10 ym.

7. An in-plane switching mode active matrix type liquid
crystal display device as claimed in claim 2, wherein length
of said protruded portion is not width of said positioning
reference pattern region is within a range of between 5 um
and a dimension of an aperture of each of said pixel regions.

8. An in-plane switching mode active matrix type liquid
crystal display device as claimed in claim 1, wherein each of
said switching elements is a thin film transistor having a
semiconductor layer region formed on said first insulating
layer above said scanning lines as a gate electrodes of said
thin film transistor, a source electrode and a drain electrode
on said semiconductor layer are formed by said second
electrically conductive layer and said data lines and said
pixel electrodes are electrically connected to one of said
source electrode and said drain electrode and to the other,
respectively.

9. An in-plane switching mode active matrix type liquid
crystal display device as claimed in claim 8, wherein a color
layer and a black matrix layer are formed on said second
substrate, said common electrode is supplied with a refer-
ence potential, said common electrode wiring portions and
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said scanning lines are formed of the same material in the
same step, said gate electrode, said drain electrode, said
source electrode and said common electrode are electrically
connected to said scanning lines, said data lines, said pixel
electrodes and said common electrode, respectively, a dis-
play is performed by rotating molecular axis of said liquid
crystal layer by electric field substantially in parallel to a
principal surface of said first substrate and between said
pixel electrodes and said common electrode, each of said
data lines except a portion thereof in the vicinity of said
scanning lines is completely overlapped and covered by said
common electrode, at least one of a protruded portion and a
recessed portion, which extend in an extending direction of
said data lines, is provided by at least one of a portion of said
common e¢lectrode wiring portions and a portion of said
scanning lines in every pixel region, width of said black
matrix layer arranged in a position opposing to each of said
data lines in the region in which each of said data lines is
completely covered by said common electrode is small than
width of said common electrode covering said data line and
there is no light shielding film between said common
electrode covering said data line and said pixel electrode
adjacent thereto.

10. An in-plane switching mode active matrix type liquid
crystal display device as claimed in claim 1, wherein said
positioning reference pattern regions are arranged in regions
in the vicinity of said data lines as floating regions electri-
cally separated from said scanning lines and said common
electrode wiring portions.
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11. An in-plane switching mode active matrix type liquid
crystal display device as claimed in claim 10, wherein at
least one of said floating regions is formed in only one of a
red pixel region, a green pixel region and a blue pixel region.

12. An in-plane switching mode active matrix type liquid
crystal display device as claimed in claim 10, wherein at
least one of said floating regions is formed at intervals of
several pixel regions.

13. An in-plane switching mode active matrix type liquid
crystal display device as claimed in claim 10, wherein at
least one of said floating regions is formed immediately
below said data lines by interposing said first insulating
layer therebetween.

14. A manufacturing method for manufacturing an in-
plane switching mode active matrix type liquid crystal
display device as claimed in claim 1, comprising the step of
exposing at least a display region thereof by using a photo
mask having divided patterns of the display region, wherein,
in patterning a new layer of a lamination of layers by
photolithography, an exposure correction between divided
exposures is performed by finely measuring a relative posi-
tion of said common electrode wiring layer on the basis of
said positioning reference pattern region.
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