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THIN FILM TRANSISTOR SUBSTRATE AND
LIQUID CRYSTAL DISPLAY PANEL HAVING
SUB-PIXELS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a thin film transistor sub-
strate and a liquid crystal display panel for use in a liquid
crystal display apparatus.

2. Description of the Related Art

In recent years, liquid crystal display apparatus have been
used in television receivers, monitors and the like. In particu-
lar, ina liquid crystal display apparatus equipped with a liquid
crystal display panel using a thin film transistor substrate
having a matrix arrangement of thin film transistors (TFTs)
on an insulating substrate (hereinafter referred to as “TFT
liquid crystal display panel”), it is desired to improve image
display quality with increased spatial and image depth reso-
lution.

ATFT liquid crystal display panel generally includes a thin
film transistor substrate, a counter substrate facing the thin
film transistor substrate, and a liquid crystal layer sandwiched
therebetween. The TFT liquid crystal display panel controls
the gray scale of the image to be displayed by applying a
voltage across transparent electrodes formed on the sub-
strates to tilt liquid crystal molecules and change the light
transmittance. Recent growth in demand of liquid crystal
display apparatus has diversified requirements therefor.
Among others, there is a strong demand for improvements in
viewing angle characteristics and display quality, and verti-
cally aligned (VA) liquid crystal display apparatus emerges as
a potential candidate to meet this demand.

A VA liquid crystal display apparatus is characterized by
vertically aligned films provided on the opposing surfaces of
the substrates and a liquid crystal layer with negative dielec-
tric anisotropy therebetween. The VA liquid crystal display
apparatus also has, for example, linear domain restrictors
(projections or slits) on the substrates to provide multi-do-
main alignment. This allows the VA liquid crystal display
apparatus to achieve excellent viewing angle characteristics
and display quality.

Although in TFT liquid crystal display panels used in the
VA type and other types of liquid crystal display apparatus,
each pixel typically has one pixel electrode, a structure in
which the pixel electrode is divided into a plurality of sub-
pixel electrodes in one pixel is also known in the art. For
example, Japanese Patent No. 3,076,938 discloses a configu-
ration in which in a pixel region defined by a gate bus line and
drain bus line, electrical potentials supplied to a plurality of
sub-pixel electrodes through one TFT are changed by capaci-
tive coupling. JP-A-63-262621, JP-A-3-024524, and JP-A-9-
179141 disclose thin film transistor substrates and liquid
crystal display apparatuses having sub-pixel electrodes
divided by a gate bus line or drain bus line.

Multi-domain vertical alignment liquid crystal display
apparatus, however, has a problem that the screen looks whit-
ish when viewed from a diagonal direction, which is so-called
“white-blurring”. To address this problem, a method has been
proposed in which the pixel electrode in one pixel is divided
into a plurality of sub-pixel electrodes and distributed in a
mixed manner such that some of the sub-pixel electrodes
directly receive a gray level voltage through a pixel TFT and
the other sub-electrodes have a predetermined voltage lower
than the gray-level voltage due to capacitive coupling, which
is a so-called capacitive half-tone driving method.
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Japanese Patent No. 3098345 and JP-A-2002-287712 are
exemplified as another related art documents.

However, the pixel structure used in the capacitive half-
tone driving method has the following disadvantages. First,
since a capacitive electrode for capacitively coupling the sub-
pixel electrodes is formed of the same film in the pixel region
as the opaque metal film forming the pixel TFT, the effective
area of the pixel and hence the transmittance decrease due to
the presence of the capacitive electrode. Second, to avoid
such a problem, forming the capacitive electrode with a trans-
parent electrode material increases the number of manufac-
turing steps. Third, insulation between the adjacent sub-pixel
electrodes requires a slit region of a predetermined width,
resulting in decreased effective pixel area by the amount of
the slit width and hence decreased transmittance. Fourth, to
avoid such a problem, decreasing the slit width may cause
short circuit between the adjacent sub-pixel electrodes due to
pattern defects during patterning of the sub-pixel electrodes.
Fifth, the adjacent sub-pixel electrodes having different elec-
trical potentials result in a complex pixel structure. Sixth, the
complex pixel structure limits the freedom in pixel design.

SUMMARY OF THE INVENTION

An object of the invention is to provide a thin film transistor
substrate and a liquid crystal display panel with good display
quality.

The above object is achieved by a thin film transistor sub-
strate comprising first and second bus lines intersecting each
other with an insulating film therebetween and located above
a transparent insulating substrate, first and second sub-pixel
electrodes located on the opposite sides of the first bus line, a
first thin film transistor that establishes direct electrical con-
nection with the first sub-pixel electrode, and a second thin
film transistor capacitively coupled to the second sub-pixel
electrode.

In the above thin film transistor substrate of the invention,
the first bus line is a gate bus line that establishes direct
electrical connection with the gate electrodes of the first and
second thin film transistors, and the second bus line is a drain
bus line that establishes direct electrical connection with the
drain electrodes of the first and second thin film transistors.

In the above thin film transistor substrate of the invention,
a source electrode of the first thin film transistor establishes
direct electrical connection with the first sub-pixel electrode,
and a source electrode of the second thin film transistor is
capacitively coupled to the second sub-pixel electrode via the
insulating film.

In the above thin film transistor substrate of the invention,
apart of the gate bus line also serves as the gate electrodes of
the first and second thin film transistors, and the drain elec-
trode is formed such that it protrudes from the drain bus line
above the gate electrode when viewed toward the normal to
the transparent insulating substrate and used as the common
drain electrode of the first and second thin film transistors.

The above thin film transistor substrate of the invention
further includes an independent electrode formed in the same
layer as the gate bus line, the independent electrode forming
capacitance with respect to the source electrode of the second
thin film transistor with the insulating film as a capacitance
film and establishing direct electrical connection with the
second sub-pixel electrode.

The above thin film transistor substrate of the invention
further includes an independent electrode formed in the same
layer as the gate bus line, the independent electrode forming
capacitance with respect to the source electrode ofthe second
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thin film transistor with the insulating film as a capacitance
film and capacitively coupled to the second sub-pixel elec-
trode.

In the thin film transistor substrate of the invention, the
source electrode of the second thin film transistor and the
second sub-pixel electrode form capacitance with an insulat-
ing film as a capacitance film, the insulating film covering the
top of the second thin film transistor.

The above object is achieved by a liquid crystal display
panel comprising the thin film transistor substrate of the
invention, a counter substrate facing the thin film transistor
substrate and having counter electrodes formed on a trans-
parent insulating substrate, and a liquid crystal layer sand-
wiched between the thin film transistor substrate and the
counter substrate.

According to the invention, there are provided a thin film
transistor substrate and liquid crystal display panel with good
display quality.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the configuration of one pixel of the thin film
transistor substrate according to the first embodiment of the
invention;

FIG. 2 shows in cross-section the configuration of one pixel
of the thin film transistor substrate according to the first
embodiment of the invention;

FIG. 3 shows the configuration of one pixel of the thin film
transistor substrate according to the second embodiment of
the invention,

FIG. 4 shows in cross-section the configuration of one pixel
of the thin film transistor substrate according to the second
embodiment of the invention;

FIG. 5 shows the configuration of one pixel of the thin film
transistor substrate according to the third embodiment of the
invention; and

FIG. 6 shows in cross-section the configuration of one pixel
of the thin film transistor substrate according to the third
embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

The thin film transistor substrate and liquid crystal display
panel according to a first embodiment of the invention will be
described with reference to FIGS. 1 and 2. FIG. 1 shows the
configuration of one pixel of the thin film transistor substrate
according to this embodiment. FIG. 2 is a cross-sectional
view of the thin film transistor substrate taken along the line
A-A shown in FIG. 1. As shown in FIGS. 1 and 2, the thin film
transistor substrate includes a glass substrate 10, which is a
transparent insulating substrate, having a plurality of gate bus
lines 12 formed thereon. The gate bus line 12 is formed of Al
(aluminum) and Mo (molybdenum) that are stacked in this
order to form an Al/Mo layer. A silicon nitride insulating film
30 (which functions as a gate insulating film on a part of the
gate bus line 12 and is hereinafter referred to as “gate insu-
lating film”) is formed on the glass substrate 10 and gate bus
lines 12. A plurality of drain bus lines 14 are formed on the
gate insulating film 30 such that they intersect the gate bus
lines 12. Storage capacitive electrode bus lines 18 are also
formed parallel to the gate bus lines 12, which are formed of
the same Al/Mo layer as the gate bus lines 12.

In the configuration of one pixel according to this embodi-
ment, sub-pixel regions A and B are formed on the opposite

15

20

25

30

40

45

60

65

4

sides of the gate bus line 12. Alternatively, it is of course
possible to arrange the sub-pixel regions A and B on the
opposite sides of the drain bus line 14. In proximity to the
intersection of the gate bus line 12 and drain bus line 14, atthe
positions indicated by two circles in FIG. 1, TFTs 20a and
206 (first and second thin film transistors) as switching
devices are formed for the sub-pixel regions A and B respec-
tively. The TFTs 20a and 205 share a common drain electrode
21 that is formed such that it protrudes from the drain bus line
14 and overlies the gate bus line 12 when viewed toward the
normal to the panel surface. That is, the drain electrode 21
electrically connected to the drain bus line 14 serves as a drain
electrode of both TFTs 20a and 205. A part of the gate bus line
12 functions as a gate electrode of the TFTs 20a and 205. A
source electrode 22 of the TFT 20a is formed in the sub-pixel
region A and apart from the drain electrode 21 by a given
space. Similarly, a source electrode 23 of the TFT 205 is
formed in the sub-pixel region B and apart from the drain
electrode 21 by a given space. The drain bus line 14, drain
electrode 21, and source electrodes 22, 23 are all formed of
the same layer made of a Mo/Al/Mo film.

An island semiconductor layer 40, which may be an amor-
phous silicon (a-Si) layer, is formed on the gate insulating
film 30 above a predetermined position of the gate bus line 12
as shown in FIG. 2. An ohmic contact layer 41 made of an
n-type a-Si layer is formed on the island semiconductor layer
40. The source electrodes 22, 23 and drain electrode 21 are
formed on the gate insulating film 30 and the island semicon-
ductor layer 40. A silicon nitride insulating film (protective
film) 31 is formed on the gate insulating film 30, source
electrodes 22, 23, and drain electrode 21 across the substrate.

A sub-pixel electrode (a first sub-pixel electrode) 16 made
of an ITO (indium tin oxide) film that is the material of a
transparent pixel electrode is formed in the sub-pixel region
A. A sub-pixel electrode (a second sub-pixel electrode) 17
made of the ITO film that is the same layer as the sub-pixel
electrode 16 is formed in the sub-pixel region B. The sub-
pixel electrode 16 in the sub-pixel region A establishes direct
electrical connection with the source electrode 22 via a con-
tact hole 25 formed in the insulating film 31 on the source
electrode 22. The sub-pixel electrode 17 in the sub-pixel
region B is capacitively coupled to the source electrode 23 via
the insulating film 31 on the source electrode 23. The pixel
electrode 17 overlaps with the source electrode 23 when
viewed toward the normal to the panel surface, forming a
capacitor with the insulating film 31 in the overlapping por-
tion as a capacitance film.

Thus, the sub-pixel electrode 16 and sub-pixel electrode 17
are arranged facing each other on the opposite sides of the
drain electrode 21 and the gate bus line 12. Parts of the
sub-pixel electrode 16 and sub-pixel electrode 17 overlap
with respective storage capacitive bus lines 18 via the gate
insulating film 30, forming capacitance to the respective stor-
age capacitive bus lines 18. The thin film transistor substrate
having the pixel configuration described above is then
attached to a counter substrate (not shown) with a liquid
crystal layer interposed therebetween to complete the manu-
facture of a liquid crystal panel.

Examples of thin film transistor (TFT) structures include
reverse stagger type TFTs and stagger type TFTs in which
amorphous silicon (a-Si) is used for an operation layer, and
coplanar type TFTs in which polycrystalline silicon (poly-Si)
is used for an operation layer. Reverse stagger type a-Si-TFTs
are further categorized into a channel protection film type
(ISI) and a channel etch type (NSI) based on the difference in
the channel structure. However, any of the TFTs mentioned
above basically functions in the same manner as a TFT
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regardless of the difference in structure, as long as pixel
electrodes are arranged on the insulating film that covers the
TFT. This embodiment employs a channel etch type TFT.

In the production of channel etch type TFTs, a method has
been proposed for reducing the number of photolithography
processes. The method comprises patterning an a-Si layer and
ametal layer fora source and drain with a single mask to form
anisland, the mask being a halftone exposure mask to provide
a halftone exposure of only a channel portion to form a
contrasted portion in the resist; and upon the formation of the
island portion, removing the resist on the channel portion by
partial ashing the resist to separate the elements.

A method for manufacturing the thin film transistor sub-
strate and the liquid crystal display panel according to this
embodiment will be described. First, Al is deposited on the
glass substrate 10 of about 0.7 mm thick, to form a 150 nm
thick film. Then, Mo is vacuum sputtered onto the Al to a
thickness of 80 nm to form an Al/Mo stacked layer. The
Al/Mo layer is photolithographically patterned and wet
etched to form the gate bus lines 12, a part of which also
serves as the gate electrode, and storage capacitive bus lines
18. Subsequently, using plasma CVD, a silicon nitride film
(gate insulating film 30), an a-Si film, and P (phosphorus)-
doped n-type a-Si film are grown across the substrate in this
order to thicknesses of 400 nm, 100 nm, and 50 nm, respec-
tively. Then, the a-Si film and n-type a-Si film are photolitho-
graphically patterned and dry etched into an island portion
above the gate electrode, forming an island semiconductor
layer 40 and an ohmic contact layer 41.

Then, Ti (titanium), Al, and Ti are vacuum sputtered in this
order across the substrate to thicknesses of 20 nm, 75 nm, and
40 nm respectively to form a stacked film. The stacked film is
photolithographically patterned and dry etched to form the
source electrodes 22, 23 and the drain electrode 21. Then, the
n-type a-Si layer 41 is dry etched away from the portion
between the source electrode 22 and the drain electrode 21, as
well as from the portion between the source electrode 23 and
the drain electrode 21 above the island semiconductor layer
40 to separate the source electrode 22 and the drain electrode
21, as well as the source electrode 23 and the drain electrode
21.

Subsequently, a silicon nitride film is deposited to a thick-
ness 0f 300 nm using plasma CVD, and photolithographically
patterned and dry etched to form the insulating film (protec-
tive film) 31 with the contact hole 25 passing therethrough.
The silicon nitride insulating film 31 functions as a protective
film for the thin film transistor substrate.

Subsequently, ITO thatis a transparent oxide is sputtered to
form an 80 nm thick film, which will be shaped into the pixel
electrodes 16, 17 and terminal electrodes. Then, the ITO film
is photolithographically patterned and wet etched to simulta-
neously form the terminal electrodes and pixel electrodes 16,
17. The terminal electrodes are connected to the gate bus line
and drain bus line via contact holes (not shown), and the
sub-pixel electrode 16 is connected to the source electrode 22
via the contact hole 25. Finally, the entire structure is
annealed at a temperature of about 200 degrees for two hours
to complete the manufacture of the thin film transistor sub-
strate (TFT substrate).

While the above manufacturing method of the thin film
transistor substrate shows one example of wiring materials,
structures, and film thicknesses, other various combinations
are possible. For example, the gate wiring may be a single
metal layer formed of Al and Al alloys, Cr (chromium), or
Mo, or may be Al and Al alloys with Ti stacked thereon, which
is then patterned using dry etching.
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Moreover, instead of using a metal such as Mo alone, MoN
or MoO may be combined as appropriate by sputtering in an
atmosphere including nitrogen or oxygen for increased
manufacturability of Al/Mo during wet etching and decreased
diffusion. Furthermare, although ITO is used as the transpar-
ent conductive film, other transparent conductive films such
as ZnQO (zinc oxide) or IZO (indium zinc oxide) may be used.

While the method for manufacturing the channel etch type
thin film transistor substrate has been described above, the
use of a halftone mask may eliminate parts of the lithography
processes as described above, that is, the process of patterning
the island semiconductor layer and the following process of
patterning the metal layer for the source and drain (and bus
lines) to separate the elements.

The thin film transistor substrate and the liquid crystal
display panel according to this embodiment provide the fol-
lowing advantages. First, since capacitance is formed where
conventionally the source electrode and the pixel electrode
are connected via a contact hole, excessively opaque wiring is
not required, which ensures sufficient effective area and
transmittance of a pixel. Second, no particular additional
capacitive electrode or transparent capacitive electrode is
required, resulting in no extra process steps. Third, elimina-
tion of the gap between sub-pixel electrodes conventionally
required ensures sufficient effective area and transmittance of
apixel. Fourth, sub-pixels located on the opposite sides of the
gate bus line and drain bus line prevent potential short circuit
due to pattern defects. Fifth, a simpler pixel structure results
in greater freedom in pixel design.

Second Embodiment

The thin film transistor substrate according to a second
embodiment of the invention will be described with reference
to FIGS. 3 and 4. FIG. 3 shows the configuration of one pixel
of the thin film transistor substrate according to this embodi-
ment. FIG. 4 is a cross-sectional view taken along the line
A-A shown in FIG. 3. In the following description of the thin
film transistor substrate and the like, the components provid-
ing the same functions and effects as those of the first embodi-
ment are denoted with the same characters and a detailed
description thereof will be omitted.

Inthe sub-pixel region B of the thin film transistor substrate
according to this embodiment, an independent electrode 13 is
formed in a layer under the source electrode 23 of the TFT 205
via the gate insulating film 30. The independent electrode 13
1s simultaneously formed in the same layer as the gate bus line
12 in the formation process thereof. The source electrode 23
overlaps with the independent electrode 13 via the gate insu-
lating film 30 when viewed toward the normal to the panel
surface, forming a capacitor with the gate insulating film 30 in
the overlapping portion as a capacitance film. A contact hole
26 is formed in the gate insulating film 30 and the insulating
film (protective film) 31 above the independent electrode 13,
and the independent electrode 13 and the sub-pixel electrode
17 are directly connected via the contact hole 26.

This embodiment not only provides similar advantages to
the first embodiment and forms capacitance between the sub-
pixel electrode 17 and the source electrode 23, but also forms
capacitance between the independent electrode 13 and the
source electrode 23.

Third Embodiment

The thin film transistor substrate according to a third
embodiment of the invention will be described with reference
to FIGS. 5 and 6. FIG. 5 shows the configuration of one pixel
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of the thin film transistor substrate according to this embodi-
ment. FIG. 6 is a cross-sectional view taken along the line
A-A shown in FIG. 5.

Inthe sub-pixel region B of the thin film transistor substrate
according to this embodiment, an independent electrode 13 is
formed in alayer under the source electrode 23 of the TFT 205
via the gate insulating film 30. The independent electrode 13
is simultaneously formed in the same layer as the gate bus line
12 in the formation process thereof. The source electrode 23
overlaps with the independent electrode 13 via the gate insu-
lating film 30 when viewed toward the normal to the panel
surface, forming a capacitor with the gate insulating film 30 in
the overlapping portion as a capacitance film. In this embodi-
ment, however, unlike the second embodiment, the indepen-
dent electrode 13 does not establish direct electrical connec-
tion with the sub-pixel electrode 17, but forming a floating
electrode. This embodiment also not only provides similar
advantages to the first embodiment and forms capacitance
between the sub-pixel electrode 17 and the source electrode
23, but also forms capacitance between the independent elec-
trode 13 and the source electrode 23.

The invention is not limited to the above embodiments but
various variations thereofare possible. For example, although
the above embodiments have been described with reference
to the thin film transistor substrate using channel etch type
TFTs, the invention is not limited thereto but may also be
applied to a thin film transistor substrate using channel pro-
tection film type TFTs in which a protective film is formed on
the channel region.

What is claimed is:

1. A thin film transistor substrate comprising:

first and second bus lines intersecting each other with an
insulating film therebetween and located above a trans-
parent insulating substrate;

first and second sub-pixel electrodes located on the oppo-
site sides of the first bus line;

a first thin film transistor that establishes direct electrical
connection with the first sub-pixel electrode; and

a second thin film transistor capacitively coupled to the
second sub-pixel electrode, wherein said capacitive cou-
pling is in a portion of the insulating film at which there
is overlap between the second thin film transistor and the
second sub-pixel electrode.

2. The thin film transistor substrate according to claim 1,

wherein the first bus line is a gate bus line that establishes
direct electrical connection with gate electrodes of the
first and second thin film transistors; and
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the second bus line is a drain bus line that establishes direct
electrical connection with drain electrodes of the first
and second thin film transistors.

3. The thin film transistor substrate according to claim 2,

wherein a source electrode of the first thin film transistor
establishes direct electrical connection with the first sub-
pixel electrode; and

a source electrode of the second thin film transistor over-
laps with the second sub-pixel electrode when viewed
toward the normal to the surface of the source electrode,
forming a first capacitor via the insulating film in the
overlapping portion.

4. The thin film transistor substrate according to claim 3,

wherein a part of the gate bus line also serves as the gate
electrodes of the first and second thin film transistors;
and

the drain electrode is formed such that it protrudes from the
drain bus line above the gate electrode when viewed
toward the normal to the transparent insulating substrate
and used as the common drain electrode for the first and
second thin film transistors.

5. The thin film transistor substrate according to claim 3,

wherein the insulating film in the overlapping portion is a
capacitance film, the insulating film in the overlapping
portion covering the top of the source electrode of the
second thin film transistor.

6. The thin film transistor substrate according to claim 3,
further comprising an independent electrode formed in the
same layer as the gate bus line, the independent electrode
overlapping with the source electrode of the second thin film
transistor forming a second capacitor with the insulating film
in the overlapping portion as a capacitance film and establish-
ing direct electrical connection with the second sub-pixel
electrode.

7. The thin film transistor substrate according to claim 3,
further comprising an independent electrode formed in the
same layer as the gate bus line, the independent electrode
overlapping with the source electrode of the second thin film
transistor forming a second capacitor with the insulating film
in the overlapping portion as a capacitance film and capaci-
tively coupled to the second sub-pixel electrode.

8. A liquid crystal display panel comprising:

the thin film transistor substrate according to claim 1;

a counter substrate facing the thin film transistor substrate
and having counter electrodes formed on a transparent
insulating substrate; and

a liquid crystal layer sandwiched between the thin film
transistor substrate and the counter substrate.
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