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MULTIDOMAIN VERTICALLY ALIGNED LIQUID
CRYSTAL DISPLAY DEVICE

[0001] This application is based on Japanese Patent Appli-
cations HEI No. 10-371420 filed on Dec. 25, 1999 and HEI
No. 10-373058 filed on Dec. 28, 1999, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] a) Ficld of the Invention

[0003] The present invention relates to a liquid crystal
display device, and more particularly to a liquid crystal
display device wherein liquid crystal molecules are verti-
cally aligned (homeotropic alignment) between opposing
substrates when no electric field is applied and one pixel is
divided into a plurality of domains.

[0004] b) Description of the Related Art

[0005] FIGS. 25A to 25C are schematic cross sectional
views of a conventional liquid crystal display device of a
homeotropic alignment type, respectively illustrating a black
display state, a halftone display state, and a white display
state. Liquid crystal material containing liquid crystal mol-
ecules having a negative dielectric anisotropy is filled in
between a pair of substrates 100 and 101. Polarizer plates are
disposed outside of the substrates 100 and 101, with their
polarizing axes crossing at a right angle.

[0006] As shown in FIG. 25A, when a voltage is not
applied, the liquid crystal molecules 102 are aligned verti-
cally relative to the substrates 100 and 101 and produce
black color. As a voltage is applied across the substrates to
align the liquid crystal molecules 102 in parallel to the
substrates as shown in FIG. 25C, the polarization direction
of light passing through the liquid crystal layer rotates and
white color is produced.

[0007] As shown in FIG. 25B, as a voltage is applied
which is lower than that when the white image is produced,
the liquid crystal molecules 102 are aligned obliquely rela-
tive to the substrate. A halftone image is obtained by light .1
propagating along a direction perpendicular to the sub-
strates. Light propagating from the lower right to upper left
as viewed in FIG. 25B rarely receives the birefringence
effect of the liquid crystal layer. Therefore, when the display
screen is viewed from the upper left, it becomes black.
Contrary, light propagating from the lower left to upper right
as viewed in FIG. 25B considerably receives the birefrin-
gence effect of the liquid crystal layer. Therefore, when the
display screen is viewed from the upper right, it becomes
white. As above, a homeotropic type liquid crystal display
device is generally has poor visual angle characteristics in
the halftone display state.

[0008] The visual angle characteristics of a conventional
homeotropic type liquid crystal are poor in the halftone
display state, as described above.

SUMMARY OF THE INVENTION

[0009] TItis an object of the present invention to provide a
homeotropic type liquid crystal display device having
improved visual angle characteristics.
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[0010] According to one aspect of the present invention,
there is provided a liquid crystal display device, comprising:
first and second substrates disposed in parallel at a gap
therebetween; liquid crystal material containing liquid crys-
tal molecules having negative dielectric anisotropy, said
liquid crystal material being filled in the gap between said
first and second substrates; alignment film for homeotropi-
cally aligning the liquid crystal molecules in a state of no
electric field; pixel electrodes formed on an opposing sur-
face of said first substrate and regularly disposed in row and
column directions; a common electrode formed on an oppos-
ing surface of said second substrate; data bus lines disposed
on the opposing surface of said first substrate, each data bus
line being provided in correspondence with each column of
said pixel electrodes; gate bus lines disposed on the oppos-
ing surface of said first substrate, each gate bus line being
provided in correspondence with each row of said pixel
electrodes, said gate bus line being disposed passing an
inside area of said pixel electrode at a corresponding row, as
viewed along a substrate normal direction; switching ele-
ments disposed on the opposing surface of said first sub-
strate, each switching element being provided in correspon-
dence with each pixel electrode, cach switching element
connecting a corresponding pixel electrode and a corre-
sponding data bus line and being switched between a
conduction state and a non-conduction state in response to
an externally applied control signal; gate connection lines,
each gate connection line being provided for each switching
element, each gate connection line transferring the control
signal from the gate bus line, corresponding to a row
different from a row of the pixel electrode connected to
corresponding switching element, to corresponding switch-
ing element; protrusions formed on the opposing surface of
one of said first and second substrates, said protrusions
dividing an area of said pixel electrode into a plurality of
areas and each protrusion being bent at a point where the
protrusion intersects with the gate bus line as viewed along
the substrate normal direction; and domain border regulating
structure formed on the opposing surface of the other of said
first and second substrates, said domain border regulating
structure being disposed at a distance from each of said
protrusions as viewed along the substrate normal direction,
said domain border regulating structure defining, together
with said protrusions, borders of each domain in which a tilt
direction of the liquid crystal molecules is uniform when a
voltage is applied across said pixel electrode and said
common electrode.

[0011] The protrusion and domain border regulating struc-
ture divide an area of each pixel into a plurality of domains.
In each domain, the tilt direction of liquid crystal molecules
is uniform when a voltage is applied. Since a plurality of
domains having various tilt directions are formed, the visual
angle characteristics can be improved. The gate bus line
prevents leak light to be caused by disturbed alignment of
liquid crystal molecules near the flection point of the pro-
trusion. Further, since auxiliary capacitance is formed
between the gate bus line and pixel electrode, a voltage
fluctuation of the pixel electrode to be caused by a voltage
change of the data bus line can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a plan view of a liquid crystal display
device according to a first embodiment of the invention.
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[0013] FIG. 2 is a plan view of a TFT of the liquid crystal
display device of the first embodiment.

[0014] FIG. 3 is a cross sectional view showing a pixel
area of the liquid crystal display device of the first embodi-
ment.

[0015] FIG. 4 is a cross sectional view showing a TFT
area of the liquid crystal display device of the first embodi-
ment.

[0016] FIG. 5 is a plan view of a liquid crystal display
device according to a second embodiment of the invention.

[0017] FIG. 6 is a plan view of a liquid crystal display
device according to a third embodiment of the invention.

[0018] FIG. 7 is a plan view of a liquid crystal display
device according to a fourth embodiment of the invention.

[0019] FIG. 8 is a plan view of a liquid crystal display
device according to a fifth embodiment of the invention.

[0020] FIG. 9 is a plan view of a liquid crystal display
device according to a sixth embodiment of the invention.

[0021] FIG. 10 is a plan view of a liquid crystal display
device according to a seventh embodiment of the invention.

[0022] FIG. 11 is a plan view of a liquid crystal display
device according to an eighth embodiment of the invention.

[0023] FIG. 12 is a plan view of a liquid crystal display
device according to a ninth embodiment of the invention.

[0024] FIG. 13 is a plan view of a liquid crystal display
device according to a tenth embodiment of the invention.

[0025] FIG. 14 is a perspective view showing the funda-
mental structure of a liquid crystal display device according
to eleventh to fourteenth embodiments.

[0026] FIG. 15 is a cross sectional view showing the
fundamental structure of the liquid crystal display device
according to the eleventh to fourteenth embodiments.

[0027] FIGS. 16A and 16B are a perspective view and a
cross sectional view showing the arrangement of protrusions
of the liquid crystal display device according to the eleventh
to fourteenth embodiments.

[0028] FIG. 17 is a plan view showing the fundamental
structure of a TFT substrate of the liquid crystal display
device according to the eleventh to fourteenth embodiments.

[0029] FIG. 18 is a cross sectional view of a protrusion of
the liquid crystal display device according to the eleventh to
fourteenth embodiments.

[0030] FIGS. 19A to 19D are cross sectional views illus-
trating a method of forming the protrusion shown in FIG.
18.

[0031] FIG. 20 is a plan view showing a TFT substrate of
the liquid crystal display device of the eleventh embodi-
ment.

[0032] FIG. 21 is a cross sectional view of a cut point and
a bonding point of a protrusion which repairs disconnected
drain bus lines.

[0033] FIG. 22 is a plan view of a liquid crystal display
device according to a twelfth embodiment of the invention.
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[0034] FIG. 23 is a plan view of a liquid crystal display
device according to a thirteenth embodiment of the inven-
tion.

[0035] FIG. 24 is a plan view of a liquid crystal display
device according to a fourteenth embodiment of the inven-
tion.

[0036] FIGS. 25A to 25C are schematic cross sectional
views of a conventional homeotropic type liquid crystal
display device, illustrating the visual angle characteristics of
the device.

[0037] FIG. 26 is a plan view of a liquid crystal display
device previously proposed by the present inventors.

[0038] FIGS. 27A and 27B are cross sectional views of
the liquid crystal display device shown in FIG. 26.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0039] Prior to describing embodiments of the present
invention, a homeotropic type (in this specification, it is
called a vertically aligned (VA) type hereinafter) liquid
crystal display device proposed by the present inventors in
JP-A-HEI-9-230991 will be described.

[0040] FIG. 26 is a plan view showing one pixel of a VA
type liquid crystal display device proposed previously by the
present inventors. A plurality of gate bus lines 131 extend in
a row direction (lateral direction as viewed in FIG. 26).
Between two adjacent gate bus lines 131, a capacitance bus
line 135 extends in the row direction. An insulating film
covers the gate bus lines 131 and capacitance bus lines 135.
On this insulating film, a plurality of data bus lines 132 are
disposed in the column direction (vertical direction as
viewed in FIG. 26).

[0041] A thin film transistor (TFT) 133 is formed at the
position corresponding to the cross point between the gate
bus line 131 and data bus line 132. The drain region of TFT
133 is connected to the corresponding data bus line 132. The
gate bus line 131 serves also as the gate electrode of TFT
133.

[0042] An interlayer insulating film covers the data bus
lines 132 and TFT 133. In an area surrounded by two gate
bus lines 131 and two data bus lines 132, a pixel electrode
136 is disposed. The pixel electrode 136 is connected to the
source region of a corresponding TFT 133.

[0043] An auxiliary capacitance branch 137 branched
from the capacitance bus line 135 extends along the side of
the pixel electrode 136. The capacitance bus line 135 and
auxiliary capacitance branch 137 form an auxiliary capaci-
tance between the lines and the pixel electrode 136. The
capacitance bus line 135 is fixed to a predetermined poten-
tial.

[0044] As the potential of the data bus line 132 fluctuates,
the potential of the pixel electrode 136 is changed through
coupling of parasitic capacitance. With the structure shown
in FIG. 26, since the pixel electrode 136 is connected via the
auxiliary capacitance line to the capacitance bus line 135,
the potential change of the pixel electrode 136 can be
suppressed.

[0045] First and second protrusions 138 and 139 extend in
a zigzag way along the column direction on the opposing
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surfaces of the TFT substrate and opposing substrate,
respectively. The first protrusions 138 are disposed at an
equal pitch in the row direction, and their flection points are
positioned at the cross points between the protrusions and
the gate bus lines 131 and auxiliary bus lines 135. The
second protrusions 139 are formed in a zigzag way along the
column direction on the opposing surface of the opposing
substrate. The second protrusions 139 have the pattern
similar to that of the first protrusions 138 and disposed
approximately at the center of two adjacent first protrusions
138.

[0046] FIG. 27A is a cross sectional view taken along
one-dot chain line A16-A16 shown in FIG. 26. The first
protrusion 138 is formed on the opposing surface of the TFT
substrate 111, and the second protrusion 139 is formed on
the opposing surface of the opposing substrate 110. Vertical
alignment films 112 are formed on the opposing surfaces of
the TFT substrate 111 and opposing substrate 110, covering
the protrusions 138 and 139. Liquid crystal material con-
taining liquid crystal molecules 113 is filled in between the
TFT substrate 111 and opposing substrate 110. The liquid
crystal molecules 113 have negative dielectric anisotropy.

[0047] When a voltage is not applied, the liquid crystal
molecules 113 are aligned vertically relative to the substrate
surface. The liquid crystal molecules 1134 on the slanted
surfaces of the first and second protrusions 138 and 139 tend
to be aligned vertically relative to the slanted surfaces.
Therefore, the liquid crystal molecules 113a on the slanted
surfaces of the first and second protrusions 138 and 139 are
aligned obliquely relative to the substrate surface. However,
since the liquid crystal molecules 113 are aligned vertically
in most of the pixel area, a good black display state can be
obtained.

[0048] FIG. 27B is a cross sectional view when a voltage
is applied to make the liquid crystal molecules 113 be
slanted. The liquid crystal molecules 113a already slanted as
shown in FIG. 27A are slanted further in this slant direction.
Liquid crystal molecules 113 near the molecules 113a are
affected by the molecules 1134 and slanted in the same slant
direction. The longitudinal axis (director) of each of the
liquid crystal molecules 113 between the first and second
protrusions 138 and 139 is therefore aligned along a straight
line extending from the lower left to upper right in FIG.
27B. The director of each of the liquid erystal molecules 113
on the left side of the first protrusion 138 and on the right
side of the second protrusion 139 is aligned along a straight
line extending from the lower right to upper left in FIG.
27B.

[0049] A plurality of domains having the same slant
direction of liquid crystal molecules are therefore defined in
one pixel. The first and second protrusions 138 and 139
define the borders of domains. By disposing the first and
second protrusions 138 and 139 in parallel in the substrate
plane, two types of domains can be formed. The first and
second protrusions 138 and 139 shown in FIG. 26 are flexed
so that four types of domains are formed. By forming a
plurality of domains in one pixel, the visual angle charac-
teristics of the half tone display state can be improved.

[0050] In order to improve the visual angle characteristics,
it is preferable to make four types of domains have the same
size. By disposing each flection point of the first and second
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protrusions 138 and 139 generally at the center of each pixel
in the column direction, each domain can have approxi-
mately the same size.

[0051] The inner area near the flection point is not sand-
wiched between two protrusions. Therefore, the alignment
of the liquid crystal molecules in this area is likely to be
disturbed. A disturbed alignment of liquid crystal molecules
may cause leak light and degrade the display quality. The
liquid crystal display device shown in FIG. 26 prevents
generation of leak light by shielding the area near the
flection point with the capacitance bus line 135.

[0052] As shown in FIG. 26, the gate bus line 131 passes
between pixels in the column direction and the capacitance
bus line 135 passes generally the center of each pixel.
Therefore, the aperture efficiency of the liquid crystal dis-
play device shown in FIG. 26 is lower than that of a liquid
crystal display device whose pixel is not divided into a
plurality of domains. The embodiments of the invention to
be described below prevent the aperture efficiency from
being lowered.

[0053] FIG. 1 is a plan view of a liquid crystal display
device according to the first embodiment of the invention. A
plurality of pixel electrodes 1 are disposed regularly in the
row and column directions on a TFT substrate. A data bus
line 2 is disposed along each column of the pixel electrodes
1. The data bus line 2 extends in the column direction
between two pixels adjacent in the row direction. A gate bus
line 3 is disposed along each row of the pixel electrodes 1.
The gate bus line 3 extends in the pixel electrodes 1 of the
corresponding row, and preferably passes generally at the
center of each pixel in the column direction, as viewed along
the substrate normal direction.

[0054] ATFT 4is disposed for each pixel electrode 1. TFT
4 connects the pixel electrode 1 and corresponding data bus
line 2. The gate electrode of TFT 4 is connected via a gate
connection line 5 to the gate bus line 3 corresponding to the
row adjacent to the row of the pixel electrode 1 connected
to TFT 4. A control signal applied to the gate bus line 3 is
applied to the gate electrode of TFT 4 via the gate connec-
tion line 5. This control signal switches between conduction
and non-conduction of TFT 4.

[0055] The gate connection line 5 branches from the gate
bus line 3 and extends to TFT 4 along the side of the pixel
electrode 1 corresponding to the gate bus line 3. In FIG. 1,
two gate connection lines 5 disposed on and extending along
both sides of the data bus line 2 are connected to the gate
electrode of one TFT 4. Instead of two gate connection lines
5, a single gate connection line may be used.

[0056] First protrusions 10 are formed on the opposing
surface of the TFT substrate. The first protrusions 10 are
disposed in a zigzag way in the column direction. The
flection angle of the zigzag pattern is 90°, and the period of
the zigzag pattern is equal to the pitch of pixels in the
column direction. The flection point is positioned between
two pixel electrodes 1 adjacent in the column direction and
in the gate bus line 3.

[0057] Amplitude of the zigzag pattern is about 1.5 times
of the pitch of pixels in the row direction. The first protru-
sions 10 are disposed at an equal pitch in the row direction,
and this pitch is equal to the pitch of pixels in the row
direction. One of the even and odd number flection points of
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the zigzag pattern nearly overlaps the data bus line 2 and the
other is positioned generally at the center of the pixel
electrode in the row direction. The first protrusion 10 divides
one pixel electrode area into a plurality of areas.

[0058] On the opposing surface of the opposing substrate,
second protrusions 11 are formed. The second protrusion 11
has the same zigzag pattern as that of the first protrusion 10,
and is disposed at the position shifted by a half pitch of the
first protrusion 10 in the row direction.

[0059] An area of one pixel electrode is divided into a
plurality of domains by the first and second protrusions 10
and 11.

[0060] A gate branch 6 branches from the gate bus line and
extends along the side of the pixel electrode 1 in the
direction opposite to the gate connection line 5. The gate bus
line 3, gate connection line 5 and gate branch 6 are directed
toward the pixel electrode 1 to form an auxiliary capaci-
tance.

[0061] FIG. 2 is a plan view showing the details of TFT
4. The gate connection line 5 is formed in the lowest layer.
The data bus line 2 and a pixel electrode connection portion
7 are disposed over the gate connection line 5, with a gate
insulating film being interposed therebetween. The pixel
electrode connection portion 7 has a convex portion 4S
protruded toward the data bus line 2. The data bus line 2 has
a concave portion 4D matching the convex portion 4S. A gap
is defined between the convex portion 4S and concave
portion 4D. A gate connection line 5 under this gap functions
as the gate electrode 4G, the concave portion 4D becomes
the drain electrode and the convex portion 4S becomes the
source electrode. The pixel electrode connection portion 7 is
connected via a contact hole 8 to the pixel electrode 1.

[0062] FIG. 3 is a cross sectional view of a pixel area
taken along one-dot chain line A3-A3 shown in FIG. 1, and
FIG. 4 is a cross sectional view of a TFT area taken along
one-dot chain line A4-A4 shown in FIG. 2. With reference
to FIGS. 3 and 4, the structure of the liquid crystal display
device of the first embodiment and its manufacture method
will be described.

[0063] A TFT substrate 20 and an opposing substrate 21
made of glass face each other at a gap. Liquid crystal
material 22 is filled in between the TFT substrate 20 and
opposing substrate 21. The liquid crystal material 22 has
negative dielectric anisotropy. Namely, the dielectric con-
stant in the direction perpendicular to the director of a liquid
crystal molecule is larger than that in the director.

[0064] On the opposing surface of the TFT substrate 20, a
gate bus line 3 and a gate electrode 4G are formed. The gate
electrode 4G corresponds to a partial area of the gate
connection line 5 shown in FIG. 2. The gate bus line 3 and
gate electrode 4G are formed by depositing a metal film such
as a chrome (Cr) film and patterning it through photolithog-
raphy. At the same time when the gate bus line 3 is formed,
the gate connection line 5 and gate branch 6 shown in FIG.
1 are formed.

[0065] A gate insulating film 23 made of SiN is formed on
the opposing surface of the TFT substrate 1, covering the
gate bus line 3 and gate electrode 4G. For example, the gate
insulating film 23 is formed by plasma enhanced chemical
vapor deposition (PE-CVD).
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[0066] In the TFT arca shown in FIG. 4, a channel layer
4C made of amorphous silicon is formed on the surface of
the gate insulating film 23 over the gate electrode 4G. The
amorphous silicon film is deposited by PE-CVD using SiH,
as source gas. The amorphous silicon film is patterned
through etching by a plasma asher, with a resist pattern being
used as a mask.

[0067] A data bus line 2 and a pixel electrode connection
portion 7 are formed on the gate insulating film 23. These
line and portion 2 and 7 have a three-layer structure of
Ti/Al/Ti. The Ti and Al films are formed by sputtering, and
patterned by wet etching. The data bus line 2 is connected to
the channel line 4C at the drain electrode 4D, and the pixel
electrode connection portion 7 is connected to the channel
layer 4C at the source electrode 4S.

[0068] In the pixel arca shown in FIG. 3 and in the TFT
area shown in FIG. 4, a protective film 24 made of SiN is
formed on the gate insulating film 24, covering the channel
layer 4C, data bus line 2 and pixel electrode connection
portion 7. A pixel electrode 1 made of indium tin oxide
(ITO) is formed on the protective film 24. The pixel elec-
trode 1 is formed by depositing an ITO film through sput-
tering and then pattering it. The pixel electrode 1 is con-
nected to the pixel electrode connection portion 7 via a
contact hole 8 formed through the protective film 24.

[0069] On the pixel electrode 1 shown in FIG. 3, a first
protrusion 10 is formed. The first protrusion 10 is made of
insulating material such as positive type photoresist. A
vertical alignment film 25 is formed over the whole substrate
surface, covering the pixel electrode 1 and first protrusion
10.

[0070] On the opposing surface of the opposing substrate
21, a light shielding film 28 made of Cr is formed in an area
corresponding to TFT 4 and in an area corresponding to the
gate bus line 3. The light shielding film 28 is also formed in
other areas where necessary. A common electrode 26 made
of ITO is formed over the whole substrate surface, covering
the light shielding film 28.

[0071] On the surface of the common electrode 26, a
second protrusion 11 is formed. Similar to the first protru-
sion 10, the second protrusion 11 is made of insulating
material such as positive type photoresist. A vertical align-
ment film 27 is formed over the whole substrate surface,
covering the second protrusion 11.

[0072] The liquid crystal display device of the first
embodiment has protrusions similar to those of the liquid
crystal display device previously proposed and described
with reference to FIG. 26. A plurality of domains are
therefore formed in each pixel and the visual angle charac-
teristics can be improved.

[0073] In the liquid crystal display device of the first
embodiment, the gate bus line 3 is disposed at the position
corresponding to the capacitance bus line 135 of the liquid
crystal display device shown in FIG. 26. The gate bus line
3 has both the function of a light shielding film for shielding
the area near the flection point of the protrusion and the
function of an electrode of an auxiliary capacitance along
with the pixel electrode as the other electrode. The bus line
is not disposed between two pixel electrodes 1 adjacent in
the column direction. Therefore, the area between two pixel
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electrodes 1 to be shielded can be made small and the
aperture efficiency can be improved.

[0074] The gate connection line 5 not only transfers the
control signal to TFT 4 but also has the function of one
electrode of the auxiliary capacitance along with the pixel
electrode 1. The gate connection line 5 has also the function
of a light shielding film for preventing leak light to be caused
by alignment disturbance near the border of the pixel
electrode 1. The gate branch 6 also has the function of one
electrode of the auxiliary capacitance and the function of a
light shielding film.

[0075] In the liquid crystal display device shown in FIG.
1, gaps are formed between the gate connection line 5 and
data bus line 2 and between the gate branch 6 and data bus
line 2, as viewed along the substrate normal direction. These
lines may be disposed so as not to form such gaps. The two
gate connection lines 5 or the two gate branches 6 disposed
on both sides of the data bus line 2 may be replaced by one
thick wiring pattern.

[0076] FIG. 5 is a cross sectional view of a liquid crystal
display device according to the second embodiment. A plan
view of the liquid crystal display device of the second
embodiment is the same as that of the first embodiment
shown i FIG. 1. The cross sectional view of FIG. 5
corresponds to that taken along one-dot chain line A3-A3
shown in FIG. 1.

[0077] In the first embodiment, the first protrusion 10 is
disposed on the pixel electrode 1 as shown in FIG. 3. In the
second embodiment, as shown in FIG. 5 a slit 1¢ matching
the first protrusion 10 is formed in the pixel electrode 1. As
viewed along the substrate normal direction, the slit 1a is
inclusive of a partial area of the first protrusion 10 in the
longitudinal direction. The other structures are the same as
the first embodiment. The slit 1a is formed at the same time
when the ITO film is patterned to form the pixel electrode 1.

[0078] Ifthe slit is formed in the whole area where the first
protrusion 10 overlaps the pixel electrode 1, the pixel
electrode 1 is cut into a plurality of areas. In order to avoid
disconnection of the pixel electrode 1, a portion of the ITO
film under the first protrusion is left. For example, the ITO
film is left near the cross point between the first protrusion
10 and the side of the pixel electrode.

[0079] TIf the pixel electrode 1 is disposed under the first
protrusion 10 as shown in FIG. 3, electric lines of force near
the first protrusion 10 are disturbed. Disturbed electric lines
of force may disturb the alignment of liquid crystal mol-
ecules. In an area with the disturbed alignment of liquid
crystal molecules, a light transmission factor cannot be
controlled at a desired value. It is therefore necessary to
shield the disturbed alignment area near the first protrusion
10. This lowers the aperture efficiency.

[0080] As in the second embodiment, since the pixel
electrode 1 is not disposed under the first protrusion, dis-
turbance of electric lines of force can be alleviated. Since the
disturbed alignment area of liquid crystal molecules is
localized near the first protrusion 10, the light shielding area
can be made small.

[0081] The structure that the slit 1 a matching the first
protrusion 10 is formed may be applied to the liquid crystal
display device previously proposed and shown in FIG. 26.
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Also in this case, disturbance of the alignment of liquid
crystal molecules can be reduced.

[0082] FIG. 6 is a plan view of a liquid crystal display
device according to the third embodiment. In the first
embodiment, borders of each domain are defined by the first
and second protrusions 10 and 11 shown in FIG. 1. In the
third embodiment, the second protrusion 11 is not formed on
the opposing substrate. In place of the second protrusion 11,
slits 20 are formed in the pixel electrode 1.

[0083] As viewed along the substrate normal direction, the
slit 20 is disposed at the position corresponding to the
second protrusion 11 shown in FIG. 1. The length of each
slit 20 is predetermined so that a plurality of areas of the
pixel electrode 1 partitioned by the slits 20 are not electri-
cally disconnected.

[0084] The domain expanding from one first protrusion 10
and the domain expanding from another first protrusion 10
toward the one first protrusion 10 have different tilt direc-
tions of liquid crystal molecules. Therefore, a domain border
is formed between two first protrusions 10. If structure for
defining the domain border between two first protrusions 10
is not provided, the domain border is not fixed and becomes
unstable.

[0085] As in the third embodiment, since the slits 20 are
formed in the pixel electrode 1, an alignment restriction
force relative to the liquid crystal molecules in the areas of
the slits 20 weakens. Therefore, the domain border can be
fixed to the areas of the slits 20.

[0086] Since the slits 20 are formed at the same time when
the pixel electrode 1 is patterned, the number of processes
does not increase. The second protrusions 11 of the first
embodiment are not formed on the opposing substrate. The
total number of processes can therefore be reduced.

[0087] FIG. 7 is a plan view of a liquid crystal display
device according to the fourth embodiment. Different points
from the liquid crystal display device of the third embodi-
ment shown in FIG. 6 will be described.

[0088] In the third embodiment, the gate connection line 5
is disposed along the side of the pixel electrode 1. This
layout is used in order to positively form the auxiliary
capacitance between the gate connection line § and pixel
electrode 1. In the fourth embodiment, a gate connection line
21 is formed along a slit 20. This layout reduces the auxiliary
capacitance between the gate connection line 21 and pixel
electrode 1.

[0089] A proper value of the auxiliary capacitance is
determined by the parasitic capacitance between the pixel
electrode 1 and data bus line 2, a pixel capacitance between
the pixel electrode 1 and common electrode, and the like. If
the auxiliary capacitance of the structure shown in FIG. 6 is
large, the structure of the fourth embodiment shown in FIG.
7 is used to reduce the auxiliary capacitance. The gate
connection line 21 also serves as a light shielding film.

[0090] Of a plurality of slits 20, those slits not shielded by
the gate connection lines 21 are provided with first gate
branches 15. The gate branches 6 shown in FIG. 6 are not
formed.

[0091] Both the gate connection line 5 shown in FIG. 6
and the gate connection line 21 shown in FIG. 7 may be
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used. Also, both the gate branch 6 shown in FIG. 6 and the
first gate branch 15 shown in FIG. 7 may be used. How the
gate connection lines and gate branches are disposed is
determined from the necessary value of the auxiliary capaci-
tance.

[0092] The second gate branch 16 may be extended from
the gate bus line 3 along the first protrusion 10. The second
gate branch 16 shields the area where the first protrusion 10
is disposed. Whether the second gate branches 16 are
disposed or not can be judged from a relation among the
necessary value of the auxiliary capacitance, an expected
aperture efficiency and the like.

[0093] FIG. 8 is a plan view of a liquid crystal display
device according to the fifth embodiment. In FIG. 8, TFT 4,
gate connection lines § and gate branches 6 are not shown.
These elements are not shown also in FIGS. 9 to 13 of the
sixth to tenth embodiments. In the fifth to tenth embodi-
ments, the gate connection lines and gate branches may be
disposed along the side of the pixel electrode as shown in
FIG. 1 of the first embodiment, or along the slits formed in
the pixel electrodes 1 and first protrusions as shown in FIG.
7 of the fourth embodiment.

[0094] The layout of pixel electrodes 1, data bus lines 2
and gate bus lines 3 is the same as the first embodiment
shown in FIG. 1. In the first embodiment, the first and
second protrusions 10 and 11 have the flection points
between two pixel electrodes 1 adjacent in the column
direction and in the area of the gate bus line 3. In the fifth
embodiment, first and second protrusions 31 and 32 have the
flection points only in the area of the gate bus line 3. The first
and second protrusions 31 and 32 are not bent in the border
area of each pixel electrode 1.

[0095] In the first embodiment, since the first and second
protrusions 10 and 11 are bent in the border area of each
pixel electrodes 1, the alignment of liquid crystal molecules
near the flection point is disturbed. The fifth embodiment is
free of disturbance of the alignment of liquid crystal to be
caused by the flections of the first and second protrusions 31
and 32. Therefore, a shielding area near the border of each
pixel electrode 1 can be made small.

[0096] FIG. 9 is a plan view of a liquid crystal display
device according to the sixth embodiment. In the sixth
embodiment, in place of the second protrusion 32 of the fifth
embodiment shown in FIG. 8, slits 33 are formed in the
pixel electrode 1. Since the slits 33 define the domain
borders, similar effects to those of the fifth embodiment can
be obtained.

[0097] FIG. 10 is a plan view of a liquid crystal display
device according to the seventh embodiment. Similar to the
fifth embodiment, the first and second protrusions 31 and 32
have flection points only in the area of the gate bus line 3.
The pixel electrode 1 has a shape like a parallelogram, with
adjacent sides crossing at about 45°. The two sides (parti-
tioning columns) of the pixel electrode extending in the
column direction are disposed approximately in parallel to
the data bus line 2.

[0098] One of the two opposite sides (partitioning rows) of
the pixel electrodes 1 adjacent in the column direction is
disposed along the second protrusion 32 and the other is
disposed generally perpendicular to the first and second
protrusions 31 and 32.
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[0099] In the area near the side disposed along the second
protrusion 32, disturbance of the alignment of liquid crystal
molecules to be caused at a cross point between the side of
the pixel electrode 1 and protrusion can be prevented. The
shielding area can therefore be made small. In the area near
the side generally perpendicular to the first and second
protrusions 31 and 32, there is an alignment disturbance
caused at a cross point between the side of the pixel
electrode 1 and protrusion, and a shielding area somewhat
broad is necessary. Since the shielding area near one of the
two sides partitioning rows can be made small, the aperture
efficiency can be improved.

[0100] FIG. 11 is a plan view of a liquid crystal display
device according to the eighth embodiment. In the eighth
embodiment, in place of the second protrusion 32 of the
seventh embodiment shown in FIG. 10, slits 34 are formed
in the pixel electrode 1. Since the slits 34 define domain
borders, similar effects to the seventh embodiment can be
obtained.

[0101] FIG. 12 is a plan view of a liquid crystal display
device according to the ninth embodiment. Similar to the
fifth embodiment, the first and second protrusions 31 and 32
have flection points only in the area of the gate bus line 3.
The pixel electrode 1 has a shape like an isosceles trapezoid,
with the lower bottom side and slanted side crossing at about
45°. The upper and lower bottom sides (partitioning col-
umns) of the isosceles trapezoid are disposed along the data
bus line 2. The other two sides (partitioning rows) are
disposed along the second protrusion 32.

[0102] In the seventh embodiment, only one of the sides
partitioning rows of parallelogram pixel electrodes 1 is
disposed along the second protrusion 32. In the ninth
embodiment, two sides partitioning rows are disposed along
the second protrusion 2. Therefore, the shielding area near
these sides can be made small and the aperture efficiency can
be improved further. In place of the second protrusion, slits
may be formed in the pixel electrode 1.

[0103] FIG. 13 is a plan view of a liquid crystal display
device according to the tenth embodiment. In the ninth
embodiment shown in FIG. 9, the pixel electrode has a
trapezoidal shape and the two sides are disposed in parallel
to the second protrusion 32. In the tenth embodiment, the
pixel electrode 1 has a parallelogram shape similar to the
pixel electrode 1 shown in FIG. 10 and the shapes of the first
and second protrusions are changed to make the two sides
partitioning rows in parallel to the second protrusion.

[0104] Of the two second protrusions 36 disposed along
the two sides partitioning rows of pixel electrodes 1, one
protrusion is bent toward the inside of the pixel electrode 1
at a right angle near the apex of the pixel electrode 1 having
an obtuse angle. The second protrusion 36 bent toward the
inside of the pixel electrode is again bent toward the inside
of the pixel electrode 1 when it reaches the border of the
pixel electrode 1, and extends in parallel with the side
partitioning rows of pixel electrodes.

[0105] Similar to the ninth embodiment, also in the tenth
embodiment, the alignment disturbance of liquid crystal
molecules near the sides partitioning rows of pixel elec-
trodes 1 can be reduced. Along a virtual straight line passing
the flection point 37 near the apex of the pixel electrode 1
having an obtuse angle and extending in the row direction,
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flection points of the first and second protrusions 35 and 36
are disposed. It is preferable to shield the area extending
along the virtual straight line in order to prevent leak light
to be caused by the alignment disturbance of liquid crystal
molecules in this area.

[0106] Next, the eleventh to fourteenth embodiments will
be described. The first to tenth embodiments are character-
ized in the relative positions of the gate bus line and pixel
¢lectrode. The eleventh to fourteenth embodiments to be
described below are characterized in the structure of a
protrusion that defines domain borders.

[0107] In the first to tenth embodiments, the protrusion is
made of resist material. Other materials may also be used,
including transparent or semitransparent resin such as poly-
imide resin, acrylic resin and novolak resin and insulating
materials such as silicon nitride (SiN) and silicon oxide
(8i0,). The cross section of the protrusion is, for example,
a triangle. The alignment of liquid crystal molecules near the
apex of the protrusion is different from that of liquid crystal
molecules in the inner area of each domain. Therefore, the
alignment of liquid crystal molecules is disturbed and phe-
nomena such as leak light or blacking occur in this area and
an effective aperture efficiency is lowered.

[0108] FIG. 14 is a perspective view showing the funda-
mental structure of a liquid crystal display device according
to the eleventh to fourteenth embodiments. A liquid crystal
display device 210 has a pair of glass substrates 216 and 217
disposed facing each other. On the opposing surface of the
glass substrate 216, an opposing electrode (common elec-
trode) 212 is formed. On the opposing surface of the other
glass substrate 217, a plurality of gate bus lines (scan bus
lines) 231, a plurality of drain bus lines (data bus lines) 232,
and a plurality of TFTs 233 and pixel (cell) electrodes 213
are formed. The data bus line 232 crosses the gate bus line
231 at a right angle. TFT 233 and pixel electrode 213 are
disposed in an area near the cross point between the gate bus
line 231 and drain bus line 231.

[0109] The opposing surface of each substrate is subjected
to the vertical alignment process in order to vertically align
liquid crystal molecules. Negative type liquid crystal mate-
rial is filled in between the two substrates. On the opposing
surface of the glass substrate 216, color filters are disposed
in many cases. Generally, the glass substrate 216 is called a
color filter substrate (CF substrate), and the other glass
substrate 217 is called a TFT substrate.

[0110] FIG. 15 is a cross sectional view of the liquid
crystal display device of the embodiments. On the opposing
surface of the glass substrate 216, a black matrix layer 234,
a color filter 239, an opposing electrode 212 made of ITO
and protrusions (domain regulating structure) 220A are
formed. Although a vertical alignment film is formed
thereon, it is omitted in FIG. 15.

[0111] On the opposing surface of the other glass substrate
217, gate bus lines 231, capacitance bus lines (CS elec-
trodes) 235, insulating films 240 and 243, pixel electrodes
213 and protrusions 220B are formed. Although a vertical
alignment film is formed thereon, it is omitted in FIG. 15.
The source region 241 of TFT is connected to the pixel
electrode 213. The drain region 242 is continuous with the
drain bus line.
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[0112] In FIG. 15, although the protrusions 220A and
220B are formed on the opposing surfaces of the CF
substrate and TFT substrate, they may be formed on only
one of the two substrates.

[0113] Asshownin FIG. 16A, protrusions 220A and 220B
both extend in one direction and are disposed at an equal
pitch in parallel. As shown in FIG. 16B, the protrusions
220B are disposed shifted by a half pitch from the protru-
sions 220A. A plurality of alignment areas (domains) are
defined each being defined between the protrusions 220A
and 220B. The alignment state of liquid crystal molecules 14
shown in FIGS. 16A and 16B is obtained while no voltage
is applied.

[0114] FIG. 17 is a plan view of a TFT substrate formed
with patterns 220B. The protrusions 220B has a zigzag
shape and pass over the pixel electrodes 213 and TFTs 233.
The cross section of the protrusion has a shape having a
slanted side relative to the surface of the pixel electrode 213,
for example, triangular or trapezoidal. The shape of the
protrusion 220B shown in FIG. 17 is only illustrative and
other shapes effective for defining a plurality of domains
may also be used. The protrusions 220A on the CF substrate
shown in FIG. 15 may also have various cross sections.

[0115] FIG. 18 is a cross sectional view of the protrusion
2200 formed on the pixel electrode 213. An insulating film
301 of insulating material is formed on a partial surface arca
of the pixel electrode 213, and on this insulting film 301 a
conductive film 302 of conductive material is formed. The
conductive film 302 is covered with a cover film 303 of
insulating material. The insulating film 301, conductive film
302 and cover film 303 constitute the protrusion 220B.

[0116] With reference to FIGS. 19A to 19D, a method of
forming the protrusion 220B will be described.

[0117] As shown in FIG. 19A, the insulating film 301 and
conductive film 302 are formed covering the pixel electrode
213. A pattern 3034 to be later used as the cover film 303 is
formed on the conductive film 302.

[0118] As shown in FIG. 19B, by using the pattern 303a
as a mask, the conductive film 302 is etched. Since the
conductive film 302 is side-etched, the conductive film 302
has a shape narrower than the pattern 303a.

[0119] As shown in FIG. 19C, by using the pattern 303a
as a mask, the insulating film 301 is anisotropically etched
to lave a pattern of the insulating film 301 having generally
the same width as the pattern 303a. The insulating film 103
may be etched isotropically to narrow the pattern width of
the insulating film 301 more than that of the pattern 303a.

[0120] As shown in FIG. 19D, the substrate is heated to
fluidize the pattern 303a. The pattern 303a flows to both
sides of the conductive film 303 and insulating film 301 and
the cover film 303 covering the films 303 and 301 is formed.
The cover film 303 has a surface slanted relative to the
surface of the pixel electrode 213.

[0121] The insulating film 301 is made of material having
a higher melting point or softening point than that of the
material of the pattern 3034, so that the insulating film 301
is hard to be melted or fluidized when the pattern 303« is
fluidized. Generally, the material of the insulating film 301
may be heat resistant organic material such as polyimide or
inorganic material such as silicon nitride and silicon oxide.
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[0122] If the protrusion 220B is formed on the vertical
alignment film, the cover film 303 becomes in direct contact
with liquid crystal material. It is therefore preferable not to
use material that adversely affects the characteristics of the
liquid crystal display device as the material of the cover film
303. If the cover film 303 is made of photosensitive material,
the pattern 3032 shown in FIG. 19A can be formed through
exposure and development and the number of processes can
be reduced. If the cover film 303 is made of non-photosen-
sitive material, by using a resist pattern as a mask in the
process shown in FIG. 19A, the non-photosensitive material
layer is etched to form the pattern 303a. The preferred
material of the cover film 303 is resist, typically photosen-
sitive novolak resin.

[0123] The conductive film 302 is made of metal material
such as a single metal including chrome, aluminum, nickel,
molybdenum, tungsten, titanium and copper or an alloy
thereof. A multi-layer structure having a layer made of a
single metal and an alloy layer may also be used.

[0124] The conductive film 302 of the protrusion 220A
shown in FIG. 18 is made of transparent metal. It is
therefore possible to prevent leak light to be caused by
disturbed alignment of liquid crystal molecules near the
protrusion 220A. In order to further enhance this effect, one
or both of the insulating film 301 and cover film 303 may be
made of material such as black colored material.

[0125] Since the protrusion 220A includes the conductive
film 302, it is possible, as will be later described, to repair
a disconnected drain bus line or gate bus line. The protrusion
220A can be used as the electrode of the auxiliary capaci-
tance for stabilizing display. If the auxiliary capacitance is
formed by using the protrusion 220A, the capacitance bus
line 235 shown in FIG. 15 can be omitted.

[0126] The insulating film 301 shown in FIG. 18 is
preferably set to have a thickness sufficient for electrically
insulating the conductive film 302 from the pixel electrode
213. Proper thickness and width of the conductive film 302
are determined by taking into consideration the applications
to a repair line to be later described and to an auxiliary
capacitance electrode. The cover film 303 is set so that it can
sufficiently cover the conductive film and it has a thickness
and width sufficient for operating as domain border regu-
lating structure. In designing the width of the cover film 303,
the width of the underlying conductive film 302 is taken into
consideration.

[0127] The liquid crystal display device shown in FIG. 14
can be manufactured by a method of manufacturing a
general liquid crystal display device, excepting the process
of forming the protrusion.

[0128] Generally, the liquid crystal display device manu-
facture process includes a TFT substrate forming process
and a CF substrate forming process. The TFT substrate
forming process is classified into a substrate washing pro-
cess, a gate bus line forming process, a channel layer
forming process, an element isolating process, a protective
film forming process, a pixel electrode forming process and
the like. The CF substrate forming process includes a black
matrix layer forming process, a color filter forming process
and an opposing electrode forming process.

[0129] The protrusion 220B shown in FIG. 18 is formed
on the pixel electrode after the pixel electrode forming
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process. The protrusion 220A on the CF substrate shown in
FIG. 15 is formed on the opposing electrode after the
opposing electrode forming process.

[0130] Next, with reference to FIG. 20, the eleventh
embodiment of a liquid crystal display device will be
described, the fundamental structure thereof being shown in
FIGS. 14 and 15.

[0131] FIG. 20 is a plan view of the liquid crystal display
device of the eleventh embodiment. The gate bus lines 231
are formed by a usual process on the opposing surface of the
transparent glass substrate 217 shown in FIG. 15. Next, the
channel layer is formed, then an element isolation process is
performed, and the protective film 243 is formed. On this
protective film 243, the pixel electrode 213 is formed. The
widths of the gate bus line 231 and drain bus line 232 formed
on the TFT substrate are 10 um and 5 um, respectively.

[0132] Next, as described with FIG. 19A, on the pixel
electrode 213, the insulating film 301 made of polyimide and
having a thickness of 0.4 um and the conductive film 302
made of chrome and having a thickness of 0.2 um are
formed. On the conductive film 302, photosensitive novolak
resin is deposited to a thickness of 2 um to thereafter leave
the pattern 303a having a width of 15 ym by an exposure and
development process.

[0133] As described with FIG. 19B, by using the pattern
303a as a mask, the conductive film 302 is patterned. In
etching this conductive film 302, isotropic etching is per-
formed using ammonium cerium (IV) nitrate. As described
with FIG. 19C, by using the pattern 3034 as a mask, the
insulating film 301 is patterned. In etching this insulating
film 301, anisotropic etching is performed using low pres-
sure plasma ashing at a pressure of 1 Pa or lower. As
described with FIG. 19D, the substrate is heated to fluidize
the pattern 303a to form the cover film 303. The substrate
temperature is set to 200° C. Thereafter, the vertical align-
ment film is formed over the whole substrate surface. The
width of the bottom of the protrusion 323 shown in FIG. 20
is about 10 um and the pitch of protrusions is 100 gm.

[0134] Since the protrusion 323 formed by the above
processes includes the conductive film 302, light incident
upon the protrusion 323 can be shielded so that leak light to
be caused by disturbed alignment of liquid crystal molecules
can be avoided.

[0135] The protrusion 323 formed by the above processes
can be used as a repair wiring line when a drain bus line is
disconnected. Consider now that one drain bus line 332 is
broken at a disconnection point 320 as shown in FIG. 20. In
order to electrically separate a portion 322 of the protrusion
323 overriding the disconnection point 320 from the other
portion of the protrusion 323, the protrusion 323 is cut with
a laser beam at cut points 324 and 325.

[0136] The portion 322 of the separated protrusion is
bonded to the disconnected drain bus lines 332 at bonding
points 328 and 329 to electrically connect the separated
protrusion and disconnected bus lines 332. The disconnected
drain bus lines 332 are therefore electrically connected
together via the portion 322 of the protrusion 323. FIG. 21
is a cross sectional view of the cut point 324 and bonding
point 328. The disconnected drain bus lines 332 can there-
fore by repaired.
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[0137] Next, with reference to FIG. 22, the eleventh
embodiment will be described.

[0138] FIG. 22 is a plan view of the TFT substrate of a
liquid crystal display device of the eleventh embodiment.
Repair lines 4074 and 407b are formed in upper and lower
areas in FIG. 22 of output leads of drain bus lines 332. The
repair lines 407a and 407b extend crossing the output leads
of the drain bus lines 332. Each of the repair lines 407a and
407b has the cross sectional structure similar to that of the
protrusion 220B shown in FIG. 18.

[0139] Consider now that one drain bus lines 332 is
broken at a disconnection point 320. At a cross point 408a
between the output lead of the disconnected drain bus line
332 and repair line 4074, they are bonded with a laser beam,
and at a cross point 4085 between the output lead of the
disconnected drain bus line 332 and the repair line 407b,
they are bonded with a laser beam. An output electrode 409
is disposed crossing the repair line 407a. At a cross point 410
between the repair line 4074 and output electrode 409, they
are bonded with a laser beam.

[0140] Output electrodes 420 cross the repair lines 407b.
The output electrodes 420 are formed by the same process
as the process for the drain bus lines 332. At a cross point
between the repair line 407b connected to the disconnected
drain bus line 332 and the output electrode 420, they are
bonded with a laser beam. The output electrodes 409 and
420 connected to the disconnected drain bus lines 332 are
electrically connected by an external wiring line so that the
disconnection of the drain bus line 332 can be repaired.

[0141] Next, with reference to FIG. 23, the thirteenth
embodiment will be described. In the thirteenth embodi-
ment, the protrusion is used as the electrode of an auxiliary
capacitance.

[0142] FIG. 23 is a plan view of the TFT substrate of a
liquid crystal display device of the thirteenth embodiment.
In the upper peripheral area shown in FIG. 23, common
lines are disposed extending in the lateral direction. The
common line 411 is formed at the same time when protru-
sions 402 are formed and is continuous with the protrusions
402. An output electrode 413 crosses the common line 411
at a cross point 415. At this cross point, the common line 411
is bonded to the output electrode 413 with a laser beam.

[0143] An auxiliary capacitance is formed in the area of
the protrusion 402 where the pixel electrode 213 is super-
posed. With this structure, it is not necessary to dispose the
capacitance bus line 235 such as shown in FIG. 17, so that
the aperture efficiency can be improved.

[0144] As a bias voltage (offset voltage) is applied to the
common line 411, tilts of liquid crystal molecules near the
protrusion 402 can be made similar to those of liquid crystal
molecules in other areas. Namely, the tilts can be set near
perpendicular to the substrate surface. According to experi-
ments, the contrast 300 of a liquid crystal display device
having capacitance bus lines was able to be improved to 350
or higher.

[0145] In the eleventh to thirteenth embodiments, the
protrusion is used either as the repair wiring line for a
disconnected drain bus or as the electrode of the auxiliary
capacitance. The protrusion may be used as both the repair
wiring line and the electrode of the auxiliary capacitance.
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The protrusion may be used as the repair line of not only the
drain bus line but also the gate bus line.

[0146] Next, with reference to FIGS. 24A and 24B, the
fourteenth embodiment will be described. In the liquid
crystal display device of the fourteenth embodiment, a
so-called gate connection type is adopted wherein the gate
bus line of TFT in one row is connected to the drain region
of TFT at an adjacent row.

[0147] FIG. 24A is a plan view of the TFT substrate of a
liquid crystal display device of the fourteenth embodiment.
The gate bus line 502 of TFT 2334 at one row is connected
to the drain region of TFT 233B at an adjacent row (a row
upper by one row in FIG. 24A). Scanning is executed by
sequentially applying a voltage to the gate bus lines 502.

[0148] In a usual active matrix type liquid crystal display
device, the opposing electrode is made of a single conduc-
tive film formed over the whole substrate surface. In the gate
connection type liquid crystal display device, as shown in
FIG. 24B, the opposing electrodes 510 have a stripe pattern
such as that of the electrodes of a simple matrix type liquid
crystal display device. The opposing clectrodes 510 are
provided one electrode per one pixel electrode column of the
TFT substrate. By using this stripe pattern, a signal is
applied to each pixel electrode. The TET substrate of a gate
connection type can be formed by using the number of
masks smaller than that for a usual TFT substrate.

[0149] Similar to the thirteenth embodiment, a common
line 411 and an output electrode 413 are provided and they
are bonded at a cross point 415 to add the auxiliary capaci-
tance to each pixel electrode 213.

[0150] The present invention has been described in con-
nection with the preferred embodiments. The invention is
not limited only to the above embodiments. It is apparent
that various modifications, improvements, combinations,
and the like can be made by those skilled in the art.

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

first and second substrates disposed in parallel at a gap
therebetween,

liquid crystal material containing liquid erystal molecules
having negative dielectric anisotropy, said liquid crys-
tal material being filled in the gap between said first and
second substrates;

alignment film for homeotropically aligning the liquid
crystal molecules in a state of no electric field;

pixel electrodes formed on an opposing surface of said
first substrate and regularly disposed in row and col-
umn directions;

a common electrode formed on an opposing surface of
said second substrate;

data bus lines disposed on the opposing surface of said
first substrate, each data bus line being provided in
correspondence with each column of said pixel elec-
trodes;

gate bus lines disposed on the opposing surface of said
first substrate, each gate bus line being provided in
correspondence with each row of said pixel electrodes,
said gate bus line being disposed passing an inside area



US 2003/0202145 Al

of said pixel electrode at a corresponding row, as
viewed along a substrate normal direction;

switching elements disposed on the opposing surface of
said first substrate, each switching element being pro-
vided in correspondence with each pixel electrode,
each switching element connecting a corresponding
pixel electrode and a corresponding data bus line and
being switched between a conduction state and a non-
conduction state in response to an externally applied
control signal;

gate connection lines, each gate connection line being
provided for each switching element, each gate con-
nection line transferring the control signal from the gate
bus line, corresponding to a row different from a row of
the pixel electrode connected to corresponding switch-
ing element, to corresponding switching element;

protrusions formed on the opposing surface of one of said
first and second substrates, said protrusions dividing an
area of said pixel electrode into a plurality of areas and
each protrusion being bent at a point where the protru-
sion intersects with the gate bus line as viewed along
the substrate normal direction; and

domain border regulating structure formed on the oppos-
ing surface of the other of said first and second sub-
strates, said domain border regulating structure being
disposed at a distance from each of said protrusions as
viewed along the substrate normal direction, said
domain border regulating structure defining, together
with said protrusions, borders of each domain in which
a tilt direction of the liquid crystal molecules is uniform
when a voltage is applied across said pixel electrode
and said common electrode.

2. A liquid crystal display device according to claim 1,
wherein said domain border regulating structure comprises
other protrusions formed on the opposing surface of one of
said first and second substrates not formed with said pro-
trusions.

3. A liquid crystal display device according to claim 1,
wherein said domain border regulating structure comprises
slits formed in said pixel electrodes.

4. A liquid crystal display device according to claim 1,
wherein said gate connection line branches from said gate
bus line, extends along a side of said pixel electrode a row
corresponding to said gate bus line, and transfers the control
signal to said switching element connected to said pixel
electrode at a row adjacent to a row corresponding to said
gate bus line.

5. A liquid crystal display device according to claim 3,
wherein said gate connection line overlaps with each of said
slits as viewed along the substrate normal direction.

6. A liquid crystal display device according to claim 1,
wherein said protrusion is disposed along a straight line
obliquely crossing said gate bus line in an area between said
gate bus lines and bent at a point where the protrusion
intersects with the gate but line as viewed along the substrate
normal direction.

7. A liquid crystal display device according to claim 1,
further comprising other slits formed in said pixel elec-
trodes, said other slits each being disposed inclusive of a
portion of said protrusion in a longitudinal direction.
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8. A liquid crystal display device, comprising:

first and second substrates disposed in parallel at a gap
therebetween;

liquid crystal material containing liquid crystal molecules
having negative dielectric anisotropy, said liquid crys-
tal material being filled in the gap between said first and
second substrates;

alignment film for homeotropically aligning the liquid
crystal molecules in a state of no electric field;

pixel electrodes formed on an opposing surface of said
first substrate and regularly disposed in row and col-
umn directions;

a common electrode formed on an opposing surface of
said second substrate;

data bus lines disposed on the opposing surface of said
first substrate, each data bus line being provided in
correspondence with each column of said pixel elec-
trodes;

gate bus lines disposed on the opposing surface of said
first substrate, each gate bus line being provided in
correspondence with each row of said pixel electrodes;

switching elements disposed on the opposing surface of
said first substrate, each switching element being pro-
vided in correspondence with each pixel electrode,
each switching element connecting a corresponding
pixel electrode to a corresponding data bus line and
being switched between a conduction state and a non-
conduction state in response to a control signal applied
to said gate bus line;

first protrusions formed on the opposing surface of said
first substrate, each first protrusion dividing an area of
said pixel electrode into a plurality of areas as viewed
along the substrate normal direction;

second protrusions formed on the opposing surface of said
second substrate, each second protrusion being dis-
posed at a distance from the first protrusion as viewed
along the substrate normal direction; and

slits formed in said pixel electrodes and each being
disposed inclusive of a portion of said first protrusion
in a longitudinal direction.

9. A liquid crystal display device, comprising:

first and second substrates disposed in parallel at a gap
therebetween;

switching elements disposed on an opposing surface of
said first substrate in a matrix form;

pixel electrodes, each being provided in correspondence
with each of said switching elements;

gate bus lines disposed on the opposing surface of said
first substrate;

drain bus lines disposed on the opposing surface of said
first substrate;

an opposing electrode formed on an opposing surface of
said second substrate;

protrusions formed on the opposing surface of at least one
of said first and second substrates, defining domain
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borders of each pixel and including a conductive film
covered with insulating material; and

liquid crystal material filled in that gap between said first
and second substrates,

wherein said switching element connects the pixel elec-
trode to a corresponding drain bus line and a conduc-
tion state of the switching element is controlled in
response to a signal applied to a corresponding gate bus
line.

10. A liquid crystal display device according to claim 9,
wherein said liquid crystal material contains liquid crystal
molecules having negative dielectric anisotropy, the liquid
crystal display device further comprises an alignment film
for vertically align the liquid crystal molecules on the
opposing surface of at least one of said first and second
substrates.

11. A liquid crystal display device according to claim 9,
wherein said protrusions each have a surface slanted relative
to a substrate surface.

12. A liquid crystal display device according to claim 9,
wherein said protrusions each include an underlying insu-
lating film made of insulating material, a conductive film
formed on the underlying insulating film, and a cover film
made of insulating material and covering the conductive
film, and wherein the cover film is made of organic material
having a melting point or softening point lower than that of
the underlying insulating film.

13. A liquid crystal display device according to claim 12,
wherein the cover film is made of photosensitive organic
material.

14. A liquid crystal display device according to claim 9,
wherein protrusions each are used as a repair wiring line for
a disconnection point of said gate bus line or said drain bus
line.

15. A liquid crystal display device according to claim 9,
wherein said protrusions are formed on the opposing surface
of said first substrate, the liquid crystal display device
further comprises a repair line formed on the opposing
surface of said first substrate in a peripheral area of an area
where said pixel electrodes are disposed, said repair line
having a cross sectional structure same as that of said
protrusions and crossing said gate bus line or said drain bus
line, and a disconnected line of said gate bus line or said
drain bus line is electrically connected to said repair line at
a cross point.

16. A liquid crystal display device according to claim 9,
wherein said protrusions are formed on the opposing surface
of said first substrate, the liquid crystal display device
further comprises a common line formed on the opposing
surface of said first substrate in a peripheral area of an area
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where said pixel electrodes are disposed, said common line
having a cross sectional structure same as that of said
protrusions and connected to each of said protrusions and
forming an auxiliary capacitance that is defined by each of
said pixel electrodes and a portion of the conductive film of
said protrusion where the portion overlaps said pixel elec-
trode.

17. A liquid crystal display device according to claim 16,
wherein an output line for applying a bias voltage is con-
nected to the conductive film in said common line.

18. A liquid crystal display device according to claim 9,
wherein each of said gate bus lines serves as said drain bus
line connected to said switching element at a row adjacent
to a row of said switching element corresponding to said
gate bus line, and said opposing electrode has a stripe pattern
disposed for each column of said pixel electrodes.

19. A method of manufacturing a matrix substrate, com-
prising steps of:

preparing the matrix substrate; said matrix substrate com-
prising: a substrate with a principal surface; switching
elements disposed on the principal surface of the sub-
strate in a matrix form; pixel electrodes formed in
correspondence with each of the switching elements;
gate bus lines disposed on the principal surface of the
substrate; and drain bus lines disposed on the principal
surface of the substrate; wherein the switching element
connects a drain bus line to a corresponding pixel
electrode and a conduction state of the switching ele-
ment is controlled by a signal applied to a correspond-
ing gate bus line;

forming an underlying film made of insulating material on
the pixel electrode formed on the matrix substrate;

forming a conductive film on the underlying film;

forming a cover film made of insulating material on the
conductive film;

pattering the cover film;

pattering the conductive film and the underlying film by
using the patterned cover film as a mask; and

heating the patterned cover film to fluidize the patterned
cover film and cover the conductive film with the cover
film.

20. A method of manufacturing a matrix substrate accord-
ing to claim 19, wherein the cover film is made of photo-
sensitive organic material, and said step of patterning the
cover film includes a step of partially exposing the cover
film and a step of developing the exposed cover film.

* * * * *
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