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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR FABRICATING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to liquid crystal dis-
play devices and a method for fabricating the same, and more
particularly to liquid crystal display devices using polymer-
dispersed liquid crystal and a method for fabricating the
same.

BACKGROUND ART

[0002] A liquid crystal display (hereinafter referred to as
“LCD”) device having an LCD panel using polymer-dis-
persed liquid crystal (hereinafter referred to as “PDLC”)
includes a polymer-dispersed liquid crystal layer, in which
nematic liquid crystal is dispersed in a polymer matrix. For
example, polymer network liquid crystal (PNLC) is one of
such liquid crystal. An LCD device using PDLC is configured
so that a difference between the refractive indices of the
polymer region and of the liquid crystal region causes inci-
dent light incident upon the LCD panel to be scattered when
a voltage is not applied to the liquid crystal layer, while a
match between the refractive indices of the polymer region
and of the liquid crystal region causes incident light incident
upon the LCD panel to be transmitted through the liquid
crystal layer when a voltage is applied to the liquid crystal
layer. In addition, an LCD device using PDLC is capable of
controlling transmission and scattering of incident light
within the LCD panel, and thus is advantageous in that polar-
izing plates are not required, and therefore a bright display
can be achieved.

[0003] AnLCD device using PDLC having a configuration
described above can be fabricated, for example, by filling the
liquid crystal cells with a mixed material of a liquid crystal
material and a monomer having photopolymerizability, irra-
diating the mixed material with light to polymerize the mono-
mer, and dispersing the liquid crystal material in the polymer
matrix in the form of small particles by phase separation due
to the polymerization.

[0004] For example, Patent Document 1 describes that, in
an LCD device having a light-scattering liquid crystal layer, a
light-blocking layer of a counter substrate is formed so as to
block light from gaps between pixel electrodes and signal
lines along the signal lines in order to prevent the unpolymer-
ized remaining portion of light curable resin from remaining.

CITATION LIST
Patent Document

[0005] PATENT DOCUMENT 1: Japanese Patent Publica-
tion No. H08-101405

SUMMARY OF THE INVENTION
Technical Problem

[0006] A light-blocking layer called black matrix is pro-
vided on one of a pair of substrates foaming an LCD panel in
order to reduce light leakage in the vicinity of display lines
and the occurrence of leakage currents due to light irradiation
to thin film transistors (hereinafter referred to as “TFTs”).
The black matrix is provided in the form of a lattice in a
display region where images are displayed, and in the form of
a frame in a frame region outside the display region.
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[0007] FIG. 13 is a top view of a corner of a conventional
LCD panel 140 using PDLC, and FIG. 14 is a set of micro-
graphs showing a temporal change in an inner peripheral edge
of'a black matrix 121 of a frame region F in the LCD panel
140. Specifically, FIG. 14(a) is a micrograph on the day when
the LCD panel 140 is fabricated; FIG. 14(b) is a micrograph
on a day after the fabrication of the LCD panel 140; and FIG.
14(c) is a micrograph on four days after the fabrication of the
LCD panel 140.

[0008] In the conventional LCD panel using PDLC, as
shown in FIG. 14, a dark color region (region indicated by the
arrow in the figure) spreads over time in the peripheral edge of
a display region D (see FIG. 13), and thus it is inferred that an
isotropic phase of unreacted monomer penetrates from the
frame region F (see FIG. 13) into the display region D over
time. Thus, display non-uniformity due to the penetration
occurs in the peripheral edge of the display region D, thereby
reducing the display quality. In this regard, since the black
matrix 121 in the frame region F is usually formed to have a
width of about several millimeters, blocking of light for poly-
merizing the monomer may cause more unreacted monomer
to remain in the frame region F than in the display region D.

[0009] The present invention has been made in view of the
foregoing, and it is an object of the present invention to reduce
the display non-uniformity due to penetration in the periph-
eral edge of the display region.

Solution to the Problem

[0010] In order to achieve the above object, the present
invention provides a black matrix including a plurality of
light-blocking regions spaced apart from one another in the
frame region.

[0011] More specifically, a liquid crystal display device
according to the present invention includes a first and a sec-
ond substrates disposed to face each other, a polymer-dis-
persed liquid crystal layer provided between the first and the
second substrates, and a black matrix provided on the first
substrate, where a display region for displaying an image and
a frame region around the display region are defined, and in
the frame region, the black matrix includes a plurality of
light-blocking regions spaced apart from one another.

[0012] With such a configuration, the black matrix pro-
vided on the first substrate includes a plurality of light-block-
ing regions spaced apart from one another in the frame region,
and thus the frame region has no light-blocking properties
such as those found in conventional ones, but has optical
transparency between the plurality of light-blocking regions.
Accordingly, the monomer having photopolymerizability
contained in the polymer-dispersed liquid crystal layer is
irradiated with light, thereby causing the remaining of unre-
acted monomer in the liquid crystal layer to be reduced. Thus,
the penetration of unreacted monomer in the frame region
into the display region is reduced, thereby causing the display
non-uniformity due to penetration in the peripheral edge of
the display region to be reduced.

[0013] Each of the light-blocking regions may be provided
so as to overlap a semiconductor device disposed in the frame
region.

[0014] With such a configuration, each of the light-block-
ing regions is provided so as to overlap a semiconductor
device disposed in the frame region, and thus light incidence
from the front to the semiconductor devices is reduced.
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[0015] Each of the light-blocking regions may be provided
with a shift toward the display region with respect to a semi-
conductor device disposed in the frame region.

[0016] With such a configuration, each of the light-block-
ing regions is provided with a shift toward the display region
with respect to a semiconductor device disposed in the frame
region, and thus incidence to the semiconductor devices of
oblique light, such as, for example, diffracted light from an
edge of'the light-blocking member covering the frame region,
and multiple-reflected light within the first substrate, is
reduced.

[0017] The semiconductor devices may be thin film tran-
sistors.
[0018] With such a configuration, the semiconductor

devices are thin film transistors, and thus the occurrence of
leakage current due to light irradiation to the thin film tran-
sistors is reduced.

[0019] Inthe frame region, alight-blocking member having
light-blocking properties may be provided in a frame shape.
[0020] With such a configuration, a light-blocking member
having light-blocking properties is provided in a frame shape
in the frame region, and thus peripheral circuits etc. disposed
in the frame region are shielded, thereby allowing the appear-
ance of the LCD device to be improved.

[0021] The plurality of light-blocking regions may be dis-
posed such that more light-blocking regions are provided in
the inner peripheral side of the frame region than in the outer
peripheral side of the frame region.

[0022] With such a configuration, a light-blocking member
having light-blocking properties is provided in a frame shape
in the frame region, and the plurality of light-blocking regions
are disposed such that more light-blocking regions are pro-
vided in the inner peripheral side of the frame region than in
the outer peripheral side of the frame region, and thus inci-
dence to the semiconductor devices of oblique light, such as
diffracted light from an edge of the light-blocking member,
and multiple-reflected light within the first substrate, is effec-
tively reduced.

[0023] Inthe display region, a plurality of pixels each hav-
ing a thin film transistor may be provided in a matrix, and the
black matrix may include a plurality of light-blocking regions
spaced apart from one another and overlapping the respective
thin film transistors.

[0024] With such a configuration, the respective light-
blocking regions included in the black matrix overlap the thin
film transistors provided in the respective pixels in the display
region, and thus the occurrence of leakage current due to light
irradiation is specifically reduced in the thin film transistors
of the respective pixels.

[0025] The black matrix may be made of resin.

[0026] With such a configuration, the black matrix is made
of resin, and thus the black matrix is formed to a relatively
large thickness, thereby causing the occurrence of diffracted
light to be reduced on the backside of the black matrix.
[0027] Inaddition, a method for fabricating a liquid crystal
display device according to the present invention includes a
substrate manufacturing step of manufacturing a first sub-
strate upon which a black matrix is formed, and a second
substrate disposed to face the first substrate, a liquid crystal
filling step of filling a gap between the first and the second
substrates with a mixed material containing a liquid crystal
material and a monomer which has photopolymerizability,
and a light irradiation step of irradiating the mixed material
with light to form a polymer-dispersed liquid crystal layer,
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where a display region for displaying an image and a frame
region around the display region are defined, and, in the
substrate manufacturing step, the black matrix includes a
plurality of light-blocking regions spaced apart from one
another in the frame region.

[0028] With such a method, the black matrix in the frame
region of the first substrate includes a plurality of light-block-
ing regions spaced apart from one another in the substrate
manufacturing step, and thus the frame region has no light-
blocking properties such as those found in conventional ones,
but has optical transparency between the plurality of light-
blocking regions. Accordingly, in the light irradiation step,
the monomer having photopolymerizability contained in the
polymer-dispersed liquid crystal layer is irradiated with light,
thereby causing the remaining of unreacted monomer in the
liquid crystal layer to be reduced. Thus, the penetration of
unreacted monomer in the frame region into the display
region is reduced, thereby causing the display non-uniformity
due to penetration in the peripheral edge of the display region
to be reduced.

[0029] In the liquid crystal filling step, the mixed material
may fill a bonded structure in which the first and the second
substrates are bonded together.

[0030] With such a method, in the liquid crystal filling step,
the mixed material containing the liquid crystal material and
the monomer which has photopolymerizability fills a bonded
structure in which the first and the second substrates are
bonded together, and thus the liquid crystal display device is
specifically fabricated using a vacuum filling technique.

Advantages of the Invention

[0031] According to the present invention, since the black
matrix includes a plurality of light-blocking regions spaced
apart from one another in the frame region, the display non-
uniformity due to penetration in the peripheral edge of the
display region can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 is a cross-sectional view of an LCD device
50a according to the first embodiment.

[0033] FIG. 2is atop view of a TFT substrate 20 included
in the LCD device 50a.

[0034] FIG. 3 is a top view illustrating each pixel P of the
TFT substrate 20.

[0035] FIG. 4 is an equivalent circuit diagram of a protec-
tion circuit 4a included in the TFT substrate 20.

[0036] FIG. 5 is atop view of the protection circuit 4a.
[0037] FIG. 6 is a top view of a protection circuit 45
included in the TFT substrate 20.

[0038] FIG. 7 is a top view of a TFT for inspection 5b6
included in the TFT substrate 20.

[0039] FIG. 8isatop view ofa corner of an LCD panel 40a
included in the LCD device 50a.

[0040] FIG. 9 is a magnified top view of a light-blocking
region 215 extending in the longitudinal direction in FIG. 8.
[0041] FIG. 10 is a magnified top view of a light-blocking
region 215 extending in the lateral direction in FIG. 8.
[0042] FIG. 11 is a cross-sectional view of an LCD device
505 according to the second embodiment.

[0043] FIG. 12 is a cross-sectional view of an LCD device
50c¢ according to the third embodiment.

[0044] FIG. 13 is a top view of a conventional LCD panel
140 using PDLC.
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[0045] FIG. 14 is a set of micrographs showing a temporal
change in an inner peripheral edge of a black matrix 121 of a
frame region F in the LCD panel 140.

DESCRIPTION OF EMBODIMENTS

[0046] Example embodiments of the present invention will
be described below in detail based on the drawings. It is
understood that the present invention is not limited to the
particular embodiments described below.

First Embodiment of Invention

[0047] FIGS. 1-10 illustrate the first embodiment of the
LCD device and the fabrication method thereof according to
the present invention. Specifically, FIG. 1 is a cross-sectional
view of an LCD device 50a of this embodiment, and FIG. 2 is
a top view of a TFT substrate 20 included in the LCD device
50a. FIG. 3 is a top view illustrating each pixel P of the TFT
substrate 20. FIG. 4 is an equivalent circuit diagram of a
protection circuit 4a included in the TFT substrate 20, and
FIG. 5 is a top view of the protection circuit 4a. FIG. 6 is a top
view of a protection circuit 45 included in the TFT substrate
20, and FIG. 7 is a top view of a TFT for inspection 55
included in the TFT substrate 20.

[0048] AsshowninFIG.1,the LCD device 50a includes an
LCD panel 40a, in which a display region D for displaying an
image and a frame-shaped frame region F around the display
region D are defined; a protection plate 424 made of acrylic
resin provided under the LCD panel 40a with a transparent
adhesion layer 44a interposed therebetween; a lower frame
41a, having light-blocking properties, provided under the
protection plate 42a in the form of a frame so that the display
region D of the LCD panel 40a is exposed; a light guide plate
42b made of acrylic resin provided over the LCD panel 40a
with a transparent adhesion layer 445 interposed therebe-
tween; a light-blocking film 46 provided under the light guide
plate 425 in the form of a frame so that the display region D
of the LCD panel 40q is exposed; an upper frame 415 pro-
vided over the light guide plate 424 in the form of a frame so
as to be disposed more peripherally with respect to the light-
blocking film 46; and a light emitting diode (LED) 43 pro-
vided along one side of the light guide plate 425 as a light
source.

[0049] As shown in FIG. 1, the LCD panel 40q includes a
color filter (CF) substrate 30a provided as a first substrate,
thin film transistor (TFT) substrate 20 disposed to face the CF
substrate 30a and provided as a second substrate, a polymer-
dispersed liquid crystal layer 25 provided between the CF
substrate 30a and the TFT substrate 20, and a sealing material
26 for bonding the CF substrate 30a and the TFT substrate 20
together and for sealing the liquid crystal layer 25 between the
CF substrate 30a and the TFT substrate 20.

[0050] As shown in FIGS. 1-3, the TFT substrate 20
includes, in the display region D, a plurality of gate lines 11a
provided so as to extend in parallel to one another over an
insulating substrate 10a, a plurality of capacitor lines 115
provided so as to extend in parallel to one another between the
respective gate lines 11a, a plurality of source lines 14a
provided so as to extend in parallel to one another and per-
pendicular to the gate lines 11a and the capacitor lines 115, a
plurality of TFTs Sa respectively provided in intersection
regions of the respective gate lines 11a and the respective
source lines 14a, an interlayer insulation film 15 provided so
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as to cover the TFT's Sa, and a plurality of pixel electrodes 16
provided in a matrix over the interlayer insulation film 15.
[0051] In addition, as shown in FIGS. 1 and 2, the TFT
substrate 20 includes, in the frame region F, protection cir-
cuits 4a and 45 for the gate lines 11a and a protection circuit
(not shown) for source lines 14a for protecting the substrate
against electrostatic discharge, TFTs for inspection 5ca and
5cb respectively provided at the ends of the gate lines 11a, and
TFTs for inspection 56 respectively provided at the upper
ends of the source lines 14a.

[0052] As shown in FIGS. 1 and 3, each of the TFTs 5a
includes a gate electrode 11aa, which is a lateral protrusion of
each of the gate lines 11a, a gate insulation film 12 provided
s0 as to cover the gate electrode 11aa, a semiconductor layer
13a provided in the form of an island at alocation correspond-
ing to the gate electrode 11aa over the gate insulation film 12,
and a source and a drain electrodes 14aa and 14ab provided
so as to face each other over the semiconductor layer 13a.
Here, the semiconductor layer 13a includes a lower layer,
which is an intrinsic amorphous silicon layer (not shown)
having a channel region (not shown) defined in the upper
surface, and an n+ amorphous silicon layer (not shown) pro-
vided thereover. The source electrode 14aaq is a lateral pro-
trusion of each of the source lines 14a. The drain electrode
14ab is coupled to the corresponding pixel electrode 16
through a contact hole (see the coarse broken line in FIG. 3)
formed in the interlayer insulation film 15. In addition, the
drain electrode 14ab is provided so as to overlap a rectangular
widened portion of each of the capacitor lines 115 through the
gate insulation film 12, and thus forms an auxiliary capacitor.
[0053] Asshown in FIGS. 4 and 5, the protection circuit 4a
includes gate metal layers 11ca and 115 each conducting to an
inspection gate signal input terminal (not shown), the gate
insulation film 12 provided so as to cover the gate metal layers
11ca and 11¢b, a pair of semiconductor layers 13ca and 13¢b
each provided in the form of an island at a location corre-
sponding to the gate metal layer 11ca over the gate insulation
film 12, a pair of semiconductor layers 13cc and 13¢d each
provided in the form of an island at a location corresponding
to the gate metal layer 116 over the gate insulation film 12,
and source metal layers 14ca and 14¢b provided so that pro-
trusions thereof face each other over the semiconductor layers
13ca,13cb,13cc, and 13¢d. Here, the source metal layer 14ca
is coupled to the gate metal layer 11ca through a contact hole
(see the coarse broken line in FIG. 5) formed in the gate
insulation film 12, and conducts to, for example, the first,
fifth, ninth, . . . —that is, (4n-3)-th (where n is a natural
number)—gate lines 11a among the odd-numbered gate lines
11a through a TFT for inspection 5ca. In addition, the source
metal layer 14¢b is coupled to the gate metal layer 11c¢b
through a contact hole (see the coarse broken line in FIG. 5)
formed in the gate insulation film 12, and conducts to, for
example, the third, seventh, eleventh, . . . —that is, (4n-1)-th
(where n is a natural number)—gate lines 11a among the
odd-numbered gate lines 11a through a TFT for inspection
5cb. Moreover, the protection circuit 4a is configured so as to
prevent the characteristics of the semiconductor layers in the
TFT devices from changing when the amount of electric
charge stored in the gate metal layer 11ca or 11¢b reaches or
exceeds a predetermined amount during the manufacturing
process and/or inspection process.

[0054] As shown in FIG. 6, the protection circuit 45
includes gate metal layers 11da and 11db each having one end
conducting to odd-numbered gate lines 11a, the gate insula-
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tion film 12 provided so as to cover the gate metal layers 11da
and 11db, a pair of semiconductor layers 13da and 13db each
provided in the form of an island at a location corresponding
to the gate metal layer 11da over the gate insulation film 12,
a pair of semiconductor layers 13dc and 13dd each provided
in the form of an island at a location corresponding to the gate
metal layer 11db over the gate insulation film 12, and source
metal layers 14da and 14db provided so that protrusions
thereof face each other over the semiconductor layers 13da,
13db, 13dc, and 13dd. Here, the source metal layer 14da is
coupled to the gate metal layer 11da through a contact hole
(see the coarse broken line in FIG. 6) formed in the gate
insulation film 12, and is electrically coupled to (4n-3)-th
(where n is a natural number) gate lines 11a and to a gate
driver chip (not shown). In addition, the source metal layer
14db is coupled to the gate metal layer 11d5b through a contact
hole (see the coarse broken line in FIG. 6) formed in the gate
insulation film 12, and is electrically coupled to (4n-1)-th
(where n is a natural number) gate lines 11a and to the gate
driver chip (not shown). Moreover, the protection circuit 45 is
configured so that, when the amount of electric charge locally
stored in a gate line 11a reaches or exceeds a predetermined
value during the manufacturing process and/or inspection
process, the protection circuit 45 discharges the electric
charge to anear gate line 114, thereby prevents a change in the
characteristics of the TFT devices due to a strong electric

field.

[0055] As shown in FIGS. 1 and 7, each of the TFTs for
inspection 54 includes a gate electrode 11e conducting to an
ON signal input terminal for TFT for inspection, the gate
insulation film 12 provided so as to cover the gate electrode
11e, a semiconductor layer 13e provided in the form of an
island at a location corresponding to the gate electrode 11e
over the gate insulation film 12, and a source electrode 14ea
and a drain electrode 14eb provided so as to face each other
over the semiconductor layer 13e. Here, the source electrodes
14ea are coupled to the respective source lines 14a. Each of
the drain electrodes 14eb conducts to an inspection source
signal input terminal. Each of the TFTs for inspection 55 is
configured to control the input of the inspection source signal
for the corresponding source line 14a during dynamic oper-
ating inspection of the LCD panel 40aq.

[0056] The transparent adhesion layers 44a and 44/ are
formed of, for example, adhesive, glue, etc.

[0057] The light-blocking film 46 is formed by printing a
resin film having light-blocking properties or by depositing a
metal film having light-blocking properties on the surface of
the light guide plate 425, or by using the both methods.

[0058] As shownin FIG. 1, the CF substrate 30a includes a
black matrix 21 having a plurality of light-blocking regions
21a (see FIG. 3) provided over the insulating substrate 105 so
as to overlap the respective TFTs 5a on the TFT substrate 20
in the display region D, and a plurality of light-blocking
regions 215 (see FIG. 2) provided over the insulating sub-
strate 105 so as to overlap the protection circuits 4a and 4b
and the respective TFTs for inspection 56 on the TFT sub-
strate 20 in the frame region F; a color filter layer 22 having a
red layer, a green layer, a blue layer, etc. provided over the
insulating substrate 105 so as to overlap the pixel electrodes
16 over the TFT substrate 20; a common electrode 23 pro-
vided so as to cover the light-blocking regions 21a and the
color filter layer 22; and a photo spacer (not shown) provided
in a column shape over the common electrode 23.
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[0059] Here, FIG. 8 is a top view of a corner of the LCD
panel 40q as viewed from the CF substrate 30a side. FIG. 9 is
amagnified top view ofa light-blocking region 215 extending
in the longitudinal direction in FIG. 8, and FIG. 10 is a
magnified top view of a light-blocking region 215 extending
in the lateral direction in FIG. 8.

[0060] As shown in FIGS. 8-10, the light-blocking regions
215 are arranged in a generally rectangular dot pattern so as to
overlap the semiconductor devices such as the protection
circuits 4a and 45, the TFTs for inspection 55, etc., and to be
spaced apart from one another. Here, the size of the light-
blocking region 215 overlapping the protection circuit 4a is,
for example, 0.13 mmx0.04 mm. The size of the light-block-
ing regions 215 overlapping the TFTs for inspection 55, Sca,
and 5¢b is, for example, 0.09 mmx0.04 mm. The size of the
light-blocking region 215 overlapping the protection circuit
45 is, for example, 0.05 mmx0.05 mm.

[0061] As shown in FIG. 1, the liquid crystal layer 25
includes a photopolymerized polymer matrix 254 and a plu-
rality of liquid crystal material droplets 255 in the form of
small particles dispersed in the polymer matrix 25a.

[0062] The LCD device 50a having such a configuration is
configured to display an image by applying a predetermined
voltage to the liquid crystal layer 25 between each of the pixel
electrodes 16 over the TFT substrate 20 and the common
electrode 23 over the counter substrate 30a on a per-pixel P
basis, and thus changing the orientation conditions of the
liquid crystal material droplets 256 dispersed in the liquid
crystal layer 25, thereby adjusting on a per-pixel P basis how
the light transmitted through the LCD panel 40a is scattered,
or adjusting how the light incident upon the LCD panel 40
through the light guide plate 4254 is scattered.

[0063] Next, a method for fabricating the LCD device 50a
of this embodiment will be described. Here, the fabrication
method of this embodiment includes a TFT substrate manu-
facturing step, a CF substrate manufacturing step, a liquid
crystal filling step, a light irradiation step, and a light guide
plate bonding step.

[0064] <TFT Substrate Manufacturing Step>

[0065] First, for example, a titanium film, an aluminum
film, a titanium film, etc. are sequentially formed, by sputter-
ing, over the entire substrate of the insulating substrate 10a
such as a glass substrate; and thereafter, photolithographic
patterning is performed, and the gate lines 11a, the capacitor
lines 115, the gate electrodes 11aa and 11e, and the gate metal
layers 11ca, 11¢b, 11da, and 11db are formed to a thickness
of'about 0.2 pm.

[0066] Subsequently, for example, a silicon nitride film etc.
is formed by a plasma chemical vapor deposition (CVD)
technique over the entire substrate upon which the gate lines
11a, the capacitor lines 115, the gate electrodes 11aa and 11e,
and the gate metal layers 11ca, 11¢b, 11da, and 11db have
been formed, and the gate insulation film 12 is formed to a
thickness of about 0.4 um. At this point, in the frame region F,
the gate insulation film 12 is patterned by photolithography,
and contact holes for connecting the gate metal layers 11ca,
11cb, 11da, and 11db respectively to the source metal layers
14ca, 14cbh, 14da, and 14db are formed.

[0067] Moreover, an intrinsic amorphous silicon layer and
an n+ amorphous silicon layer doped with phosphorous are
sequentially fanned by a plasma CVD technique over the
entire substrate upon which the gate insulation film 12 has
been formed; and thereafter, the intrinsic amorphous silicon
layer and the n+ amorphous silicon layer are patterned by
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photolithography in the form of islands over the gate elec-
trodes 11aa and 11e, and the gate metal layers 11ca, 11c¢b,
11da, and 11db, and thus the semiconductor layers 13a, 13ca,
13c¢h, 13cc, 13cd, 13da, 13db, 13dc, 13dd, and 13e are
formed, in which the intrinsic amorphous silicon layer having
a thickness of about 0.1 pm and the n+ amorphous silicon
layer having a thickness of about 0.05 pum are stacked.
[0068] Then, for example, an aluminum film, a titanium
film, etc. are sequentially formed, by sputtering, over the
entire substrate upon which the semiconductor layers 13a,
13ca,13¢b,13cc,13¢cd,13da, 13db, 13dc, 13dd, and 13e have
been formed, and thereafter, photolithographic patterning is
performed, and the source lines 14a, the source electrodes
14aa and 14eaq, the drain electrodes 14ab and 14eb, and the
source metal layers 14ca, 14eb, 14da, and 14db are fanned to
a thickness of about 0.35 pum.

[0069] Subsequently, the channel regions are patterned by
etching the n+ amorphous silicon layers of the semiconductor
layers 13a, 13ca, 13¢b, 13cc, 13cd, 13da, 13db, 13dc, 13dd,
and 13e using as masks the source electrodes 14aa and 14ea,
the drain electrodes 14ab and 14eb, and the source metal
layers 14ca, 14¢b, 14da, and 14db; and thus the TFTs 5q, the
TFTs for inspection 5b, 5ca, and 5¢b, and the protection
circuits 4a and 45 are formed.

[0070] Furthermore, for example, an inorganic insulation
film, such as a silicon nitride film, is formed to a thickness of
about 0.3 um by a plasma CVD technique over the entire
substrate upon which the TFTs 5a, the TFTs for inspection
5b, 5ca, and 5¢b, and the protection circuits 4a and 45 have
been formed; and thereafter, for example, acrylic photosen-
sitive resin etc. is applied to a thickness of about 2.5 um by
spin-coating. Then, the applied photosensitive resin is irradi-
ated with light with a photo mask and then developed; and
thus, an organic insulation film is formed which is patterned
to define contact holes over the drain electrodes 14ab, and
then, the inorganic insulation film exposed from the organic
insulation film is etched away to form the contact holes. Thus,
the interlayer insulation film 15 is formed.

[0071] Finally, anindium tin oxide (ITO) film is formed, by
sputtering, over the entire substrate over the interlayer insu-
lation film 15; and thereafter, photolithographic patterning is
performed, and the pixel electrodes 16 are formed to a thick-
ness of about 0.1 pm.

[0072] In this way, the TFT substrate 20 can be manufac-
tured.

[0073] <CF Substrate Manufacturing Step>

[0074] First, for example, acrylic photosensitive resin in

which small particles of a substance such as carbon is dis-
persed is applied, by spin-coating, to the entire substrate of
the insulating substrate 105 such as a glass substrate; and the
applied photosensitive resin is irradiated with light with a
photo mask and then developed. Thus, the black matrix 21
having the light-blocking regions 21a and 215 is formed to a
thickness of about 1.5 pm.

[0075] Subsequently, for example, red-, green-, or blue-
colored acrylic photosensitive resin is applied to the substrate
upon which the black matrix 21 has been formed; and pat-
terning is performed by irradiating the applied photosensitive
resin with light with a photo mask and then developing, and
thus a colored layer of the selected color (e.g., a red layer) is
formed to a thickness of about 1.5 um. A similar step is
repeated for the other two colors to form, color layers of the
other two colors (e.g., green and blue layers) to a thickness of
about 1.5 pm. Thus, the color filter layer 22 is fanned.
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[0076] Then, for example, an ITO film is formed, by sput-
tering, over the substrate upon which the color filter layer 22
has been formed, and the common electrode 23 is formed to
a thickness of about 0.1 pm.

[0077] Finally, photosensitive resin is applied, by spin-
coating, to the entire substrate upon which the common elec-
trode 23 has been formed; and the applied photosensitive
resin is irradiated with light with a photo mask and then
developed. Thus, the photo spacer is formed to a thickness of

about 6.5 pm.

[0078] In this way, the CF substrate 30a can be manufac-
tured.

[0079] <Liquid Crystal Filling Step>

[0080] First, for example, the sealing material 26 is formed

by a printing method, which is made of thermosetting resin
including conductive particles for conducting current
between the common electrode 23 over the CF substrate 30a
and a common transfer region (not shown) over the TFT
substrate 20, in the frame region F of the CF substrate 30a
manufactured in the CF substrate manufacturing step
described above. Here, the sealing material 26 has, on one
side thereof, a liquid crystal filling port for vacuum filling of
the liquid crystal material.

[0081] Subsequently, the CF substrate 30a upon which the
sealing material 26 has been formed and the TFT substrate 20
manufactured in the TFT substrate manufacturing step
described above are bonded together; and thereafter, the seal-
ing material 26 between the TFT substrate 20 and the CF
substrate 30a is cured by heating. Thus, a bonded structure 45
is manufactured.

[0082] Finally, the gap between the TFT substrate 20 and
the CF substrate 30a of the bonded structure 45 is filled with
a mixed material (25) containing the liquid crystal material
droplets (254) and a monomer (25q) having photopolymer-
izability through the liquid crystal filling port by vacuum
filling, and thereafter, the liquid crystal filling port is end-
sealed by a sealant made of visible light curable resin which
reacts to light having a wavelength to which an after-men-
tioned initiator included in the mixed material does not react,
which is, for example, 420 nm.

[0083] <Light Irradiation Step>

[0084] The monomer (254a) is polymerized by irradiating,
with UV light, the mixed material (25) of the bonded structure
45, which has been filled with the mixed material (25) con-
taining the liquid crystal material droplets (2556), the mono-
mer (25a), and the initiator for a reaction with UV light during
the liquid crystal filling step described above; and thus the
liquid crystal layer 25 is formed.

[0085] In this way, the LCD panel 40a can be manufac-
tured.

[0086] <Light Guide Plate Bonding Step>

[0087] AnLED 43 is attached to the LCD panel 40a manu-

factured in the light irradiation step described above, and the
protection plate 424 and the light guide plate 426 are bonded
to the surface of the LCD panel 40a respectively interposing
the transparent adhesion layers 44a and 445 therebetween;
and thereafter, the lower frame 41a and the upper frame 415
are attached to the frame regions F of the protection plate 42a
and of the light guide plate 425.

[0088] Thus, the LCD device 50a of this embodiment can
be fabricated.

[0089] As described above, according to the LCD device
50a and the fabrication method thereof of this embodiment,
the black matrix 21 in the frame region F of the CF substrate
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30a includes the plurality of light-blocking regions 215
spaced apart from one another in the CF substrate manufac-
turing step; and therefore the frame region F has no light-
blocking properties such as those found in conventional ones,
but has optical transparency between the plurality of light-
blocking regions 215. Accordingly, the monomer (254) hav-
ing photopolymerizability contained in the polymer-dis-
persed liquid crystal layer 25 can be irradiated with UV light
in the light irradiation step, and therefore remaining of unre-
acted monomer in the liquid crystal layer 25 can be reduced.
Thus, the penetration of unreacted monomer in the frame
region F into the display region D is reduced, thereby allow-
ing the display non-uniformity due to penetration in the
peripheral edge of the display region D to be reduced.
[0090] Inaddition, according to the LCD device 50a of this
embodiment, the respective light-blocking regions 215 are
provided so as to overlap the semiconductor devices such as
the protection circuits 4a and 45, and the respective TFTs for
inspection 5b, 5ca, and 5cb disposed in the frame region F,
and thus light incidence from the front to the semiconductor
devices can be reduced.

[0091] Moreover, according to the LCD device 50a of this
embodiment, the semiconductor devices disposed in the
frame region F are the protection circuits 4a and 45, and the
TFTs for inspection 55, Sca, and Sc¢b, and thus the occurrence
of leakage current due to light irradiation can be reduced.
[0092] Furthermore, according to the LCD device S0a of
this embodiment, the lower frame 41a and the upper frame
415 both having light-blocking properties, and the light-
blocking film 46 are provided in the frame region F, and thus
peripheral circuits etc. disposed in the frame region F can be
shielded, thereby allowing the appearance of the device to be
improved.

[0093] Still furthermore, according to the LCD device 50a
ofthis embodiment, the respective light-blocking regions 21a
included in the black matrix 21 overlap the TFTs 5a provided
in the respective pixels P in the display region D, the occur-
rence of leakage current due to light irradiation is reduced in
the TFTs 5a of the respective pixels P.

[0094] Inaddition, according to the LCD device 50a of this
embodiment, the black matrix 21 is made of resin, and thus
the black matrix 21 can be formed to a relatively large thick-
ness, thereby allowing the occurrence of diffracted light to be
reduced on the backside of the black matrix 21.

Second Embodiment of Invention

[0095] FIG. 11 is a cross-sectional view of an LCD device
506 of this embodiment. Note that, in each embodiment
described below, the same reference characters as those
shown in FIGS. 1-10 are used to represent equivalent ele-
ments, and the detailed explanation thereof will be omitted.

[0096] While the respective light-blocking regions 214
overlap the semiconductor devices without a shift in the LCD
device 50a of the first embodiment described above, respec-
tive light-blocking regions 21c are provided with a shift with
respect to the semiconductor devices in the LCD device 505
of this embodiment.

[0097] More specifically, in the LCD device 505, as shown
in FIG. 11, the respective light-blocking regions 21.c are
provided with a shift toward the display region D with respect
to the TFTs for inspection 56 on a CF substrate 305 included
in an LCD panel 405. The other part of the configuration is
substantially the same as that of the LCD device 50a of the
first embodiment described above.
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[0098] According to the LCD device 505 of this embodi-
ment, similarly to the first embodiment described above, the
black matrix 21 in the frame region F of the CF substrate 305
includes the plurality of light-blocking regions 21c¢ spaced
apart from one another, and thus the display non-uniformity
due to penetration in the peripheral edge of the display region
D can be reduced; and in addition, since the respective light-
blocking regions 21c¢ are provided with a shift toward the
display region D with respect to the TFTs for inspection 56
disposed in the frame region F, the incidence to the TFTs for
inspection 5b of oblique light, such as diffracted light from
inner peripheral edges of the lower frame 41a and of the
light-blocking film 46 covering the frame region F, and mul-
tiple-reflected light within the CF substrate 3054, can be
reduced.

Third Embodiment of Invention

[0099] FIG. 12 is a cross-sectional view of an LCD device
50c of this embodiment.

[0100] While each of the light-blocking regions 215 and
21c is provided for each semiconductor device in the LCD
devices 50a and 505 of the first and the second embodiments
described above, respective light-blocking regions 21d are
provided with a shift with respect to inner semiconductor
devices in the LCD device 50c of this embodiment.

[0101] More specifically, in the LCD device 50c¢, as shown
in FIG. 12, the respective light-blocking regions 21d are
provided with a shift toward the display region D with respect
to the inner (left in the figure) TFT's for inspection 54, and no
light-blocking regions are provided for the outer (right in the
figure) TFTs for inspection 56 on a CF substrate 30c¢ included
in an LCD panel 40c. The other part of the configuration is
substantially the same as that of the LCD device 50a of the
first embodiment described above. That is, in the LCD device
50c, the plurality of light-blocking regions 21d are disposed
in the frame region F such that more light-blocking regions
21d are provided in the inner peripheral edge than in the outer
peripheral edge of the frame region F.

[0102] According to the LCD device 50c¢ of this embodi-
ment, similarly to the first embodiment described above, the
black matrix 21 in the frame region F of the CF substrate 30c
includes the plurality of light-blocking regions 21d spaced
apart from one another, and thus the display non-uniformity
due to penetration in the peripheral edge of the display region
D can be reduced; and in addition, since more light-blocking
regions 21d are disposed in the inner peripheral edge than in
the outer peripheral edge of the frame region F, the incidence
to the TFTs for inspection 54 of oblique light, such as dif-
fracted light from inner peripheral edges of the lower frame
41a and of the light-blocking film 46, and multiple-reflected
light within the CF substrate 30c, can be effectively reduced.
[0103] Although, in each embodiment described above,
semiconductor devices using amorphous silicon have been
presented by way of example, the present invention may also
be applied to semiconductor devices using polysilicon, more
specifically, semiconductor devices such as monolithic driver
circuits.

[0104] Although, in each embodiment described above, a
method for fabricating an LCD device using a vacuum filling
technique has been presented by way of example, the present
invention may also be applied to a method for fabricating an
LCD device using what is called one drop filling (ODF)
technique. Here, since an ODF technique uses a light curable
sealing material, the configuration of each embodiment in
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which the black matrix in the frame region includes a plurality
of light-blocking regions is also advantageous to curing the
sealing material.

[0105] Although, in each embodiment described above, the
configuration has been presented by way of example in which
the black matrix is provided on the CF substrate side, the
present invention may also be applied to a configuration in
which the black matrix is provided on the TFT substrate side.
[0106] Although, in each embodiment described above, the
LCD device having the color filter layer 22 and having color
display capabilities has been presented by way of example,
the present invention may also be applied to an LCD device
having monochrome display capabilities.

INDUSTRIAL APPLICABILITY

[0107] As described above, the present invention provides
LCD devices using PDLC in which the display non-unifor-
mity due to penetration in the peripheral edge of the display
region is reduced, and thus, is useful for LCD panels which
each perform display functions by switching between trans-
mission and scattering in the display region, LCD panels
which each perform display functions by switching between
absorption and scattering in the display region using a polar-
izing plate, etc.

DESCRIPTION OF REFERENCE CHARACTERS

[0108] D Display Region

[0109] F Frame Region

[0110] P Pixel

[0111] 4a, 45 Protection Circuit (Semiconductor Device)

[0112] 5a TFT

[0113] 55, 5ca, 5¢b TFT for Inspection (Semiconductor
Device)

[0114] 20 TFT Substrate (Second Substrate)

[0115] 21 Black Matrix

[0116] 21a-21d Light-Blocking Region

[0117] 25 Liquid Crystal Layer (Mixed Material)

[0118] 25a Polymer Matrix (Monomer)

[0119] 2554 Liquid Crystal Material Droplet

[0120] 30a-30c¢ CF Substrate (First Substrate)

[0121] 41a Lower Frame (Light-Blocking Member)

[0122] 415 Upper Frame (Light-Blocking Member)

[0123] 45 Bonded Structure

[0124] 46 Light-Blocking Film (Light-Blocking Member)

[0125] 504-50c¢ Liquid Crystal Display (LCD) Device

1. A liquid crystal display device, comprising:

a first and a second substrates disposed to face each other;

a polymer-dispersed liquid crystal layer provided between
the first and the second substrates; and

a black matrix provided on the first substrate,

wherein

adisplay region for displaying an image and a frame region

around the display region are defined, and
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in the frame region, the black matrix includes a plurality of
light-blocking regions spaced apart from one another.

2. The liquid crystal display device of claim 1, wherein

each of the light-blocking regions is provided so as to
overlap a semiconductor device disposed in the frame
region.

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

each of the light-blocking regions is provided with a shift
toward the display region with respect to a semiconduc-
tor device disposed in the frame region.

4. The liquid crystal display device of claim 2, wherein

the semiconductor devices are thin film transistors.

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

in the frame region, a light-blocking member having light-
blocking properties is provided in a frame shape.

6. The liquid crystal display device of claim 5, wherein the
plurality of light-blocking regions are disposed such that
more light-blocking regions are provided in the inner periph-
eral side of the frame region than in the outer peripheral side
of the frame region.

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

inthe display region, a plurality of pixels each having a thin
film transistor are provided in a matrix, and the black
matrix includes a plurality of light-blocking regions
spaced apart from one another and overlapping the
respective thin film transistors.

8. The liquid crystal display device of claim 1, wherein

the black matrix is made of resin.

9. A method for fabricating a liquid crystal display device,
comprising;

a substrate manufacturing step of manufacturing a first
substrate upon which a black matrix has been formed,
and a second substrate disposed to face the first sub-
strate;

a liquid crystal filling step of filling a gap between the first
and the second substrates with a mixed material contain-
ing a liquid crystal material and a monomer which has
photopolymerizability; and

a light irradiation step of irradiating the mixed material
with light to form a polymer-dispersed liquid crystal
layer,

wherein

adisplay region for displaying an image and a frame region
around the display region are defined, and

in the substrate manufacturing step, the black matrix
includes a plurality of light-blocking regions spaced
apart from one another in the frame region.

10. The method for fabricating a liquid crystal display

device of claim 9, wherein

in the liquid crystal filling step, the mixed material fills a
bonded structure in which the first and the second sub-
strates are bonded together.

* * * #* ok
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