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LIQUID CRYSTAL DISPLAY DEVICE HAVING
CROSSTALK PREVENTING STRUCTURE

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a liquid crystal
display device having a crosstalk preventing structure.

[0003] 2. Description of the Related Art

[0004] Such a conventional active matrix liquid crystal
display device is known, which has a structure in which
pixel electrodes are formed on an overcoat film that covers
thin film transistors. In this structure, the data lines and
scanning lines which are connected to the thin film transis-
tors are formed under the overcoat film. Therefore, the pixel
electrodes formed on the overcoat film are positioned above
the data lines and scanning lines and will not short-circuit to
these lines. Thus, the edges of each pixel electrode can be
positioned to be overlaid above the data lines and scanning
lines, making it possible to increase the aperture ratio.

[0005] However, in the above-described case, since the
structure is such that the data lines and the pixel electrodes
are insulated by a single-layer insulating film, a parasitic
capacitance is produced therebetween, leading to the occur-
rence of a so-called vertical crosstalk phenomenon, which
leaves lines dragging in the background of a black display.

1. Field of the Invention

[0006] As a measure for this, a liquid crystal display
device described in Unexamined Japanese Patent Applica-
tion KOKAIT Publication No. 2004-341185 has an auxiliary
capacitor line between a data line and a pixel electrode.
Since a common potential is supplied to the auxiliary
capacitor lines, no parasitic capacitance is produced between
the data lines and the pixel electrodes, and the vertical
crosstalk is thus prevented.

[0007] The above-indicated prior document also describes
a semi-transmissive reflective liquid crystal display device.
In order to have a large ratio of aperture over the total of
transmissive and reflective regions, this liquid crystal dis-
play device has its auxiliary capacitor electrodes made of
high reflectivity metal such as aluminum-based metal, sil-
ver-based metal, etc., and has its thin film transistors and
their surroundings covered with the auxiliary capacitor
electrodes and pixel electrodes. Thereby. the auxiliary
capacitor electrodes positioned in the regions corresponding
to the thin film transistors and their surroundings function as
reflective plates for reflecting external light.

[0008] However, the above-indicated prior document does
not describe a structure in which auxiliary capacitor elec-
trodes are connected to the outside. Just for an assumption,
in a case where auxiliary capacitor electrode connection
pads made of the same material (a transparent conductive
material such as ITO (Indium Tin Oxide), etc.) as the pixel
electrodes are formed on the same layer as the pixel elec-
trodes, the auxiliary capacitor electrode connection pads are
to be connected to connection pad portions constituted by a
part of the auxiliary capacitor electrodes, through contact
holes formed in an insulating film under the auxiliary
capacitor electrode connection pads. However, the auxiliary
capacitor electrode connection pads made of a transparent
conductive material such as ITO, etc. and the connection pad
portions of the auxiliary capacitor electrodes made of high
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reflectivity metal such as aluminum-based metal, silver-
based metal, etc. have a large contact resistance with respect
to each other, raising a problem that a fine ohmic contact
cannot be formed.

SUMMARY OF THE INVENTION

[0009] Hence, an object of the present invention is to
provide a liquid crystal display device which has its auxil-
iary capacitor electrodes made of high reflectivity metal
such as aluminum-based metal, silver-based metal, etc. so
that the auxiliary capacitor electrodes themselves have a
reflective plate function, and which is capable of reducing
the contact resistance at connection pad portions.

[0010] To achieve the above object, according to the
present invention, a switching element, a data line connected
to one end of the switching element, and an interconnecting
wire insulated from the data line are formed on a substrate.
The switching element, the data line, and the interconnecting
wire are covered with an interlayer insulating film. An
auxiliary capacitor electrode made of reflective metal and
connected to the interconnecting wire is formed on the
interlayer insulating film. An upper insulating film is formed
on the interlayer insulating film to cover the auxiliary
capacitor electrode, and a pixel electrode connected to the
other end of the switching element is formed on the upper
insulating film. The interconnecting wire is made of a
material different from that of the auxiliary capacitor elec-
trode, and the interlayer insulating film and upper insulating
film have a contact hole which reaches the interconnecting
wire.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These objects and other objects and advantages of
the present invention will become more apparent upon
reading of the following detailed description and the accom-
panying drawings in which:

[0012] FIG. 1is a transparent plan view of a principal part
of an active matrix semi-transmissive reflective liquid crys-
tal display device as a first embodiment of the present
invention;

[0013] FIG. 2 shows a cross sectional view taken along a
T1-IT line of FIG. 1, and cross sectional views for explaining
portions around connection pads;

[0014] FIG. 3 is a cross sectional view of a starting step,
in one example of a manufacturing method of the liquid
crystal display device shown in FIG. 2;

[0015] FIG. 4 is a cross sectional view of a step succeed-
ing FIG. 3;
[0016] FIG. 5 is a cross sectional view of a step succeed-
ing FIG. 4;
[0017] FIG. 6 is a cross sectional view of a step succeed-
ing FIG. 5;
[0018] FIG. 7 is a cross sectional view of a step succeed-
ing FIG. 6;
[0019] FIG. 8 is a cross sectional view of a step succeed-
ing FIG. 7,

[0020] FIG. 9 is a cross sectional view of a step succeed-
ing FIG. 8;
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[0021] FIG. 10 is a cross sectional view of an active matrix
semi-transmissive reflective liquid crystal display device as
a second embodiment of the present invention, as taken
similarly to FIG. 2;

[0022] FIG. 11 is a cross sectional view of a certain step,
in one example of a manufacturing method of the liquid
crystal display device shown in FIG. 10;

[0023] FIG. 12 is a cross sectional view of a step succeed-
ing FIG. 11;
[0024] FIG. 13 is a cross sectional view of a step succeed-
ing FIG. 12;
[0025] FIG. 14 is a cross sectional view of a step succeed-
ing FIG. 13;
[0026] FIG. 15 is a cross sectional view of a step succeed-
ing FIG. 14,
[0027] FIG. 16 is a cross sectional view shown for

explaining a modified example 1 of a jumper connection
structure;

[0028] FIG. 17 is a cross sectional view shown for
explaining a modified example 2 of a jumper connection
structure; and

[0029] FIG. 18 is a cross sectional view shown for
explaining a modified example 3 of a jumper connection
structure.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

First Embodiment

[0030] FIG. 1 shows a transparent plan view of a principal
part of an active matrix semi-transmissive reflective liquid
crystal display device as the first embodiment of the present
invention. The liquid crystal display device comprises a
glass substrate 1. Scanning lines 2 and data lines 3 are
formed in a matrix, at the side of the upper surface of the
glass substrate 1. Pixel electrodes 4 are formed in the regions
enclosed by the scanning lines 2 and the data lines 3, so as
to be connected to the scanning lines 2 and the data lines 3,
via a thin film transistor § as a switching element. Further,
an auxiliary capacitor electrode 6 having generally a lattice
shape is formed in parallel with the scanning lines 2 and the
data lines 3. Here, in order to facilitate understanding,
hatching by slanted short solid lines is applied at the edges
of each pixel electrode 4 in FIG. 1.

[0031] In this case, the pixel electrode 4 having a rectan-
gular shape is arranged inside a region likewise having a
rectangular shape enclosed by the scanning lines 2 and the
data lines 3, such that the pixel electrode 4 is as close as
possible to the scanning lines 2 and the data lines 3. The four
edges of each pixel electrode 4 are overlaid above the
latticed auxiliary capacitor electrode 6 arranged around the
pixel electrode 4. The thin film transistor 5 under each pixel
electrode 4 at the lower left corner of the pixel electrode 4,
and most of the thin film transistor 5 is covered with the
pixel electrode 4 as shown in FIG. 1.

[0032] The auxiliary capacitor electrode 6 has generally a
lattice shape, and comprises first auxiliary capacitor elec-
trode portions 6a which are overlaid above the data lines 3,
second auxiliary capacitor electrode portions 65 which are
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overlaid above the scanning lines 2, and third auxiliary
capacitor electrode portions 6¢ which are overlaid above the
thin film transistors 5. In this case, as will be described later,
the auxiliary capacitor electrode 6 is formed on a layer
different from where the scanning lines 2 are formed, and
particularly the first auxiliary capacitor electrode portion 6a
of the auxiliary capacitor electrode 6 is formed between the
data line 3 and the pixel electrode 4 with insulating films
interposed between the portion 6a and the data line 3, and
between the portions 6a and the pixel electrode 4, in the
thickness-wise direction, i.e., the direction vertical to the
sheet of FIG. 1.

[0033] The width of the first auxiliary capacitor electrode
portion 6a is formed to be larger than the width of the data
line 3 by some degree. This enables the first auxiliary
capacitor electrode portion 6a to securely cover the data line
3 so0 that the data line 3 does not directly face the pixel
electrode 4 even if the first auxiliary capacitor electrode
portion 6a positionally slides in the direction perpendicular
to the data line 3. Further, the first auxiliary capacitor
electrode portion 6a is arranged almost entirely over the
length of the data line 3. This enables the first auxiliary
capacitor electrode portion 6a to securely meet the left or
right edge of the pixel electrode 4 even if the first auxiliary
capacitor electrode portion 6a positionally slides with
respect to the pixel electrode 4 in the direction parallel with
the data line 3, thereby to securely prevent fluctuations in the
auxiliary capacitance due to any positional slide in that
direction.

[0034] The width of the second auxiliary capacitor elec-
trode portion 64 is formed to be larger than the width of the
scanning line 2 by some degree. Thus, the second auxiliary
capacitor electrode portion 64 is securely overlaid above the
scanning line 2, even if the second auxiliary capacitor
electrode portion 65 positionally slides in the direction
perpendicular to the scanning line 2. Further, the second
auxiliary capacitor electrode portion 65 is arranged almost
entirely over the length of the scanning line 2. Therefore, the
second auxiliary capacitor electrode portion 65 securely
meets the upper or lower edge of the pixel electrode 4 even
if the auxiliary capacitor electrode portion 65 positionally
slides with respect to the pixel electrode 4 in the direction
parallel with the scanning line 2, thereby to securely prevent
fluctuations in the auxiliary capacitance due to any posi-
tional slide in that direction.

[0035] The third auxiliary capacitor electrode portion 6c is
formed to have a size that covers almost the entire part of the
thin film transistor 5. Thereby, the third auxiliary capacitor
electrode portion 6c¢ securely prevents the incidence of
external light into the thin film transistor 5. Further, since the
region of the pixel electrode 4 other than its substantial
transmissive pixel region is covered with the auxiliary
capacitor electrode 6 having generally a lattice shape, there
is no need of preparing a light leak preventing black mask
on an opposing glass substrate (unillustrated) to be disposed
above the glass substrate 1, making it possible to increase
the aperture ratio.

[0036] Here, the auxiliary capacitor electrode 6 is made of
high reflectivity metal such as aluminum-based metal, sil-
ver-based metal, etc. Of the auxiliary capacitor electrode 6,
the regions above which the pixel electrode 4 is overlaid are
the regions functioning as reflective plate. In this case,
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particularly, the third auxiliary capacitor electrode portion
6c, above which the pixel electrode 4 is overlaid, and the
first and second auxiliary capacitor electrode portions 6a and
6b near the third auxiliary capacitor electrode 6c¢ are
arranged to cover the thin film transistor 5 and its surround-
ing. This enables the present liquid crystal display device to
be used as semi-transmissive reflective type.

[0037] Next, the specific structure of the present liquid
crystal display device will be explained with reference to
FIG. 2. In this case, FIG. 2 shows, from its left hand to its
right hand, a cross sectional view of a portion around an
auxiliary capacitor electrode upper connection pad 34, a
cross sectional view of a portion along the II-II line of FIG.
1, i.e., the portion around the thin film transistor 5, the pixel
electrode 4, etc., a cross sectional view of a portion around
a data line upper connection pad 42, and a cross sectional
view of a portion around a scanning line upper connection
pad 54.

[0038] First, the portion around the thin film transistor 5,
the pixel electrode 4, etc. will be explained. A gate electrode
11 made of chromium, molybdenum, or the like, and the
scanning line 2 connected to the gate electrode 11 are formed
at predetermined positions on the upper surface of the glass
substrate 1. A gate insulating film (lower insulating film) 12
made of silicon nitride is formed on the upper surface of the
glass substrate 1, the gate electrode 11, and the scanning line
2.

[0039] A semiconductor thin film 13 made of intrinsic
amorphous silicon is formed at a predetermined position on
the upper surface of the gate insulating film 12 above the
gate electrode 11. A channel protecting film 14 made of
silicon nitride is formed at a predetermined position on the
upper surface of the semiconductor thin film 13 above the
gate electrode 11. Ohmic contact layers 15 and 16 made of
n type amorphous silicon are formed at both sides of the
upper surface of the channel protecting film 14 and on the
upper surface of the semiconductor thin film 13 appearing at
both sides of the channel protecting film 14. A source
electrode 17 made of chromium, molybdenum, or the like is
formed on the upper surface of the ohmic contact layer 15.
A drain electrode 18 made of chromium, molybdenum, or
the like is formed on the upper surface of the chmic contact
layer 16.

[0040] The gate electrode 11, the gate insulating film 12,
the semiconductor thin film 13, the channel protecting film
14, the ohmic contact layers 15 and 16, and the source
electrode 17 and drain electrode 18 constitute the thin film
transistor 5.

[0041] The data line 3 is formed at a predetermined
position on the upper surface of the gate insulating film 12.
In this case, the data line 3 has a three-layered structure
which includes an intrinsic amorphous silicon film 3a, an n
type amorphous silicon film 35, and a metallic film 3¢ made
of chromium, molybdenum, or the like, from the bottom
upward. The intrinsic amorphous silicon film 3a, the n type
amorphous silicon film 35, and the metallic film 3¢ are
connected to the drain electrode 18, the ohmic contact layer
16, and the semiconductor thin film 13 in the region where
the drain electrode 18 is formed.

[0042] An interlayer insulating film 19 made of silicon
nitride is formed on the upper surface of the gate insulating
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film 12, the thin film transistor 5, and the data line 3. The
auxiliary capacitor electrode 6 made of high reflectivity
metal such as aluminum-based metal, silver-based metal,
etc. is formed at a predetermined position on the upper
surface of the interlayer insulating film 19. An overcoat film
(upper insulating film) 20 made of silicon nitride is formed
on the upper surface of the interlayer insulating film 19 and
the auxiliary capacitor electrode 6. A contact hole 21 is
formed in the interlayer insulating film 19 and overcoat film
20 above the source electrode 17. The pixel electrode 4 made
of a transparent conductive material such as ITO, etc. is
formed at a predetermined position on the upper surface of
the overcoat film 20. The pixel electrode is connected to the
source electrode 17 through the contact hole 21.

[0043] In the liquid crystal display device having the
above-described structure, since the first auxiliary capacitor
electrode portion 64 having a shape wider than the width of
the data line 3 is formed between the data line 3 and the pixel
electrode 4, generation of coupling capacitance between the
data line 3 and the pixel electrode 4 can be prevented by this
first auxiliary capacitor electrode portion 6a. Thus, it is
possible to prohibit any vertical crosstalk from being pro-
duced, and thereby to improve the display characteristics.

[0044] Further, as shown in FIG. 1, since the pixel elec-
trode 4 having a rectangular shape is arranged in the region
likewise having a rectangular shape enclosed by the scan-
ning lines 2 and the data lines 3 such that the pixel electrode
4 is as close as possible to the scanning lines 2 and the data
lines 3, and the regions of the generally lattice-shaped
auxiliary capacitor electrode 6 above which the pixel elec-
trode 4 is overlaid function as the reflective plate, only the
portion of the pixel electrode 4 that contacts the source
electrode 17 is left as light shielding region, making it
possible to increase the aperture ratio over the total of
transmissive and reflective regions.

[0045] Next, the portion around the auxiliary capacitor
electrode upper connection pad 34 will be explained. An
auxiliary capacitor electrode interconnecting wire 31 having
a three-layered structure including, from the bottom upward,
an intrinsic amorphous silicon film 31a, an n type amor-
phous silicon film 315, and a metallic film 31c made of
chromium, molybdenum, or the like is formed at a prede-
termined position on the upper surface of the gate insulating
film 12. A contact hole 32 is formed in the interlayer
insulating film 19 above one end portion of the auxiliary
capacitor electrode interconnecting wire 31. A contact hole
33 is formed in the interlayer insulating film 19 and overcoat
film 20 above a connection pad portion constituted by the
other end portion of the auxiliary capacitor electrode inter-
connecting wire 31.

[0046] A contact region 64, which is a part of the auxiliary
capacitor electrode 6 formed on the upper surface of the
interlayer insulating film 19 is connected to the one end
portion of the auxiliary capacitor electrode interconnecting
wire 31 (the metallic film 31¢) through the contact hole 32.
The auxiliary capacitor electrode upper connection pad 34,
which is made of a transparent conductive material such as
ITO, etc., is formed at a predetermined position on the upper
surface of the overcoat film 20 so as to be connected to the
connection pad portion constituted by the other end portion
of the auxiliary capacitor electrode interconnecting wire 31
(the metallic film 31c¢) through the contact hole 33.
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[0047] Next, the portion around the data line upper con-
nection pad 42 will be explained. A data line connection pad
portion 3A, which is constituted by one end portion of the
data line 3 having the three-layered structure is formed at a
predetermined position on the upper surface of the gate
insulating film 12. A contact hole 41 is formed in the
interlayer insulating film 19 and overcoat film 20 above the
data line connection pad portion 3A. The data line upper
connection pad 42, which is made of a transparent conduc-
tive material such as ITO, etc., is formed at a predetermined
position on the upper surface of the overcoat film 20 so as
to be connected to the data line connection pad portion 3A
(metallic film 3¢) through the contact hole 41.

[0048] Next, the portion around the scanning line upper
connection pad 54 will be explained. A scanning line con-
nection pad portion 2a constituted by one end portion of the
scanning line 2 is formed at a predetermined position on the
upper surface of the glass substrate 1. A scanning line
interconnecting wire 51 having a three-layered structure
including, from the bottom upward, an intrinsic amorphous
silicon film 51a, an n type amorphous silicon film 515, and
a metallic film 51¢ made of chromium, molybdenum, or the
like is formed at a predetermined position on the upper
surface of the gate insulating film 12.

[0049] A contact hole 52 is formed in the gate insulating
film 12, intrinsic amorphous silicon film 51a, and n type
amorphous silicon film 51 above the scanning line connec-
tion pad portion 2a. One end portion of the metallic film 51¢
is connected to the scanning line connection pad portion 2a
through the contact hole 52.

[0050] A contact hole 53 is formed in the interlayer
insulating film 19 and overcoat film 20 above a connection
pad portion constituted by the other end portion of the
scanning line interconnecting wire 51. The scanning line
upper connection pad 54, which is made of a transparent
conductive material such as ITO, etc., is formed at a pre-
determined position on the upper surface of the overcoat
film 20 so as to be connected to the connection pad portion
constituted by the other end portion of the scanning line
interconnecting wire 51 (the metallic film 51¢).

[0051] Here, in the portion around the auxiliary capacitor
electrode upper connection pad 34, in a case where the
auxiliary capacitor electrode upper connection pad 34 made
of a transparent conductive material such as ITO, etc. is
directly connected to the contact region 6d of the auxiliary
capacitor electrode 6 made of high reflectivity metal such as
aluminum-based metal, etc., no fine ochmic contact can be
formed therebetween.

[0052] Hence, according to the present embodiment, the
auxiliary capacitor electrode upper connection pad 34 is
connected to the metallic film 31¢ off the auxiliary capacitor
electrode interconnecting wire 31. In this case, since the
metallic film 31c¢ of the auxiliary capacitor electrode inter-
connecting wire 31 is made of metal such as chromium or
the like capable of direct electric contact to the auxiliary
capacitor electrode upper connection pad 34 made of a
transparent conductive material such as ITO, etc,, a fine
ohmic contact can be formed therebetween.

[0053] Further, in this case, since the contact region 6d of
the auxiliary capacitor electrode 6 made of high reflectivity
metal such as aluminum-based metal or the like is connected
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to the metallic film 31¢, made of chromium or the like, of the
auxiliary capacitor electrode interconnecting wire 31, even
if a native oxide film having a high resistance is formed on
the surface of the auxiliary capacitor electrode 6, the contact
resistance between the contact region 64 of the auxiliary
capacitor electrode 6 and the metallic film 31¢ of the
auxiliary capacitor electrode interconnecting wire 31 will
not become unstable.

[0054] 1In the portion around the data line upper connec-
tion pad 42, since the metallic film 3¢ of the data line
connection pad portion 3A is made of metal such as chro-
mium, etc. capable of direct electric contact to the data line
upper connection pad 42 made of a transparent conductive
material such as ITO, etc., a fine ohmic connection can be
formed therebetween.

[0055] Furthermore, likewise in the portion around the
scanning line upper connection pad 54, since the metallic
film 51¢ of the scanning line interconnecting wire 51 is made
of metal such as chromium, etc. capable of direct electric
contact to the scanning line upper connection pad 54 made
of a transparent conductive material such as ITO, etc., a fine
ohmic connection can be formed therebetween.

[0056] Incidentally, in the portion around the scanning line
upper connection pad 54, the connection pad portion con-
stituted by the other end portion of the scanning line
interconnecting wire 51 is arranged in a region other than the
region where the scanning line connection pad portion 2a
constituted by the one end portion of the scanning line 2 is
arranged, thus only the gate insulating film 12 is formed on
the glass substrate 1 under the connection pad portion.

[0057] Further, likewise in the portion around the data line
upper connection pad 42 and in the portion around the
auxiliary capacitor electrode upper connection pad 34, only
the gate insulating film 12 is formed on the glass substrate
1 under the data line connection pad portion 3A or the
connection pad portion constituted by the other end portion
of the auxiliary capacitor electrode interconnecting wire 31.

[0058] Accordingly, in the portions around the upper con-
nection pads 34, 42, and 54, the substantial connection pad
portions constituted by the other end portions of the inter-
connecting wires 31 and 51 and the data line connection pad
portion 3A can be brought up to the same height, making it
possible to stabilize the process of forming the contact holes
33, 41, and 53, which are to be formed in a way described
later in the overcoat film 20 and interlayer insulating film 19
above the respective connection pad portions, and to
increase the connection reliability between the substantial
connection pad portions constituted by the other end por-
tions of the interconnecting wires 31 and 51 and data line
connection pad portion 3A, and the upper connection pads
34, 42, and 54.

[0059] Note that the upper connection pads 34, 42, and 54
made of a transparent conductive material such as ITO, etc.
are intended for covering the substantial connection pad
portions constituted by the other end portions of the inter-
connecting wires 31 and 51 and data line connection pad
portion 3A to improve their corrosion resistance, and may be
omitted though preferably should be provided. However,
even in a case where they are omitted, the substantial
connection pad portions constituted by the other end por-
tions of the interconnecting wires 31 and 51 and the data line
connection pad portion 3A can be brought up to the same

height.
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[0060] Next, an example of the manufacturing method of
the liquid crystal display device shown in FIG. 2 will be
explained. First, a metal film made of chromium, molybde-
num, or the like, which is formed by sputtering, is patterned
by photolithography (first time), thereby to form the gate
electrode 11, the scanning line 2, and the scanning line
connection pad portion 2a at predetermined positions on the
upper surface of the glass substrate 1, as shown in FIG. 3.

[0061] Next, the gate insulating film 12 made of silicon
nitride, an intrinsic amorphous silicon film 61, and a silicon
nitride film 62 are sequentially formed by CVD (Chemical
Vapor Deposition), on the upper surface of the glass sub-
strate 1, the gate electrode 11, the scanning line 2, and the
scanning line connection pad portion 2a. Next, the silicon
nitride film 62 is patterned by photolithography (second
time) to form the channel protecting film 14.

[0062] Next, an n type amorphous silicon film 63 is
formed by CVD on the upper surface of the intrinsic
amorphous silicon film 61 and the channel protecting film
14, as shown in FIG. 4. Then, the contact hole 52 is formed
by photolithography (third time) sequentially in the n type
amorphous silicon film 63, the intrinsic amorphous silicon
film 61, and the gate insulating film 12 above the scanning
line connection pad portion 2a.

[0063] Next, a metallic film 64 made of chromium, molyb-
denum, or the like is formed by sputtering on the upper
surface of the n type amorphous silicon film 63 and on the
upper surface of the scanning line connection pad portion 2a
that is exposed through the contact hole 52, as shown in FIG.
5. Then, the metallic film 64, the n type amorphous silicon
film 63, and the intrinsic amorphous silicon film 61 are
sequentially patterned by photolithography (fourth time).

[0064] As a result, the semiconductor thin film 13, the
ohmic contact layers 15 and 16, the source electrode 17 and
drain electrode 18 are formed as shown in FIG. 6. Further,
the three-layered data line 3 and data line connection pad
portion 3A which include, from the bottom upward, the
intrinsic amorphous silicon film 3a, the n type amorphous
silicon film 35, and the metallic film 3¢ are formed. Fur-
thermore, the three-layered interconnecting wires 31 and 51
which include, form the bottom upward, the intrinsic amot-
phous silicon film 31a or 51a, the n type amorphous silicon
film 3154 or 515, and the metallic film 31c or S1c are formed.

[0065] Then, the interlayer insulating film 19 made of
silicon nitride is formed by CVD on the upper surface of the
gate insulating film 12, the thin film transistor 5, the data line
3, the data line connection pad portion 3A, and the inter-
connecting wires 31 and 51, as shown in FIG. 7. Next, the
contact hole 32 is formed by photolithography (fifth time) in
the interlayer insulating film 19 above the one end portion of
the auxiliary capacitor electrode interconnecting wire 31.

[0066] Next, a high reflectivity metal film made of alumi-
num-based metal or the like, which is formed by sputtering,
is patterned by photolithography (sixth time) to form the
auxiliary capacitor electrode 6 on the upper surface of the
interlayer insulating film 19 and on the upper surface of the
one end portion of the auxiliary capacitor electrode inter-
connecting wire 31 that is exposed through the contact hole
32, as shown in FIG. 8. Further, the contact region 64 of the
auxiliary capacitor electrode 6 is formed so as to be con-
nected to the one end portion of the auxiliary capacitor
electrode interconnecting wire 31 through the contact hole
32.
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[0067] Next, the overcoat film 20 made of silicon nitride
is formed by CVD on the upper surface of the interlayer
insulating film 19 and the auxiliary capacitor electrode 6 and
its contact region 6d, as shown in FIG. 9. Next, the contact
holes 21, 33, 41, and 53 are formed by photolithography
(seventh time) sequentially in the overcoat film 20 and
interlayer insulating film 19 at a predetermined portion
above the upper surface of the source electrode 17, and
above the other end portion of the auxiliary capacitor
electrode interconnecting wire 31, the data line connection
pad portion 3A, and the other end portion of the scanning
line interconnecting wire 51.

[0068] Next, atransparent conductive film made of ITO or
the like, which is formed by sputtering on the overcoat film
20 and in the inside of the respective contact holes 21, 33,
41, and 53, is patterned by photolithography (eighth time),
thereby to form the pixel electrode 4 to be connected to the
source electrode 17 through the contact hole 2, as shown in
FIG. 2.

[0069] Further, the auxiliary capacitor electrode upper
connection pad 34 is formed so as to be connected to the
other end portion of the auxiliary capacitor electrode inter-
connecting wire 31 through the contact hole 33. And the data
line upper connection pad 42 is formed so as to be connected
to the data line connection pad portion 3A through the
contact hole 41. Furthermore, the scanning line upper con-
nection pad 54 is formed so as to be connected to the other
end portion of the scanning line interconnecting wire 51
through the contact hole 53. Thus, the liquid crystal display
device shown in FIG. 2 is obtained.

Second Embodiment

[0070] FIG. 10 is a diagram showing an active matrix
semi-transmissive reflective liquid crystal display device as
the second embodiment of the present invention. FIG. 10 is
a cross sectional view corresponding to the cross sectional
view as taken along the II-II line shown in FIG. 1. The
present liquid crystal display device differs from the liquid
crystal display device shown in FIG. 2, only in the structure
of the portion around the scanning line upper connection pad
54.

[0071] Specifically, in the portion around the scanning line
upper connection pad 54, a first scanning line interconnect-
ing wire 51 having a three-layered structure including, from
the bottom upward, an intrinsic amorphous silicon film 51a,
an n type amorphous silicon film 515, and a metallic film S1¢
is formed at a predetermined position on the upper surface
of the gate insulating film 12. A second scanning line
interconnecting wire 55 made of high reflectivity metal such
as aluminum-based metal, silver-based metal, etc. is formed
at a predetermined position on the upper surface of the
interlayer insulating film 19.

[0072] One end portion of the second scanning line inter-
connecting wire 55 is connected to the scanning line con-
nection pad portion 2a through a contact hole 56 formed in
the interlayer insulating film 19 and gate insulating film 12.
The other end portion of the second scanning line intercon-
necting wire 55 is connected to one end portion of the first
scanning line interconnecting wire 51 through a contact hole
57 formed in the interlayer insulating film 19. The scanning
line upper connection pad 54 is connected to the other end
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portion of the first scanning line interconnecting wire 51
through a contact hole 53 formed in the overcoat film 20 and
interlayer insulating film 19.

[0073] Further, in the portion around the present scanning
line upper connection pad 54, since the one end portion of
the second scanning line interconnecting wire 55 made of
high reflectivity metal such as aluminum-based metal, etc. is
connected to the scanning line connection pad portion 2a
made of chromium, or the like, and the other end portion
thereof is connected to the metallic film 51c, made of
chromium, or the like, of the first scanning line intercon-
necting wire 51, even if a native oxide film having a high
resistance is formed on the surface of the second scanning
line interconnecting wire 55, the contact resistance between
the one end portion or the other end portion of the second
scanning line interconnecting wire 55, and the scanning line
connection pad portion 2« or the metallic film 51¢ of the first
scanning line interconnecting wire 51 will not be unstable.

[0074] According to the above-described first embodi-
ment, photolithography is performed eight times, while
according to the second embodiment, it can be reduced to
seven times. Hence, one example of the manufacturing
method of the liquid crystal display device according to the
second embodiment will now be explained. First, the chan-
nel protecting film 14 is formed by the second photolithog-
raphy, as shown in FIG. 3.

[0075] Next, the n type amorphous silicon film 63 is
formed by CVD on the upper surface of the intrinsic
amorphous silicon film 61 and the cannel protecting film 14,
as shown in FIG. 11. Next, the metallic film 64 made of
chromium, molybdenum, or the like is formed by sputtering
on the upper surface of the n type amorphous silicon film 63.
Next, the metallic film 64, the n type amorphous silicon film
63, and the intrinsic amorphous silicon film 61 are sequen-
tially patterned by photolithography (third time), thereby
producing a state shown in FIG. 12.

[0076] That is, the semiconductor thin film 13, the ohmic
contact layers 15 and 16, and the source electrode 17 and
drain electrode 18 are formed. Further, the three-layered data
line 3 and data line connection pad portion 3A including,
from the bottom upward, the intrinsic amorphous silicon
film 3a, the n type amorphous silicon film 35, and the
metallic film 3¢ are formed. Furthermore, the three-layered
interconnecting wires 31 and 51 including, from the bottom
upward, the intrinsic amorphous silicon film 31a or 51a, the
n type amorphous silicon film 315 or 515, and the metallic
film 31c or 51c are formed.

[0077] Next, the interlayer insulating film 19 made of
silicon nitride is formed by CVD on the upper surface of the
gate insulating film 12, the thin film transistor 5, the data line
3, the data line connection pad portion 3A, and the inter-
connecting wires 31 and 51, as shown in FIG. 13. Next, by
photolithography (fourth time), the contact holes 32 and 57
are formed in the interlayer insulating film 19 above the one
end portion of each of the interconnecting wires 31 and 51,
and the contact hole 56 is formed sequentially in the
interlayer insulating film 19 and gate insulating film 12
above the scanning line connection pad portion 2a.

[0078] Next, a high reflectivity metal film made of alumi-
num-based metal or the like, which is formed by sputtering
on the surface of the interlayer insulating film 19 and in the
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contact holes 32, 56, and 57, is patterned by photolithogra-
phy (fifth time), to form the auxiliary capacitor electrode 6
and to form the contact region 6d of the auxiliary capacitor
electrode 6 so as to be connected to the one end portion of
the auxiliary capacitor electrode interconnecting wire 31
through the contact hole 32, while also forming the second
scanning line interconnecting wire 55 so as to be connected
to the scanning line connection pad portion 2a and the one
end portion of the first scanning line interconnecting wire 51
through the contact holes 56 and 57. as shown in FIG. 14.

[0079] Next, the overcoat film 20 made of silicon nitride
is formed by CVD on the upper surface of the interlayer
insulating film 19, the auxiliary capacitor electrode 6 and its
contact region 6d, and the second scanning line intercon-
necting wire 55, as shown in FIG. 15. Next, the contact holes
21, 33, 41, and 53 are formed by photolithography (sixth
time) sequentially in the overcoat film 20 and interlayer
insulating film 19 at a predetermined position above the
upper surface of the source electrode 17, and above the other
end portion of the auxiliary capacitor electrode intercon-
necting wire 31, the data line connection pad portion 3A, and
the other end portion of the first scanning line interconnect-
ing wire 51.

[0080] Next, atransparent conductive film made of ITO or
the like, which is formed by sputtering on the upper surface
of the overcoat film and in the contact holes 21, 33, 41, and
53, is patterned by photolithography (seventh time). to form
the pixel electrode 4 so as to be connected to the source
electrode 17 through the contact hole 21, as shown in FIG.
10.

[0081] Further, the auxiliary capacitor electrode upper
connection pad 34 is formed to be connected to the other end
portion of the auxiliary capacitor electrode interconnecting
wire 31 through the contact hole 33. And the data line upper
connection pad 42 is formed to be connected to the data line
connection pad portion 3A through the contact hole 41.
Furthermore, the scanning line upper connection pad 54 is
formed to be connected to the other end portion of the first
scanning line interconnecting wire 51 through the contact
hole 53. Thus, the liquid crystal display device shown in
FIG. 10 is obtained.

[0082] As described above, the manufacturing method of
the present liquid crystal display device includes seven
photolithography steps, which is reduced by one from the
eight times of the above-described first embodiment, making
it possible to increase the productivity.

[0083] In FIG. 10, since the second scanning line inter-
connecting wire 55 formed on the upper surface of the
interlayer insulating film 19 jumper-connects the scanning
line connection pad portion 2a formed on the upper surface
of the glass substrate 1 and the first scanning line intercon-
necting wire 51 formed on the upper surface of the gate
insulating film 12, it is possible to form such a jumper
connection structure in other regions where it is required.

[0084] Next, three modified examples of such a jumper
connection structure will be explained.

MODIFIED EXAMPLE 1

[0085] FIG. 16 is a cross sectional view shown for
explaining the modified example 1 of the jumper connection
structure. Between a first lower wire 71 made of chromium
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or the like formed on the upper surface of the glass substrate
1 and a second lower wire 72 having the same three-layered
structure as described above (hereinafter referred to simply
as three-layered structure) formed on the upper surface of
the gate insulating film 12, there are provided a third lower
wire 73 made of chromium or the like formed on the upper
surface of the glass substrate 1 and a fourth lower wire 74
having a three-layered structure formed on the upper surface
of the gate insulating film 12. Also in this case, one end
portion of an upper wire 75 made of high reflectivity metal
such as aluminum-based metal, etc. formed on the upper
surface of the interlayer insulating film 19 can be connected
to the first lower wire 71 through a contact hole 76 formed
in the interlayer insulating film 19 and gate insulating film
12, and the other end portion of the upper wire 75 can be
connected to the second lower wire 72 through a contact
hole 77 formed in the interlayer insulating film 19.

MODIFIED EXAMPLE 2

[0086] FIG. 17 is a cross sectional view shown for
explaining the modified example 2 of the jumper connection
structure. Between a first lower wire 81 and second lower
wire 82 which are made of chromium or the like and formed
on the upper surface of the glass substrate 1, there is
provided a third lower wire 83 made of chromium or the like
formed on the upper surface of the glass substrate 1. Also in
this case, one end portion of an upper wire 84 made of high
reflectivity metal such as aluminum-based metal, etc.
formed on the upper surface of the interlayer insulating film
19 can be connected to the first lower wire 81 through a first
contact hole 85 formed in the interlayer insulating film 19
and gate insulating film 12, and the other end portion of the
upper wire 84 can be connected to the second lower wire 82
through a second contact hole 86 formed in the interlayer
insulating film 19 and gate insulating film 12.

MODIFIED EXAMPLE 3

[0087] FIG. 18 is a cross sectional view shown for
explaining the modified example 3 of the jumper connection
structure. Between a first lower wire 91 and second lower
wire 92 which have a three-layered structure and are formed
on the upper surface of the gate insulating film 12, there is
provided a third lower wire 93 having a three-layered
structure and formed on the upper surface of the gate
insulating film 12. Also in this case, one end portion of an
upper wire 94 made of high reflectivity metal such as
aluminum-based metal, etc. formed on the upper surface of
the interlayer insulating film 19 can be connected to the first
lower wire 91 through a first contact hole 95 formed in the
interlayer insulating film 19, and the other end portion of the
upper wire 94 can be connected to the second lower wire 92
through a second contact hole 96 formed in the interlayer
insulating film 19.

[0088] Various embodiments and changes may be made
thereunto without departing from the broad spirit and scope
of the invention. The above-described embodiments are
intended to illustrate the present invention, not to limit the
scope of the present invention. The scope of the present
invention is shown by the attached claims rather than the
embodiments. Various modifications made within the mean-
ing of an equivalent of the claims of the invention and within
the claims are to be regarded to be in the scope of the present
invention.
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[0089] This application is based on Japanese Patent Appli-
cation No. 2005-348904 filed on Dec. 2, 2005 and including
specification, claims, drawings and summary. The disclosure
of the above Japanese Patent Application is incorporated
herein by reference in its entirety.

What is claimed is:
1. A liquid crystal display device, comprising:

a substrate;
a switching element formed on the substrate;
a data line connected to the switching element;

an interconnecting wire formed on the substrate 1 and
insulated from the data line;

an interlayer insulating film formed on the substrate so as
to cover the switching element, the data line, and the
interconnecting wire;

an auxiliary capacitor electrode made of high reflectivity
metal, which is formed on the interlayer insulating film
and connected to the interconnecting wire;

an upper insulating film formed on the interlayer insulat-
ing film so as to cover the auxiliary capacitor electrode;
and

a pixel electrode formed on the upper insulating film so as
to be connected to another end of the switching ele-
ment,

wherein the interconnecting wire is made of a material
different from that of the auxiliary capacitor electrode,
and the interlayer insulating film and the upper insu-
lating film have a contact hole which reaches the
interconnecting wire.

2. The liquid crystal display device according to claim 1,

wherein an interconnecting wire connection pad, which is
connected to the interconnecting wire through the con-
tact hole, is formed on the upper insulating film around
the contact hole and an inside of the contact hole.

3. The liquid crystal display device according to claim 2,

wherein the interconnecting wire connection pad is made
of a transparent conductive material.
4. The liquid crystal display device according to claim 3,

wherein a surface of the interconnecting wire is made of
metal which is capable of forming an ohmic contact
with the transparent conductive material.

5. The liquid crystal display device according to claim 1,

wherein the switching element is a thin film transistor
comprising a semiconductor thin film, ohmic contact
layers, and source and drain electrodes, and the inter-
connecting wire has a stacked structure of layers, which
are made of a same material as the semiconductor thin
film, the ohmic contact layers, and the source and drain
electrodes respectively.

6. The liquid crystal display device according to claim 1,

wherein the data line and the interconnecting wire are
formed on a same layer.
7. The liquid crystal display device according to claim 1,

wherein the interlayer insulating film and the upper insu-
lating film have a contact hole which reaches the data
line, and a data line connection pad, which is connected
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to the data line through the contact hole, is formed on
the upper insulating film around the contact hole.
8. The liquid crystal display device according to claim 7,

wherein the switching element is a thin film transistor
comprising a semiconductor thin film, ohmic contact
layers, and source and drain electrodes, and the data
line has a stacked structure of layers, which are made
of a same material as the semiconductor thin film, the
ohmic contact layers, and the source and drain elec-
trodes respectively.

9. The liquid crystal display device according to claim 1,

further comprising

a scanning line formed on the substrate and including a
connection pad portion, and a lower insulating film
formed between the substrate and the interlayer insu-
lating film and including a contact hole corresponding
to the connection pad portion,

wherein the switching element is a thin film transistor
comprising a semiconductor thin film, ochmic contact
layers, a gate electrode connected to the scanning line,
and source and drain electrodes, and a scanning line
interconnecting wire, which is electrically connected to
the connection pad portion through the contact hole, is
formed on the lower insulating film.

10. The liquid crystal display device according to claim 9,

wherein the interlayer insulating film and the upper insu-
lating layer have a contact hole, from which a part of
the scanning line interconnecting wire is exposed.
11. The liquid crystal display device according to claim
10, comprising

a transparent conductive film connected to the scanning
line interconnecting wire through the contact hole,
formed on the upper insulating film around the contact
hole.

12. The liquid crystal display device according to claim 9,

wherein the interlayer insulating film has a contact hole
from which the connection ad portion is exposed and a
contact hole from which a part of the scanning line
interconnecting wire is exposed, and the connection
pad portion and the scanning line interconnecting wire
are connected to each other by a conductive material
provided in the contact hole and the contact hole.

13. The liquid crystal display device according to claim

12,

wherein the conductive material is made of a same
material as the auxiliary capacitor electrode.
14. The liquid crystal display device according to claim 1,
further comprising

a lower insulating film formed between the substrate and
the interlayer insulating film, wherein an upper wire
made of a same material as the auxiliary capacitor
electrode is formed on the interlayer insulating film, a
first lower wire is formed under the lower insulating
film, a second lower wire is formed above the lower
insulating film, one end portion of the upper wire is
connected to the first lower wire through a contact hole
formed in the interlayer insulating film and the lower
insulating film, and the other end portion of the upper
wire is connected to the second lower wire through a
contact hole formed in the interlayer insulating film.
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15. The liquid crystal display device according to claim
14,

wherein the switching element is a thin film transistor
comprising a semiconductor thin film, chmic contact
layers, and source and drain electrodes, and the second
lower wire has a stacked structure of layers, which are
made of a same material as the semiconductor thin film,
the ohmic contact layers, and the source and drain
electrodes respectively.

16. The liquid crystal display device according to claim 1,

comprising

a lower insulating film formed between the substrate and
the interlayer insulating film,

an upper wire made of a same metallic material as the
auxiliary capacitor electrode is formed on the interlayer
insulating film, first and second lower wires are formed
under the lower insulating film, one end portion of the
upper wire is connected to the first lower wire through
a contact hole formed in the interlayer insulating film
and the lower insulating film, and the other end portion
of the upper wire is connected to the second lower wire
through a contact hole formed in the interlayer insu-
lating film and the lower insulating film.

17. The liquid crystal display device according to claim 1,

comprising

a lower insulating film formed between the substrate and
the interlayer insulating film,

an upper wire made of a same metallic material as the
auxiliary capacitor electrode is formed on the interlayer
insulating film, first and second lower wires are formed
above the lower insulating film, one end portion of the
upper wire is connected to the first lower wire through
a contact hole formed in the interlayer insulating film,
and the other end portion of the upper wire is connected
to the second lower wire through a contact hole formed
in the interlayer insulating film.

18. A liquid crystal display device, comprising:

a substrate;

a thin film transistor formed on the substrate, and com-
prising a gate electrode, a semiconductor thin film, a
source electrode, and a drain electrode;

a scanning line connected to the gate electrode;
a data line connected to the drain electrode;

an interconnecting wire made of a same material as the
drain electrode;

an interlayer insulating film formed on the substrate so as
to cover the thin film transistor and the interconnecting
wire, and having first and second contact holes from
which parts of the interconnecting wire are exposed,

an auxiliary capacitor electrode made of reflective metal,
formed on the interlayer insulating film, and having a
region connected to the interconnecting wire through
the first contact hole;

an upper insulating film formed on the interlayer insulat-
ing film so as to cover the auxiliary capacitor electrode
including the region, and having a third contact hole
which connects with the second contact hole; and
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a pixel electrode made of a transparent conductive mate-
rial, formed on the upper insulating film so as to be
connected to the source electrode of the thin film
transistor, and having a region which is overlaid above
a part of the auxiliary capacitor electrode.

19. The liquid crystal display device according to claim

18, further comprising

a connection pad made of a same material as the pixel
electrode, formed on the upper insulating film around
the contact hole, and connected to the interconnecting
wire through the second and third contact holes.

20. The liquid crystal display device according to claim

18,

wherein the pixel electrode is made of 1TO, and the
auxiliary capacitor electrode is made of aluminum-
based metal.
21. The liquid crystal display device according to claim
18,

wherein the auxiliary capacitor electrode is made of light
shielding metal, and has a portion which covers at least
a channel region of the thin film transistor.
22. The liquid crystal display device according to claim
18,

wherein the scanning line has a connection pad portion,
the liquid crystal display device comprises a lower
insulating film formed on the substrate so as to cover
the gate electrode and the scanning line except the
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connection pad portion, and a scanning line intercon-
necting wire connected to the connection pad portion is
formed on the lower insulating film.

23. The liquid crystal display device according to claim
22,

wherein the interlayer insulating film has a contact hole
from which the connection pad portion is exposed and
a contact hole from which a part of the scanning line
interconnecting wire is exposed, and the connection
pad portion and the scanning line interconnecting wire
are connected to each other by a conductive material
provided in the contact hole and the contact hole.

24. The liquid crystal display device according to claim
23,

wherein the upper insulating layer and the interlayer
insulating layer have a contact hole from which a part
of the scanning line interconnecting wire is exposed.

25. The liquid crystal display device according to claim
24,

wherein a connection pad, which is made of a same
material as the pixel electrode and connected to the
scanning line interconnecting wire through the contact
hole, is formed on the upper insulating film around the
contact hole.



patsnap

TRAFROE) BEESEMHLEEHNRREIE RERE
NIF(2E)E US20070126942A1 K (2E)R 2007-06-07
HiES US11/633390 HiEA 2006-12-01

FRIEB(ERR)AGR) FERITENMKRNSHE
i (E R AGR) CASIO COMPUTER CO. , LTD.
LETEHIE(ERR)A(E) ORTUS TECHNOLOGY CO. , LTD

[#R1 &% BB A ISHII HIROMITSU
NAKAMURA YAYO!I
MORIKAWA SHIGERU

KBAAN ISHII, HIROMITSU
NAKAMURA, YAYOI
MORIKAWA, SHIGERU

BREEANEBREALENEEL, FXTHF  RBELNEELXERZRRE )
BLERR, ERBLEIR KRR ERE G BTERE EELNHE
BRRENR, TERALEE LR ELERUBEHBIERERENR ,
BELSER EFERERITF RS —RNGEBR, BELXHSH
B RBRBMTRNMEIGIE , HERRLEZEN L EEZREBFRRE
EL R

IPCH %S GO2F1/1343

CPCH¥%E GO02F1/136213 G02F1/136227 G02F2001/13629 GO2F2203/02

£ 5B 2005348904 2005-12-02 JP

H b2 FF SRR US7554618

ShEBEEEE Espacenet  USPTO

WE(R) BW oot 8517 24044 00K
EXARBETREES , EERLEAFRTH , ERERFXTH—HH ‘:. 2\ r ,,://,, ///L WL

J‘(l}- )\Lr L1

i

'

il
e

'

Y '{ /
P LQ &i/uw
Y

: \&42

A<

|
! 1

/ / / ) [ ’ ty 4
' [P ,

T
3 3A 2 2a51a b Ble
RN By 5

5


https://share-analytics.zhihuiya.com/view/fdf81685-6a51-4dc4-add5-da631c32bb21
https://worldwide.espacenet.com/patent/search/family/038118353/publication/US2007126942A1?q=US2007126942A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220070126942%22.PGNR.&OS=DN/20070126942&RS=DN/20070126942

