US 20090121996A1

12y Patent Application Publication (o) Pub. No.: US 2009/0121996 A1

a9y United States

TAKANO et al,

(43) Pub, Date: May 14, 2009

(54) LIQUID CRYSTAL DISPLAY DEVICE

(75) Inventors: Takao TAKANO, Chiba (JP);

Seiichi Kawashima, Mobara (JP)

Correspondence Address:
ANTONELLL, TERRY, STOUT & KRAUS, LLP
1300 NORTH SEVENTEENTH STREET, SUITE
1800
ARLINGTON, VA 22209-3873 (US)

(73)

Assignee: IPS Alpha Technology Ltd.

(21) Appl.No:  12/270,183

(22) Filed: Nov. 13, 2008

(30) Foreign Application Priority Data

Nov. 14,2007  (JP) oo 2007-295071

Publication Classification

(51) Int.CL

(52)
(7)

US.CL e, 345/92
ABSTRACT

A liquid crystal display device is provided with: a number of
gate signal lines and a number of drain signal lines formed so
as to cross the gate signal lines provided on the surface of one
of a pair of substrates provided so as to face each other with
liquid crystal in between on the liquid crystal side; and thin
film transistors connected to a gate signal line and a drain
signal line, pixel electrodes to which a video signal is sup-
plied from a drain signal line via a thin film transistor, and a
counter electrode to which a reference signal which becomes
a reference for the video signal is supplied via a counter
voltage signal line provided in pixel regions surrounded by a
pair of adjacent gate signal lines and a pair of adjacent drain
signal lines, and is characterized in that the above described
counter electrodes are formed of a transparent conductive
film, the above described pixel electrodes are formed of a
transparent conductive film and on the liquid crystal side
relative to the above described counter electrodes via an insu-
lating film, and the above described counter voltage signal
lines are formed in the direction in which the above described
gate signal lines run so as to overlap with the above described
gate signal lines via the above described insulating film and
be electrically connected to the above described counter elec-
trodes via contact holes created in the above described insu-
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] The present application claims priority over Japa-
nese Application JP 2007-295071 filed on Nov. 14, 2007, the
content of which is hereby incorporated into this application
by reference.

BACKGROUND OF THE INVENTION

[0002] (1) Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and in particular, to a so-called IPS (in-plane
switching) system active matrix type liquid crystal display
device.

[0004] (2) Related Art Statement

[0005] Active matrix type liquid crystal display devices are
provided with a number of gate signal lines which extend in
the direction x and are aligned in the direction y, and a number
of drain signal lines which extend in the direction y and are
aligned in the direction x on the surface of one of a pair of
substrates provided so as to face each other with liquid crystal
in between on the liquid crystal side, and have regions sur-
rounded by a pair of adjacent gate signal lines and a pair of
adjacent drain signal lines as pixel regions.

[0006] Each pixel region is provided with a thin film tran-
sistor which is turned on by a scanning signal coming from
one gate signal line, and a pixel electrode to which a video
signal is supplied from one drain signal line via the thin film
transistor that is turned on.

[0007] In addition, IPS system liquid crystal display
devices are formed so that the other electrode (counter elec-
trode) which makes a pair with the above described pixel
electrode is formed on the surface on the substrate side where
the pixel electrode is formed, and liquid crystal is driven
between the pixel electrode and the counter electrode by
means of an electrical field which includes a component
parallel to the surface of the above described substrate (in
some cases referred to as lateral electrical field system).

[0008] In addition, liquid crystal displays where counter
electrodes are formed of a transparent conductive film cover-
ing the surface at the center of each pixel, but not a thin strip
in the periphery, and the pixel electrodes are formed of a
transparent conductive film having a number of slits which
faces each counter electrode with an insulating film in
between on the counter electrode, and as a result, the opening
ratio of the pixels is much higher, are known.

[0009] Inthis case, the counter electrodes are formed on the
substrate in the same layer as counter voltage signal lines and
connected to the counter voltage signal lines, and thus elec-
trically connected to the counter voltage signal lines.

[0010] The counter voltage signal lines are formed of the
same material as the above described gate signal lines, and a
metal material is usually used. As a result, a reference signal
which becomes a reference for a video signal can be supplied
to the counter electrodes via the above described counter
electrode signal lines having a low electrical resistance.
[0011] The following Patent Document 1, for example, dis-
closes a liquid crystal display device having such a configu-
ration.

[0012] (Patent Document 1) Japanese Unexamined Patent
Publication 2005-284304
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SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

[0013] However, in thus formed liquid crystal display
devices, the counter voltage signal lines are generally formed
in the same layer as the gate signal lines, for reasons relating
to the process, and therefore, the counter voltage signal lines
must be placed inside pixel regions surrounded by a pair of
adjacent gate signal lines and a pair of adjacent drain signal
lines.

[0014] The counter voltage signal lines are formed of a
metal material, and thus have light blocking properties.
Therefore, the region where the counter voltage signal lines
are formed in the pixel regions becomes a region where light
is blocked, and this has become a factor in preventing the
opening ratio from increasing.

[0015] An object of the present invention is to provide a
liquid crystal display device where the opening ratio of pixels
is higher.

Means for Solving Problem

[0016] Thegistoftypical inventions from among the inven-
tions disclosed in the present application is briefly described
below.

[0017] (1) The liquid crystal display device according to the
present invention is provided with: a number of gate signal
lines and a number of drain signal lines formed so as to cross
the gate signal lines provided on the surface of one of a pair of
substrates provided so as to face each other with liquid crystal
in between on the liquid crystal side; and thin film transistors
connected to a gate signal line and a drain signal line, pixel
electrodes to which a video signal is supplied from a drain
signal line via a thin film transistor, and a counter electrode to
which a reference signal which becomes a reference for the
video signal is supplied via a counter voltage signal line
provided in pixel regions surrounded by a pair of adjacent
gate signal lines and a pair of adjacent drain signal lines, and
is characterized in that the above described counter electrodes
are formed of a transparent conductive film, the above
described pixel electrodes are formed of a transparent con-
ductive film and on the liquid crystal side relative to the above
described counter electrodes via an insulating film, and the
above described counter voltage signal lines are formed in the
direction in which the above described gate signal lines run so
as to overlap with the above described gate signal lines viathe
above described insulating film and be electrically connected
to the above described counter electrodes via contact holes
created in the above described insulating film.

[0018] (2) The liquid crystal display device according to the
present invention has the same configuration as (1), and is
characterized in that the above described counter voltage
signal lines are provided with protrusions which extend in
such a direction as to cross the counter voltage signal lines,
and the protrusions are formed so as to cover contact holes
created in the above described insulating film.

[0019] (3) The liquid crystal display device according to the
present invention has the same configuration as (2), and is
characterized in that the above described counter voltage
signal lines are formed of a multilayer body of a transparent
conductive film and a metal film.

[0020] (4) The liquid crystal display device according to the
present invention has the same configuration as (3), and is
characterized in that the contour of the above described metal
film is within the contour of the above described transparent
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conductive film when the above described counter voltage
signal lines are viewed in a plane.

[0021] (5) The liquid crystal display device according to the
present invention has the same configuration as (3), and is
characterized in that the above described protrusions are
formed of a multilayer body of a transparent conductive film
and a metal film.

[0022] (6) The liquid crystal display device according to the
present invention has the same configuration as (3), and is
characterized in that the above described protrusions are
formed only of a transparent conductive film.

[0023] (7) The liquid crystal display device according to the
present invention has the same configuration as (3), and is
characterized in that the above described counter voltage
signal lines are formed of a metal film.

[0024] (8) The liquid crystal display device according to the
present invention has the same configuration as (1), and is
characterized in that the above described facing voltage sig-
nal lines cover part or the entirety of the above described gate
signal lines in the direction paralle] to the direction in which
the above described drain signal lines run.

[0025] (9) The liquid crystal display device according to the
present invention has the same configuration as (1), and is
characterized in that the above described pixel electrodes and
the above described counter voltage signal lines are formed in
the same layer.

[0026] (10) The liquid crystal display device according to
the present invention has the same configuration as (1), and is
characterized in that the above described counter electrodes
and the above described gate signal lines are formed in the
same layer.

[0027] Here, the present invention is not limited to the
above described configuration, and various modifications are
possible, as long as the technical idea of the present invention
is not deviated from.

EFFECTS OF THE INVENTION

[0028] Inthe liquid crystal display device according to the
present invention, the opening ratio of pixels is higher.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIGS. 1(a) and 1(d) are diagrams showing the con-
figuration of a main portion of the liquid crystal display
device according to one embodiment of the present invention;
[0030] FIG. 2 is a plan diagram showing the entirety of the
liquid crystal display device according to one embodiment of
the present invention;

[0031] FIG.3isaplandiagram showing a pixel in the liquid
crystal display device according to one embodiment of the
present invention;

[0032] FIG. 41sa cross sectional diagram along line VI-VI
in FIG. 3;
[0033] FIGS. 5(a)to 5(e) are diagrams illustrating the main

steps in a manufacturing method for the liquid crystal display
device according to one embodiment of the present invention;
[0034] FIG. 6is a plan diagram showing a main portion of
the liquid crystal display device according to another embodi-
ment of the present invention;

[0035] FIG. 7 is a cross sectional diagram showing a main
portion of the liquid crystal display device according to
another embodiment of the present invention; and
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[0036] FIGS. 8(a) and 8(b) are diagrams showing the con-
figuration of an example of a conventional liquid crystal
display device.

EXPLANATION OF SYMBOLS

[0037] SUB1, SUB2... substrate

[0038] SL ... sealing material

[0039] AR...liquid crystal display region
[0040] GL ... gate signal line

[0041] DL ... drain signal line

[0042] CL ... counter voltage signal line
[0043] PIJ...protrusion

[0044] TFT ... thin film transistor

[0045] PX... pixel electrode

[0046] CT ... counter electrode

[0047] GI.. . gate insulating film

[0048] PAS ... protective film

[0049] THI1, TH2 ... contact hole

[0050] OXL ...transparent conductive film
[0051] MTL ... metal film

[0052] RES(s), RES(p) . .. photoresist film

DETAILED DESCRIPTION OF THE INVENTION
Best Mode for Carrying Out the Invention
First Embodiment

[0053] In the following, the liquid crystal display device
according to an embodiment of the present invention is
described in reference to the drawings.

<Configuration of Entirety>

[0054] FIG. 2is a diagram showing the configuration of the
entirety of the liquid crystal display device according to one
embodiment of the present invention.

[0055] InFIG. 2, the liquid crystal display device has a pair
of substrates SUB1 and SUB2 which are provided so as to
face each other and made of glass, for example, as outer walls,
and liquid crystal (not shown) is sandwiched between the
substrates SUB1 and SUB2.

[0056] The liquid crystal is sealed in by a sealing material
SL which also works to secure the substrate SUB2 to the
substrate SUB1, and the region surrounded by the sealing
material SL forms a liquid crystal display region AR.

[0057] The substrate SUB1 is formed so as to have a larger
area than the substrate SUGB2, and has regions which are
exposed from under the substrate SUB2 on the left side and
top side in the figure, for example.

[0058] A number of semiconductor devices SCN(V) are
mounted and aligned in the region on the left side of the
substrate SUB1, and a number of semiconductor devices
SCN(He) are mounted and aligned in the region on the top
side of the substrate SUB1. The above described number of
semiconductor devices SCN(V) form a scanning signal drive
circuit and are connected to the below described gate signal
lines GL, and the above described number of semiconductor
devices SCN(He) form a video signal drive circuit and are
connected to the below described drain signal lines DL.
[0059] Gate signal lines GL which extend in the direction x
and are aligned in the directiony in the figure and drain signal
lines DL which extend in the direction y and are aligned in the
direction x are formed within the liquid crystal display region
AR on the surface of the substrate SUB1 on the liquid crystal
side.
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[0060] Rectangular regions surrounded by a pair of adja-
cent gate signal lines GL and a pair of adjacent drain signal
lines DL form regions where a pixel is formed, and thus, the
pixels are arranged in a matrix within the liquid crystal dis-
play region AR.

[0061] The end portion of the above described gate signal
lines GL on the left extends to the outside of the liquid crystal
display region AR beyond the sealing material SL, and is
connected to the output terminals of nearby semiconductor
devices SCN(V) so that a scanning signal (voltage) can be
supplied by the semiconductor devices SCN(V).

[0062] The end portion of the above described drain signal
lines DL on the top side extends to the outside of the liquid
crystal display region AR beyond the sealing material SI and
is connected to the output terminals of nearby semiconductor
devices SCN(He) so that a video signal (voltage) can be
supplied by the semiconductor devices SCN(He).

[0063] The above described pixels are provided as shown
within the circle P', which is an enlargement of the circle P in
the figure, with a thin film transistor TFT which is turned on
by a scanning signal (voltage) from a gate signal line GL, a
pixel electrode PX to which a video signal (voltage) is sup-
plied from a drain signal line DL via the thin film transistor
TFT that is turned on, and a counter electrode CT to which a
reference signal (voltage) is applied, so that an electrical field
is generated as a result of the difference in potential with the
pixel electrode PX. The pixel electrode PX and the counter
electrode CT are formed on the same substrate SUB1, and the
electrical field partially includes a component of the electrical
field parallel to the surface of the substrate SUB1, and liquid
crystal displays where such an electrical field moves (drives)
molecules in the liquid crystal are referred to as being of a
lateral electrical field type.

[0064] Here, the above described reference signal is
applied to the above described counter electrode CT through
acounter voltage signal line CL which is placed parallel to the
gate signal lines GL, and the counter voltage signal line CL
extends beyond the above described sealing material SL. and
is connected to a counter voltage terminal CTM formed on the
surface of the substrate SUBI.

[0065] In the above described embodiment, the scanning
signal drive circuits V and the video signal drive circuits HE
are formed and mounted on the substrate SUB1. However, the
invention is not limited to this, and semiconductor devices
formed in so-called tape carrier systems (semiconductor
devices where semiconductor chips are mounted on a flexible
substrate) may be provided so as to cross the substrate SUB1
and a printed circuit board, not shown, in the configuration.

<Configuration of Pixels>

[0066] FIG. 3 is a plan diagram showing the structure of a
pixel of the above described liquid crystal panel PNL on the
substrate SUB1 side according to one embodiment. The
respective pixels provided on the top, bottom, left and right of
the pixel shown in FIG. 3 have the same configuration as this
pixel. In addition, FIG. 4 is a cross sectional diagram along
line IV-IVin FIG. 3, and FIG. 1(a) is a cross sectional diagram
along line I(a)-I(a) in F1G. 3.

[0067] First, gate signal lines GL. which extend in the direc-
tion x in the figure are formed on the surface (front surface) of
the substrate SUB1 on the liquid crystal side so as to be
aligned in the direction y.
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[0068] These gate signal lines GL form pixel regions in
regions surrounded by these gate signal lines and the below
described drain signal lines DL.

[0069] In addition, counter electrodes CT made of a trans-
parent conductive film, such as of ITO (indium tin oxide), are
formed in the pixel regions on the front surface of the above
described substrate SUB1. These counter electrodes CT form
surface electrodes covering the major portions at the center of
the regions but not a thin strip in the periphery of the above
described pixel regions.

[0070] Inaddition, a gate insulating film GI (see FIGS. 1(a)
and 4) is formed on the front surface of the TFT substrate
SUB1 so as to cover the above described gate signal lines GL
and the counter electrodes CT. This gate insulating film GI
functions as a gate insulating film for the thin film transistors
TFT in regions where the below described tin film transistors
TFT are formed, and the film thickness and the like are set
accordingly.

[0071] An amorphous semiconductor layer AS made of
amorphous silicon, for example, is formed on the upper sur-
face of the above described gate insulating film GI and in such
portions as to overlap with part of the above described gate
signal lines GL. This semiconductor layer AS is to form a
semiconductor layer of the above described thin film transis-
tors TFT.

[0072] Inaddition, the semiconductor layers AS' formed at
the same time as the above described semiconductor layer AS
are formed at intersections between the gate signal lines GL
and the below described drain signal lines DL. These semi-
conductor layers AS' function as an interlayer insulating film
between the gate signal lines GL and the above described
drain signal lines DL, together with the above described gate
insulating film GI.

[0073] Inaddition, drain signal lines DL are formed so as to
extend in the direction y in the figure, and these drain signal
lines DL extend to the region where the thin film transistor
TFT is formed in a portion of the intersections with the gate
signal lines GL, and these extending portions reach the upper
surface of the above described semiconductor layer AS so as
to form the drain electrodes of the thin film transistors TFT.

[0074] Inaddition, the drain signal lines DL and the source
electrodes ST of the above described thin film transistors TFT
formed at the same time as the drain electrodes DL are formed
so as to face the above described drain electrodes DT above
the above described semiconductor layer AS. In addition, the
above described source electrodes ST extend from the semi-
conductor layer AS to aregion where the semiconductor layer
AS is not formed, and these extending portions form pad
portions PD. These pad portions PD make electrical and
physical connection with the below described pixel elec-
trodes PX.

[0075] The above described drain electrodes DT are
formed in an arc pattern so as to surround the end portions of
the above described source electrodes ST, and thus make the
channel width of the tin film transistors TFT greater.

[0076] Here, when the above described semiconductor
layer AS is formed on the insulating film GI, impurities of a
high concentration are doped through the front surface, for
example, and the above described drain electrodes DT and
source electrodes ST are formed and patterned, and after that,
the high concentration impurity layer formed in regions other
than regions where drain electrodes DT and source electrodes
ST are formed is etched and removed using the drain elec-
trodes DT and the source electrodes ST as a mask. This is
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because the high concentration impurity layer (not shown)
remains between the semiconductor layer AS and the drain
electrodes DT, as well as between the semiconductor layer AS
and the source electrodes ST, so that the impurity layer forms
an ohmic contact layer.

[0077] As aresult, the above described thin film transistors
TFT are formed as MIS (metal insulator semiconductor) type
transistors having a so-called reverse staggered structure,
where part of the gate signal lines GL are used as gate elec-
trodes.

[0078] Here, in MIS type transistors, the drain electrode DT
and the source electrode ST are switched, depending on the
application of a bias, and in the description in this specifica-
tion, the electrode connected to the drain signal line DL is
referred to as drain electrode DT, and the electrode connected
to the pixel electrode PX is referred to as source electrode ST
for the sake of convenience.

[0079] A protective film PAS (see FIGS. 1(a) and 4) is
formed of a silicon nitride film, for example, on the surface of
the TFT substrate SUB1 so as to coat the above described thin
film transistors TFT.

[0080] This protective film PAS prevents the thin film tran-
sistors TFT from making direct contact with the liquid crys-
tal, and thus, functions to prevent the properties of the thin
film transistors TFT from deteriorating, and also functions as
a dielectric film for forming holding capacitors between the
above described counter electrodes CT and the below
described pixel electrodes PX.

[0081] In addition, pixel electrodes PX are formed on the
upper surface of the protective film PAS of a transparent
conductive film, such as of ITO (indium tin oxide).

[0082] The above described pixel electrodes PX overlap
with the above described counter electrodes CT and are
formed in regions covering the major portions at the center
but not a thin strip in the periphery of the above described
pixel regions so as to have a number of slits SLT.

[0083] Thatistosay, a number ofslits SLT are created so as
to form a slight angle with the direction in which the gate
signal lines GL run.

[0084] A number of slits SLT in a pixel electrode PX are
created so as to extend in such a direction as to form an angle
of +0 degrees with the direction in which the gate signal lines
GL run in one ofthe two regions gained by dividing the region
of the pixel into anupper and a lower portion in the figure, and
are created so as to extend in such a direction as to form an
angle of -0 degrees in the other region. A so-called multi-
domain system is adopted, and the disadvantage of there
being discoloration depending on the view angle can be over-
come in the configuration.

[0085] The thus formed pixel electrodes PX are electrically
connected to the above described pad portions PD (source
electrodes ST of thin film transistors TFT) through contact
holes TH1 created in the above described protective film PAS.
[0086] In addition, counter voltage signal lines CL are
formed of a multilayer body where a transparent conductive
film OXL, such as of ITO (indium tin oxide), and a metal film
MTL, such as of aluminum, molybdenum or the like, are
layered on the upper surface ofthe above described protective
film PAS in this order in this embodiment.

[0087] The configuration of the counter voltage signal lines
CL of the multilayer body where the transparent conductive
film OXL and the metal film MTL are layered in this order is
described in detail below.
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[0088] The thus formed counter voltage signal lines CL are
formed in the direction in which the gate signal lines GL run
s0 as to overlap with the above described gate signal lines GL.
[0089] In addition, the counter voltage signal lines CL are
provided with protrusions PJ which extend in such a direction
as to cross part of the counter voltage signal lines, and these
protrusions PJ are electrically connected to the above
described counter electrodes CT through contact holes TH2
created in the above described protective film PAS. As a
result, a reference signal is supplied to the above described
counter electrodes CT via the above described counter volt-
age signal lines CL.

[0090] The counter voltage signal lines CL are formed in
this manner, and thus the above described contact holes TH2
for the above described counter electrodes CT are created,
and the side which faces the above described counter voltage
signal lines CL can be in the vicinity of the above described
gate signal lines GL. That is to say, the counter voltage signal
lines CL which include a metal film are not located between
counter electrodes CT and gate signal lines. As a result, the
area of the transparent region can be increased in the pixel
regions, so that the opening ratio of the pixels can be
increased.

[0091] Incidentally, FIG. 8(a) is a plan diagram showing an
example of a conventional liquid crystal display device, and
shows the structure of a pixel, as does FIG. 3. In addition,
FIG. 8(b) is a cross sectional diagram along line b-b in FIG.
8(a).

[0092] As shown in FIGS. 8(a) and 8(b), the counter volt-
age signal lines CL are formed in the same layer as the gate
signal lines GL, and formed in the direction in which the gate
signal lines GL run so as to be adjacent to the gate signal lines
GL.

[0093] The counter electrodes CT are formed so as to over-
lap with the counter voltage signal lines CL on the side of the
above described counter voltage signal lines CL, and electri-
cally connected to the counter voltage signal lines CL.
[0094] 1In the thus formed liquid crystal display device, the
above described counter voltage signal lines CL must be
provided so as to keep a certain distance with the gate signal
lines GL, in order to achieve electrical isolation from the gate
signal lines GL, and in addition, a certain width must be
secured in order to reduce the electrical resistance of the
counter voltage signal lines CL. Therefore, the above
described counter voltage signal lines CL must be formed so
as to be mostly within the pixel regions, so that the opening
ratio of the pixels can be reduced.

[0095] In contrast, in the liquid crystal display device
according to the present embodiment, the counter voltage
signal lines CL are formed on the upper surface of the pro-
tective film PAS so as to overlap with the gate signal lines GL,
and therefore, the configuration can allow the counter voltage
signal lines CL to be prevented from entering into the pixel
regions.

[0096] Here, though not shown in FIGS. 1(a) and 4, an
orientation film is formed on the surface of the above
described substrate SUB1 so as to cover the pixel electrodes
PX. and this orientation film sets the direction of initial ori-
entation of the molecules in the liquid crystal which make
direct contact with the orientation film.

[0097] Inaddition, though amorphous silicon is used in the
semiconductor layers AS and AS' in the above described
embodiment, the invention is not limited to this, and polysili-
con or the like may be used.
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<Counter Voltage Signal Lines CL>

[0098] Theabove described counter voltage signal lines CL
are formed of a multilayer body where a transparent conduc-
tive film OXL and a metal film MTL are layered in this order,
as described above.

[0099] As shown in FIG. 1(a), the above described trans-
parent conductive film OXL is formed in the same layer as the
pixel electrodes PX. In addition, the above described metal
film MTL is formed of such a material having low electrical
resistance, such as aluminum or molybdenum. In addition,
the transparent conductive film OXL is formed in the lower
layer within the counter voltage signal lines CL so as to make
direct contact with the counter electrodes CT. In some cases a
problem arises with the adhesion between the transparent
conductive film and the metal film, due to the difference in the
material. In particular, in the case where contact is made in a
small region, such as in a contact hole TH2, the problem with
the adhesiveness becomes significant. In the present embodi-
ment, the counter voltage signal lines CL and the counter
electrodes CT are both made of a transparent conductive film
in the contact holes TH2, and therefore, adhesiveness can be
secured.

[0100] As described above, the counter voltage signal lines
CL are formed of a multilayer body where a transparent
conductive film OXT and a metal film MTL are layered in this
order, and thus, the connection with the above described
counter electrodes CT in the above described contact holes
TH2 can be made excellent, and at the same time, the electri-
cal resistance of the counter voltage signal lines CL can be
reduced a great deal.

[0101] In addition, as shown in FIG. 1(5), which is a plan
diagram showing the above described counter voltage signal
lines CL, the contour of the above described counter voltage
signal lines CL becomes the contour of the transparent con-
ductive film OXL, and the contour of the metal film MTL is
within the contour of the above described transparent con-
ductive film OXL in this embodiment.

[0102] As is clear from the description below, structures
having counter voltage signal lines CL. made of a multilayer
body where a transparent conductive film OXL and a metal
film MTL are layered in this order and pixel electrodes PX
made of only a transparent conductive film OXL can be
gained in a single process for masking using a photolitho-
graphic technology.

[0103] Here, the counter voltage signal line CL shown in
FIG. 1(b) includes a protrusion PJ which is a connection
portion with a counter electrode CT, and the cross section of
the counter electrode signal line CL in FIG. 1(a) corresponds
to the cross section along line a-a in FIG. 1(5).

<Manufacturing Method>

[0104] FIGS.5(a)to 5(e) are diagrams illustrating the steps
in a manufacturing method for a liquid crystal display device
having the above described configuration according to one
embodiment, where counter voltage signal lines CL and pixel
electrodes PX are formed through a single process for mask-
ing using a photolithographic technology.

[0105] FIGS. 5(a) to 5(e) are cross sectional diagrams
along line I(a)-I(a) in FIG. 3. In the following, the manufac-
turing method is described following the steps.

[0106] Step 1 (FIG. 5(a))

[0107] Gate signal lines GL, counter electrodes CT, a gate
insulating film GI. thin film transistors TFT (not shown) and
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a protective film PAS are formed on the surface of a substrate
SUBL1 on the liquid crystal side, and contact holes TH2 for
making connection between the below described counter
voltage signal lines CL and part of the above described
counter electrodes CT are created in the above described
protective film PAS.

[0108] In addition, a transparent conductive film CXL
made of ITO, for example, and a metal film MTL made of Al
or Mo, for example, are formed on the surface of the above
described protective film PAS in this order so as to cover the
above described contact holes TH2.

[0109] Afterthat, a photoresist film is formed on the surface
of the above described metal film MTL, and undergoes a
process for masking using a photolithographic technology,
and thus, a photoresist film RES(s) in regions where the above
described counter voltage signal lines CL are to be formed
and a photoresist film RES(p) in regions where pixel elec-
trodes PX are to be formed remain.

[0110] Inthis case, the above described photoresist RES(s)
and photoresist film RES(p) which remain both are wider
than the counter voltage signal lines CL and the pixel elec-
trodes PX to be formed. As is clear from the following steps,
the above described metal film MTL and transparent conduc-
tive film OXL having a predetermined pattern are formed
using the above described photoresist film RES(s) and pho-
toresist film RES(p) as a mask, and carrying out so-called side
etching on the above described metal film MTL and transpar-
ent conductive film OXL.

[0111] Step 2 (FIG. 5(b)

[0112] Theabove described metal film MTL is etched using
the above described photoresist film RES(s) and photoresist
film RES(p) as a mask.

[0113] Inthiscase, the above described metal layer MTL is
etched until the side wall surface of the metal film MTL is
inside the side wall surface of the above described photoresist
film RES(s) and photoresist film RES(p).

[0114] The above described metal film MTL patterned
through etching in this step is slightly wider than the counter
voltage signal lines CL and the pixel electrodes PX to be
gained in regions where the above described counter voltage
signal lines CL and pixel electrodes PX are formed.

[0115] Step 3 (FIG. 5(c))

[0116] The above described transparent conductive film
OXL is etched using the above described metal layer MTL as
a mask, leaving the above described photoresist film RES(s)
and photoresist film RES(p) as they are.

[0117] In this case, the above described transparent con-
ductive film OXL is etched until the side wall surface of the
transparent conductive film OXL is inside the side wall sur-
face of the above described metal film MTL formed in a layer
above the transparent conductive film OXL.

[0118] The above described transparent conductive film
OXL patterned through etching in this step is formed so as to
have the same width as the counter voltage signal lines CL
and the pixel electrodes PX to be gained in regions where the
above described counter voltage signal lines CL and pixel
electrodes PX are formed.

[0119] Step 4 (FIG. 5(d))

[0120] The above described metal layer MTL is etched
using the remaining resist film RES(s) and photoresist film
RES(p) as a mask.

[0121] In this case, etching continues until the metal layer
MTL is gone in regions where the pixel electrodes PX are
formed.
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[0122] As described above, the pixel electrodes PX are
formed so as to have a line pattern, and therefore, the above
described metal layer MTL above regions where the pixel
electrodes PX are formed has asmall width, and is completely
removed when the above described etching continues.
[0123] Meanwhile, the metal layer MTL remains on the
transparent conductive film OXL in regions where the counter
voltage signal lines CL having a relatively large area are
formed in such a state that the side wall surface is inside the
side wall surface of the transparent conductive film OXL
formed in a layer beneath the metal layer MTL.

[0124] Step 5 (FIG. 5(e))

[0125] The above described photoresist film RES(s) and
photoresist film RES(p) are removed.

[0126] As a result, pixel electrodes PX are formed of a
transparent conductive film OXL, and counter voltage signal
lines CL are formed of a multilayer body where a transparent
conductive film OXT and a metal film MTL are layered in this
order.

[0127] Here, the manufacturing method according to the
embodiment shown in FIG. 5 is a case where the counter
voltage signal lines CL and the pixel electrodes PX are
formed in a single process for masking using a photolitho-
graphic technology, as described above.

[0128] However, the invention is not limited to this method,
and the counter voltage signal lines CL and the pixel elec-
trodes PX can be formed in a single process for masking using
a half-tone mask, for example.

[0129] The half-tone mask is formed as a mask having a
completely light blocking region, a half light transmitting
region and a completely light transmitting region, and a pho-
toresist mask having two-step films can be formed by expos-
ing a photoresist film to light using this mask and developing
the photoresist film.

[0130] In addition, the respective films in the multilayer
film (for example a multilayer film where a transparent con-
ductive film and a metal film are layered in this order) in a
layer beneath the photoresist mask can be etched to a prede-
termined pattern using this photoresist mask.

[0131] When etching of the film in the upper layer is com-
pleted, the above described photoresist mask is removed from
the surface in the direction of the depth, so as to partially
remain as a pattern for etching the film in the lower layer.
[0132] In addition, it is not necessary to carry out a single
process for masking in order to form the counter voltage
signal lines CL and the pixel electrodes PX shown in FIG.
1(a). The transparent conductive film OXL, and the metal film
MTL may be separately and selectively etched and patterned
using a photolithographic technology.

Second Embodiment

[0133] FIG. 6 is a diagram showing the liquid crystal dis-
play device according to another embodiment of the present
invention, and corresponds to FIG. 1(b).

[0134] The configuration is different from the case of FIG.
1(a) inthat the width W of the counter voltage signal lines CL,
that is to say, the width W of the transparent conductive film
OXL for forming the counter voltage signal lines CL, is
greater.

[0135] As a result, the above described counter voltage
signal lines CL have approximately the same width as the
above described gate signal lines GL, and thus, can overlap
with the gate signal lines GL so as to cover approximately the
entire region of the above described gate signal lines GL.
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[0136] In addition, the metal film MTL layered on the
above described transparent conductive film OXL is formed
so that the contour is a considerable distance inside the con-
tour of the above described transparent conductive film OXL.
That is to say, the protrusions PJ of the above described
counter voltage signal lines CL are formed only of the trans-
parent conductive film OXT., and have a configuration where
the metal film MTL is not layered. As a result, the efficiency
oftransmission in the protrusion PJ portions canbe increased,
and it becomes possible to increase the opening ratio of the
pixel regions. In addition, the above described metal film
MTL is formed in the direction in which the counter voltage
signal lines CL extend, and therefore, reduction in the elec-
trical resistance can be achieved.

Third Embodiment

[0137] FIG. 7 is a diagram showing the liquid crystal dis-
play device according to another embodiment of the present
invention, and corresponds to FIG. 1(a).

[0138] The configuration is different from the case of FIG.
1(a) in that the counter voltage signal lines CL are formed of
only a metal film MTL.

[0139] In this case also, the above described counter volt-
age signal lines CL, excluding the protrusions PJ, are formed
so as to overlap with the gate signal lines GL, and thus, the
opening ratio of the pixels is higher in the configuration.
[0140] In addition, though in the above described embodi-
ment, a material made of ITO (indium tin oxide) is used for
the transparent conductive film OXL, the material is not lim-
ited to this, and another transparent conductive film, such as
of IZ0 (indium zinc oxide), may be used.

[0141] In addition, though in the above described embodi-
ment, aluminum and molybdenum are cited as examples of
the metal film MTL, other metals, such as copper, chromium
and tantalum, can be used in addition to these, and further-
more, alloys of the same can be used.

[0142] The above described embodiments may be used
alone or combined for use. This is because the effects of the
respective embodiments can be gained when used alone or
collectively.

1. A liquid crystal display device, comprising:

a number of gate signal lines and a number of drain signal
lines formed so as to cross the gate signal lines provided
on the surface of one of a pair of substrates provided so
as to face each other with liquid crystal in between on the
liquid crystal side; and

thin film transistors connected to a gate signal line and a
drain signal line, pixel electrodes to which a video signal
is supplied from a drain signal line via a thin film tran-
sistor, and a counter electrode to which a reference sig-
nal which becomes a reference for the video signal is
supplied via a counter voltage signal line provided in
pixel regions surrounded by a pair of adjacent gate signal
lines and a pair of adjacent drain signal lines, character-
ized in that

said counter electrodes are formed of a transparent conduc-
tive film,

said pixel electrodes are formed of a transparent conduc-
tive film and on the liquid crystal side relative to said
counter electrodes via an insulating film, and

said counter voltage signal lines are formed in the direction
in which said gate signal lines run so as to overlap with
said gate signal lines via said insulating film and be
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electrically connected to said counter electrodes via con-
tact holes created in said insulating film.

2. The liquid crystal display device according to claim 1,
characterized in that said counter voltage signal lines are
provided with protrusions which extend in such a direction as
to cross the counter voltage signal lines, and the protrusions
are formed so as to cover contact holes created in said insu-
lating film.

3. The liquid crystal display device according to claim 2,
characterized in that said counter voltage signal lines are
formed of a multilayer body of a transparent conductive film
and a metal film.

4. The liquid crystal display device according to claim 3,
characterized in that the contour of said metal film is within
the contour of said transparent conductive film when said
counter voltage signal lines are viewed in a plane.

5. The liquid crystal display device according to claim 3,
characterized in that said protrusions are formed of a multi-
layer body of a transparent conductive film and a metal film.
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6. The liquid crystal display device according to claim 3,
characterized in that said protrusions are formed only of a
transparent conductive film.

7. The liquid crystal display device according to claim 3,
characterized in that said counter voltage signal lines are
formed of a metal film.

8. The liquid crystal display device according to claim 1,
characterized in that said facing voltage signal lines cover part
or the entirety of said gate signal lines in the direction parallel
to the direction in which said drain signal lines run.

9. The liquid crystal display device according to claim 1,
characterized in that said pixel electrodes and said counter
voltage signal lines are formed in the same layer.

10. The liquid crystal display device according to claim 1,
characterized in that said counter electrodes and said gate
signal lines are formed in the same layer.

% ok ok sk ok
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