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LIQUID-CRYSTAL DISPLAY DEVICE AND
MANUFACTURING METHOD THEREFOR

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device having an alignment sustaining layer, and a
method of producing the same.

BACKGROUND ART

[0002] Liquid crystal display devices are used not only as
large-sized television sets, but also as small-sized display
devices, e.g., the display sections of mobile phones. Liquid
crystal display devices of the TN (Twisted Nematic) mode,
which have often been used conventionally, have relatively
narrow viewing angles. In recent years, however, liquid crys-
tal display devices with wide viewing angles have been pro-
duced, e.g., the IPS (In-Plane Switching) mode and the VA
(Vertical Alignment) mode. Among such wide-viewing angle
modes, the VA mode is adopted in a large number of liquid
crystal display devices because of an ability to realize a high
contrast ratio.

[0003] As one kind of VA mode, the MVA (Multi-domain
Vertical Alignment) mode is known, under which a plurality
of liquid crystal domains are created in one pixel region. An
MVA-mode liquid crystal display device includes alignment
regulating structures provided on the liquid-crystal-layer side
of at least one of a pair of opposing substrates, between which
a vertical-alignment type liquid crystal layer is interposed.
The alignment regulating structures may be linear slits (aper-
tures) or ribs (protruding structures) that are provided on
electrodes, for example. The alignment regulating structures
provide alignment regulating forces from one side or both
sides of the liquid crystal layer, thus creating a plurality of
liquid crystal domains (typically four liquid crystal domains)
with different alignment directions, whereby the viewing
angle characteristics are improved.

[0004] Also known as a kind of VA mode is the CPA (Con-
tinuous Pinwheel Alignment) mode. In a generic liquid crys-
tal display device of the CPA mode, pixel electrodes of a
highly symmetrical shape are provided, and on a counter
electrode, protrusions are provided corresponding to the cen-
ters of liquid crystal domains. These protrusions are also
referred to as rivets. When a voltage is applied, in accordance
withan oblique electric field which is created with the counter
electrode and a highly symmetrical pixel electrode, liquid
crystal molecules take an inclined alignment of a radial shape.
Moreover, the inclined alignment of the liquid crystal mol-
ecules are stabilized due to the alignment regulating forces of
side slopes of the rivets. Thus, the liquid crystal molecules in
one pixel are aligned in a radial shape, thereby improving the
viewing angle characteristics.

[0005] Unlike in a TN-modeliquid crystal display device in
which the pretilt directions of liquid crystal molecules are
regulated by alignment films, alignment regulating forces are
applied to the liquid crystal molecules by linear slits or ribs in
an MVA-mode liquid crystal display device, so that the align-
ment regulating forces to the liquid crystal molecules within
a pixel region may differ depending on the distance from a slit
orrib, and differences may occur in the response speeds of the
liquid crystal molecules within the pixel. Similarly, also in the
CPA mode, differences may occur in the response speeds of
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the liquid crystal molecules within the pixel, and the differ-
ences in response speed will be more outstanding as the pixel
electrode increases in size.

[0006] Inthegeneric VA mode, liquid crystal molecules are
aligned in the normal direction of the principal face of an
alignment film in the absence of an applied voltage, and when
a voltage is applied across the liquid crystal layer, the liquid
crystal molecules are aligned in a predetermined direction.
On the other hand, in order to improve the response speed of
the VA mode as such, conducting a treatment called Polymer
Sustained Alignment (hereinafter referred to as the “PSA
treatment”) is under study (see Patent Documents 1 and 2). In
a PSA treatment, while applying a voltage across a liquid
crystal layer having a small amount of polymerizable com-
pound (e.g., a photopolymerizable monomer) mixed thereto,
polymerization of the polymerizable compound is effected,
whereby the alignment state of the liquid crystal molecules is
sustained (stored), and a pretilt is conferred such that the
liquid crystal molecules are inclined from the normal direc-
tion of the principal face of the alignment film even in the
absence of an applied voltage.

[0007] The liquid crystal display devices of Patent Docu-
ments 1 and 2 include an electrode having a minute stripe
pattern such that, when a voltage is applied across the liquid
crystal layer, the liquid crystal molecules are aligned in par-
allel to the longitudinal direction of the stripe pattern. In this
state, if ultraviolet light is radiated so as to allow the align-
ment state of the liquid crystal molecules to be sustained
(stored), the liquid crystal molecules will thereafter be
inclined in the pretilt azimuth from the normal direction of the
principal face of the alignment film, even when voltage appli-
cation is stopped. In this manner, a pretilt is conferred to the
liquid crystal molecules in the absence of an applied voltage,
thus obtaining an improved response speed. Applicability of
a PSA treatment in not only the aforementioned VA mode but
also in other modes, e.g., the IPS mode or the TN mode, is also
under study (Patent Document 3).

CITATION LIST
Patent Literature

[0008] [Patent Document 1] Japanese Laid-Open Patent
Publication No. 2006-133619

[0009] [Patent Document 2] Japanese Laid-Open Patent
Publication No. 2006-243637

[0010] [Patent Document 3] Japanese Laid-Open Patent
Publication No. 2009-102639
SUMMARY OF INVENTION
Technical Problem

[0011] Generally speaking, after a liquid crystal panel is
produced, a defect check for the pixels is conducted. In a
frame region (non-display region) of a liquid crystal panel,
terminals and wiring lines to be used when performing a
defect check are provided. In the case of conducting a PSA
treatment for such a liquid crystal panel, if the terminals and
wiring lines needed for the PSA treatment are merely pro-
vided in the frame region, the frame region will increase in
area, thus preventing the frame region of the liquid crystal
display device from being narrowed.

[0012] The present invention has been made in view of the
above problems, and an objective thereof is to provide a liquid
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crystal display device which facilitates narrowing of the
frame region, and a method of producing the same.

Solution to Problem

[0013] A method of producing a liquid crystal display
device according to the present invention comprises: a step of
providing at least one liquid crystal panel, the at least one
liquid crystal panel having a front substrate, a rear substrate,
a mixture interposed between the front substrate and the rear
substrate, a plurality of electrodes including a pixel electrode
which is provided on the rear substrate, a gate line and a
source line provided corresponding to the pixel electrode, and
a check terminal electrically connected to the gate line and the
source line via a check line, the mixture containing a liquid
crystal compound and a photopolymerizable compound; a
step of forming from the mixture a liquid crystal layer con-
taining the liquid crystal compound and an alignment sustain-
ing layer resulting through polymerization of the photopoly-
merizable compound by performing light irradiation while
applying a voltage to the mixture via the check terminal and
the check line; and a step of, after forming the liquid crystal
layer and the alignment sustaining layer, applying a voltage
across the liquid crystal layer from the check terminal to
check the liquid crystal panel.

[0014] Inoneembodiment, the step of providing the at least
one liquid crystal panel comprises a step of producing a
plurality of liquid crystal panels, the step of producing the
plurality of liquid crystal panels including: a step of providing
a first mother substrate which includes the respective front
substrates of the plurality of liquid crystal panels; a step of
providing a second mother substrate which includes the
respective rear substrates of the plurality of liquid crystal
panels, the second mother substrate further including an addi-
tional terminal provided in a region other than the respective
rear substrates of the plurality of liquid crystal panels and an
additional line extending from the check terminal of the rear
substrate corresponding to at least one liquid crystal panel
among the plurality of liquid crystal panels to the additional
terminal; and a step of attaching together the first mother
substrate and the second mother substrate; and in the step of
forming the liquid crystal layer and the alignment sustaining
layer, the voltage is applied from the additional terminal.
[0015] In one embodiment, in the step of providing the
second mother substrate, the additional terminal is electri-
cally connected to the check terminals of the rear substrates of
anumber of liquid crystal panels among the plurality of liquid
crystal panels.

[0016] In one embodiment, the method of producing fur-
ther comprises, before forming the liquid crystal layer and the
alignment sustaining layer and after attaching together the
first mother substrate and the second mother substrate, a step
of removing a portion of the first mother substrate to leave the
additional terminal of the second mother substrate exposed.
[0017] In one embodiment, the step of producing the plu-
rality of liquid crystal panels comprises, before attaching
together the first mother substrate and the second mother
substrate, a step of adding the mixture dropwise to at least one
of the front substrate and the rear substrate of each of the
plurality of liquid crystal panels.

[0018] In one embodiment, the method of producing fur-
ther comprises, after forming the liquid crystal layer and the
alignment sustaining layer and before checking the liquid
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crystal panel, a step of cutting the first mother substrate and
the second mother substrate to take out the plurality of liquid
crystal panels.

[0019] In one embodiment, the step of producing the plu-
rality of liquid crystal panels comprises a step of injecting the
mixture in between the front substrate and the rear substrate
after attaching together the first mother substrate and the
second mother substrate.

[0020] In one embodiment, the step of producing the plu-
rality of liquid crystal panels comprises: a step of introducing
a sealant on at least one of the front substrate and the rear
substrate in a shape that is closed except in an injection inlet,
before attaching together the first mother substrate and the
second mother substrate; and a step of sealing the injection
inlet after injecting the mixture in between the front substrate
and the rear substrate.

[0021] In one embodiment, the step of producing the plu-
rality of liquid crystal panels comprises, after attaching
together the first mother substrate and the second mother
substrate and before injecting the mixture between the front
substrate and the rear substrate, a step of cutting the first
mother substrate and the second mother substrate apart so as
to include the front substrate and rear substrate corresponding
to a number of liquid crystal panels among the plurality of
liquid crystal panels.

[0022] In one embodiment, in the step of providing the
liquid crystal panel, the liquid crystal panel further has an
additional line extending from the check terminal and an
additional terminal electrically connected to the additional
line; and in the step of forming the liquid crystal layer and the
alignment sustaining layer, the voltage is applied from the
additional terminal.

[0023] In one embodiment, there is a smaller number of
additional terminals than the number of check terminals elec-
trically connected to the additional terminals.

[0024] A liquid crystal display device according to the
present invention comprises: a front substrate; a rear sub-
strate; a liquid crystal layer provided between the front sub-
strate and the rear substrate; a first alignment sustaining layer
provided between the front substrate and the liquid crystal
layer; a second alignment sustaining layer provided between
the rear substrate and the liquid crystal layer; a plurality of
electrodes including a pixel electrode provided on the rear
substrate; a gate line and a source line provided correspond-
ing to the pixel electrode; a check terminal electrically con-
nected to the gate line and the source line via a check line; and
an additional line extending from the check terminal.

[0025] Inoneembodiment, theliquid crystal display device
further comprises an additional terminal electrically con-
nected to the additional line.

[0026] Inoneembodiment,the additional line extends to an
end of the rear substrate.

Advantageous Effects of Invention

[0027] According to the present invention, a liquid crystal
display device which facilitates narrowing of the frame
region, and a method of producing the same can be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0028] FIG. 1 (a)is a schematic cross-sectional view show-
ing a first embodiment of a liquid crystal display device
according to the present invention; and (b) is a schematic plan
view.
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[0029] FIG. 2 A schematic diagram showing a rear sub-
strate of a liquid crystal display device shown in FIG. 1.

[0030] FIG. 3 A schematic diagram showing a liquid crystal
display device of Comparative Example 1.

[0031] FIG. 4 A flowchart showing production steps for the
liquid crystal display device shown in FIG. 1.

[0032] FIG. 5A A schematic diagram corresponding to the
flowchart shown in FIG. 4.

[0033] FIG. 5B (a) and (b) are schematic diagrams corre-
sponding to the flowchart shown in FIG. 4.

[0034] FIG. 6A A schematic diagram showing a variant of
the first embodiment of the liquid crystal display device of the
present invention.

[0035] FIG. 6B A schematic diagram showing another vari-
ant of the first embodiment of the liquid crystal display device
of the present invention.

[0036] FIG. 6C A schematic diagram showing still another
variant of the first embodiment of the liquid crystal display
device of the present invention.

[0037] FIG. 7 Another flowchart showing production steps
for the liquid crystal display device shown in FIG. 1.

[0038] FIG. 8 A schematic plan view showing a second
embodiment of the liquid crystal display device of the present
invention.

[0039] FIG. 9 A flowchart showing production steps for the
liquid crystal display device shown in FIG. 8.

[0040] FIG.10(a)isaschematic plan view showing mother
substrates which have been attached together in a production
process for the liquid crystal display device shown in FIG. 8;
and (b) and (c) are schematic cross-sectional views.

[0041] FIG. 11 A schematic diagram showing a liquid crys-
tal display device of Comparative Example 2.

[0042] FIG. 12 (a) is a schematic diagram showing mother
substrates which have been attached together in a production
process for the liquid crystal display device shown in FIG. 11;
and (b) is a schematic diagram showing mother substrates
which have been attached together in a production process for
the liquid crystal display device shown in FIG. 8.

[0043] FIG. 13 Another flowchart showing production
steps for the liquid crystal display device shown in FIG. 8.
[0044] FIG. 14 (a)isaschematic plan view showing mother
substrates which have been attached together in a production
process for the liquid crystal display device shown in FIG. 8;
and (b) and (c) are schematic cross-sectional views.

[0045] FIG. 15 Another schematic diagram showing
mother substrates which have been attached together in a
production process for the liquid crystal display device shown
in FIG. 8.

[0046] FIG. 16 A schematic plan view showing a third
embodiment of the liquid crystal display device of the present
invention.

[0047] FIG. 17 A flowchart showing production steps for
the liquid crystal display device shown in FIG. 16.

[0048] FIG. 18 Another flowchart showing production
steps for the liquid crystal display device shown in FIG. 16.

DESCRIPTION OF EMBODIMENTS

[0049] Hereinafter, with reference to the drawings,
embodiments of the liquid crystal display device according to
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the present invention will be described. However, the present
invention is not limited to the following embodiments.

Embodiment 1

[0050] Hereinafter, a first embodiment of the liquid crystal
display device of the present invention will be described with
reference to FIG. 1. FIG. 1(a) shows a schematic cross-sec-
tional view of a liquid crystal display device 100 of the
present embodiment. The liquid crystal display device 100 of
the present embodiment has a liquid crystal panel 110 which
includes: a front substrate 120; a rear substrate 130; a liquid
crystal layer 140; an alignment sustaining layer 150 provided
between the front substrate 120 and the liquid crystal layer
140; and an alignment sustaining layer 160 provided between
the rear substrate 130 and the liquid crystal layer 140.
[0051] In the liquid crystal panel 110, the front substrate
120 includes an insulative substrate 122, a counter electrode
124, and an alignment film 126. Although not shown herein,
the front substrate 120 may have a color filter layer. The front
substrate 120 is also referred to as a counter substrate.
[0052] The rear substrate 130 includes an insulative sub-
strate 132, pixel electrodes 134, and an alignment film 136.
Although not shown herein, an insulating layer is provided on
the rear substrate 130. The rear substrate 130 is also referred
to as an active matrix substrate or TFT substrate.

[0053] In the liquid crystal panel 110, a plurality of pixels
are arranged in a matrix array of a plurality of rows and a
plurality of columns. The plurality of pixels include red,
green, and blue pixels, each pixel being defined by a pixel
electrode 134.

[0054] Although not shown herein, a polarizer and a phase
plate are provided on each of the front substrate 120 and the
rear substrate 130, the two polarizers being placed so as to
oppose each other with the liquid crystal layer 140 interposed
therebetween. The two polarizers are disposed so that their
transmission axes (polarization axes) are orthogonal to each
other (so as to be under crossed Nicols relationship), one
along the horizontal direction (row direction) and the other
along the vertical direction (column direction). The thickness
of the liquid crystal layer 140 is essentially constant.
Although not shown herein, in the case where the liquid
crystal display device 100 is a transmission type or a trans-
mission/reflection dual-use type, the liquid crystal display
device 100 may further include a backlight.

[0055] The liquid crystal panel 110 operates in a VA mode.
The alignment films 126 and 136 are vertical alignment films.
Theliquid crystal layer 140 is a vertical-alignment type liquid
crystal layer. As used herein, a “vertical-alignment type liquid
crystal layer” means a liquid crystal layer in which the liquid
crystal molecular axes (also referred to as the “axial azi-
muths”) are aligned at angles of about 85° or more relative to
the surfaces of the vertical alignment films 126 and 136. The
liquid crystal layer 140 contains a nematic liquid crystal
material having negative dielectric anisotropy, and performs
displaying in a normally-black mode in cooperation with
polarizers which are placed in crossed Nicols.

[0056] When no voltage is applied across the liquid crystal
layer 140, liquid crystal molecules 142 in the liquid crystal
layer 140 are aligned essentially in parallel to the normal
directions of the principal faces of the alignment films 126
and 136. When a voltage which is higher than a predeter-
mined voltage is applied across the liquid crystal layer 140,
the liquid crystal molecules 142 in the liquid crystal layer 140
are aligned essentially in parallel to the principal faces of the
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alignment films 126 and 136. When a relatively high voltage
is applied across the liquid crystal layer 140, the liquid crystal
molecules 142 are symmetrically aligned within a pixel or
within a specific region of a pixel, whereby the viewing angle
characteristics are improved. Although it is illustrated herein
that the front substrate 120 and the rear substrate 130 respec-
tively have the alignment films 126 and 136, at least one of the
front substrate 120 and the rear substrate 130 may have a
corresponding alignment film 126 or 136. However, from the
standpoint of alignment stability, it is preferable that both of
the front substrate 120 and the rear substrate 130 have their
respective alignment films 126 and 136.

[0057] The alignment sustaining layers 150 and 160 con-
tain particles of a polymerization product with a particle size
of 50 nm or less. This polymerization product may grow to a
particle size of 1 um to 5 pm. In the liquid crystal panel 110,
the liquid crystal layer 140 and the alignment sustaining
layers 150 and 160 are formed from a mixture containing a
liquid crystal compound and a photopolymerizable com-
pound. By irradiating the mixture interposed between the
front substrate 120 and the rear substrate 130 with light
(which typically is ultraviolet light) while applying a voltage
thereto, the photopolymerizable compound becomes poly-
merized to form the alignment sustaining layers 150 and 160,
and concurrently, the liquid crystal layer 140 containing the
liquid crystal compound is formed. Since the alignment direc-
tions of the liquid crystal molecules 142 in the liquid crystal
layer 140 are sustained (stored) owing to the alignment sus-
taining layers 150 and 160, even when voltage application is
stopped, the liquid crystal molecules 142 in the liquid crystal
layer 140 will be slightly inclined from the normal directions
of the principal faces of the substrates 120 and 130. As a
result, the response speed of the liquid crystal molecules 142
is improved. In the following descriptions of the present
specification, forming the liquid crystal layer 140 and the
alignment sustaining layers 150 and 160 through light irra-
diation while applying a voltage in this manner may be
referred to as a “PSA treatment”.

[0058] FIG. 1(b) shows a schematic plan view of the liquid
crystal panel 110. In the liquid crystal panel 110, the rear
substrate 130 has a principal face area which is greater than
that of the front substrate 120. For example, the front sub-
strate 120 and the rear substrate 130 are both rectangular, such
that each longer side of the rear substrate 130 is substantially
equal in length to each longer side of the front substrate 120,
and that each shorter side of the rear substrate 130 has a longer
length than that of each shorter side of the front substrate 120.
The liquid crystal panel 110 has a display region D and a
frame region (non-display region) E which surrounds the
display region D. The display region D is a portion of a region
where the front substrate 120 and the rear substrate 130 over-
lap. The liquid crystal panel 110 as such is suitably used for
small-sized display devices such as mobile phones and digital
still cameras.

[0059] Although not shown in FIG. 1(4) in order to avoid
unnecessary complexity of the figure, pixel electrodes 134
(see FIG. 1(a)) which are arranged in a matrix array, and thin
film transistors (Thin Film Transistors: TFTs) corresponding
to the respective pixel electrodes 134, are provided in the
display region D of the rear substrate 130. The pixel elec-
trodes 134 are made of an electrically conductive material
having a relatively high transmittance, e.g., ITO or IZO, for
example. In the display region D of the rear substrate 130,
gate lines G and source lines S are provided, each gate line G
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and source line S corresponding to a pixel electrode 134. The
gate of a TFT is electrically connected to a gate line G. The
source of a TFT is electrically connected to a source line S.
The drain of a TFT is electrically connected to a pixel elec-
trode 134.

[0060] In the liquid crystal panel 110, storage capacitor
lines CS are provided in parallel to the gate lines G in the
display region D of the rear substrate 130. The storage capaci-
tor lines CS suppress decreases in the potentials of the pixel
electrodes 134. In the following descriptions of the present
specification, the gate lines G, the source lines S, and the
storage capacitor lines CS may be collectively denoted as
wiring lines 135. Note that the gate lines G and the storage
capacitor lines CS are produced through the same steps and
from the same material, suchas Al, Ti, or Mo, and may also be
referred to as a gate layer. The source lines S are made from a
material such as Al, Ti, or Mo, and may also be referred to as
a source layer.

[0061] The counter electrode 124 is provided in the display
region D of the front substrate 120. In the liquid crystal panel
110, a wiring line which is electrically connected to the
counter electrode 124 of the front substrate 120 is provided on
the rear substrate 130, so that a voltage to be applied to the
counter electrode 124 of the front substrate 120 is supplied
from the rear substrate 130. In the following descriptions, the
wiring line which provides electrical connection from the rear
substrate 130 to the counter electrode 124 of the front sub-
strate 120 may be denoted as the wiring line 125.

[0062] On the rear substrate 130 of the liquid crystal panel
110, a driver 190 is provided in a frame region E. From the
driver 190, gate signals, source signals, storage capacitor
signals, and counter signals are supplied to the gate lines G,
the source lines S, the storage capacitor lines CS, and the
counter electrode 124, respectively. The driver 190 appears
rectangular when viewed from the normal direction of the
principal face of the liquid crystal panel 110, and the driver
190 is disposed so that its longer sides and shorter sides are
parallel to the longer sides and shorter sides of the rear sub-
strate 130, respectively.

[0063] After the liquid crystal panel 110 is fabricated, a
defect check for the pixels is performed. The liquid crystal
panel 110 includes terminals 174 which are electrically con-
nected to the wiring lines 125 and 135 via wiring lines 172.
The wiring lines 172 and the terminals 174 are provided in the
frame region E of the rear substrate 130. In a defect check, a
voltage which is generated by a signal generator (not shown)
is applied via the terminals 174 in order to check whether the
pixels operate normally or not. Since the liquid crystal panel
110 is of a normally-black mode, if a pixel is operating
normally, the pixel will appear lit with voltage application. In
the following descriptions of the present specification, the
terminals 174 may be referred to as check terminals, and the
wiring lines 172 as check lines. Specifically, the check termi-
nals 174 include: a terminal GO to which a voltage for the gate
lines G in the odd rows is applied; a terminal GE to which a
voltage for the gate lines G in the even rows is applied; a
terminal S to which a voltage for the source lines S is applied;
terminals CS to which a voltage for the storage capacitor lines
CS is applied; and terminals COM to which a voltage for the
counter electrode 124 is applied. Note that the terminal GO
corresponding to the gate lines G in the odd rows and the
terminal GE corresponding to the gate lines G in the even
rows are provided as check terminals 174 for the gate lines G,
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such that a leak between gate lines G can be detected by
alternately applying voltages to the terminal GO and the
terminal GE.

[0064] Prior to a defect check, a PSA treatment is per-
formed for the liquid crystal panel 110. In the PSA treatment,
voltage application is performed via the check terminals 174
and the check lines 172. Herein, the liquid crystal panel 110
further includes terminals 184 which are electrically con-
nected to the check terminals 174 via wiring lines 182 differ-
ent from the check lines 172, so that voltages are applied at the
terminals 184. For example, voltage application is performed
while allowing a probe of a signal generator (not shown) to be
efficiently in contact with the terminals 184 by utilizing a jig.
[0065] The wiring lines 182 and the terminals 184 are pro-
vided in the frame region E of the rear substrate 130. In the
following descriptions of the present specification, the termi-
nals 184 may be referred to as additional terminals, and the
wiring lines 182 as additional lines. The additional lines 182
extend from the check terminals 174 to the additional termi-
nals 184; herein, the additional lines 182 connect the check
terminals 174 to the additional terminals 184 over shortest
possible distances.

[0066] Specifically, the additional terminals 184 include: a
terminal P-GO to which a voltage for the gate lines G in the
odd rows is applied; a terminal P-GE to which a voltage for
the gate lines G in the even rows is applied; a terminal P-S to
which a voltage for the source lines S is applied; terminals
P-CS to which a voltage for the storage capacitor lines CS is
applied; and terminals P-COM to which a voltage for the
counter electrode 124 is applied. The additional terminals
184, i.e., the terminals P-GO, P-GE, P-S, P-CS, and P-COM
are electrically connected to the check terminals 174, i.e., the
terminals GO, GE, S, CS, and COM, respectively.

[0067] Herein, the terminals P-GO and P-GE are provided
corresponding to the terminals GO and GE because, as men-
tioned above, the terminals GO and GE are provided as check
terminals 174 corresponding to the gate lines G. However, a
single terminal which is electrically connected to the termi-
nals GO and GE may be provided as an additional terminal
184 corresponding to the gate lines G. In the liquid crystal
panel 110, the check terminals 174, the additional terminals
184, and the driver 190 are provided along one side of the
rectangular rear substrate 130.

[0068] The check lines 172 and the additional lines 182 are
made of materials composing the gate layer or the source
layer, e.g., Al, Ti, or Mo. Unless the voltage across the liquid
crystal layer 140 becomes lowered due to signal deteriora-
tion, it is preferable that the widths of the check lines 172 and
the additional lines 182 are as small as possible.

[0069] The additional terminals 184 may be formed
through the same steps as the gate layer, the source layer, or
the pixel electrodes 134, from the material composing the
gate layer or the source layer, e.g., Al, Ti, or Mo, or from the
ITO or IZO which is used for the pixel electrodes 134. Note
that misalignments between the substrates and a jig can be
suppressed when the additional terminals 184 are sized 1200
umx1800 pm to 1800 pmx1800 pm. Depending on the jig
alignment method and the shape and size of the probe tip, the
additional terminals 184 may have even smaller sizes. Herein,
the check terminals 174 are sized so as to be smaller than the
additional terminals 184. As will be described later, a plural-
ity of liquid crystal panels 110 can be integrally formed from
mother substrates; in this case, voltage application at the
additional terminals 184 is integrally performed for the plu-
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rality of liquid crystal panels 110, whereas voltage applica-
tion at the check terminals 174 is performed for the liquid
crystal panels 110 having been separated from the mother
substrates. Since the liquid crystal panel 110 is smaller than
the mother substrates, alignment between the check terminals
174 and the probe is easily performed even if the check
terminals 174 have small sizes.

[0070] FIG. 2 shows a pixel electrode 134. The pixel elec-
trode 134 includes a cross-shape stem 134/, and branches
13441 to 13444 extending from the stem 134/ in four different
directions d1 to d4. Such a structure of the pixel electrode 134
is also called a fishbone structure. Note that the stem 1345
extends along the x direction and the y direction. For
example, the stem 134j has a width of 3 pm. Moreover, the
branches 13441, 13442, 13443, and 134/4 have a width of 3
um, and any interspace therebetween (i.e., the width between
branches 13441 to 13444) is 3 um. Defining the horizontal
direction (right-left direction) on the display screen (plane of
the figure) as a reference of the azimuthal direction, and
defining the leftwise rotation as positive (i.e., if the display
surface were a clock face, the 3 o’clock direction would be an
azimuth angle of 0°, and the counterclockwise would be
positive), the directions d1 to d4 are, 135°, 45°, 315°, and
225°, respectively.

[0071] When a voltage is applied across the liquid crystal
layer 140 in the liquid crystal panel 110, the liquid crystal
molecules 142 are aligned in parallel to the directions in
which the corresponding branches 13441 to 13444 extend, as
shown in FIG. 2. The liquid crystal layer 140 has a liquid
crystal domain A formed by the branch 13441, a liquid crystal
domain B formed by the branch 13442, a liquid crystal
domain C formed by the branch 13443, and a liquid crystal
domain D formed by the branch 13444. When no voltage is
applied across the liquid crystal layer 140 or the applied
voltage is relatively low, the liquid crystal molecules 142 are
aligned perpendicular to the principal faces of alignment
films which are not shown, except in the neighborhood of the
pixel electrode 134. On the other hand, when a predetermined
voltage is applied across the liquid crystal layer 140, the
liquid crystal molecules 142 are aligned along the directions
d1 to d4 in which the branches 13441, 13442, 134k3, and
134/4 extend.

[0072] Inthe present specification, the alignment direction
of liquid crystal molecules at the center of each liquid crystal
domain A to D is referred to as a reference alignment direc-
tion, and, within the reference alignment direction, an azi-
muth angle component that is in a direction from the rear face
toward the front face along the major axis of the liquid crystal
molecules (i.e., an azimuth angle component as projected
onto the principal face of an alignment film) is referred to as
a reference alignment azimuth. The reference alignment azi-
muth characterizes its corresponding liquid crystal domain,
and predominantly affects the viewing angle characteristics
of the liquid crystal domain. When the horizontal direction
(right-left direction) on the display screen (plane of the fig-
ure) is defined as a reference of the azimuthal direction and
the leftwise rotation is defined as positive, the reference align-
ment azimuths of the four liquid crystal domains A to D are
set to be four azimuths such that the difference between any
two azimuths is substantially equal to an integer multiple of
90°. Specifically, the reference alignment azimuths of the
liquid crystal domains A, B, C, and D are, respectively, 315°,
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225°,135° and 45°. Since the liquid crystal molecules 142
are thus aligned in four different azimuths, the viewing angle
characteristics are improved.

[0073] Hereinafter, advantages of the liquid crystal display
device 100 of the present embodiment over a liquid crystal
display device of Comparative Example 1 will be described.
First, a liquid crystal display device 500 of Comparative
Example 1 will be described with reference to FIG. 3.

[0074] In aliquid crystal display device 500 of the liquid
crystal panel 510 of Comparative Example 1, a driver 590 is
provided in the frame region. As viewed from the normal
direction of the principal face of the liquid crystal panel 510,
the driver 590 appears rectangular, and the driver 590 is
disposed so that its longer sides and shorter sides are parallel
to the longer sides and shorter sides of the rear substrate,
respectively.

[0075] In the liquid crystal panel 510, check terminals 574
which are electrically connected to wiring lines 525 and 535
via check lines 572 are provided at the sides of the driver 590.
Moreover, additional lines 582 are provided so as to extend
outward from the check lines 572, and accordingly, additional
terminals 584 which are electrically connected to the addi-
tional lines 582 are provided outside of the check terminals
574. Thus, in the liquid crystal display device 500, the addi-
tional lines 582 extend from the check lines 572, and the
driver 590, the check terminals 574, and the additional termi-
nals 584 are arranged in one row along a longer side of the rear
substrate 530. This causes the frame region of the liquid
crystal panel 510 to be expanded, thus making it impossible to
realize a small-sized liquid crystal panel 510. On the other
hand, as shown in FIG. 1(5), in the liquid crystal panel 110,
the additional lines 182 extend from the check terminals 174
to the additional terminals 184, and the check terminals 174
and the additional terminals 184 are arranged along shorter
sides of the rear substrate 130. This makes it possible to
narrow the frame region of the liquid crystal panel 110,
whereby a small-sized liquid crystal panel 110 can be real-
ized.

[0076] Hereinafter, with reference to FIG. 4, FIG. 5A, and
FIG. 5B, a method of producing the liquid crystal display
device 100 will be described. In order to avoid unnecessary
complexity of descriptions, a method of producing a single
liquid crystal display device 100 will be described herein.
[0077] First, at S402, a liquid crystal panel 110 is provided
as shown in FIG. SA. Herein, the liquid crystal panel 110
includes a front substrate 120, a rear substrate 130 opposing
the front substrate 120, and a mixture 140c¢ interposed
between the front substrate 120 and the rear substrate 130.
Although not shown in FIG. 5A, as has been described earlier
with reference to FIG. 1(5), a wiring line 125 is provided on
the front substrate 120, and check terminals 174 which are
electrically connected to wiring lines 135 via the check lines
172 are provided on the rear substrate 130. On the rear sub-
strate 130, additional terminals 184 which are electrically
connected to the check terminals 174 via additional lines 182
are provided. Note that the additional lines 182 and the addi-
tional terminals 184 may be formed through similar steps to
and from the same materials as those of the check lines 172
and the check terminals 174. For example, the check lines
172, the check terminals 174, the additional lines 182, and the
additional terminals 184 may be formed of a gate layer
including gate lines G and storage capacitor lines CS, or of a
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source layer including source lines S, or alternatively formed
through the same steps and from the same material as the
pixel electrodes 134.

[0078] The mixture 140c contains a liquid crystal com-
pound and a photopolymerizable compound. Herein, as the
photopolymerizable compound, a monomer being capable of
polymerization and having one or more ring structures or
condensed ring structures and two functional groups directly
bound to the aforementioned ring structure(s) or condensed
ring structure(s) is used. For example, the photopolymeriz-
able monomer is selected from among those which are rep-
resented by general formula (I) below.

PL-AL(Z1-A?),-P? 1

[0079] In general formula (I), P' and P? are functional
groups which each independently of the other are an acrylate,
methacrylate, vinyl, vinyloxy, or epoxy group; A' and A* are
ring structures which each independently of the other repre-
sent a 1,4-phenylene or naphthalene-2,6-diyl group; Z' is a
—COO— or —COO— group or a single bond; andn is 0, 1,
or2.

[0080] P'and P? are preferably acrylate groups; Z" is pref-
erably a single bond; and n is preferably O or 1. Preferable
monomers are compounds represented by the following for-
mula, for example.

[Formula 1]

(Ia)

(Ib)

(e)

[0081] In structural formulae (1a) to (1c), P* and P* are as
described with respect to general formula (1), where particu-
larly preferable P* and P? are acrylate groups. Among the
aforementioned compounds, those which are very preferable
are compounds represented by structural formula (la) and
structural formula (1b), where the compound of structural
formula (1a) is particularly preferable. As a method of intro-
ducing the mixture 140c¢ in between the front substrate 120
and the rear substrate 130 of the liquid crystal panel 110,
dropwise injection of the mixture 140c may be performed, or
dip injection of the mixture 140¢ may be performed.

[0082] Next, at S404, as shown in FIG. 5B(a), ultraviolet
light is radiated while applying voltages to the mixture 140¢
from the additional terminals 184 via the additional lines 182,
the check terminals 174, and the check lines 172. Herein, a
voltage is applied between the counter electrode 124 and the
pixel electrodes 134, and the liquid crystal panel 110 is irra-
diated with light. The voltage application is conducted as
follows. For example, while continuously applying a gate
voltage of 10V to the gate lines G of the liquid crystal panel
110 in order to maintain the TFT provided for each pixel in an
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ON state, a data voltage of 5 V is applied to all of the source
lines S, and rectangular waves with an amplitude of 10 V
(maximum 10V and minimum 0 V) are applied to the counter
electrode 124. As a result, an AC voltage of +5 V is applied
between the counter electrode 124 and the pixel electrodes
134. Thus, a higher voltage than that for displaying the high-
est gray scale level in the usual displaying by the liquid crystal
display device is applied between the counter electrode 124
and the pixel electrodes 134. When applying a voltage to the
rear substrate 130, the voltage to be applied to the gate lines G
may be made higher than the voltage to the source lines S (i.e.,
the voltage on the pixel electrodes 134), whereby disorder in
the liquid crystal alignment is reduced and a display quality
with little coarseness can be obtained. Conversely, if the gate
voltage is made lower than the source voltage, the pixels may
become floating (unstable voltage), in which case the liquid
crystal alignment is also likely to become unstable, thus
inducing coarseness.

[0083] With such voltage application, ultraviolet light (e.g.,
i-line with a wavelength of 365 nm, about 5.8 mW/cm?) is
radiated for about 3 to 5 minutes. With this irradiation, the
photopolymerizable compound within the mixture 140c¢ is
polymerized to form the alignment sustaining layers 150 and
160, and also the liquid crystal layer 140 containing the liquid
crystal compound is formed. As a result, the liquid crystal
molecules 142 will have a pretilt angle of 0.1° to 5°. Note that,
in the case where a color filter layer is provided on the front
substrate 120, the intensity of the wavelength reaching the
mixture 140¢ will differ depending on the pixel color, and
therefore light irradiation is conducted through the rear sub-
strate 130.

[0084] Thereafter, as necessary, ultraviolet light of about
1.4 mW/cm? may be radiated under no applied voltage for
about 1 to 2 hours by using black light, for example. As a
result, the photopolymerizable monomer remaining in the
liquid crystal layer 140 after the earlier irradiation is further
polymerized, whereby the photopolymerizable monomer
concentration is reduced. This irradiation is also conducted
through the rear substrate 130. Via this irradiation, the pho-
topolymerizable monomer remaining in the liquid crystal
layer 140 is adsorbed or chemical bonded onto the alignment
sustaining layers 150 and 160, and also polymerization
occurs between photopolymerizable monomers; this makes it
possible to reduce the photopolymerizable monomer remain-
ing in the liquid crystal layer 140. If there were a lot of
remaining photopolymerizable monomers, photopolymeriz-
able monomers remaining in the liquid crystal layer in small
amounts would polymerize at a further slower pace during the
operation of the liquid crystal display device, thus inducing
image sticking. However, conducting irradiation in the above
manner can prevent image sticking. As compared to the afore-
mentioned ultraviolet light which is radiated under an applied
voltage, the ultraviolet light to be radiated under no applied
voltage has a low illuminance and receives a generally long
irradiation time. The above series of steps may also be
referred to as a “PSA treatment”.

[0085] Next, at S406, as shown in FIG. 5B(b), a voltage is
applied across the liquid crystal layer 140 at the check termi-
nals 174 in order to check for pixel defects. For example, a
voltage generated by a signal generator 300 is applied at the
check terminals 174, and absence or presence of pixel defects
in the liquid crystal panel 110 is checked. Thereafter, a back-
light (not shown), a driver 190 (see FIG. 1(b)), and the like
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may be mounted to the liquid crystal panel 110, as necessary.
In this manner, the liquid crystal display device 100 can be
produced.

[0086] Inthe liquid crystal panel 110 shown in FIG. 1(5), a
plurality of kinds of signals are output from the one driver
190, and the check terminals 174, the additional terminals
184, and moreover, the driver 190 are provided along one side
of the rectangular rear substrate 130; however, the present
invention is not limited thereto.

[0087] FIG. 6A shows a schematic plan view of a liquid
crystal panel 110". The liquid crystal panel 110" is used for a
relatively large-sized display device, e.g., a PC monitor, for
example. In order to avoid complexity of the figure, the wiring
lines 135 and the check lines 172 are omitted from FIG. 6A.
Although not shown in FIG. 6A, a plurality of gate drivers,
source drivers, and the like are provided on the liquid crystal
panel 110, these drivers being provided along one longer side
and along one shorter side of the liquid crystal panel 110'".

[0088] Inthe liquid crystal panel 110", additional terminals
184 are provided further outside of check terminals 174, and
additional lines 182 extend from the check terminals 174 to
the additional terminals 184. The check terminals 174 are
provided in the neighborhood of each of a longer side and a
shorter side of the rectangular rear substrate 130. Specifically,
a terminal P-G to which a voltage for the gate lines G is
applied is provided in the neighborhood of a shorter side of
the rear substrate 130, and a terminal P-S is provided in the
neighborhood of a longer side of the rear substrate 130. Ter-
minals P-COM and P-CS are provided in the neighborhoods
of corners of the rear substrate 130. Thus, in the liquid crystal
panel 110", the check terminals 174, the additional terminals
184, and the drivers (not shown in FIG. 6A) are provided
along two sides of the rectangular rear substrate 130.

[0089] In the liquid crystal panel 110', as many check ter-
minals 174 are provided as there are drivers. For example, in
the 8 inch liquid crystal panel 110, five source drivers are
provided and five terminals S are provided corresponding to
the five source drivers. Since signals for applying a voltage
across the entire plane of the liquid crystal panel 110" are input
at the additional terminals 184, each additional terminal 184
may be electrically connected to more than one check termi-
nals 174. Thus, in the liquid crystal panel 110", there are fewer
additional terminals 184 than there are check terminals 174,
whereby the construction of a jig to be used for the PSA
treatment can be simplified, and thus the jig can be produced
at low cost.

[0090] Moreover, a switching element(s) (not shown) may
be provided on an additional line(s) 182 interconnecting a
check terminal(s) 174 and an additional terminal(s) 184. The
switching element(s) is/are a TFT(s) formed through similar
steps to those for the TFTs provided in the display region, for
example. A switch signal(s) may be input to the gate(s) of the
switching element(s) to allow the additional terminal(s) 184
to be electrically connected to the check terminal(s) 174
during the PSA treatment, while the additional terminal(s)
184 may be kept insulated from the check terminal(s) 174 by
the switching element(s) other than during the PSA treatment.
[0091] Intheliquidcrystal panel 110'shown in FIG. 6A, the
additional terminals 184 are provided in the neighborhoods of
both a shorter side and a longer side of the rear substrate 130;
however, the present invention is not limited thereto. The
additional terminals 184 may be provided in the neighbor-
hood of either one of a shorter side and a longer side.
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[0092] FIG. 6B shows a schematic plan view of a liquid
crystal panel 110" of the liquid crystal display device 100. In
the liquid crystal panel 110", specifically, terminals P-G to
which a voltage for the gate lines G is applied, P-S, P-COM,
and P-CS are all provided in the neighborhood of a shorter
side of the rear substrate 130. Therefore, the terminals P-G,
P-S, P-COM, and P-CS are disposed at relatively close dis-
tances to one another, thus allowing the mechanism of fixing
a probe and the panel during the PSA treatment to be simpli-
fied.

[0093] Moreover, as shown in FIG. 6C, the terminals P-G,
P-S, P-COM, and P-CS may be arranged in one row in the
neighborhood of a shorter side of the rear substrate 130. This
allows for further simplification of the mechanism of fixing a
probe and the panel during the PSA treatment. Although FIG.
6C illustrates that the terminals P-COM are electrically con-
nected to all terminals COM, the terminals P-COM may be
electrically connected to some of the terminals COM,
because a counter signal to be applied during the PSA treat-
ment has a relatively low frequency; this will permit narrow-
ing of the frame region.

[0094] Moreover, a plurality of liquid crystal panels 110
may be simultaneously formed by using large-sized mother
substrates. Hereinafter, a method of producing the liquid
crystal display device 100 will be described with reference to
FIG. 7.

[0095] First, at 5702, a mother substrate 220 and a mother
substrate 230 are attached together. The mother substrate 220
includes a plurality of front substrates 120, such that the
plurality of front substrates 120 are disposed in a matrix of
plurality of rows and columns in the mother substrate 220.
The mother substrate 220 is produced by forming a counter
electrode 124 and an alignment film 126 on a transparent
large-sized insulative substrate (e.g., glass substrate), such
that the respective insulative substrates 122 of the plurality of
front substrates 120 account for portions of the large-sized
insulative substrate. In the following descriptions of the
present specification, the mother substrate 220 may also be
referred to as the first mother substrate 220.

[0096] Moreover, the mother substrate 230 includes a plu-
rality of rear substrates 130, such that the plurality of rear
substrates 130 are disposed in a matrix of plurality of rows
and columns in the mother substrate 230. The mother sub-
strate 230 is produced by forming pixel electrodes 134, wir-
ing lines 135, an alignment film 136, check lines 172, check
terminals 174, additional lines 182, and additional terminals
184 on a transparent large-sized insulative substrate (e.g., a
glass substrate), such that the respective insulative substrates
132 of the plurality of rear substrates 130 account for portions
of the large-sized insulative substrate. In the following
descriptions of the present specification, the mother substrate
230 may also be referred to as the second mother substrate
230.

[0097] Through the attachment, the front substrate 120 of
the first mother substrate 220 and the rear substrate 130 of the
second mother substrate 230 are made to oppose each other.
Note that the mixture 140c has not been introduced between
the front substrate 120 and the rear substrate 130 at this point.
In the following descriptions of the present specification, a
construction in which the front substrate 120 and the rear
substrate 130 oppose each other with no mixture 140c¢ or
liquid crystal layer 140 interposed therebetween will be
referred to as a vacant panel. A plurality of vacant panels are
produced through the attachment. Before attaching together
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the first and second mother substrates 220 and 230, a sealant
is introduced on one of the front substrate 120 and the rear
substrate 130 in a shape that is closed except in an injection
inlet.

[0098] Next, at S704, the first mother substrate 220 and the
second mother substrate 230 are cut apart, whereby a plurality
of vacant panels are taken out.

[0099] Next, at S706, the mixture 140c¢ containing a liquid
crystal compound and a photopolymerizable compound is
injected in between the front substrate 120 and the rear sub-
strate 130 of the vacant panel. For example, after vacuuming
the inside of the vacant panel in a vacuum, the injection inlet
of'the vacant panel is immersed in a dish in which the mixture
140c¢ has been poured, thereby allowing the mixture 140c¢ to
be injected into the vacant panel; thus, the liquid crystal panel
110 is produced.

[0100] Next,at S708, the injection inlet of the liquid crystal
panel 110 is sealed. A resin is applied on the injection inlet of
the liquid crystal panel 110, and is irradiated with ultraviolet
light or visible light, thereby curing the resin and sealing the
injected portion.

[0101] Next, a PSA treatment is performed at S710. As
mentioned earlier, the wiring lines 125 and 135 provided
corresponding to the counter electrode 124 and the pixel
electrodes 134 are electrically connected to the additional
terminals 184 via the check lines 172, the check terminals
174, and the additional lines 182; and a voltage is applied to
the mixture 140¢ from the additional terminals 184. By radi-
ating ultraviolet light while aligning the liquid crystal mol-
ecules 142 with such voltage application, the alignment sus-
taining layers 150 and 160 are formed, and the alignment of
the liquid crystal molecules 142 becomes stored.

[0102] Next, atS712, acheck for pixel defects is performed
with respect to each liquid crystal panel 110 by applying a
voltage across the liquid crystal layer 140 from the check
terminals 174. In this manner, the plurality of liquid crystal
display devices 100 can be efficiently produced.

Embodiment 2

[0103] Intheabovedescription, the additional terminals are
provided on the liquid crystal panel; however, the present
invention is not limited thereto.

[0104] Hereinafter, with reference to FIG. 8, a second
embodiment of the liquid crystal display device of the present
invention will be described. A liquid crystal display device
100A of the present embodiment is similar in construction to
the above-described liquid crystal display device 100 except
that the additional terminals 184 are not provided on a liquid
crystal panel 110 A; any overlapping description will be omit-
ted in order to avoid redundancy.

[0105] Inthe liquid crystal panel 110A of the liquid crystal
display device 100A, additional lines 182 extend on the rear
substrate 130 toward an end thereof, from check terminals
174. As will be described later, the additional terminals 184
are provided on a mother substrate, and not on the liquid
crystal panel 110A.

[0106] Hereinafter, with reference to FIG. 9 and FIG. 10, a
method of producing the liquid crystal display device 100A
will be described.

[0107] First, the mixture 140c is added dropwise to at least
either one of front substrates 120 of a first mother substrate
220 and rear substrates 130 of a second mother substrate 230,
and thereafter, at S902, the first mother substrate 220 and the
second mother substrate 230 are attached together as shown
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in FIG. 10(a) and FIG. 10(b). For example, the size of the first
mother substrate 220 is substantially equal to the size of the
second mother substrate 230. Through the attachment, the
front substrate 120 of the first mother substrate 220 and the
rear substrate 130 of the second mother substrate 230 are
made to oppose each other, whereby the liquid crystal panel
110A is produced.

[0108] Herein, the mother substrate 220 includes a plurality
of front substrates 120, such that the plurality of front sub-
strates 120 are disposed in a matrix of plurality of rows and
columns in the mother substrate 220. The mixture 140c¢ con-
tains a liquid crystal compound and a photopolymerizable
compound.

[0109] The mother substrate 230 includes a plurality of rear
substrates 130, such that the plurality of rear substrates 130
are disposed in a matrix of plurality of rows and columns in
the mother substrate 230. On the mother substrate 230, the
additional terminals 184 are provided in regions other than
the rear substrates 130. As described earlier, a voltage is
applied from the additional terminals 184 during a PSA treat-
ment. Herein, the additional terminals 184 are provided at
both of right and left ends of the mother substrate 230, so as
to correspond to a number of rear substrates 130 arranged
along the row direction, such that the same voltage is applied
to the additional terminals 184 at the right and left ends.
[0110] Inthe mother substrate 230, the additional lines 182
extend from the check terminals 174 to the additional termi-
nals 184. The additional lines 182 include connection lines
1825 and common lines 182¢. Each common line 182¢ extends
from an additional terminal 184 at one end to an additional
terminal 184 at the other end. The connection lines 182s
extend from the check terminals 174 of each rear substrate
130 to the outside of the rear substrate 130 and extend
between adjoining rear substrates 130, so as to connect to the
common lines 182¢. The common lines 182¢ are used in com-
mon for the number of rear substrates 130 arranged along the
row direction.

[0111] The additional lines 182 are formed from the mate-
rial composing the gate layer or the source layer, e.g., Al, Ti,
or Mo. In the case where the connection lines 182s extending
from the check terminals 174 straddle the common lines 1827,
the organic insulative film and/or inorganic insulative film
that is used for the TFTs may also be deposited on the com-
mon lines 182¢, upon which bridge structures may be formed
by using the electrically conductive material that is used for
the pixel electrodes 134. Thus, as necessary, the additional
lines 182 may be formed by using the materials of the gate
layer, the source layer, or the pixel electrodes 134 (ITO, IZO,
etc.).

[0112] Moreover, granted that the voltage applied across
the liquid crystal layer 140 is not decreased due to signal
deterioration, the width of the additional lines 182 may be as
small as possible. Ithas been confirmed that, in the case where
the common lines 1827 have a length of 650 mm, hardly any
signal deterioration occurs when the common lines 1827 have
a width of 80 um and the connection lines 1825 have a width
of 10 pum, for example. The widths of the wiring lines may
even be shorter so long as signal deterioration does not occur.
Moreover, bridge structures may be provided for allowing a
PSA treatment to be performed even when any wiring line
becomes disrupted.

[0113] Moreover, the additional terminals 184 may be
formed from Al, Ti, Mo, or the like used for the gate layer or
the source layer, or ITO or 1ZO used for forming the pixel
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electrodes 134, simultaneously with the gate layer, the source
layer, or the pixel electrodes 134. Misalignments between the
substrates and a jig can be suppressed when the additional
terminals 184 are sized 1200 pmx1800 um to 1800 pmx1800
um. Depending on the jig alignment method and the shape
and size of the probe tip, the additional terminals 184 may
have even smaller sizes.

[0114] On the liquid crystal panel 110A, the additional
terminals 184 are provided in regions other than the rear
substrate 130, whereby the frame region of the liquid crystal
panel 110A can be narrowed. Since the additional lines 182
include the connection lines 182s and the common lines 182¢,
even if one connection line 182s becomes disrupted, a PSA
treatment can be performed for the liquid crystal panel 110A
corresponding to another connection line 182s. Moreover,
additional terminals 184 to which the same voltage is applied
are provided at both of right and left ends of the second
mother substrate 230, the two additional terminals 184 being
connected by a common line 182¢. Therefore, even if a line
break occurs in a portion of the common line 182¢ such that
the electrical connection between one of the additional ter-
minals 184 and the connection line 182s is lost, the electrical
connection between the other additional terminal 184 and the
connection line 182s is maintained, so that a PSA treatment
can surely be performed.

[0115] Next, at S904, as shown in FIG. 10(c), both end
portions of the first mother substrate 220 where it overlaps the
additional terminals 184 are removed to expose the additional
terminals 184.

[0116] Next, at S906, a voltage is applied to the mixture
140c¢ of each liquid crystal panel 110A from the additional
terminals 184.

[0117] The voltage applications is performed by supplying
a signal from a signal generator to the liquid crystal panel
110A while keeping a probe in contact the additional termi-
nals 184 by using a specialized jig. During the PSA treatment,
a voltage is input at the additional terminals 184. By thus
radiating ultraviolet light with such voltage application, the
photopolymerizable compound in the mixture 140c¢ becomes
polymerized to form the alignment sustaining layers 150 and
160, and the liquid crystal layer 140 is formed. Note that the
light source (not shown) may have an effective irradiation
area which is about equal to or greater than the size of the
liquid crystal panel 110A. For example, in the case where a
PSA treatment is to be performed for the mother substrates
220 and 230, light may be radiated as many times as there are
liquid crystal panels 110A formed in the mother substrates
220 and 230, whereby the PSA treatment can be performed.
From the standpoint of mass production, it is preferable that
the effective irradiation area of the light source is similar in
size to the mother substrates 220 and 230.

[0118] Next, at S908, the first mother substrate 220 and the
second mother substrate 230 are cut apart, whereby a plurality
of liquid crystal panels 110A are taken out. Through this
cutting, most of the additional lines 182 and the additional
terminals 184 are isolated from the liquid crystal panel 110A.
[0119] Next, at S910, a check for pixel defects is performed
by applying a voltage across the liquid crystal layer 140 at the
check terminals 174 of each liquid crystal panel 110A. In this
manner, the liquid crystal display device 100A can be pro-
duced.

[0120] Hereinafter, advantages of the liquid crystal display
device 100A of the present embodiment will be described in
comparison with a liquid crystal display device of Compara-



US 2012/0140157 Al

tive Example 2. The liquid crystal display device of Com-
parative Example 2 is described with reference to FIG. 11.
The liquid crystal display device 500A of Comparative
Example 2 has a similar construction to that of the above-
described liquid crystal display device 100A, except that
additional lines 582 extend from check lines 572 in the liquid
crystal panel 510A. The liquid crystal display device 500A of
Comparative Example 2 is also produced as described with
reference to FIG. 9 and FIG. 10.

[0121] In the rear substrate of the liquid crystal display
device 500A, the additional lines 582 extend outside of the
check lines 572. Therefore, the frame region of the liquid
crystal panel 510A is enlarged, thus making it impossible to
realize a small-sized liquid crystal panel 510A. On the other
hand, in the liquid crystal panel 110A, as shown in FIG. 8, the
additional lines 182 extend from the check terminals 174
essentially in parallel to the check lines 172. As a result, the
frame region of the liquid crystal panel 110A can be nar-
rowed, and a small-sized liquid crystal panel 110A can be
realized.

[0122] FIG. 12(a) shows mother substrates 620 and 630
which have been attached together in a production process for
the liquid crystal display device S00A of Comparative
Example 2. Since the frame region of the liquid crystal panel
510A in the liquid crystal display device S00A of Compara-
tive Example 2 is relatively broad, the number of liquid crys-
tal panels 510A that can be taken out from the mother sub-
strates 620 and 630 is relatively small.

[0123] FIG.12(b) shows the mother substrates 220 and 230
having been attached together in the production process for
the liquid crystal display device 100A of the present embodi-
ment. Since the frame region of the liquid crystal panel 110A
in the liquid crystal display device 100A is relatively narrow,
there is no need to change the distance between adjoining
liquid crystal panels 110A, and even in the case where a PSA
treatment is to be performed for the liquid crystal panel 110A,
arelatively large number of liquid crystal panels 110A can be
taken out from the mother substrates 220 and 230.

[0124] Note that the check lines 172 and the additional lines
182 may be utilized as portions of the wiring lines for forming
a shortring (not shown). In the mother substrates 220 and 230
having been attached together, the wiring lines 125 and 135
are electrically short-circuited via the check lines 172, the
check terminals 174, the additional lines 182, the additional
terminals 184, and short-circuiting wiring lines (not shown),
thereby forming a short ring. The wiring lines 125 and 135
being thus short-circuited suppress electrostatic breakdowns.
Note that, at the time of exposing the additional terminals 184
as shown in S904, the short-circuiting wiring lines may be cut
to electrically isolate the additional terminals 184 from one
another, thus eliminating the short ring.

[0125] Although a dropwise injection of the mixture 140¢
is performed in the description referring to FIG. 9 and FIG.
10, the present invention is not limited thereto.

[0126] Hereinafter, another method of producing the liquid
crystal display device 100A according to the present inven-
tion will be described with reference to FIG. 13 and FIG. 14.
[0127] First, at S1302, as shown in FIG. 14(a) and FIG.
14(b), a mother substrate 220 including a plurality of front
substrates 120 and a mother substrate 230 including a plural-
ity of rear substrates 130 are attached together. Through this
attachment, a plurality of vacant panels are produced in each
of which the front substrate 120 and the rear substrate 130
oppose each other via a predetermined interspace.
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[0128] Additional terminals 184 are provided at both of
right and left ends of the mother substrate 230. In the mother
substrate 230, the additional lines 182 extend from the check
terminals 174 to the additional terminals 184. The additional
lines 182 include connection lines 182s and common lines
182¢. Each common line 1827 extends from additional termi-
nal 184 at one end to an additional terminal 184 at the other
end. The connection lines 182s extend from the check termi-
nals 174 of each rear substrate 130 to the outside of the rear
substrate 130 and extend between adjoining rear substrates
130, so as to connected to the common lines 182z. The com-
mon lines 182¢ are used in common for the number of rear
substrates 130 arranged along the row direction.

[0129] Thus, most of the additional lines 182 and the addi-
tional terminals 184 are provided in regions other than the
rear substrate 130, whereby the frame region of the liquid
crystal panel 110A can be narrowed. Since the additional
lines 182 include the connection lines 182s and the common
lines 182¢, even if one connection line 182s becomes dis-
rupted, a PSA treatment can be performed for the liquid
crystal panel 110A corresponding to another connection line
182s. Moreover, additional terminals 184 to which the same
voltage is applied are provided at both of right and left ends of
the second mother substrate 230, the two additional terminals
184 being connected by a common line 182¢. Therefore, even
if a line break occurs in a portion of the common line 182¢
such that the electrical connection between a connection line
182s and one additional terminal 184 is lost, the electrical
connection between the connection line 182s and the other
additional terminal 184 is maintained, so that a PSA treatment
can surely be performed.

[0130] Next, at S1304, the mother substrates 220 and 230
having been attached together are cut apart. Through this
cutting, mother substrates 220' and 230' including a plurality
of vacant panels are taken out. Moreover, as shown in FIG.
14(c), ends of the cut mother substrate 220' are removed
during the cut, thus leaving the additional terminals 184
revealed. In the following descriptions, the substrates 220'
and 230" having been cut apart may be referred to as cut
mother substrates. In FIG. 14(a), cut lines when cutting the
mother substrates 220 and 230 into the cut mother substrates
220" and 230" are indicated by dot-dash lines.

[0131] Next, at S1306, a mixture 140c¢ containing a liquid
crystal compound and a photopolymerizable compound is
injected in between the front substrates 120 and the rear
substrates 130 of the vacant panels in a vacuum. The cut
mother substrates 220' and 230' are set in a chamber and an
essential vacuum is created in their surroundings to vacuum
the inside of the vacant panels. Thereafter, injection inlets of
the vacant panels are immersed in a dish in which the mixture
140c¢ has been poured, thereby allowing the mixture 140c¢ to
be injected into the vacant panels. Thus, the liquid crystal
panels 110A are produced.

[0132] Next, at S1308, the injection inlets of the liquid
crystal panels 110A are sealed. A resin is applied on the
injection inlets of the liquid crystal panels 110A, and is irra-
diated with ultraviolet light or visible light, thereby curing the
resin and sealing the injected portions.

[0133] Next, at S1310, a PSA treatment is performed. As
described above, the wiring lines 125 and 135 provided cor-
responding to the counter electrode 124 and the pixel elec-
trodes 134 are electrically connected to the additional termi-
nals 184 via the check lines 172, the check terminals 174, and
the additional lines 182; therefore, with voltage application at
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the additional terminals 184, a voltage is applied to the mix-
ture 140c¢ in the liquid crystal panels 110A. In the PSA treat-
ment, after applying a voltage at the additional terminals 184
to align the liquid crystal molecules 142, ultraviolet light is
radiated. As a result of this, the alignment sustaining layers
150 and 160 are formed, and the alignment of the liquid
crystal molecules 142 becomes stored.

[0134] Next, at S1312, the cut mother substrates 220" and
230" are further cut apart, whereby the liquid crystal panels
110A are taken out. Through this cutting, most of the addi-
tional lines 182 and the additional terminals 184 are isolated
from the liquid crystal panels 110A.

[0135] Next, at S1314, a defect check is performed for each
liquid crystal panel 110A. In the defect check, the liquid
crystal panel is powered to check whether the pixels appear lit
or not.

[0136] Again, the check lines 172 and the additional lines
182 may be utilized as portions of the wiring lines for forming
a shortring (not shown). In the mother substrates 220 and 230
having been attached together, the wiring lines 125 and 135
are electrically short-circuited via the check lines 172, the
check terminals 174, the additional lines 182, the additional
terminals 184, and short-circuiting wiring lines (not shown),
thereby forming a short ring. The wiring lines 125 and 135
being thus short-circuited suppress electrostatic breakdowns.
Note that, at the time of taking out the cut mother substrates
220" and 230" as shown in S1304, the short-circuiting wiring
lines may be cut to electrically isolate the additional terminals
184 from one another, thus eliminating the short ring.
[0137] In the above description, the additional terminals
184 are provided at both ends of the second mother substrate
230; however, the present invention is not limited thereto. The
additional terminals 184 may be provided between adjoining
rear substrates 130 that are provided in the second mother
substrate 230.

[0138] Moreover, a switching element(s) (not shown) may
be provided between the gate lines G and source lines S in the
liquid crystal panel 110A and the terminals P-G and terminals
P-S. During a PSA treatment, a voltage is applied to the
gate(s) of the switching element(s) to allow the gate lines G
and source lines S to be electrically connected to the terminals
P-G and terminals P-S. At any time other than during the PSA
treatment, the gate lines G and source lines S are kept insu-
lated from the terminals P-G and terminals P-S by the switch-
ing element(s). As a result, influences of static electricity on
the gate lines G and source lines S can be reduced.

[0139] FIG. 15 shows mother substrates 220 and 230 on
which additional lines 182 and additional terminals 184 are
provided between adjoining liquid crystal panels 110A.
Herein, specifically, the additional terminals 184 include ter-
minals P-G to which a voltage for the gate lines G is applied,
terminals P-COM to which a voltage for the counter electrode
124 is applied, terminals P-CS to which a voltage for the
storage capacitor lines CS is applied, terminals P-SW to
which a voltage corresponding to a switch signal is applied,
and terminals P-S to which a voltage for the source lines S is
applied. Herein, although not shown, the terminals P-SW are
electrically connected to the gates of switching elements
which are provided between the gate lines G and source lines
S in the liquid crystal panel 110A and the terminals P-G and
terminals P-S.

[0140] Since the additional terminals 184 are provided
between adjoining liquid crystal panels 110A, the additional
lines 182 extend over shorter distances from the check termi-
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nals 174 to the additional terminals 184, whereby line breaks
become less likely, and failures due to a voltage not being
applied during the PSA treatment can be suppressed. The
widths and materials of the additional lines 182 may be simi-
lar to those mentioned above, and the sizes and materials of
the additional terminals 184 may be similar to those men-
tioned above.

[0141] Although the above description illustrates the addi-
tional terminals 184 being provided on the mother substrate
230, the present invention is not limited thereto. Instead of the
additional terminals 184, a circuit for the PSA treatment may
be provided monolithically on the mother substrate 230.

Embodiment 3

[0142] The above description illustrates that additional
lines and additional terminals are provided on at least one of
the liquid crystal panel and the mother substrates; however,
the present invention is not limited thereto. Additional termi-
nals may be provided on neither the liquid crystal panel nor
the mother substrates.

[0143] FIG. 16 shows a schematic diagram of a third
embodiment of the liquid crystal display device of the present
invention. The liquid crystal display device 100B of the
present embodiment is similar in construction to the liquid
crystal display device 100 described above with respect to
Embodiment 1, except that no additional terminals and no
additional lines are provided; any overlapping description
will be omitted in order to avoid redundancy. In the liquid
crystal display device 100B, a voltage is applied at the check
terminals 174 not only during a defect check but also during
a PSA treatment. Note that voltage application during the
PSA treatment may be performed by using a probe similar to
that used in the defect check, or a probe which results from
permitting electrical connection in portions of the wiring
lines of a probe that is used in the defect check.

[0144] A method of producing the liquid crystal display
device 100B will be described with reference to FIG. 17. In
order to avoid unnecessary complexity of descriptions, a
method of producing one liquid crystal display device 100B
will be described herein.

[0145] First, at S1702, a liquid crystal panel 110B is pro-
vided. Herein, the liquid crystal panel 110B includes: a front
substrate 120; a rear substrate 130 opposing the front sub-
strate 120; pixel electrodes 134; gate lines G, source lines S,
and storage capacitor lines CS provided corresponding to the
pixel electrodes 134; a mixture 140c¢ interposed between the
front substrate 120 and the rear substrate 130; and check
terminals 174. The mixture 140c¢ contains a liquid crystal
compound and a photopolymerizable compound.

[0146] In order to introduce the mixture 140c¢ in between
the front substrate 120 and the rear substrate 130, dropwise
injection of the mixture 140¢ may be performed, or dip injec-
tion of the mixture 140¢ may be performed.

[0147] Next, at S1704, ultraviolet light is radiated while
applying voltages to the mixture 140c¢ via the check terminals
174. As a result, the photopolymerizable compound in the
mixture 140c¢ becomes polymerized to form the alignment
sustaining layers 150 and 160, and also the liquid crystal layer
140 containing the liquid crystal compound is formed. The
voltage application is performed while keeping a probe of a
signal generator in contact the check terminals 174, for
example.

[0148] Next, at S1706, a check for pixel defects is per-
formed by applying a voltage across the liquid crystal layer
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140 at the check terminals 174. Thereafter, as necessary, a
backlight, a driver, and the like may be attached to the liquid
crystal panel 110B. In this manner, the liquid crystal display
device 100B can be produced.

[0149] Moreover, a plurality of liquid crystal panels 110B
may be simultaneously formed by using large-sized mother
substrates. Hereinafter, a method of producing the liquid
crystal display device 100B will be described with reference
to FIG. 18.

[0150] First, at S1802, a mother substrate 220 including a
plurality of front substrates 120 and a mother substrate 230
including a plurality of rear substrates 130 are attached
together. Through this attachment, the front substrate 120 and
the rear substrate 130 of each liquid crystal panel 110B are
made to oppose each other; thus, a plurality of vacant panels
are produced.

[0151] Next, at S1804, the mother substrates 220 and 230
having been attached together are cut apart, whereby vacant
panels are taken out.

[0152] Next, at S1806, a mixture 140¢ containing a liquid
crystal compound and a photopolymerizable compound is
injected in between the front substrate 120 and the rear sub-
strate 130 of the vacant panel in a vacuum. As a result, the
liquid crystal panel 110B is produced. The cut mother sub-
strates 220" and 230' are set in a chamber and an essential
vacuum is created in their surroundings to vacuum the inside
ofthe vacant panel. Thereafter, an injection inlet of the vacant
panel is immersed in a dish in which the mixture 140c¢ has
been poured, thereby allowing the mixture 140c to be injected
into the vacant panel.

[0153] Next, at S1808, the injection inlet of the liquid crys-
tal panel 110B is sealed. A resin is applied on the injection
inlet of the liquid crystal panel 110B, and is irradiated with
ultraviolet light or visible light, thereby curing the resin and
sealing the injected portion.

[0154] Next, a PSA treatment is performed at S1810. As
mentioned earlier, the source lines S, the gate lines G, and the
storage capacitor lines CS corresponding to the pixel elec-
trodes 134 of the liquid crystal panel 110B are electrically
connected to the check terminals 174 via the check lines 172;
therefore, with voltage application at the check terminals 174,
a voltage is applied to the mixture 140c¢ in the liquid crystal
panel 110B. Thus, in the PSA treatment, after applying a
voltage across the liquid crystal layer 140 between the
counter electrode 124 and the pixel electrodes 134 from the
check terminals 174 to align the liquid crystal molecules 142,
ultraviolet light is radiated. As a result, the alignment sustain-
ing layers 150 and 160 are formed, and the alignment of the
liquid crystal molecules 142 becomes stored.

[0155] Next, at S1812, a check for the liquid crystal panel
110B is performed. In the check, the liquid crystal panel 110B
is powered, and a defect check for the pixels is performed.
[0156] Although the above description illustrates liquid
crystal panels which are normally black, the present invention
is not limited thereto. The liquid crystal panels may be nor-
mally white.

[0157] Although the above description illustrates liquid
crystal panels having pixel electrodes of a fishbone structure,
the present invention is not limited thereto. The liquid crystal
panels may be of an MVA mode where the alignment direc-
tions of liquid crystal molecules are regulated by ribs and/or
slits, or a CPA mode. Alternatively, the liquid crystal panels
may have alignment films which have been subjected to a
photo-alignment treatment.
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[0158] Although the above description illustrates liquid
crystal panels of a VA mode, the present invention is not
limited thereto. The 1liquid crystal panels may be of a TN
mode, or of a lateral electric field type, e.g., an IPS mode or an
FFS (Fringe Field Switching) mode. In the case of lateral
electric field types, a common electrode may be provided on
the rear substrate 130, instead of the counter electrode 124
provided on the front substrate 120.

INDUSTRIAL APPLICABILITY

[0159] According to the present invention, a liquid crystal
display device which provides an improved response speed
and which facilitates narrowing of the frame region can be
produced. Moreover, according to the present invention, it is
possible to make an effective use of mother substrates.

REFERENCE SIGNS LIST
[0160] 100 liquid crystal display device
[0161] 110 liquid crystal panel
[0162] 120 front substrate
[0163] 122 insulative substrate
[0164] 124 counter electrode
[0165] 125 wiring line
[0166] 126 alignment film
[0167] 130 rear substrate
[0168] 132 insulative substrate
[0169] 135 wiring line
[0170] 136 alignment film
[0171] 140 liquid crystal layer
[0172] 142 liquid crystal molecules
[0173] 150 alignment sustaining layer
[0174] 160 alignment sustaining layer
[0175] 172 check line
[0176] 174 check terminal
[0177] 182 additional line
[0178] 182s connection line
[0179] 182¢common line
[0180] 184 additional terminal

1. A method of producing a liquid crystal display device,

comprising:

a step of providing at least one liquid crystal panel, the at
least one liquid crystal panel having a front substrate, a
rear substrate, a mixture interposed between the front
substrate and the rear substrate, a plurality of electrodes
including a pixel electrode which is provided on the rear
substrate, a gate line and a source line provided corre-
sponding to the pixel electrode, and a check terminal
electrically connected to the gate line and the source line
via a check line, the mixture containing a liquid crystal
compound and a photopolymerizable compound;

a step of forming from the mixture a liquid crystal layer
containing the liquid crystal compound and an align-
ment sustaining layer resulting through polymerization
of the photopolymerizable compound by performing
light irradiation while applying a voltage to the mixture
via the check terminal and the check line; and

a step of, after forming the liquid crystal layer and the
alignment sustaining layer, applying a voltage across the
liquid crystal layer from the check terminal to check the
liquid crystal panel.
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2. The method of producing a liquid crystal display device
of claim 1, wherein,

the step of providing the at least one liquid crystal panel

comprises a step of producing a plurality of liquid crys-
tal panels,

the step of producing the plurality of liquid crystal panels

including:

a step of providing a first mother substrate which includes
the respective front substrates of the plurality of liquid
crystal panels;
step of providing a second mother substrate which
includes the respective rear substrates of the plurality of
liquid crystal panels, the second mother substrate further
including an additional terminal provided in a region
other than the respective rear substrates of the plurality
of liquid crystal panels and an additional line extending
from the check terminal of the rear substrate correspond-
ing to at least one liquid crystal panel among the plural-
ity of liquid crystal panels to the additional terminal; and

a step of attaching together the first mother substrate and

the second mother substrate; and

in the step of forming the liquid crystal layer and the

alignment sustaining layer, the voltage is applied, from
the additional terminal.

3. The method of producing a liquid crystal display device
of claim 2, wherein, in the step of providing the second
mother substrate, the additional terminal is electrically con-
nected to the check terminals of the rear substrates of a num-
ber of liquid crystal panels among the plurality of liquid
crystal panels.

4. The method of producing a liquid crystal display device
of claim 2, further comprising, before forming the liquid
crystal layer and the alignment sustaining layer and after
attaching together the first mother substrate and the second
mother substrate, a step of removing a portion of the first
mother substrate to leave the additional terminal of the second
mother substrate exposed.

5. The method of producing a liquid crystal display device
of claim 2, wherein, the step of producing the plurality of
liquid crystal panels comprises, before attaching together the
first mother substrate and the second mother substrate, a step
of adding the mixture dropwise to at least one of the front
substrate and the rear substrate of each of the plurality of
liquid crystal panels.

6. The method of producing a liquid crystal display device
of’claim 5, further comprising, after forming the liquid crystal
layer and the alignment sustaining layer and before checking
the liquid crystal panel, a step of cutting the first mother
substrate and the second mother substrate to take out the
plurality of liquid crystal panels.

7. The method of producing a liquid crystal display device
of claim 2, wherein, the step of producing the plurality of
liquid crystal panels comprises a step of injecting the mixture
in between the front substrate and the rear substrate after
attaching together the first mother substrate and the second
mother substrate.
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8. The method of producing a liquid crystal display device
of claim 7, wherein the step of producing the plurality of
liquid crystal panels comprises:

a step of introducing a sealant on at least one of the front
substrate and the rear substrate in a shape that is closed
except in an injection inlet, before attaching together the
first mother substrate and the second mother substrate;
and

a step of sealing the injection inlet after injecting the mix-
ture in between the front substrate and the rear substrate.

9. The method of producing a liquid crystal display device
of claim 7, wherein the step of producing the plurality of
liquid crystal panels comprises, after attaching together the
first mother substrate and the second mother substrate and
before injecting the mixture between the front substrate and
the rear substrate, a step of cutting the first mother substrate
and the second mother substrate apart so as to include the
front substrate and rear substrate corresponding to a number
of liquid crystal panels among the plurality of liquid crystal
panels.

10. The method of producing a liquid crystal display device
of claim 1, wherein,

in the step of providing the liquid crystal panel, the liquid
crystal panel further has an additional line extending
from the check terminal and an additional terminal elec-
trically connected to the additional line; and

in the step of forming the liquid crystal layer and the
alignment sustaining layer, the voltage is applied from
the additional terminal.

11. The method of producing a liquid crystal display device
of claim 2, wherein there is a smaller number of additional
terminals than the number of check terminals electrically
connected to the additional terminals.

12. A liquid crystal display device comprising:

a front substrate;

a rear substrate;

a liquid crystal layer provided between the front substrate

and the rear substrate;

a first alignment sustaining layer provided between the
front substrate and the liquid crystal layer;

a second alignment sustaining layer provided between the
rear substrate and the liquid crystal layer;

a plurality of electrodes including a pixel electrode pro-
vided on the rear substrate;

a gate line and a source line provided corresponding to the
pixel electrode;

a check terminal electrically connected to the gate line and
the source line via a check line; and

an additional line extending from the check terminal.

13. The liquid crystal display device of claim 12, further
comprising an additional terminal electrically connected to
the additional line.

14. The liquid crystal display device of claim 12, wherein
the additional line extends to an end of the rear substrate.
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