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(57) ABSTRACT

A liquid crystal display panel includes: an active matrix sub-
strate (20a) having a plurality of switching elements (5), an
insulating film that is formed to cover the switching elements
(5) and has through holes (16¢), and a plurality of pixel
electrodes (17) formed on the insulating film to be connected
to the switching elements (5) via the through holes (164); and
a counter substrate having photo-spacers (23a) configured to
maintain the thickness of a liquid crystal layer. The panel
includes a first pixel row having a plurality of pixels in a row
in which the photo-spacers (23a) are placed to stand on one
side of the corresponding through holes (16¢), and a second
pixel row having a plurality of pixels in a row in which the
photo-spacers (23a) are placed to stand on the opposite side of
the corresponding through holes (16a).
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LIQUID CRYSTAL DISPLAY PANEL

TECHNICAL FIELD

[0001] The present disclosure relates to a liquid crystal
display panel, and more particularly to a liquid crystal display
panel whose cell thickness is maintained by columnar photo-
spacers formed on a substrate.

BACKGROUND ART

[0002] A liquid crystal display panel includes a pair of
substrates opposed to each other and a liquid crystal layer
interposed between the substrates. In such a liquid crystal
display panel, the thickness of the liquid crystal layer, or the
cell thickness, is kept constant by spacers provided between
the substrates. As the spacers, those in the form of beads have
been conventionally used, which are scattered on one of the
paired substrates. In recent years, however, to enhance the
uniformity of the cell thickness, columnar photo-spacers
formed on one of the paired substrates by photolithography
are being used in place of the bead spacers.

[0003] For example, Patent Document 1 discloses a trans-
flective liquid crystal display having protrusions in pixels to
serve as spacers and also regulate the alignment of liquid
crystal molecules, and a method for fabricating such a liquid
crystal display.

[0004] PATENT DOCUMENT 1: Japanese Patent Publica-
tion No. P2006-330602
SUMMARY OF THE INVENTION
Technical Problem

[0005] A liquid crystal display panel of an active matrix
drive scheme includes an active matrix substrate and a
counter substrate as the paired substrates described above.
[0006] FIG. 11 is a plan view of a conventional active
matrix substrate 120.

[0007] AsshowninFIG. 11, the active matrix substrate 120
includes: a plurality of pixel electrodes 117 arranged in a
matrix; a plurality of gate lines 113a extending in parallel
with each other along the short sides of the pixel electrodes
117; a plurality of source lines 115 extending in parallel with
each other along the long sides of the pixel electrodes 117; a
plurality of capacitor lines 1135 extending in parallel with
each other along the gate lines 113a; and a plurality of thin
film transistors (TFTs) provided at intersections of the gate
lines 113a and the source lines 115. In each of pixels as the
minimum units of an image, as shownin FIG. 11, the TFT 105
and the pixel electrode 117 are connected to each other via a
through hole 116¢ formed through a resin film (not shown)
covering the TFT 105. In FIG. 11, photo-spacers 123a (and
123b) formed on the counter substrate are shown by the
two-dot chain lines. The photo-spacers 1235 are formed to be
shorter than the photo-spacers 123¢4. With this configuration,
when the panel surface is depressed, the photo-spacers 1235
will come into contact with the surface of the active matrix
substrate to maintain the cell thickness. Also, in a liquid
crystal display panel fabricated by one-drop filling, if a cold
shock is loaded on the panel surface, this configuration will
resist generation of bubbles.

[0008] Inthe case of forming the photo-spacers 123a on the
counter substrate as described above, the heads of the photo-
spacers 123a may possibly sink into the recessed through
holes 116a formed on the active matrix substrate 120 if a
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displacement occurs at the time of bonding between the active
matrix substrate 120 and the counter substrate. In such an
event, the cell thickness may become small in regions having
photo-spacers 1234 whose heads sink into the corresponding
through holes 1164, causing failure in keeping the cell thick-
ness constant. This will make stable cell thickness control by
the photo-spacers 123a difficult.

[0009] To overcome the above problem, as shown in FIG.
11, the through holes 116a formed on the active matrix sub-
strate 120 and the photo-spacers 1234 formed on the counter
substrate may be placed apart from each other as viewed from
top. to ensure that the heads of the photo-spacers 123a of the
counter substrate are prevented from sinking into the through
holes 116« of the active matrix substrate 120. Practically,
however, in a liquid crystal display panel, as pixels become
finer, the spacing between the source lines 115 becomes
smaller and smaller. Therefore, the through holes 116a and
the photo-spacers 123a are placed apart from each other as
viewed from top by forming the photo-spacers 123a or the
through holes 1164 to protrude into transmission regions as
viewed from top. In FIG. 11, each transmission region refers
to a region of an area surrounded by two adjacent gate lines
113a and two adjacent source lines 115 that overlaps neither
the capacitor line 1135 nor the TFT 105, and a region trans-
mitting light from a backlight to contribute to image display,
for example. When the photo-spacers 123a or the through
holes 116a protrude into the transmission regions as viewed
from top, the portions of the protrusion in the transmission
regions are no more contributable to image display, whereby
the aperture ratio of the pixels decrease. For example, when
the photo-spacers 123a are formed to protrude into the trans-
mission regions, such portions of the photo-spacers 123a
must be shielded because the alignment of the liquid crystal
layer tends to be disturbed near the photo-spacers 123a,
resulting in decreasing the aperture ratio of the pixels. Like-
wise, the aperture ratio of the pixels will also decrease when
the through holes 116a are formed to protrude into the trans-
mission regions because the alignment of the liquid crystal
layer tends to be disturbed near the through hole 116a. In
addition, light leakage may occur, possibly causing contrast
degradation, in the regions where the alignment of the liquid
crystal layer is disturbed near the photo-spacers 1234 and the
through holes 16a.

[0010] As described above, in the conventional liquid crys-
tal display panel, it is difficult to keep the aperture ratio of
pixels from decreasing while maintaining the stability of cell
thickness control, due to the placement of through holes and
photo-spacers.

[0011] In view of the above problem, it is an object of the
present invention to reduce decrease in the aperture ratio of
pixels while maintaining the stability of cell thickness control
by photo-spacers.

Solution to the Problem

[0012] To attain the above object, according to the present
invention, there are provided first pixel rows in which photo-
spacers are placed to stand on one side of corresponding
through holes and second pixel rows in which photo-spacers
are placed to stand on the opposite side of corresponding
through holes.

[0013] Specifically, the liquid crystal display panel of the
present invention includes: an active matrix substrate; a
counter substrate opposed to the active matrix substrate; and
a liquid crystal layer interposed between the active matrix
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substrate and the counter substrate, the active matrix substrate
including a plurality of switching elements formed on a first
transparent substrate, an insulating film formed to cover the
switching elements, and a plurality of pixel electrodes formed
on the insulating film in a matrix to be connected to the
corresponding switching elements via through holes formed
through the insulating film for the respective switching ele-
ments, the counter substrate including photo-spacers formed
to stand on a second transparent substrate to maintain the
thickness of the liquid crystal layer, a plurality of pixels being
defined in a matrix in correspondence with the pixel elec-
trodes, wherein the liquid crystal display panel includes a first
pixel row having a plurality of pixels in a row in which the
photo-spacers are placed to stand on one side of the corre-
sponding through holes, and a second pixel row having a
plurality of pixels in a row in which the photo-spacers are

placed to stand on the opposite side of the corresponding
through holes.

[0014] The liquid crystal display panel having the configu-
ration described above has a first pixel row including a plu-
rality of pixels in a row in which the photo-spacers are placed
to stand on one side of their corresponding through holes and
a second pixel row including a plurality of pixels in a row in
which the photo-spacers are placed to stand on the opposite
side of their corresponding through holes. Therefore, even if
the heads of photo-spacers of the counter substrate sink into
the corresponding through holes of the active matrix substrate
in the first pixel row due to a displacement and the like at the
time of bonding between the active matrix substrate and the
counter substrate, such an event that the heads of photo-
spacers of the counter substrate sink into the corresponding
through holes of the active matrix substrate will not occur in
the second pixel row. In this case, since the heads of the
photo-spacers of the counter substrate in the pixels of the
second pixel row are in contact with the portions of the pixel
electrodes located outside the through holes of the active
matrix substrate, the cell thickness is maintained reliably, and
thus the stability of the cell thickness control by the photo-
spacers is maintained. In addition, since the photo-spacers are
placed to stand on one side or the opposite side of the through
holes, the spacing between the photo-spacers and the corre-
sponding through holes as viewed from top is small. There-
fore, since the photo-spacers or the through holes are kept
from protruding into the transmission regions, decrease in the
aperture ratio of the pixels is reduced. Accordingly, it is
possible to reduce decrease in the aperture ratio of the pixels
while maintaining the stability of the cell thickness control by
the photo-spacers.

[0015] The first pixel row and the second pixel row may be
adjacent to each other.

[0016] In the configuration described above, in which the
first pixel row and the second pixel row are adjacent to each
other, the cell thickness can be practically maintained reliably
in one of two adjacent pixel rows.

[0017]

[0018] In the configuration described above, in which the
insulating film is a resin film that is generally thicker than an
inorganic insulating film, the through holes formed through
the insulating film are deep and have inner walls inclined to be
wider toward the top, and this may impair stable cell thickness
control. However, provided with the first pixel row and the
second pixel row as described above, stable cell thickness
control can be attained.

The insulating film may be a resin film.
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[0019] The photo-spacers may include first photo-spacers
and second photo-spacers shorter than the first photo-spacers.

[0020] In the configuration described above, in which the
second photo-spacers are shorter than the first photo-spacers,
the heads of the first photo-spacers are in contact with the
surface of the active matrix substrate in normal times, to
maintain the cell thickness. When the panel surface is
depressed, the heads of the second photo-spacers will come
into contact with the surface of the active matrix substrate, to
maintain the cell thickness. Also, in a liquid crystal display
panel fabricated by one-drop filling, the difference in elastic
characteristic between the photo-spacers and the second
transparent substrate is small compared with the case where
all the photo-spacers are the first photo-spacers. Therefore, if
acold shock is loaded on the panel surface, the photo-spacers
will deflect following deflection of the second transparent
substrate, causing resistance to formation of minute space and
the like therebetween, and thus generation of bubbles can be
reduced.

[0021] The photo-spacers may be formed to be centers of
alignment in the liquid crystal layer.

[0022] In the configuration described above, the photo-
spacers are the centers of alignment in the liquid crystal layer.
Therefore, in a vertical alignment (VA) scheme liquid crystal
display panel, the photo-spacers not only maintain the cell
thickness but also regulate the alignment of the liquid crystal
layer.

[0023] The active matrix substrate may include a plurality
of gate lines formed to extend in parallel with each other, a
plurality of source lines formed to extend in parallel with each
other in a direction crossing the gate lines, and a plurality of
capacitor lines formed to extend in parallel with each other
along the gate lines, and the photo-spacers and the corre-
sponding through holes may be formed along the source lines
to overlap the capacitor lines.

[0024] In the configuration described above, the photo-
spacers and the through holes are formed along the corre-
sponding source lines to overlap the corresponding capacitor
lines. Therefore, in a high-definition liquid crystal display
panel in which the source lines are arranged with narrow
spacing therebetween, decrease in the aperture ratio of the
pixels is practically reduced.

[0025] The active matrix substrate may include a plurality
of gate lines formed to extend in parallel with each other, a
plurality of source lines formed to extend in parallel with each
other in a direction crossing the gate lines, and a plurality of
capacitor lines formed to extend in parallel with each other
along the gate lines, and the photo-spacer and the correspond-
ing through hole may be formed along the gate lines to over-
lap the capacitor lines.

[0026] In the configuration described above, the photo-
spacers and the through holes are formed along the corre-
sponding gate lines to overlap the corresponding capacitor
lines. Therefore, in a high-definition liquid crystal display
panel in which the source lines are arranged with narrow
spacing therebetween, decrease in the aperture ratio of the
pixels is practically reduced. Also, since the spacing between
each drain connection electrode connected to the drain region
of the semiconductor layer of each TFT provided as a switch-
ing element, for example, and the corresponding source line
can be designed to be wide, leakage failure and the like in the
same layer between the drain connection electrode and the
source line can be reduced.
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[0027] Alternatively, the liquid crystal display panel of the
present invention includes: an active matrix substrate; a
counter substrate opposed to the active matrix substrate; and
a liquid crystal layer interposed between the active matrix
substrate and the counter substrate, the active matrix substrate
including a plurality of switching elements formed on a first
transparent substrate, an insulating film formed to cover the
switching elements, and a plurality of pixel electrodes formed
on the insulating film in a matrix to be connected to the
corresponding switching elements via through holes formed
through the insulating film for the respective switching ele-
ments, the counter substrate including first photo-spacers and
the second photo-spacers shorter than the first photo-spacers,
both formed to stand on a second transparent substrate to
maintain the thickness of the liquid crystal layer, wherein the
first photo-spacers are formed not to overlap the through
holes, and the second photo-spacers are formed to overlap the
through holes.

[0028] Inthe configuration described above, the first photo-
spacers that are in contact with the surface of the active matrix
substrate in normal times are placed not to overlap the corre-
sponding through holes. Thus, the cell thickness can be main-
tained reliably. Also, the second photo-spacers that will come
into contact with the surface of the active matrix substrate
when the panel surface is depressed are placed to overlap the
through holes. Thus, decrease in the aperture ratio of the
pixels is reduced. Accordingly, it is possible to reduce
decrease in the aperture ratio of pixels while maintaining the
stability of the cell thickness control by the photo-spacers.

Advantages of the Invention

[0029] According to the present invention, there are pro-
vided first pixel rows in which the photo-spacers are placed to
stand on one side of the corresponding through holes and
second pixel rows in which the photo-spacers are placed to
stand on the opposite side ofthe corresponding through holes.
Therefore, it is possible to reduce decrease in the aperture
ratio of pixels while maintaining the stability of the cell
thickness control by photo-spacers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a plan view of an active matrix substrate
20q constituting a liquid crystal display panel of the first
embodiment.

[0031] FIG. 2isa cross-sectional view of the active matrix
substrate 20a, together with a liquid crystal display panel 50a
including the same, taken along line 1I-1I in FIG. 1.

[0032] FIG. 3 is a cross-sectional view of the active matrix
substrate 20qa taken along line IT1I-11T in FIG. 1.

[0033] FIG. 4 is a plan view schematically showing the
liquid crystal display panel 50a.

[0034] FIG.5isa plan view schematically showing a liquid
crystal display panel 506 of the second embodiment.

[0035] FIG. 6isa plan view schematically showing a liquid
crystal display panel 50¢ of the third embodiment.

[0036] FIG.7isa plan view schematically showing a liquid
crystal display panel 504 of the fourth embodiment.

[0037] FIG. 8 is a plan view of an active matrix substrate
20e constituting a liquid crystal display panel of the fifth
embodiment.

[0038] FIG.9isa cross-sectional view of the active matrix
substrate 20e, together with a liquid crystal display panel 50e
including the same, taken along line IX-IX in FIG. 8.
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[0039] FIG. 10 is a plan view schematically showing a
liquid crystal display panel 50f of the sixth embodiment.
[0040] FIG. 11 is a plan view of a conventional active
matrix substrate 120.

DESCRIPTION OF REFERENCE CHARACTERS

[0041] La First Pixel Row

[0042] Lb Second Pixel Row

[0043] P Pixel

[0044] TFT (Switching Element)

[0045] 10q First Transparent Substrate

[0046] 105 Second Transparent Substrate

[0047] 13a Gate Line

[0048] 135 Capacitor Line

[0049] 15a Source Line

[0050] 16 Resin Film (Insulating Film)

[0051] 16a Through Hole

[0052] 17 Pixel Electrode

[0053] 204, 20e Active Matrix Substrate

[0054] 23a First Photo-Spacer

[0055] 235 Second Photo-Spacer

[0056] 30a, 30e Counter Substrate

[0057] 40 Liquid Crystal Layer

[0058] 50a-50/Liquid Crystal Display Panel
DESCRIPTION OF EMBODIMENTS

[0059] Embodiments of the present invention will be

described hereinafter in detail with reference to the accom-
panying drawings. It should be noted that the present inven-
tion is not limited to the embodiments to follow.

First Embodiment

[0060] FIGS. 1-4 show a liquid crystal display panel of the
firstembodiment of the present invention. Specifically, FIG. 1
is a plan view of an active matrix substrate 20q constituting
the liquid crystal display panel of the first embodiment. FIG.
2 is a cross-sectional view of the active matrix substrate 20a,
together with a liquid crystal display panel 50« including the
same, taken along line II-1I in FIG. 1, and FIG. 3 is a cross-
sectional view of the active matrix substrate 20a taken along
line in FIG. 1. In FIG. 1, pixel electrodes 17 placed as the top
layer of the active matrix substrate 20a, as will be described
later, are shown by the bold lines.

[0061] As shown in FIG. 2, the liquid crystal display panel
50q includes the active matrix substrate 204 and a counter
substrate 30a opposed to each other, a liquid crystal layer 40
interposed between the substrates 20a and 30q, and a seal
material for bonding the substrates 20a and 30a to each other
and sealing the liquid crystal layer 40 between the substrates
20a and 30a.

[0062] As shown in FIGS. 1-3, the active matrix substrate
20a includes: a first transparent substrate 10« such as a glass
substrate; a semiconductor layer 11 having approximately
L-shaped portions formed on the first transparent substrate
10q; a gate insulating film 12 formed to cover the semicon-
ductor layer 11; a plurality of gate lines 134 formed on the
gate insulating film 12 to extend in parallel with each other; a
plurality of capacitor lines 135 formed on the gate insulating
film 12 to extend in parallel with each other along the gate
lines 13q; an interlayer insulating film 14 formed to cover the
gate lines 13a and the capacitor lines 134; a plurality of source
lines 154 formed on the interlayer insulating film 14 to extend
in parallel with each other in a direction orthogonal to the
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direction of the gate lines 13a; a plurality of drain connection
electrodes 155 formed on the interlayer insulating film 14 as
islands between the source lines 15a; aresin film 16 formed to
cover the source lines 154 and the drain connection electrodes
154; a plurality of pixel electrodes 17 formed in a matrix on
the resin film 16; and an alignment film (not shown) formed to
cover the pixel electrodes 17.

[0063] Inthe liquid crystal display panel 50q, a plurality of
pixels P (see FIG. 4 to be described later) as the minimum
units of an image are defined in a matrix to correspond to the
pixel electrodes 17. Bach pixel P has a region (transmission
region) transmitting light from a backlight, for example, to
contribute to image display, which is a region of an area
surrounded by two adjacent gate lines 13a and two adjacent
source lines 154 that overlaps neither the capacitor line 135
nora TFT 5 to be described later.

[0064] Inthe active matrix substrate 20a, also, the TFT 5 is
provided as a switching element at each of intersections of the
gate lines 13¢ and the source lines 154 as shown in FIG. 1.
[0065] As shown in FIG. 3, the TFT 5 includes: a gate
electrode G including a portion of the gate line 134 and a
protrusion extending laterally from the gate line 13a; the
semiconductor layer 11 in which defined are channel regions
11a underlying the gate electrode G. lightly-doped regions
(LDD regions) 115 outside the channel regions 11a, and
heavily-doped regions 11¢ including a source region S and a
drain region D outside the lightly-doped regions 115; and the
gate insulating film 12 provided between the gate electrode G
and the semiconductor layer 11. As shown in FIGS. 1 and 3,
the source region S is connected to the source line 154 via an
active contact hole 144 formed through the layered film made
of the gate insulating film 12 and the interlayer insulating film
14. As shown in F1G. 2, the drain region D is connected to the
drain connection electrode 155 via an active contact hole 146
formed through the layered film made of the gate insulating
film 12 and the interlayer insulating film 14. The drain con-
nection electrode 154 is then connected to the pixel electrode
17 via the through hole 16a formed through the resin film 16
as shown in FIGS. 1 and 2.

[0066] Also, the drain region D is formed to underlie the
capacitor line 135, as shown in FIGS. 1 and 2, constituting a
storage capacitor together with the capacitor line 134 and the
gate insulating film 12 provided therebetween.

[0067] As shown in FIG. 2, the counter substrate 30a
includes: a second transparent substrate 105 such as a glass
substrate; a black matrix 21a formed in a lattice shape on the
second transparent substrate 105; a color filter layer 215
including colored layers such as red layers, green layers, and
blue layers formed in the openings of the lattice of the black
matrix 21a; a common electrode 22 formed to cover the color
filter layer 21; first photo-spacers 23a and second photo-
spacers 23b (see FIG. 1) formed to stand on the common
electrode 22; and an alignment film (not shown) formed to
cover the common electrode 22. In the plan view of the active
matrix substrate 20a of FIG. 1, the first photo-spacers 23a and
the second photo-spacers 235 of the counter substrate 30a are
shown by the two-dot dashed lines.

[0068] Thefirst photo-spacers 23a, having a height ofabout
4.5 pm, for example, are in contact with the surface of the
active matrix substrate 20a (surfaces of the pixel electrodes
17), to maintain the thickness of the liquid crystal layer 40, or
the cell thickness.

[0069] The second photo-spacers 235, having a height of
about 4.2 um, for example, which are shorter than the first
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photo-spacers 23a, will come into contact with the surface of
the active matrix substrate 20a (surfaces of the pixel elec-
trodes 17) when the panel surface is depressed, to maintain
the thickness of the liquid crystal layer 40. Having such
second photo-spacers 235 shorter than the first photo-spacers
23qa, the difference in elastic characteristic between the
photo-spacers and the second transparent substrate 105 is
small, compared with the case where all the photo-spacers are
the first photo-spacers 23a, when the liquid crystal display
panel 50q is fabricated by one-drop filling. Therefore, if a
cold shock is loaded on the panel surface, the photo-spacers
will deflect following deflection of the second transparent
substrate 105, causing resistance to formation of minute
space and the like therebetween, and thus generation of
bubbles is reduced.

[0070] FIG. 4 is a plan view schematically showing the
liquid crystal display panel 50q. In FIG. 4, shown are the
through holes 16a formed on the active matrix substrate 20a
and the first and second photo-spacers 23a and 235 formed on
the counter substrate 30a, which are both arranged in the
pixels P.

[0071] As shown in FIG. 4, the liquid crystal display panel
50a includes first pixel rows La in which the first photo-
spacers 23a are placed to stand on one side (lower side as
viewed from FIG. 4) of the corresponding through holes 164
and second pixel rows Lb in which the first photo-spacers 23a
are placed to stand on the opposite side (upper side as viewed
from FIG. 4) of the corresponding through holes 16a.
[0072] In the liquid crystal display panel 50a, also, as
shown in FIG. 4, the second photo-spacers 235 are placed to
stand above the corresponding through holes 164 in both the
first pixel rows Laand the second pixel rows Lb. As examples
of the number densities of the photo-spacers, when the size of
each pixel P is about 30 umx90 um, the density of the first
photo-spacers 23a isabout 11 pcs/mm?, and the density of the
second photo-spacers 235 is about 360 pes/mm>. When the
size of each pixel P is about 40 pmx120 pm, the density of the
first photo-spacers 23a is about 11 pes/mm?, and the density
of the second photo-spacers 235 is about 197 pes/mm>. When
the size of each pixel P is about 50 umx 150 pum, the density of
the first photo-spacers 23 is about 11 pcs/mm?>, and the
density of the second photo-spacers 235 is about 122 pes/
mm?>. Tt is preferred to allocate the first photo-spacers 23a in
only pixels P displaying blue to reduce degradation of display
quality.

[0073] In the liquid crystal display panel 50a having the
configuration described above, a predetermined voltage is
applied across the liquid crystal layer 40 interposed between
the pixel electrodes 17 on the active matrix substrate 20a and
the common electrode 22 on the counter substrate 30a, to
change the aligned state of liquid crystal molecules constitut-
ing the liquid crystal layer 40, so that the transmittance of
light passing inside the panel is adjusted for each pixel P,
thereby to display an image.

[0074] Next, an example of the method for fabricating the
liquid crystal display panel 50a of this embodiment will be
described. The fabrication method of this embodiment
includes an active matrix substrate production process, a
counter substrate production process, and a one-drop filling
bonding process.

[0075] <Active Matrix Substrate Production Process>
[0076] First, an amorphous silicon film (thickness: about
50 nm)is formed on the entire of the first transparent substrate
10a such as a glass substrate by plasma chemical vapor depo-
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sition (CVD) using disilane and the like, for example, as the
material gas, and then changed to a polysilicon film by heat-
ing with laser light irradiation and the like. The polysilicon
film is then patterned by photolithography to form the semi-
conductor layer 11. A silicon oxide film or the like may be
formed between the first transparent substrate 10a and the
semiconductor layer 11 by plasma CVD, to form a basecoat
film.

[0077] Subsequently, a silicon oxide film (thickness: about
100 nm), for example, is formed on the entire substrate
including the semiconductor layer 11 by plasma CVD, to
form the gate insulating film 12. Thereafter, the semiconduc-
tor layer 11 is doped with phosphorus or boron as an impurity
via the gate insulating film 12.

[0078] A tantalum nitride film (thickness: about 50 nm) and
a tungsten film (thickness: about 350 nm), for example, are
formed sequentially on the surface of the gate insulating film
12 of the entire substrate by sputtering, and then patterned by
photolithography to form the gate lines 13a and the capacitor
lines 135.

[0079] The semiconductor layer 11 is then doped with
phosphorus or boron via the gate insulating film 12 using the
gate lines 13a (gate electrodes G) as a mask, to form the
channel regions 11a underlying the gate electrodes G.

[0080] Islands of a photoresist (not shown) are then formed
to cover the gate electrodes G, and the semiconductorlayer 11
is then doped with phosphorus or boron via the photoresist
and the gate insulating film 12. Note that regions of the
semiconductor layer 11 underlying the capacitor lines 134
have been separately doped with phosphorus or boron before
formation of the capacitor lines 1354. Thereafter, the resultant
substrate is heated for activation of the doped phosphorus or
boron, to form the lightly-doped regions 115 and the heavily-
doped regions 11¢ including the source regions S and the
drain regions D.

[0081] Subsequently, on the entire substrate including the
channel regions 114, the lightly-doped regions 115, and the
heavily-doped regions 11¢ formed in the semiconductor layer
11, formed are a silicon nitride film (thickness: about 250 nm)
and a silicon oxide film (thickness: about 700 nm) sequen-
tially by plasma CVD, to form the interlayer insulating film
14. Portions of the layered film of the gate insulating film 12
and the interlayer insulating film 14 located above the source
regions S and the drain regions D are then removed by etch-
ing, to form the active contact holes 14a and 145, respectively.

[0082] On theentire substrate including the interlayer insu-
lating film 14 having the active contact holes 14a and 145,
formed are a titanium film (thickness: about 100 nm), an
aluminum film (thickness: about 350 nm), and a titanium film
(thickness: about 100 nm), for example, sequentially by sput-
tering, and then patterned by photolithography, to form the
source lines 15¢ and the drain connection electrodes 15.

[0083] An acrylic resin, for example, is applied to the entire
substrate including the source lines 15a and the drain connec-
tion electrodes 155 by spin coating, to form the resin film 16
(thickness: about 2 um), and then portions of the resin film 16
located above the drain connection electrodes 156 are
removed by etching, to form the through holes 16a.

[0084] An indium tin oxide (ITO) film (thickness: about
100 nm), for example, is then formed on the entire substrate
including the resin film 16 having the through holes 164 by
sputtering, and patterned by photolithography, to form the
pixel electrodes 17.
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[0085] Finally, a polyimide resin is applied to the entire
substrate including the pixel electrodes 17 by printing and
then rubbed, to form an alignment film.

[0086] In the manner described above, the active matrix
substrate 20a can be produced.

[0087] <Counter Substrate Production Process>

[0088] First, a photosensitive resist material colored in
black, for example, is formed on the entire of the second
transparent substrate 105 such as a glass substrate to a thick-
ness of about 2 pm, and then patterned by photolithography,
to form the black matrix 21a.

[0089] Subsequently. a photosensitive resist material col-
ored in red, green, or blue, for example, is formed in the
openings of the black matrix 21a to a thickness of about 2 pum,
and then patterned by photolithography, to form a colored
layer of the selected color (e.g., a red layer). This process is
repeated for the other two colors, to form the other colored
layers (e.g., a green layer and a blue layer), thereby forming
the color filter layer 215.

[0090] An ITO film (thickness: about 100 nm) is then
formed on the substrate including the color filter layer 215 by
sputtering, to form the common electrode 22. Note that,
before formation of the ITO film on the substrate including
the color filter layer 215, an overcoat layer may be formed to
cover the color filter layer 215 to improve the flatness.
[0091] Thereafter, a photosensitive acrylic resin is applied
to the entire substrate including the common electrode 22 to
a thickness of about 4.5 um by spin coating, for example, and
patterned by photolithography. to form the first photo-spacers
23a (height: about 4.5 pm) and the second photo-spacers 235
(height: about 4.2 um). The first photo-spacers 23a and the
second photo-spacers 235 are formed to have their predeter-
mined heights in the following manner: the photosensitive
acrylic resin is exposed to a light beam having a wavelength
of 365 nm (i-line) or a light beam having wavelengths of 405
nm/436 nm (gh-line), for example, via a half-tone mask or a
gray-tone mask having regions different in light transmit-
tance under the conditions of a treatment time and a light
intensity adjusted appropriately, and the light-exposed pho-
tosensitive acrylic resin is subjected to selective ashing, to
obtain the predetermined heights.

[0092] Finally, a polyimide resin is applied to the entire
substrate including the first photo-spacers 23a and the second
photo-spacers 235 by printing and then rubbed, to form an
alignment film.

[0093] Inthemannerdescribed above, the counter substrate
30a can be produced.

[0094] <One-Drop Filling Bonding Process>

[0095] First, a frame of a seal material made of a UV-
curable/thermosetting resin and the like is drawn by a dis-
penser on the counter substrate 30a produced by the counter
substrate production process described above.

[0096] Subsequently, a liquid crystal material is dropped
into the region of the counter substrate 30a within the drawn
frame of the seal material.

[0097] The counter substrate 30a having the dropped liquid
crystal material and the active matrix substrate 20a produced
by the active matrix substrate production process described
above are bonded together under a reduced pressure. The
bonded substrates are then exposed to the atmospheric pres-
sure, to pressurize the surfaces of the bonded substrates.
[0098] Thereafter, the seal material sandwiched between
the bonded substrates is irradiated with UV light, and then the
bonded substrates are heated to cure the seal material.
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[0099] In the manner described above, the liquid crystal
display panel 50a can be fabricated.

[0100] As described above, the liquid crystal display panel
50a of this embodiment has the first pixel rows La each
including a plurality of pixels P in a row in which the first
photo-spacers 23a are placed to stand on one side of the
corresponding through holes 164 and the second pixel rows
Lb each including a plurality of pixels P in a row in which the
first photo-spacers 23a are placed to stand on the opposite
side of the corresponding through holes 16a. Therefore, even
if the heads of the first photo-spacers 23a of the counter
substrate 30a sink into the through holes 16a of the active
matrix substrate 20a in the first pixel rows La due to a dis-
placement at the time of bonding between the active matrix
substrate 20« and the counter substrate 30, such an event that
the heads of the first photo-spacers 23a of the counter sub-
strate 30a sink into the through holes 164 of the active matrix
substrate 20a will not occur in the second pixel rows Lb. In
this case, since the heads of the first photo-spacers 23a of the
counter substrate 30q in the pixels P of the second pixel rows
Lb are in contact with the portions of the pixel electrodes 17
located outside the through holes 16a of the active matrix
substrate 20, the cell thickness is maintained reliably. Thus,
the stability of the cell thickness control by the first photo-
spacers 23q is maintained. In addition, since the first photo-
spacers 23a are placed to stand on one side or the opposite
side of the corresponding through holes 164, no margin is
required for protection against bonding displacements, and
thus the spacing between the first photo-spacers 23a and the
corresponding through holes 16a as viewed from top can be
reduced. Therefore, since the first photo-spacers 23a or the
through holes 16a can be kept from protruding into the trans-
mission regions, decrease in the aperture ratio of the pixels
can be reduced. Accordingly, it is possible to reduce decrease
in the aperture ratio of the pixels while maintaining the sta-
bility of the cell thickness control by the photo-spacers.
[0101] Inaddition, inthe liquid crystal display panel 504 of
this embodiment, the second photo-spacers 235 are shorter
than the first photo-spacers 23a. Therefore, the heads of the
first photo-spacers 23a are in contact with the surface of the
active matrix substrate 20q in normal times, to maintain the
cell thickness. When the panel surface is depressed, the heads
of the second photo-spacers 235 will come into contact with
the surface of the active matrix substrate 20q, to maintain the
cell thickness. Also, in a liquid crystal display panel fabri-
cated by one-drop filling, the difference in elastic character-
istic between the photo-spacers and the second transparent
substrate 105 is small compared with the case where all the
photo-spacers are the first photo-spacers 23a. Therefore, if a
cold shock is loaded on the panel surface, the photo-spacers
will deflect following deflection of the second transparent
substrate 104, causing resistance to formation of minute
space and the like therebetween, and thus generation of
bubbles can be reduced.

[0102] Moreover, in the liquid crystal display panel 50a of
this embodiment, the first and second photo-spacers 23a and
235 and the corresponding through holes 16a are placed
along the corresponding source lines 15a to overlap the cor-
responding capacitor lines 135. Therefore, in a high-defini-
tion liquid crystal display panel in which the source lines 15a
are arranged with narrow spacing therebetween, in particular,
decrease in the aperture of the pixels can be reduced.

[0103] Furthermore, in the liquid crystal display panel 50a
of this embodiment, portions of the liquid crystal layer 40
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located near the first photo-spacers 23a and the through holes
16a in which the alignment of liquid crystal tends to be
disturbed can be kept from protruding into the transmission
regions. Therefore, generation of light leakage and degrada-
tion of the contrast can be reduced. This eliminates or reduces
the necessity of separately providing a light-shading film
against light leakage and contrast degradation.

Second Embodiment

[0104] FIG.5isa plan view schematically showing a liquid
crystal display panel 506 of this embodiment. Note that, in the
embodiments to follow, the same components as those in
FIGS. 14 are denoted by the same reference numerals, and
detailed description thereof is omitted.

[0105] In the liquid crystal display panel 50a of the first
embodiment, each of the second photo-spacers 235 is placed
to stand above the entire of the corresponding through hole
164 as shown in F1G. 4. In the liquid crystal display panel 505
of this embodiment, each of the second photo-spacers 235 is
placed to stand above part of the corresponding through hole
164 as shown in FIG. 5.

[0106] In the liquid crystal display panel 506 of this
embodiment, as in the first embodiment, it is possible to
reduce decrease in the aperture ratio of the pixels while main-
taining the stability of the cell thickness control by the photo-
spacers.

Third Embodiment

[0107] FIG. 6 isa plan view schematically showing a liquid
crystal display panel 50¢ of this embodiment.

[0108] In the liquid crystal display panel 50a of the first
embodiment and the liquid crystal display panel 505 of the
second embodiment, the through holes 164 are displaced with
respect to the first photo-spacers 23a along the source lines
15a (longitudinal direction as viewed from the figure) as
shown in FIGS. 4 and 5. In the liquid crystal display panel 50¢
of this embodiment, the through holes 164 are displaced with
respect to the first photo-spacers 23a along the gate lines 13a
(lateral direction as viewed from the figure) as shown in FIG.
6.

[0109] More specifically, as shown in FIG. 6, the liquid
crystal display panel 50c¢ includes first pixel rows La in which
the first photo-spacers 23q are placed to stand on one side (left
side as viewed from FIG. 6) of the corresponding through
holes 16a and second pixel rows Lb, each adjacent to each
first pixel row La, in which the first photo-spacers 23a are
placed to stand on the opposite side (right side as viewed from
FIG. 6) of the corresponding through holes 16¢.

[0110] In the liquid crystal display panel 50c¢ of this
embodiment, as in the first and second embodiments, it is
possible to reduce decrease in the aperture ratio of the pixels
while maintaining the stability of the cell thickness control by
the photo-spacers.

[0111] In the liquid crystal display panel 50c¢ of this
embodiment, since the spacing between the first photo-spac-
ers 234 and the corresponding through holes 16a as viewed
from top can be reduced, the spacing between the source lines
and the corresponding drain connection electrodes can be
designed to be wide. Thus, leakage failure and the like in the
same layer can be reduced.

Fourth Embodiment

[0112] FIG.7isaplan view schematically showing aliquid
crystal display panel 50d of this embodiment.
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[0113] In the liquid crystal display panel 50c¢ of the third
embodiment, each of the second photo-spacers 235 is placed
to stand above the entire of the corresponding through hole
164 as shown in FIG. 6. In the liquid crystal display panel 504
of this embodiment, each of the second photo-spacers 235 is
placed to stand above part of the corresponding through hole
164 as shown in FIG. 7.

[0114] In the liquid crystal display panel 50d of this
embodiment, as in the first to third embodiments described
above, it is possible to reduce decrease in the aperture ratio of
the pixels while maintaining the stability of the cell thickness
control by the photo-spacers.

Fifth Embodiment

[0115] FIG. 8 is a plan view of an active matrix substrate
20e¢ constituting a liquid crystal display panel of this embodi-
ment. FIG. 9 is a cross-sectional view of the active matrix
substrate 20e, together with a liquid crystal display panel 50e
including the same, taken along line IX-IX in FIG. 8.

[0116] While transmissive liquid crystal display panels
were taken as an example in the embodiments described
above, a transflective liquid crystal display panel will be
described in this embodiment.

[0117] More specifically, as shown in FIG. 9, the transflec-
tive liquid crystal display panel 50e includes: the active
matrix substrate 20e and a counter substrate 30e opposed to
each other; a liquid crystal display layer 40 interposed
between the substrates 20e and 30e; and a seal material (not
shown) for bonding the substrates 20e and 30e to each other
and sealing the liquid crystal layer 40 between the substrates
20e and 30e.

[0118] In the active matrix substrate 20e, as shown in FIG.
9, a reflection electrode 18 is formed on each of the pixel
electrodes 17 of the active matrix substrate 20a in the first
embodiment described above. The reflection electrode 18,
formed on each pixel electrode 17 in a portion between a gate
line 13a and a capacitor line 135 adjacent to the gate line 13q,
constitutes a reflection region for reflection-mode display.
The portion of the pixel electrode 17 uncovered with the
reflection electrode 18 constitutes a transmission region for
transmission-mode display.

[0119] The active matrix substrate 20e can be produced in
the following manner. In the active matrix substrate produc-
tion process described in the first embodiment, after forma-
tion of the pixel electrodes 17, a molybdenum film and an
aluminum film, for example, are formed sequentially on the
entire substrate including the pixel electrodes 17 by sputter-
ing, and then patterned by photolithography, to form the
reflection electrodes 18.

[0120] In the counter substrate 30e, as shown in FIG. 9, a
white layer 21c is formed between the color filter layer 215
and the common electrode 22 of the counter substrate 30a in
the first embodiment. The white layer 21c is formed to over-
lap each of the reflection regions 18 of the active matrix
substrate 20e, so that the cell thickness in the reflection region
becomes a half of the cell thickness in the transmission
region.

[0121] The counter substrate 30e can be produced in the
following manner. In the counter substrate production pro-
cess described in the first embodiment, after formation of the
color filter layer 215, a colorless photosensitive resist mate-
rial is formed on the entire substrate including the color filter
layer 215, and then patterned by photolithography, to form the
white layers 21c.
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[0122] 1In the liquid crystal display panel 50e of this
embodiment, the stability of the cell thickness control by the
photo-spacers is maintained, and the spacing between the
source lines and the corresponding drain connection elec-
trodes can be designed to be wide. Thus, leakage failure and
the like in the same layer can be reduced.

[0123] Inthe embodiments described above, the positional
relationship between the photo-spacers and the through holes
was set by moving the positions of the through holes 16a
while fixing the positions of the first photo-spacers 234 and
the second photo-spacers 23b. Alternatively, according to the
present invention. the positional relationship between the
photo-spacers and the through holes may be set by moving the
positions of the photo-spacers while fixing the positions of
the through holes. Otherwise, these ways of setting the posi-
tional relationship may be combined.

[0124] In the embodiments described above, in one first
pixel row La and one second pixel row Lb adjacent to each
other, any two adjacent first photo-spacers 23a were placed to
stand on the sides of the corresponding through holes adja-
cent to each other that are inside with respect to the adjacent
through holes. Alternatively, according to the present inven-
tion, the first photo-spacers may be placed to stand on the
sides of the corresponding through holes adjacent to each
other that are outside with respect to the adjacent through
holes.

[0125] Inthe embodiments described above, one first pixel
row La and one second pixel row Lb were adjacent to each
other. Alternatively, according to the present invention, the
first pixel row La and the second pixel row Lb may be apart
from each other. In other words, one or more pixel rows in
which no special positional relationship is set between photo-
spacers and through holes may be interposed between the first
pixel row La and the second pixel row Lb, and a set of such
pixel rows may be repeated.

Sixth Embodiment

[0126] FIG. 10 is a plan view schematically showing a
liquid crystal display panel 507 of this embodiment.

[0127] Inthe liquid crystal display panels of the foregoing
embodiments, the first photo-spacers 23a are placed to stand
on one side of the corresponding through holes 164 in the first
pixel rows La, and the first photo-spacers 23a are placed to
stand on the opposite side of the corresponding through holes
164 in the second pixel rows Lb. In the liquid crystal display
panel 50f of this embodiment, however, the first photo-spac-
ers 23a are placed not to overlap the corresponding through
holes 164, and the second photo-spacers 235 are placed to
overlap the corresponding through holes 16a.

[0128] In the liquid crystal display panel 50f of this
embodiment, the first photo-spacers 23a that are in contact
with the surface of the active matrix substrate in normal times
are placed not to overlap the through holes 16a. Thus, the cell
thickness can be maintained reliably. Also, the second photo-
spacers 23b that are shorter than the first photo-spacers 23a
and come into contact with the surface of the active matrix
substrate when the panel surface is depressed are placed to
overlap the through holes 164. Thus, decrease in the aperture
ratio of the pixels can be reduced. Accordingly, it is possible
to reduce decrease in the aperture ratio of pixels while main-
taining the stability of the cell thickness control by the photo-
spacers.

[0129] In the embodiments described above, no mention
was made of the alignment scheme of the liquid crystal layer.
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In a VA-scheme liquid crystal display panel such as an
advanced super view (ASV) LCD, each of the photo-spacers
in the above embodiments may be used as the center of
alignment in the liquid crystal layer.

[0130] Inthe embodiments described above, the first photo-
spacers and the second photo-spacers were used as examples
of the photo-spacers. According to the present invention, only
the photo-spacers that are in contact with the surface of the
active matrix substrate in normal times may be provided.
[0131] In the embodiments described above, each photo-
spacer was placed at approximately the center of each pixel
(approximately the center of each reflection region in the
transflective type). Alternatively, the photo-spacer may be
placed anywhere within each pixel.

[0132] In the embodiments described above, the liquid
crystal display panels provided with TFTs as switching ele-
ments were used as an example. The present invention is also
applicable to liquid crystal display panels provided with other
types of switching elements such as MIM (metal insulator
metal) elements.

INDUSTRIAL APPLICABILITY

[0133] As described above, the present invention, capable
of reducing decrease in the aperture ratio of pixels while
maintaining the stability of the cell thickness control by
photo-spacers, is useful in liquid crystal display panels hav-
ing photo-spacers placed in the pixels as a whole.
1. A liquid crystal display panel, comprising:
an active matrix substrate;
a counter substrate opposed to the active matrix substrate;
and
a liquid crystal layer interposed between the active matrix
substrate and the counter substrate,
the active matrix substrate including a plurality of switch-
ing elements formed on a first transparent substrate, an
insulating film formed to cover the switching elements,
and a plurality of pixel electrodes formed on the insu-
lating film in a matrix to be connected to the correspond-
ing switching elements via through holes formed
through the insulating film for the respective switching
elements,
the counter substrate including photo-spacers formed to
stand on a second transparent substrate to maintain the
thickness of the liquid crystal layer,
aplurality of pixels being defined in a matrix in correspon-
dence with the pixel electrodes,
wherein
the liquid crystal display panel includes a first pixel row
having a plurality of pixels in a row in which the photo-
spacers are placed to stand on one side of the corre-
sponding through holes, and a second pixel row having
a plurality of pixels in a row in which the photo-spacers
are placed to stand on the opposite side of the corre-
sponding through holes.
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2. The liquid crystal display panel of claim 1, wherein

the first pixel row and the second pixel row are adjacent to
each other.

3. The liquid crystal display panel of claim 1, wherein

the insulating film is a resin film.

4. The liquid crystal display panel of claim 1, wherein

the photo-spacers include first photo-spacers and second
photo-spacers shorter than the first photo-spacers.

5. The liquid crystal display panel of claim 1, wherein

the photo-spacers are formed to be centers of alignment in
the liquid crystal layer.

6. The liquid crystal display panel of claim 1, wherein

the active matrix substrate includes a plurality of gate lines
formed to extend in parallel with each other, a plurality
of source lines formed to extend in parallel with each
other in a direction crossing the gate lines, and a plurality
of capacitor lines formed to extend in parallel with each
other along the gate lines, and

the photo-spacers and the corresponding through holes are
formed along the source lines to overlap the capacitor
lines.

7. The liquid crystal display panel of claim 1, wherein

the active matrix substrate includes a plurality of gate lines
formed to extend in parallel with each other, a plurality
of source lines formed to extend in parallel with each
other in a direction crossing the gate lines, and a plurality
of capacitor lines formed to extend in parallel with each
other along the gate lines, and

the photo-spacer and the corresponding through hole are
formed along the gate lines to overlap the capacitor lines.

8. A liquid crystal display panel, comprising:

an active matrix substrate;

a counter substrate opposed to the active matrix substrate;
and

a liquid crystal layer interposed between the active matrix
substrate and the counter substrate,

the active matrix substrate including a plurality of switch-
ing elements formed on a first transparent substrate, an
insulating film formed to cover the switching elements,
and a plurality of pixel electrodes formed on the insu-
lating film in a matrix to be connected to the correspond-
ing switching elements via through holes formed
through the insulating film for the respective switching
elements,

the counter substrate including first photo-spacers and the
second photo-spacers shorter than the first photo-spac-
ers, both formed to stand on a second transparent sub-
strate to maintain the thickness of the liquid crystal layer,

wherein

the first photo-spacers are formed not to overlap the
through holes, and

the second photo-spacers are formed to overlap the through
holes.
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