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7) ABSTRACT

A liquid crystal display device in which reliable contact can
be made through each through-hole includes a first conduc-
tive film, an insulating film formed to cover the first con-
ductive film, and a second conductive film formed on an
upper surface of the insulating film. The first conductive
film, the insulating film and the second conductive film are
formed on the liquid crystal-facing surface of at least one of
substrates disposed in opposition to each other with a liquid
crystal interposed therebetween. A part of the second con-
ductive film is electrically connected to the first conductive
film through a through-hole formed in the insulating film.
The first conductive film has a depressed portion or recess
formed in a portion thereof which is connected to the second
conductive film.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a liquid crystal
display device and, for example, to an active matrix type of
liquid crystal display device.

[0003] 2. Background Art

[0004] An active matrix type of liquid crystal display
device includes a plurality of gate signal lines disposed in
juxtaposition and a plurality of drain signal lines juxtaposed
to intersect the plurality of gate signal lines on the liquid
crystal-facing surface of one of substrates disposed in oppo-
sition to each other with a liquid crystal interposed therebe-
tween. Pixel areas are made to be the areas surrounded by
adjacent gate signal lines and adjacent drain signal lines.

[0005] Each of the pixel areas is provided with a switching
element operated by a scanning signal from the correspond-
ing gate signal line and a pixel electrode supplied with a
video signal from the corresponding drain signal lines via
the switching element.

[0006] This pixel electrode is arranged to cause electric
fields to be generated between the pixel electrode and a
counter electrode provided adjacently to the pixel electrode
or provided on a liquid crystal-facing surface of the other
substrate opposed to the pixel electrode.

[0007] These signal lines or electrodes are formed as
multiple layers insulated from one another by insulating
layers for providing insulation between different materials
having conductivity, and conduction at the required location
is provided by electrical connection through a through-hole
formed in the insulating film.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0008] However, it has been pointed out that with the
recent increase in the resolution of liquid crystal display
devices, the area of a contact portion obtained in each
through-hole formed in an insulating film becomes smaller
and a defect more easily occurs in electrical connection.

[0009] A similar problem has been pointed out in that the
number of insulating films to be stacked becomes greater
and hence the depth of each through-hole becomes greater
than in previous types of liquid crystal display devices.

[0010] The invention has been made in view of the above-
described problems, and aims to provide a liquid crystal
display device in which reliable contact can be made
through each through-hole.

[0011] Representative aspects of the invention described
in the present application will be described below briefly.

[0012] An accordance with an embodiment of the present
invention, a liquid crystal display device comprises a first
conductive film, at least one insulating film formed to cover
the first conductive film, and a second conductive film
formed on an upper surface of the at least one insulating
film, wherein the first conductive film, the at least one
insulating film and the second conductive film being formed
on a liquid crystal-facing surface of at least one of a pair of
substrates disposed in opposition to each other with a liquid
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crystal layer interposed therebetween, a part of the second
conductive film being electrically connected to the first
conductive film through a through-hole formed in the at least
one insulating film, and the first conductive film having a
recess formed in a portion connected to the second conduc-
tive film.

[0013] The recess is formed by etching using as a mask the
at least one insulating film in which the through-hole is
formed, and the first conductive film is connected to the
second conductive film at a bottom and side wall surface of
the recess.

[0014] According to a feature of the present invention, the
first conductive film is made of a two-layer structure, the
recess being formed in an upper conductive film of the
two-layer structure and a lower conductive film of the
two-layer structure is made of a material having a lower
electrical resistance than an electrical resistance of the upper
conductive film.

[0015] An accordance with another feature of the present
invention, the first conductive film is made of a three-layer
structure, the recess being formed in an uppermost layer of
the three-layer structure, and an intermediate layer provided
between the uppermost layer and a lowermost layer being
formed of a conductive layer which is lower in electrical
resistance than an electrical resistance of the uppermost and
lowermost layers.

[0016] The three layers of the first conductive film are
formed to be progressively thicker in the order of the
lowermost layer, the uppermost layer and the intermediate
layer.

[0017] The lowermost layer and the uppermost layer of the
first conductive film are formed of the same material.

[0018] The recess is a depressed portion formed in the first
conductive film.

[0019] A liquid crystal display device, in accordance with
another embodiment of the present invention, comprises on
a liquid crystal-facing surface of one of a pair of substrates
disposed in opposition to each other with a liquid crystal
interposed therebetween, a plurality of gate signal lines
disposed in juxtaposition, a plurality of drain signal lines
juxtaposed to intersect the gate signal lines, pixel areas
surrounded by adjacent gate signal lines and adjacent drain
signal lines, each of the pixel areas having a thin film
transistor enabled by a scanning signal from one of the
adjacent gate signal lines, a pixel electrode being supplied
with a video signal from one of the adjacent drain signal
lines via the thin film transistor, at least one insulating film
covering at least the pixel electrode, and a counter electrode
connected to a counter voltage signal line to generate an
electric field between the counter electrode and the pixel
electrode, and the counter voltage signal line being formed
in a lower portion of the at least one insulating film, and the
counter electrode being formed in an upper portion of the at
least one insulating film and being electrically connected to
the counter voltage signal line through a through-hole
formed in the at least one insulating film, wherein the
counter voltage signal line having a recess formed in a
portion thereof connected to the counter electrode.

[0020] According to a feature of the present invention, the
first conductive film is made of a two-layer structure, the
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recess being formed in an upper conductive film of the
two-layer structure, and a lower conductive film of the
two-layer structure being made of a material having a lower
electrical resistance than an electrical resistance of the upper
conductive film.

[0021] According to another feature of the present inven-
tion, the first conductive film is made of a three-layer
structure, the recess being formed in an uppermost layer of
the three-layer structure and an intermediate layer between
the uppermost layer and a lowermost layer being formed of
a conductive layer lower in electrical resistance than the
uppermost and lowermost layers.

[0022] The three layers of the first conductive film are
formed to be progressively thicker in the order of the
lowermost layer, the uppermost layer and the intermediate
layer.

[0023] The lowermost layer and the uppermost layer of the
first conductive film are formed of the same material.

[0024] The recess is a depressed portion formed in the first
conductive film.

[0025] A liquid crystal display device, according to a
feature embodiment of the present invention, comprises a
conductive layer having a three-layer structure made of a
first layer, a second layer and a third layer stacked in this
order from a liquid crystal-facing surface of at least one of
substrates disposed in opposition to each other with a liquid
crystal interposed therebetween, an insulating film formed to
cover the conductive layer, and the conductive layer and the
insulating film being formed on the liquid-crystal-side sur-
face of the at least one of the substrates, wherein the third
layer of the conductive layer being formed to be smaller in
width than a width of the first layer, the second layer having
a tapered shape with a width which changes in a direction
from the first layer to the third layer, and the first layer being
formed to make an angle of not greater than 90° at a side
wall of the taper of the first layer with the liquid-crystal-side
surface of the substrate.

[0026] The third layer of the conductive layer has a greater
dry-etching resistance than a dry-etching resistance of the
first layer, the first layer having a greater wet-etching resis-
tance than a wet-etching resistance of the third layer.

[0027] The first layer is formed of MoCer, the second layer
is formed of Al or an alloy thereof, and the third layer is
formed of MoZr.

[0028] An accordance with another embodiment of the
present invention, the liquid crystal display device com-
prises a plurality of gate signal lines disposed in juxtaposi-
tion, a plurality of drain signal lines juxtaposed to intersect
the gate signal lines, pixel areas surrounded by adjacent gate
signal lines and adjacent drain signal lines, each of the pixel
areas having a thin film transistor enabled by a scanning
signal from one of the adjacent gate signal lines, a pixel
electrode being supplied with a video signal from one of the
adjacent drain signal lines via the thin film transistor, at least
one insulating film covering at least the pixel electrode, and
a counter electrode connected to a counter voltage signal
line to generate an electric field between the counter elec-
trode and the pixel electrode, and the counter voltage signal
line being formed in a lower portion of the at least one
insulating film, and the counter electrode being formed in an
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upper portion of the at least one insulating film and being
electrically connected to the counter voltage signal line
through a through-hole formed in the at least one insulating
film, wherein at least one of the gate signal lines and the
drain signal lines or both of the gate signal lines and the
drain signal lines are formed by the conductive layer having
the three-layer structure.

[0029] The invention is not limited to any of the above-
described constructions, and can be modified in various
ways without departing from the technical idea of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The invention will become more readily appreci-
ated and understood from the following detailed description
of preferred embodiments of the invention when taken in
conjunction with the accompanying drawings, in which:

[0031] FIG.1is across-sectional view taken along line I-I
of FIG. 3, showing one embodiment of a pixel of a liquid
crystal display device the invention,

[0032] FIG. 2 is a diagrammatic view showing the entire
construction of one embodiment of the liquid crystal display
device according to the invention;

[0033] FIG. 3 is a plan view showing one embodiment of
the pixel of the liquid crystal display device according to the
invention;

[0034] FIG. 4 is an enlarged view of a through-hole
portion of the pixel of the liquid crystal display device
according to the invention;

[0035] FIG. 5 is an explanatory view showing an advan-
tage of the invention;

[0036] FIG. 6 is an explanatory view showing an advan-
tage of the invention;

[0037] FIG. 7 is an explanatory view showing a problem
occurring in a case where the invention is not applied;

[0038] FIG. 8 is an explanatory view showing a problem
occurring in a case where the invention is not applied,

[0039] FIGS. 9A to 91 are process diagrams showing one
embodiment of a manufacturing method for forming the
liquid crystal display device according to the invention,

[0040] FIG. 10 is a cross-sectional view showing another
embodiment of the pixel of the liquid crystal display device
according to the invention;

[0041] FIG. 11 is a cross-sectional view showing another
embodiment of the pixel of the liquid crystal display device
according to the invention;

[0042] FIG. 12 is a cross-sectional view showing another
embodiment of the pixel of the liquid crystal display device
according to the invention;

[0043] FIG. 13 is a cross-sectional view showing another
embodiment of the pixel of the liquid crystal display device
according to the invention;

[0044] FIG. 14 is a cross-sectional view showing another
embodiment of the pixel of the liquid crystal display device
according to the invention;
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[0045] FIG. 15is an explanatory view showing a problem
occurring in a case where the invention is not applied;

[0046] FIG. 16 is a view showing the construction of
another embodiment of the liquid crystal display device
according to the invention; and

[0047] FIG. 17 is a view showing the construction of
another embodiment of the liquid crystal display device
according to the invention.

DETAILED DESCRIPTION

[0048] Embodiments of the liquid crystal display device
according to the invention will be described below with
reference to the accompanying drawings.

[0049] Embodiment 1

[0050] <<Entire Construction of Liquid Crystal Display
Device>>

[0051] FIG. 2 is a diagrammatic view showing the entire

construction of Embodiment 1 of the liquid crystal display
device according to the invention. FIG. 2 is an equivalent
circuit diagram which is depicted to correspond to the actual
geometrical arrangement of the liquid crystal display device.

[0052] 1In FIG. 2, there are shown a pair of transparent
substrates SUB1 and SUB2 which are disposed in opposi-
tion to each other with a liquid crystal interposed therebe-
tween. The liquid crystal is sealed by a sealing material SL
which also serves to secure the transparent substrate SUB1
to the transparent substrate SUB2.

[0053] Gate signal lines GL and drain signal lines DL are
formed in the area surrounded by the sealing material SL on
the liquid crystal-facing surface of the transparent substrate
SUBI. The gate signal lines GL are disposed to be extended
in the x direction and to be juxtaposed in the y direction as
viewed in FIG. 2, while the drain signal lines DL are
disposed to be extended in the y direction and to be
juxtaposed in the x direction as viewed in FIG. 2.

[0054] Areas each of which is surrounded by adjacent gate
signal lines GL and adjacent drain signal lines DL constitute
pixel areas, respectively, and a matrix-form aggregation of
these pixel areas constitutes a liquid crystal display part AR.

[0055] Counter voltage signal lines CL each of which is
common to pixel areas juxtaposed in one row in the X
direction are formed to run through the pixel areas along the
respective rows. Each of the counter voltage signal lines CL
serves as a signal line for supplying a voltage which serves
as a reference for a video signal to a counter electrode CT
(to be described later) of each of the pixel areas.

[0056] A thin film transistor TFT and a pixel electrode PX
are formed in each of the pixel areas. The thin film transistor
TFT is operated by a scanning signal from one of the
adjacent gate signal lines GL, and the pixel electrode PX is
supplied with a video signal from one of the adjacent drain
signal lines DL via this thin film transistor TFT.

[0057] This pixel electrode PX is arranged to generate an
electric field between the pixel electrode PX and the counter
electrode CT connected to the counter voltage signal line
CL, and the optical transmissivity of the liquid crystal is
controlled by this electric field. One end of each of the gate
signal lines GL is extended beyond the sealing material SL,
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and the extended end constitutes a terminal to which an
output terminal of a vertical scanning driver circuit V is
connected. Signals from a printed circuit board which is
disposed outside a liquid crystal display panel are inputted
to input terminals of the vertical scanning driver circuit V.

[0058] The vertical scanning driver circuit V is made of a
plurality of semiconductor devices. Mutually adjacent gate
signal lines GL form groups, and one of the above semi-
conductor devices is assigned to each group.

[0059] Similarly, one end of each of the drain signal lines
DL is formed to be extended beyond the sealing material SL,
and the extended end constitutes a terminal to which an
output terminal of a video signal driver circuit He is con-
nected. Signals from a printed circuit board which is dis-
posed outside the liquid crystal display panel are inputted to
input terminals of the video signal driver circuit He.

[0060] The video signal driver circuit He is made of a
plurality of semiconductor devices. Mutually adjacent drain
signal lines DL form groups, and one semiconductor device
is assigned to each group.

[0061] The counter voltage signal lines CL each of which
is common to the pixel areas juxtaposed in each row in the
X direction are connected to a common connection line at
their right-hand ends as viewed in FIG. 2. The connection
line is formed to be extended beyond the sealing material
SL, and constitutes a terminal CLT at its extended end. The
voltage which serves as a reference for a video signal is
supplied from this terminal CLT.

[0062] Each one of the gate signal lines GL is sequentially
selected by a scanning signal from the vertical scanning
driver circuit V.

[0063] In addition, a video signal is supplied to each of the
drain signal lines DL by the video signal driver circuit He in
synchronism with the timing of selection of each one of the
gate signal lines GL.

[0064] In the above-described embodiment, both the ver-
tical scanning driver circuit V and the video signal driver
circuit He are made of a plurality of semiconductor devices
mounted on the transparent substrate SUB1, but may also be
made of, for example, semiconductor devices of a so-called
tape carrier package type which are connected between the
transparent substrate SUBL and the corresponding printed
circuit board. In addition, in the case where the semicon-
ductor layer of the thin film transistor TFT is made of
polycrystalline silicon (p-Si), such a semiconductor device
made of polycrystalline silicon may be formed together with
the wiring layer.

[0065]

[0066] FIG. 3 is a plan view showing one embodiment of
the above-described pixel area, and FIG. 1 is a cross-
sectional view taken along line I-I of FIG. 3.

[0067] As shown in FIGS. 1 and 3, a pair of gate signal
lines GL which are disposed to be extended in the x direction
and to be juxtaposed in the y direction are formed on the
liquid-crystal-side surface of the transparent substrate
SUBL.

[0068] These gate signal lines GL and a pair of drain
signal lines DL which will be described later surround a
rectangular area so that this rectangular area is constructed
as a pixel area.

<<Construction of Pixel>>
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[0069] A counter voltage signal line CL which is disposed
to run in parallel with the gate signal lines GL is formed
approximately in the middle of the pixel area. This counter
voltage signal line CL is formed at the same time as, for
example, the formation of the gate signal lines GL.

[0070] An insulating film GI made of, for example, SiN is
formed to cover the gate signal lines GL and other lines on
the surface of the transparent substrate SUB1 on which the
gate signal lines GL and the counter voltage signal lines CL
are formed in the above-described manner.

[0071] This insulating film GI has the function of an
interlayer insulating film between the gate signal lines GL
and the drain signal lines DL in an area in which the drain
signal lines DL (to be described later) are formed, and the
function of a gate insulating film for a thin film transistor
TFT (to be described later) in an area in which the thin film
transistor TFT is formed.

[0072] A semiconductor layer AS made of, for example,
amorphous Si is formed on a surface of the insulating film
GI in such a manner as to overlap a part of the gate signal
lines GL.

[0073] This semiconductor layer AS constitutes the semi-
conductor layer of the thin film transistor TFT, and a drain
electrode SD1 and a source electrode SD2 are formed on the
upper surface of the semiconductor layer AS, thereby form-
ing a reversed staggered structure MIS transistor which uses
a part of the gate signal line GL as its gate electrode.

[0074] The drain electrode SD1 and the source electrode
SD2 are formed at the same time as the formation of the
drain signal line DL.

[0075] Specifically, the drain signal lines DL which are
disposed to be extended in the y direction and to be
Juxtaposed in the x direction as viewed in FIG. 3 are formed,
and a part of each of the drain signal lines DL is formed to
be extended onto the upper surface of the semiconductor
layer AS to form the drain electrode SD1. The source
electrode SD2 is formed to be spaced apart from the drain
electrode SD1 by a distance equivalent to the channel length
of the thin film transistor TFT.

[0076] This source electrode SD2 is formed integrally
with the pixel electrode PX formed within the pixel area.

[0077] Specifically, the pixel electrode PX is made of a
plurality of (in FIG. 3, two) pixel electrodes which are
disposed to be extended in the y direction and to be
juxtaposed in the x direction within the pixel area. One end
of one of the pixel electrodes PX serves as the source
electrode SD2, and the other end is electrically connected to
another of the pixel electrodes PX at an area between the
two.

[0078] Although not shown, a thin layer doped with high
concentrations of impurities is formed at the interface
between the semiconductor layer AS and each of the drain
electrode SD1 and the source electrode SD2. This layer
functions as a contact layer.

[0079] This contact layer can be formed, for example, by
the process of forming a high-concentration impurity layer
on the surface of the semiconductor layer AS during the
formation of the semiconductor layer AS, and etching por-
tion of the impurity layer exposed with a mask with the

Jul. 10, 2003

pattern of the drain electrode SD1 and the source electrode
SD2 formed on the upper surface of the high-concentration
impurity layer. A protective film PSV which is made of an
organic material layer such as resin is formed on the surface
of the transparent substrate SUBL on which the thin film
transistors TFT, the drain signal lines DL, the drain elec-
trodes SD1, the source electrodes SD2 and the pixel elec-
trodes PX are formed in the above-described manner. This
protective film PSV serves as a film for avoiding direct
contact between the thin film transistors TFT and the liquid
crystal, and prevents the characteristic degradation of the
thin film transistors TFT.

[0080] This protective film PSV is made of a layer made
of an organic material such as resin or a stacked structure in
which a layer made of an inorganic material such as SiN and
a layer made of an organic material such as resin are stacked
alternately. In Embodiment 1, the protective film PSV is
made of a protective film PSV1 made of an organic material
layer and a protective film PSV2 made of an inorganic
material layer are stacked alternately.

[0081] The purpose for which at least the organic material
layer is used as the protective film PSV is to decrease the
dielectric constant of the protective film PSV itself.

[0082] The counter electrode CT is formed on the upper
surface of the protective film PSV. Similarly to the pixel
electrode PX, the counter electrode CT is made of a plurality
of (in FIG. 3, three) electrodes which are disposed to be
extended in the y direction and to be juxtaposed in the x
direction, and in plan view, each of the electrodes is posi-
tioned between adjacent pixel electrodes PX.

[0083] Specifically, the counter electrodes CT and the
pixel electrodes PX are disposed at equal intervals in the
order of counter electrode, pixel electrode, counter elec-
trode, pixel electrode, . . . , and counter electrode from one
of the drain signal line DL to the next drain signal line DL.

[0084] The counter electrodes CT which are respectively
disposed on the opposite extreme sides of the pixel area are
formed to be partly superposed on the respective drain signal
lines DL, and are formed to be used jointly by adjacent pixel
areas.

[0085] In other words, each of the counter electrodes CT
is superposed on the corresponding drain signal lines DL so
that their central axes approximately coincide with each
other, and the width of each of the counter electrodes CT is
formed to be larger than that of each of the drain signal lines
DL. The counter electrode CT that is located on the left side
of each of the drain signal lines DL constitutes one of the
counter electrodes CT of the pixel area to the left as viewed
in FIG. 3, while the counter electrode CT that is located on
the right side of each of the drain signal lines DL constitutes
one of the counter electrodes CT of the pixel area to the right
as viewed in FIG. 3.

[0086] The construction in which the counter electrodes
CT are wider than the drain signal lines DL and are respec-
tively formed over the drain signal lines DL in the above-
described manner serves the advantage that lines of electric
force from the drain signal lines DL are made to terminate
at the counter electrodes CT so that the lines of electric force
can be prevented from terminating at the pixel electrode PX.
If the lines of electric force from the drain signal lines DL
terminate at the pixel electrode PX, they will produce noise.
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[0087] In this case, the protective film PSV2 made of the
organic material layer is interposed between the respective
drain signal lines DL and the overlying counter electrodes
CT, whereby it is possible to reduce parasitic capacitances
which occur between the respective drain signal lines DL
and the overlying counter electrodes CT.

[0088] Each of the counter electrodes CT is formed of the
same material as and integral with a conductive film formed
to fully cover the gate signal lines GL.

[0089] One of the counter electrodes CT within the pixel
area is connected to the counter voltage signal line CL
through a through-hole TH formed to extend through the
protective film PSV2, the protective film PSVI and the
insulating film GI.

[0090] The connection structure of the counter voltage
signal line CL and the counter electrode CT through the
through-hole TH will be described later.

[0091] The reason why the counter voltage signal lines CL
are formed in the above-described manner is that in the case
where an optically transmissive material such as ITO
(Indium Tin Oxide), ITZO (Indium Tin Zinc Oxide) or IZO
(Indium Zinc Oxide) is used as the material of the counter
electrodes CT, the electrical resistance of the optically
transmissive material is large, so that interconnection lines
having small electrical resistance need to be formed sepa-
rately from the counter electrodes CT.

[0092] The portions of the pixel electrode PX that are
superposed on the counter voltage signal line CL have
comparatively large areas, respectively, whereby a capaci-
tance element Cstg, which uses the protective films GI as its
dielectric films, is formed between the pixel electrode PX
and the counter voltage signal line CL.

[0093] This capacitance element Cstg has, for example,
the function of storing a video signal supplied to the pixel
electrode PX for a comparatively long time.

[0094] An alignment film (not shown) is formed to cover
the counter electrodes CT on the upper surface of the
transparent substrate SUB1 on which the counter electrodes
CT are formed in the above-described manner. This align-
ment film is a film which is in direct contact with the liquid
crystal, and serves to determine the initial alignment direc-
tion of molecules of the liquid crystal by means of rubbing
this film on the surface of the alignment layer.

[0095] Both the pixel electrode PX and the counter elec-
trode CT have a zigzag shape made of a plurality of bends
formed along the running direction thereof; that is to say, a
so-called multi domain scheme is adopted.

[0096] The state of polarization of transmitted light varies
according to the incident direction of light on the liquid
crystal display panel even if the molecular arrangement of
the liquid crystal is the same, so that the transmissivity of
light varies according to the incident direction.

[0097] Such viewing-angle dependence of the liquid crys-
tal display panel has a display characteristic in which if an
observer inclines his viewing point obliquely from the
direction of a viewing angle, the phenomenon of brightness
reversal is caused and an image is tinted in the case of color
display.
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[0098] For this reason, the pixel electrode PX is formed in
a pattern having at least one bend formed along the extend-
ing direction of the pixel electrode PX, and further, the
counter electrode CT is formed in the same shape shifted in
parallel, whereby the directions of electric fields acting
between the electrodes PX and CT are made different
between one region and another region, the boundaries
between these regions being the lines connecting the bend-
ing points of the respective electrodes PX and CT, thereby
compensating for the tinting of an image depending on
viewing angles.

[0099]

[0100] FIG. 4 is an enlarged view showing the portion of
connection between the counter voltage signal line CL and
the counter electrode CT through the through-hole TH
shown in FIG. 1.

[0101] A distinctive construction of the contact portion
shown in FIG. 4 is that a depressed portion or recess is
formed in an exposed portion of the counter voltage signal
line CL (having a two-layer structure made of layers CL1
and CL2) in the through-hole TH formed to extend through
an insulating film IN (the protective film PSV2, the protec-
tive film PSV1 and the insulating film GI).

[0102] This depressed portion or recess is formed, for
example by dry etching or wet etching via the insulating film
IN (the protective film PSV2, the protective film PSV1 and
the insulating film GI) in which the through-hole TH is
formed.

[0103] The counter electrode CT formed on the upper
surface of the insulating film IN is covered with the side wall
surface of the through-hole TH and the surface of the
counter voltage signal line CL exposed in the through-hole
TH (the surface of the counter voltage signal line CL on
which the depressed portion is formed), whereby the counter
electrode CT is electrically connected to the counter voltage
signal line CL.

<<Construction of Contact Portion>>

[0104] According to this construction, the counter elec-
trode CT can be electrically connected to the counter voltage
signal line CL with high reliability.

[0105] Specifically, as shown in FIG. 5, the counter elec-
trode CT has a bend in a portion extending from the side wall
surface of the through-hole TH to the portion of the counter
voltage signal line CL exposed at the bottom of the through-
hole TH. A step disconnection QQ easily occurs at this bend.
This step disconnection QQ occurs more easily as the
diameter of the through-hole TH becomes smaller or the
thickness of the insulating film IN becomes larger.

[0106] However, as shown in FIG. 6, the step disconnec-
tion QQ tends to concentrate in the boundary portion
between the bottom and the side wall surface of the
depressed portion or recess formed in the counter voltage
signal line CL, and even if the step disconnection QQ
occurs, the counter electrode CT is formed so that it reliably
adheres to the side wall surface of the depressed portion. In
other words, since the upper layer CL2 is in contact with the
counter electrode CT, a sufficient amount of current is
allowed to flow as shown by a double-headed arrow in FIG.
6 in a portion where the counter electrode CT adheres to the
side wall surface of the depressed portion, whereby electri-
cal connection is ensured.
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[0107] FIG. 7 shows the reason why the step disconnec-
tion QQ occurs in the counter electrode CT at the bend
between the side wall surface of the through-hole TH and the
portion of the counter voltage signal line CL exposed at the
bottom of the through-hole TH, during the formation of the
counter electrode CT.

[0108] In FIG. 7, the layer of the counter electrode CT is
shown as an aggregation of a multiplicity of particles, and
particles R1 deposited on the side wall surface of the
through-hole TH and particles R2 deposited on the surface
of the counter voltage signal line CL exhibit a difference
between their growth speeds according to the difference
between the materials of layers underlying the particles R1
and R2, and as shown in FIG. 8, the step disconnection QQ
occurs due to a crack produced by the difference. At the step
disconnection QQ, an increase in connection resistance due
to defective conduction or partial contact easily occurs.

[0109] The depressed portion or recess formed in the
portion of the counter voltage signal line CL exposed in the
through-hole TH needs only to be 1 nm deep, and it has also
been confirmed that if the depressed portion is made deeper,
the reliability of the device is further improved. Even if a
step disconnection occurs in the counter electrode CT, the
counter electrode CT can be connected to the counter
voltage signal line CL through a portion of sectional area
obtained by multiplying the length of the circumference of
the bottom of the through-hole TH by 1 nm.

[0110] In addition, since the probability that the step
disconnection QQ occurs is, as described above, influenced
by the thickness of the insulating film IN interposed between
the counter voltage signal line CL and the counter electrode
CT, the depth of the depressed portion or recess formed in
the counter voltage signal line CL. may also be made not
smaller than, for example, Yio of the thickness of the
insulating film GI to achieve a further improvement in the
above-described advantage.

[o111]

[0112] In the description of Embodiment 1, although the
shown counter voltage signal line CL has the two-layer
structure, the description of the counter voltage signal line
CL has been made on the basis of a single-layer structure
because the above-described advantages can be similarly
obtained whether or not the counter voltage signal line CL
has a multiple-layer structure.

[0113] However, in the case of the two-layer structure, a
material capable of providing good contact may be selected
as the material of the upper layer CL2 which enables
connection to the counter electrode CT, and a material
having small electrical resistance may be selected as the
lower layer CL1.

[0114] FIGS. 9A to 91 are process diagrams showing one
embodiment of a manufacturing method for forming the
above-described connection portion. The manufacturing
method will be described below in the order of execution of
processes.

[0115]
[0116]

Embodiment 2

Process 1 (FIG. 9A)

A transparent substrate SUBI is prepared.
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[0117] Process 2 (FIG. 9B)

[0118] A lower metal layer MB of the counter voltage
signal line CL is formed on the main surface of the trans-
parent substrate SUB1.

[0119] Process 3 (FIG. 9C)

[0120] An upper metal layer MA of the counter voltage
signal line CL is formed on the main surface of the metal
layer MB. Then, the metal layers MB and MA are patterned
by a selective etching method using photolithography tech-
niques, thereby forming the counter voltage signal line CL.

[0121] Process 4 (FIG. 9D)

[0122] An insulating film IN is formed to cover the
counter voltage signal line CL and others on the transparent
substrate SUBI.

[0123] Process 5 (FIG. 9E)

[0124] A photoresist film PR is formed on the upper
surface of the insulating film IN, and a hole is formed by
applying selective exposure and development to the photo-
resist film PR. This hole is formed in a portion where a
through-hole TH is to be formed.

[0125] Process 6 (FIG. 9F)

[0126] The portion of the insulating film IN that is
exposed by the hole of the photoresist film PR is dry-etched,
thus using the photoresist film PR as a mask.

[0127] Process 7 (FIG. 9G)

[0128] The metal layer MA underlying the insulating film
IN is exposed to form the through-hole TH in the insulating
film IN, and drying etching is further continued to form a
depressed portion in the metal layer MA. After the depressed
portion has been formed, photoresist film PR is removed.

[0129] Process 8 (FIG. 9H)

[0130] A film of for example ITO is formed to cover the
through-hole TH and others on the insulating film IN.

[0131] Process p (FIG. 9F)

[0132] The ITO film is patterned with a selective etching
method using photolithography techniques, thereby forming
a counter electrode CT.

[0133]

[0134] In the description of Embodiment 3, reference will
be made to the counter voltage signal line CL having, for
example, a three-layer structure.

[0135] FIG. 10 is a cross-sectional view showing a con-
struction in which the counter voltage signal line CL has a
three-layer structure (a first layer CL1, a second layer C1.2
and a third layer CL3) and the counter electrode CT is
electrically connected to the counter voltage signal line CL
through the through-hole TH and others in the insulating
film IN which is formed to cover the counter voltage signal
line CL (for example, a stacked structure in which the
insulating film GI, the protective film PSV1 and protective
film PSV2 are stacked in this order).

[0136] In the counter voltage signal line CL, the material
of the second layer CL2 is made of a material of low
resistance, and the material of the second layer CL2 is
protected by the materials of the first layer CL1 and the third

Embodiment 3
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layer CL3 so that the reliability of the counter voltage signal
line CL underlying the insulating film IN is improved.

[0137] In this case, it is preferable that the first layer CL1,
the third layer CL3 and the second layer CL2 be made
progressively larger in film thickness in this order. This is
because the second layer CL2 is predominant in determining
the interconnection resistance of the counter voltage signal
line CL and the electrical resistance of the counter voltage
signal line CL can be reduced by increasing the film thick-
ness of the second layer CL2.

[0138] The third layer CL3 is provided so that a depressed
portion or recess is formed in an exposed portion of the
counter voltage signal line CL extending from the through-
hole TH of the insulating film IN, and the contact of the
counter voltage signal line CL with the counter electrode CT
is realized at the bottom and the side wall surface of the
depressed portion.

[0139] If the depressed portion is to be formed to a
sufficiently great depth to provide this contact, it is desirable
that the film thickness of the third layer CL3 be made at least
twice that of the first layer CL1. With this construction, the
area of connection of the counter voltage signal line CL with
the counter electrode CT can be made large on the side wall
surface of the depressed portion.

[0140] In addition, the first and third layers CL1 and CL3
may be made of the same material. In this case, it is possible
to obtain a construction which is superior in mass-produc-
tivity.

[0141]

[0142] FIG. 11 is a view showing the construction of
Embodiment 4 of the liquid crystal display device according
to the invention, and corresponds to FIG. 4.

[0143] The construction of Embodiment 4 differs from the
construction shown in FIG. 4 in that the depressed portion
of the counter voltage signal line CL. made of a two-layer
structure, in which portion the counter voltage signal line CL
is connected to the counter electrode CT, is formed to a
depth at which the upper surface of the lower layer CL1 is
exposed.

[0144] In this case as well, since a depressed portion
having a comparatively great depth is not formed in the
lower conductive layer CLI, it is possible to restrain
decrease in the electrical resistance of the lower conductive
layer CL1 itself.

[0145] Tt goes without saying that Embodiment 4 can be
applied to the case in which the counter voltage signal line
CL has a three-layer structure.

[0146]

[0147] FIG. 12A is a view showing the construction of
Embodiment 5 of the liquid crystal display device according
to the invention, and corresponds to FIG. 4.

[0148] The construction of Embodiment 5 differs from the
construction shown in FIG. 4 in that a multiplicity of
concave and convex areas are formed in the upper surface of
the upper layer CL2 that is connected to the counter elec-
trode CT, the upper layer CL.2 being one of two layers which
constitute the counter voltage signal line CL.

Embodiment 4

Embodiment 5
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[0149] In the case of this construction, the area of contact
between the counter voltage signal line CL and the counter
electrode CT is increased, whereby the contact resistance
therebetween can be improved. In addition, as shown in
FIG. 12B, during the formation of the counter electrode CT,
since constituent particles R3 can grow in multiple direc-
tions, it is possible to restrain step disconnection from
occurring in a step portion.

[0150] The concave and convex shapes can be formed by
a method of intermittently turning on and off the supply of
a dry-etching gas during the process of working a metal
layer which is to have the concave and convex areas, or a
method of modulating the intensity of plasma at the time of
dry etching during the process of working a metal layer
which is to have the concave and convex areas. In addition,
the concave and convex parts can also be formed by
unevenly distributing the alloy composition of the sputtering
target during the formation of the metal layer to change the
alloy composition of the metal layer into various composi-
tions at individual locations, thereby making the dry-etching
rate different at individual locations.

[0151]

[0152] FIG. 13 is a view showing the construction of
Embodiment 6 of the liquid crystal display device according
to the invention, and corresponds to FIG. 11.

[0153] The construction of Embodiment 6 differs from the
construction shown in FIG. 11 in that a multiplicity of
scattered conductive layers CLL2 each formed in an island-
like shape are formed in the portion where the counter
voltage signal line CL is connected to the counter electrode
CT.

[0154] Inthe case of this construction as well, it is possible
to obtain an advantage similar to that obtained in the case
where the concave and convex parts are formed on the
surface of the counter voltage signal line CL.

[0155]

[0156] Embodiment 7 relates to the construction of both
the gate signal lines GL and the drain signal lines DL.

[0157] FIG. 14A is a view showing the cross-sectional
shape of, for example, one of the drain signal lines DL.

[0158] The shown drain signal line DL has a three-layer
structure. As shown in FIG. 14B, letting W1 and W2 be,
respectively, the width of a lower conductive layer (a first
layer) and the width of an upper conductive layer (a third
layer), the drain signal line DL has the relationship of
WI1>W2, and an intermediate conductive layer (a second
layer) is formed in a tapered shape so that its width decreases
from the lower conductive layer toward the upper conduc-
tive layer, i.c., from the width W1 to the width W2.

[0159] As shown in FIG. 14C, both an angle 61 of the side
wall surface of the lower conductive layer and an angle 62
of the side wall surface of the intermediate conductive layer
are 90° or less.

[0160] In this case, if an insulating film is formed to cover
the drain signal line DL formed in this manner, a crack does
not easily occur in the vicinity of the drain signal line DL in
the running direction thereof, and damage due to the crack
can be prevented.

Embodiment 6

Embodiment 7
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[0161] To make the advantage of Embodiment 6 clearer,
consideration will be given to the case shown in FIG. 15A
in which an angle of the side wall surface of the lower
conductive layer of a signal line having a three-layer struc-
ture is made greater than 90° by side etching during etching,
as indicated by FTA in FIG. 15A.

[0162] As shown in FIG. 15B, in the case where an
insulating film IN is formed to cover the drain signal line DL
and others, the side wall of the lower conductive layer of the
drain signal line DL is not fully covered with the insulating
film IN, so that a crack FTB easily occur in an uncovered
portion and extends to the surface of the insulating film IN.
This is because air remains in the portion uncovered with the
insulating film IN and when the surrounding area is evacu-
ated, the resulting pressure difference applies a large force to
the insulating film IN.

[0163] In this case, there is the problem that, as shown in
FIG. 15C, in the case where a conductive film WRN is
formed on the upper portion of the drain signal line DL with
a single-layer insulating film interposed therebetween, a
short circuit easily occurs at the location indicated by an
arrow in FIG. 15C). In addition, there is the problem that,
as shown in FIG. 15D, in the case where a conductive film
WRN2 is formed on the upper portion of the drain signal line
DL with a two-layer insulating film interposed therebe-
tween, the problem of a degradation of breakdown voltage
is caused through a crack in the portion of FIG. 15D in
which a double-headed arrow is shown. As a result, leakage
current increases and power consumption increases.

[0164] In the case of the pixel shown in FIG. 3, the
above-described problem occurs between either the gate
signal lines GL and the overlying counter electrode CT or
between the drain signal lines DL and the overlying counter
electrode CT.

[0165] The drain signal line DL shown in FIG. 15A can be
formed by selecting the material of each of the upper and
lower metal layers so that the etching rate of the lower metal
layer becomes smaller than that of the upper metal layer. In
particular, it is preferable that the wet etching rates of the
respective upper and lower metal layers satisfy such a
relationship.

[0166] In this case, when a through-hole which exposes a
part of the drain signal line DL s to be formed by dry etching
in the insulating film which covers the drain signal line DL,
it is desirable that a material having resistance to dry etching
be selected for the upper metal layer.

[0167] Forexample, MoCr is suited to the metal of the first
layer, Al-based metal to the metal of the second layer, and
MoZr to the metal of the third layer. In this case, for
example, AINd can be used as the Al-based metal of the
second layer.

[0168]

[0169] FIG. 16 is a view showing the construction of
Embodiment 8 of the liquid crystal display device according
to the invention, and corresponds to a cross-section taken
along XVI-XVI in FIG. 11.

[0170] In Embodiment 8, for example in the case where
the counter voltage signal line CL is made of a two-layer
structure as described above and low-resistance Al or an
alloy thereof is used for a lower layer, an alignment mark

Embodiment 8

Jul. 10, 2003

AM is formed on, for example, the surface of the transparent
substrate SUB1 outside the sealing material SL at the same
time as the formation of the lower layer.

[0171] Since Al has a high reflectance, a read error does
not easily occur when the alignment mark AM is recognized
through light reflected from the alignment mark AM.

[0172] 1In this case, when drying etching for forming a
through-hole in an insulating film is to be effected to form
a depressed portion or recess in the upper metal layer to
provide connection between the counter voltage signal line
CL and the counter electrode CT, the diameter of the
depressed portion or recess is extremely small and the speed
of etching of the depressed portion is slow.

[0173] On the other hand, even in the case where the
alignment mark AM is formed of a two-layer structure
similarly to the counter voltage signal line CL, the upper
metal layer of the alignment mark AM is removed during dry
etching, and a surface of Al or an alloy thereof is exposed.
This is because the alignment mark AM having an area as
large as a pixel area is easily exposed to dry-etching gas and
the speed of etching of the alignment mark AM is relatively
fast.

[0174]

[0175] In the description of each of Embodiments 1 to 8,
reference has been made to a so-called horizontal electric
field type of liquid crystal display device, but it goes without
saying that the invention can also be applied to a vertical
electric field type of liquid crystal display device.

[0176] FIG.17A is a plan view showing one embodiment
of a pixel of a so-called vertical electric field type of liquid
crystal display device, and corresponds to FIG. 3. In FIG.
17A, portions denoted by the same reference numerals as
those shown in FIG. 3 are made of the same materials and
the same functions as those of the corresponding portions
shown in FIG. 3. FIG. 17B is a cross-sectional view taken
along line b-b of FIG. 17A.

[0177] The difference between Embodiment 9 and the
construction shown in FIG. 3 resides in the pixel electrode
PX. The pixel electrode PX shown in FIG. 17A is formed
to cover a large part of the pixel area on the protective film
PSV2, and is formed of an optically transmissive material
made of, for example, ITO (Indium Tin Oxide), ITZO
(Indium Tin Zinc Oxide) or IZO (Indivm Zine Oxide).

[0178] This pixel electrode PX is connected to the source
electrode SD2 of the thin film transistor TFT through the

through-hole TH formed to extend through the protective
films PSV2 and PSV1.

[0179] In this case, a depressed portion or recess is formed
in the portion of the source electrode SD2 that is connected
to the pixel electrode PX, and the source electrode SD2 is
formed to have, for example, a three-layer structure.

[0180] The pixel electrode PX is arranged to cause electric
fields to be generated perpendicular to the opposing trans-
parent substrate SUB2 between the pixel electrode PX and
a counter electrode made of an optically transmissive mate-
rial and formed in common with each pixel area on the liquid
crystal-facing surface of the transparent substrate SUB2.

[0181] In addition, the invention is not limited to a
through-hole in a pixel area, and can also be applied to the
contact of a terminal portion to realize stable conductive
connection.

Embodiment 9
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[0182] As is apparent from the foregoing description, in
accordance with the liquid crystal display device according
to the invention, contact through a through-hole can be made
reliable.

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

a first conductive film;

at least one insulating film formed to cover the first
conductive film; and

a second conductive film formed on an upper surface of
the at least one insulating film;

wherein the first conductive film, the at least one insulat-
ing film and the second conductive film are formed on
a liquid crystal-facing surface of at least one of a pair
of substrates disposed in opposition to each other with
a liquid crystal layer interposed therebetween;

wherein a part of the second conductive film is electrically
connected to the first conductive film through a
through-hole formed in the at least one insulating film;
and

wherein the first conductive film has a recess formed in a
portion thereof which is connected to the second con-
ductive film.

2. A liquid crystal display device according to claims 1,
wherein the recess is formed by etching using as a mask the
at least one insulating film in which the through-hole is
formed, and the first conductive film is connected to the
second conductive film at a bottom and side wall surface of
the recess.

3. A liquid crystal display device according to claims 1,
wherein the first conductive film is made of a two-layer
structure, the recess being formed in an upper conductive
film of the two-layer structure and a lower conductive film
of the two-layer structure is made of a material having a
lower electrical resistance than an electrical resistance of the
upper conductive film.

4. A liquid crystal display device according to claims 1,
wherein the first conductive film is made of a three-layer
structure, the recess being formed in an uppermost layer of
the three-layer structure, and an intermediate layer provided
between the uppermost layer and a lowermost layer being
formed of a conductive layer which is lower in electrical
resistance than an electrical resistance of the uppermost and
lowermost layers.

5. A liquid crystal display device according to claim 4,
wherein the three layers of the first conductive film are
formed to be progressively thicker in the order of the
lowermost layer, the uppermost layer and the intermediate
layer.

6. A liquid crystal display device according to claim 3,
wherein the lowermost layer and the uppermost layer of the
first conductive film are formed of the same material.

7. A liquid crystal display device according to claim 1,
wherein the recess is a depressed portion formed in the first
conductive film.

8. A liquid crystal display device comprising on a liquid
crystal-facing surface of one of a pair of substrates disposed
in opposition to each other with a liquid crystal interposed
therebetween:

a plurality of gate signal lines disposed in juxtaposition;
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a plurality of drain signal lines juxtaposed to intersect the
gate signal lines; and

pixel areas surrounded by adjacent gate signal lines and
adjacent drain signal lines;

wherein each of the pixel areas has a thin film transistor
enabled by a scanning signal from one of the adjacent
gate signal lines, a pixel electrode is supplied with a
video signal from one of the adjacent drain signal lines
via the thin film transistor, at least one insulating film
covers at least the pixel electrode, and a counter elec-
trode is connected to a counter voltage signal line so as
to generate an electric field between the counter elec-
trode and the pixel electrode, and

wherein the counter voltage signal line is formed in a
lower portion of the at least one insulating film, and the
counter electrode is formed in an upper portion of the
at least one insulating film and is electrically connected
to the counter voltage signal line through a through-
hole formed in the at least one insulating film,

the counter voltage signal line having a recess formed in
a portion thereof connected to the counter electrode.

9. A liquid crystal display device according to claims 8,
wherein the first conductive film is made of a two-layer
structure, the recess being formed in an upper conductive
film of the two-layer structure, and a lower conductive film
of the two-layer structure being made of a material having
a lower electrical resistance than an electrical resistance of
the upper conductive film.

10. A liquid crystal display device according to claims 8,
wherein the first conductive film is made of a three-layer
structure, the recess being formed in an uppermost layer of
the three-layer structure and an intermediate layer between
the uppermost layer and a lowermost layer being formed of
a conductive layer lower in electrical resistance than the
uppermost and lowermost layers.

11. A liquid crystal display device according to claim 10,
wherein the three layers of the first conductive film are
formed to be progressively thicker in the order of the
lowermost layer, the uppermost layer and the intermediate
layer.

12. A liquid crystal display device according to claim 11,
wherein the lowermost layer and the uppermost layer of the
first conductive film are formed of the same material.

13. A liquid crystal display device according to claim 8,
wherein the recess is a depressed portion formed in the first
conductive film.

14. A liquid crystal display device comprising:

a conductive layer having a three-layer structure made of
a first layer, a second layer and a third layer stacked in
this order from a liquid crystal-facing surface of at least
one of substrates disposed in opposition to each other
with a liquid crystal interposed therebetween; and

an insulating film formed to cover the conductive layer;

wherein the conductive layer and the insulating film is
formed on the liquid-crystal-side surface of the at least
one of the substrates;

wherein the third layer of the conductive layer is formed
to be smaller in width than a width of the first layer, the
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second layer having a tapered shape with a width which
changes in a direction from the first layer to the third
layer; and

wherein the first layer is formed to make an angle of not
greater than 90° at a side wall of the taper of the first
layer with the liquid-crystal-side surface of the sub-
strate.

15. A liquid crystal display device according to claim 14,
wherein the third layer of the conductive layer has a greater
dry-etching resistance than a dry-etching resistance of the
first layer, the first layer having a greater wet-etching resis-
tance than a wet-etching resistance of the third layer.

16. A liquid crystal display device according to claim 15,
wherein the first layer is formed of MoCr, the second layer
is formed of Al or an alloy thereof, and the third layer is
formed of MoZr.

17. Aliquid crystal display device according to claims 14,
further comprising:

a plurality of gate signal lines disposed in juxtaposition;

a plurality of drain signal lines juxtaposed to intersect the
gate signal lines; and

pixel areas surrounded by adjacent gate signal lines and
adjacent drain signal lines;
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wherein each of the pixel areas has a thin film transistor
enabled by a scanning signal from one of the adjacent
gate signal lines, a pixel electrode is supplied with a
video signal from one of the adjacent drain signal lines
via the thin film transistor, at least one insulating film
covers at least the pixel electrode, and a counter elec-
trode is connected to a counter voltage signal line so as
to generate an electric field between the counter elec-
trode and the pixel electrode,

wherein the counter voltage signal line is formed in a
lower portion of the at least one insulating film, and the
counter electrode is formed in an upper portion of the
at least one insulating film and is electrically connected
to the counter voltage signal line through a through-
hole formed in the at least one insulating film; and

wherein at least one of the gate signal lines and the drain
signal lines is formed by the conductive layer having
the three-layer structure.

18. Aliquid crystal display device according to claim 17,
wherein both of the gate signal lines and the drain signal
lines are formed by the conductive layer having the three-
layer structure.
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