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A liquid crystal display device according to a present
disclosure comprises: a thin film transistor substrate includ-
ing a thin film transistor array; a counter substrate opposed
to the thin film transistor substrate; and a liquid crystal layer
disposed between the thin film transistor substrate and the
counter substrate, wherein the thin film transistor substrate
includes: an overlapping part that overlaps with the counter
substrate in planar view; and a non-overlapping part that
includes a terminal portion and does not overlap with the
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GO2F 1/1345 (2006.01) view.
154 256 :
20 »‘f
4
100 : /
N
j
I Y
I g |
152~
i
0" |
s;i
253 )
COLUMN
DIRECTION 153
255 v
ROW

DIRECTION



NOLLO3YIa ﬁ %
MOM ‘_‘

€61 !
NOILOTMIA

NWNT10D

US 2019/0278116 Al

€Ge

Sep. 12,2019 Sheet 1 of 16

!
L
S

952 b1
1 'Ol

Patent Application Publication



mmmmmmmmmmm

mmmmmmmmmmm

................. ...................v”.v”.mu.“.”.“.“.
............................................

W\\\\&S\\\\\\\\\\\\

[

00¢ 0l1€

¢ Ol



Patent Application Publication  Sep. 12,2019 Sheet 3 of 16 US 2019/0278116 Al

FIG.3

=

263~

FIG.4

264

254

235



3dIS F0VANS
v

NOLLO3YIA
MOHY

US 2019/0278116 Al

3dIS F0VAHNS
AV1dSId

4474
] orl Zﬁuv 091

[

Sep. 12,2019 Sheet 4 of 16

oLe | oz
| 20V L0V

9Ol

Patent Application Publication



Patent Application Publication  Sep. 12,2019 Sheet 5 of 16 US 2019/0278116 Al

~

[ Il
’—l_u—T ’—L_lj— o
i 1 N
1ol 1
: ) 5-3:’—\_1——]— o
L4 5
f'_:
N '\ \
S
£ =
S =
> o
o

FIG.7
COLUMN
DIRECTION



Patent Application Publication  Sep. 12,2019 Sheet 6 of 16 US 2019/0278116 Al

FIG.8

13 1
N
11-"F :
— |l
(l
¢l | | 5
|| 21 | C—
— ;
11~ s i R
] IiDEEI , | {_DE:
— ||l | (L ——
N
D
COLUMN
DIRECTION

ROW
DIRECTION



Patent Application Publication  Sep. 12,2019 Sheet 7 of 16 US 2019/0278116 Al

FIG.9

14
I A ™
202 203 202 203 202 207
.......... ezt~ 206
g
200 201
L ~204
205
300 105
15
rLer 2 rrr C LALLM AL AT AN T r”’.’”’_‘ 1 04
T T T S N ‘I 6
100 — 103
S O =102
& 101
/ 106
C 12 12 C
DISPLAY

SURFACE SIDE

ROW
DIRECTION

REAR
SURFACE SIDE



Patent Application Publication  Sep. 12,2019 Sheet 8 of 16 US 2019/0278116 Al

14
e A ™
202 203 202 203 202 Vs 207
,,,,,,,, S — ———— e YA )
200 I/A]‘/‘[\f\ 201
_________________________________________________________________________ L e
; "~ 205
300 < &S OO
S O D 15 —105
\ ) ; 104
100 < S = 1 103
] [ + 102
\ \ 1+~ 101
L F i Z~— 106
D 11 11 D
DISPLAY
SURFAGCE SIDE
ROW
DIRECTION

REAR
SURFACGE SIDE



US 2019/0278116 Al

Sep. 12,2019 Sheet 9 of 16

Patent Application Publication

(6S) dILS FHNSOIXT TYNINYIL

A

(8S) 4318

NOISIAIQ

A

(LS) 4318

ONIHO.LT

A

(9S) d31S NOLLVIAvydl Wv3g H3sv

A

(§S) 431S ONIANOQ F1vdlsdans

(¥S) d31S ONINYOL HIAVT TVLSAHO AINOI

(€S) d3LS HNINYOL HIFWIN Tvas

A

(ZS) d31S HDNRVdIHd F1VHISENS ANOD3S

(1S) d31S DNIHVdIYUd F1VvHLISEaNS 1SHId

17014




Patent Application Publication  Sep. 12,2019 Sheet 10 of 16  US 2019/0278116 A1

100A
310B

N ---------------- 1
L e K B

ko e T [
e O 1
............... 1

@) L,
it [ T O« !
II ....................
--------------- d




Patent Application Publication

<
S
o

Sep. 12,2019 Sheet 11 of 16

310B

FIG.13

US 2019/0278116 Al

40—

160--—




US 2019/0278116 Al

Sep. 12,2019 Sheet 12 of 16

~-— (LI

V00¢

Patent Application Publication



§\\\§S

...“.”.a.”.“.“.m.“.”.”.“. ,/f\\) <o_m




US 2019/0278116 Al

Sep. 12,2019 Sheet 14 of 16

V00¢

91"OI4

Patent Application Publication



US 2019/0278116 Al

NOI11LOF41d
MOH
€5l NOILO3AHIA
NINT100
m . £GZ
‘s :
= ov
7 :
o __—2G1
p= i
2., HH m .._H
~ 3
= 4 ) »
R
\ /oow
I oY
| 9G¢ ¥C1

L1014

Patent Application Publication



NOILO3YHId
Mmod

€6l

NO1LO3HIA
NINATOD

US 2019/0278116 Al

€ac

———¢G1

Sep. 12,2019 Sheet 16 of 16

o o e o 1, o e o e, e o g ey

! 0c¢
9G¢ 12°]!

81Ol

Patent Application Publication



US 2019/0278116 Al

LIQUID CRYSTAL DISPLAY DEVICE,
MANUFACTURING METHOD FOR LIQUID
CRYSTAL DISPLAY DEVICE AND
ELECTRIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Japanese
application JP 2018-044624, filed Mar. 12, 2018. This
Japanese application is incorporated herein by reference.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to a liquid crystal
display device, a method for manufacturing a liquid crystal
display device, and an electric device.

2. Description of the Related Art

[0003] In a conventional method for manufacturing a
liquid crystal display device, a color filter substrate and a
thin film transistor substrate are prepared, a liquid crystal
seal is formed along a peripheral edge of at least one of both
the substrates, and both the substrates are bonded together.
Subsequently, liquid crystal is dropped in a region sur-
rounded by the liquid crystal seal to form a liquid crystal
layer. Subsequently, both the substrates are subjected to a
laser beam irradiation step and an etching step, and divided
and segmented. At this point, an etching resistant seal is
interposed between both the substrates so as to overlap with
aregion irradiated with a laser beam in planar view, whereby
an etching solution is prevented from entering between both
the substrates in the etching step. Subsequently, the etching
resistant seal was peeled off to perform the segmentation
(see Unexamined Japanese Patent Publication No. 2010-
126398).

SUMMARY

[0004] In the conventional manufacturing method, there is
arisk of corrosion of a terminal portion connected to a driver
IC mounted on the thin film transistor substrate. That is, in
the conventional manufacturing method, because the region
is irradiated with the laser beam so as to overlap with the
etching resistant seal in planar view, the etching resistant
seal is damaged, there is a possibility that a gap is generated
between the etching resistant seal and both the substrates,
and that the etching solution enters from the gap. For this
reason, there is a risk that the terminal portion was corroded
in the etching step.

[0005] The present disclosure has been made in view of
the above problems, and an object of the present disclosure
is to reduce the risk of the corrosion of the terminal portion
in the method for manufacturing a liquid crystal display
device including the etching step.

[0006] A method for manufacturing a liquid crystal dis-
play device including a thin film transistor substrate includ-
ing a thin film transistor array and a counter substrate
opposed to the thin film transistor substrate, the thin film
transistor substrate including an overlapping part that over-
laps with the counter substrate in planar view and a non-
overlapping part that includes a terminal portion and does
not overlap with the counter substrate in planar view, the
method for manufacturing a liquid crystal display device
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according to a present disclosure comprises: a first substrate
preparing step of preparing a first substrate including the
thin film transistor substrate; a second substrate preparing
step of preparing a second substrate including the counter
substrate; a first seal member forming step of forming an
annular first seal member surrounding an outer periphery of
the terminal portion in planar view between the first sub-
strate and the second substrate; a second seal member
forming step of forming an annular second seal member
disposed along an outer edge of the overlapping part in
planar view between the first substrate and the second
substrate; an etching step of separating an entire region
including a region where the first seal member is formed and
a region where the second seal member is formed in planar
view from the first substrate and the second substrate by
performing wet etching of an outer edge of the entire region;
a division step of dividing the first substrate and the second
substrate along a part of an outer edge of the non-overlap-
ping part after the etching step; and a terminal exposure step
of separating the counter substrate from the second substrate
by cutting the second substrate along a boundary between
the overlapping part and the non-overlapping part after the
division step.

[0007] A liquid crystal display device according to a
present disclosure comprises: a thin film transistor substrate
including a thin film transistor array; a counter substrate
opposed to the thin film transistor substrate; and a liquid
crystal layer disposed between the thin film transistor sub-
strate and the counter substrate, wherein the thin film
transistor substrate includes: an overlapping part that over-
laps with the counter substrate in planar view; and a non-
overlapping part that includes a terminal portion and does
not overlap with the counter substrate in planar view, and an
outer shape of the non-overlapping part has a non-rectan-
gular shape in planar view.

[0008] The method for manufacturing a liquid crystal
display device according to the present disclosure can manu-
facture the liquid crystal display device in which the risk of
the carrosion of the terminal portion is reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1 is a schematic plan view illustrating a
schematic configuration of liquid crystal display device
according to an exemplary embodiment.

[0010] FIG. 2 is a schematic sectional view illustrating a
sectional structure taken along line II-II in FIG. 1.

[0011] FIG. 3 is a schematic enlarged sectional view
illustrating a portion I1I in FIG. 2.

[0012] FIG. 4 is a schematic enlarged sectional view
illustrating a portion IV in FIG. 2.

[0013] FIG. 5 is a schematic enlarged plan view illustrat-
ing a portion V in FIG. 1.

[0014] FIG. 6 is a schematic side view illustrating an
example in which liquid crystal display device is mounted
on an electric device.

[0015] FIG. 7 is an equivalent circuit diagram illustrating
a schematic configuration of a display region of display
panel.

[0016] FIG. 8 is a plan view illustrating a specific con-

figuration of pixels of display panel.

[0017] FIG. 9 is a schematic sectional view taken along
line C-C in FIG. 8.

[0018] FIG. 10 is a schematic sectional view taken along
line D-D of FIG. 8.
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[0019] FIG. 11 is a flowchart illustrating the method for
manufacturing a liquid crystal display device according to
an exemplary embodiment.

[0020] FIG. 12 is a schematic plan view illustrating the
method for manufacturing a liquid crystal display device
according to the exemplary embodiment.

[0021] FIG. 13 is a schematic plan view illustrating the
method for manufacturing a liquid crystal display device
according to the exemplary embodiment.

[0022] FIG. 14 is a schematic plan view illustrating the
method for manufacturing a liquid crystal display device
according to the exemplary embodiment.

[0023] FIG. 15 is a schematic sectional view taken along
line E-E in FIG. 14.

[0024] FIG. 16 is a schematic plan view illustrating the
method for manufacturing a liquid crystal display device
according to the exemplary embodiment.

[0025] FIG. 17 is a schematic plan view illustrating the
method for manufacturing a liquid crystal display device
according to the exemplary embodiment.

[0026] FIG. 18 is a schematic plan view illustrating
another configuration of a liquid crystal display device
according to the exemplary embodiment.

DETAILED DESCRIPTION

Exemplary Embodiment

[0027] An exemplary embodiment will be described
below with reference to the drawings.

[Liquid Crystal Display Device]

[0028] A liquid crystal display device according to an
exemplary embodiment of the present disclosure will be
described below with reference to the drawings. FIG. 1 is a
schematic plan view illustrating a schematic configuration of
liquid crystal display device 1 of the exemplary embodi-
ment, and FIG. 2 is a schematic sectional view illustrating a
sectional structure taken along line II-II in FIG. 1.

[0029] Liquid crystal display device 1 includes display
panel 10, a driver (for example, source driver IC 20 and gate
driver IC 30), a control circuit (not illustrated), and a
backlight device (not illustrated). Display panel 10 includes
thin film transistor substrate 100 including a thin film
transistor array, a counter substrate 200 opposed to thin film
transistor substrate 100, and liquid crystal layer 300 dis-
posed between thin film transistor substrate 100 and counter
substrate 200. Seal member 310 surrounding an outer
periphery of liquid crystal layer 300 is disposed between a
first main surface (display surface side) of thin film transis-
tor substrate 100 and a second main surface (rear surface
side) of counter substrate 200, and thin film transistor
substrate 100 and counter substrate 200 are bonded and fixed
to each other by seal member 310. Liquid crystal layer 300
is disposed while being surrounded by thin film transistor
substrate 100, counter substrate 200, and seal member 310,
and the liquid crystal included in liquid crystal layer 300 is
sealed in an inner peripheral side of seal member 310.
[0030] Thin film transistor substrate 100 includes overlap-
ping part 140 that overlaps with counter substrate 200 in
planar view and non-overlapping part 160 that does not
overlap with counter substrate 200 in planar view. Terminal
portion 40 electrically connected to drivers 20, 30 is dis-
posed on the first main surface (display surface side) of
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non-overlapping part 160. In liquid crystal display device 1
of the exemplary embodiment, non-overlapping part 160 is
disposed on one side (left side in FIG. 1) of display panel 10.
In other words, non-overlapping part 160 protrudes in a row
direction (first direction) from counter substrate 200 in
planar view. An area of thin film transistor substrate 100 is
larger than that of counter substrate 200 by an amount of
non-overlapping part 160 in planar view.

[0031] Source driver IC 20 and gate driver IC 30 are
directly mounted on a glass substrate constituting thin film
transistor substrate 100 in non-overlapping part 160. That is,
COG (Chip On Glass) system liquid crystal display device
1 is illustrated in FIG. 1. Source driver IC 20 and gate driver
IC 30 are disposed in line (in FIG. 1, column direction)
along one side of display panel 10. In the exemplary
embodiment, one source driver IC 20 and one gate driver IC
30 are illustrated, but the numbers of source driver ICs 20
and gate driver ICs 30 are not limited to one. Liquid crystal
display device 1 of the present disclosure is not limited to the
COG system, and may be liquid crystal display device 1 of
a COF (Chip On Film) system or a TCP (Tape Carrier
Package) system.

[0032] As illustrated in FIG. 1, non-overlapping part 160
has a non-rectangular shape in planar view, and non-over-
lapping part 160 has a trapezoidal shape in planar view in the
exemplary embodiment. More specifically, first side 151
adjacent to overlapping part 140 in an outer shape of
non-overlapping part 160 constitutes a longer base in two
bases of the trapezoid. Second side 152 that constitutes an
outer edge of non-overlapping part 160 and is opposed to
first side 151 is a shorter base in two bases of the trapezoid.
In addition to first side 151 and second side 152, the outer
shape of non-overlapping part 160 is formed by first leg 153
and second leg 154 that connect first side 151 and second
side 152. In the exemplary embodiment, non-overlapping
part 160 has the non-rectangular shape. In particular, non-
overlapping part 160 has a feature that one side has an angle
smaller than 90 degrees with respect to the other side (in the
embodiment, the base) adjacent to the one side.

[0033] As illustrated in FIG. 1, counter substrate 200 of
the exemplary embodiment has third side 253 that overlaps
with first side 151 in planar view, fourth side 254 opposed
to third side 253, and fifth side 255 intersecting fourth side
254.

[0034] FIG. 3 is a schematic enlarged view illustrating a
portion 11l in FIG. 2, and illustrates an end where section 263
of third side 253 of counter substrate 200 and the display
surface of counter substrate 200 intersect each other. FIG. 4
is a schematic enlarged view illustrating a portion IV in FIG.
2, and illustrates an end where section 264 of fourth side 254
of counter substrate 200 and the display surface of counter
substrate 200 intersect each other.

[0035] As illustrated in FIG. 3, section 263 of third side
253 of counter substrate 200 and the display surface of
counter substrate 200 intersect each other at substantially
right angles. On the other hand, as illustrated in FIG. 4, the
end where section 264 of fourth side 254 of counter substrate
200 and the display surface of the counter substrate 200
intersect each other has a rounded shape. That is, a curvature
of the end where section 264 of fourth side 254 and the
display surface of the counter substrate 200 intersect each
other is smaller than a curvature of the end where section
263 of third side 253 and the display surface of the counter
substrate 200 intersect each other.
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[0036] FIG. 5 is a schematic enlarged view illustrating a
portion V in FIG. 1, and illustrates an end where fourth side
254 and fifth side 255 intersect each other. As illustrated in
FIG. 5, the end where fourth side 254 and fifth side 255
intersect each other has a rounded shape.

[0037] Inthe example of FIG. 1, fifth side 255 is illustrated
as a straight line. However, as illustrated in FIG. 18, fifth
side 255 is desirably curved outward in planar view. Simi-
larly, sixth side 256 opposed to fifth side 255 is also
desirably curved outward in planar view.

[0038] In this way, by curving at least one of fifth side 255
and sixth side 256 outward in planar view, for example, in
the case where liquid crystal display device 1 is curved when
viewed from the side surface as illustrated in FIG. 6,
generation of a crack of counter substrate 200 and thin film
transistor substrate 100 can be prevented in a central portion
on which stress concentrates easily.

[0039] FIG. 6 is a schematic side view illustrating an
example in which liquid crystal display device 1 is mounted
on an electric device. In the exemplary embodiment, as
illustrated in FIG. 6, first holding member 401 and second
holding member 402, between which the display surface
side of counter substrate 200 and the rear surface side of thin
film transistor substrate 100 are sandwiched, are provided at
a position where the electric device overlaps with overlap-
ping part 140 in planar view.

[0040] The position of first holding member 401 holding
the shape of thin film transistor substrate 100 is set in
overlapping part 140. Consequently, an average curvature in
non-overlapping part 160 is smaller than a minimum cur-
vature in overlapping part 140 when viewed from a side-
surface direction. With this configuration, in non-overlap-
ping part 160 that has a higher possibility that a microcrack
remains in thin film transistor substrate 100 as compared
with overlapping part 140, the generation of the crack of
display panel 10 due to the microcrack can be prevented.
The reason why non-overlapping part 160 has the higher
possibility that the microcrack remains in thin film transistor
substrate 100 as compared with overlapping part 140 will be
described later in a method for manufacturing liquid crystal
display device 1.

[0041] A polarizing plate (not illustrated) is formed on the
second main surface (rear surface side) of thin film transistor
substrate 100 and the first main surface (display surface
side) of counter substrate 200, and a backlight device is
disposed on the rear surface side of the polarizing plate
provided on the rear surface side of thin film transistor
substrate 100.

[0042] FIG. 7 is an equivalent circuit diagram illustrating
a schematic configuration of a display region of display
panel 10. A plurality of data lines 11 extending in the first
direction (for example, the column direction) and a plurality
of gate lines 12 extending in a second direction (for
example, a row direction) are provided in display panel 10.
Thin film transistor (TFT) 13 is provided in an intersection
of each data line 11 and each gate line 12. Each data line 11
is electrically connected to corresponding source driver IC
20 (see FIG. 1), and each gate line 12 is electrically
connected to corresponding gate driver IC 30 (see FIG. 1).

[0043] In display panel 10, a plurality of pixels 14 are
arranged into a matrix shape (the row direction and the
column direction) corresponding to the intersections of data
lines 11 and gate lines 12. A plurality of pixel electrodes 15
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disposed in each pixel 14 and common electrode 16 com-
mon to the plurality of pixels 14 are provided in TFT
substrate 100.

[0044] A data signal (data voltage) is supplied from cor-
responding source driver IC 20 to each data line 11. A gate
signal (gate-on voltage, gate-off voltage) is supplied from
corresponding gate driver IC 30 to each gate line 12.
Common voltage Vcom is supplied from a common driver
(not illustrated) to common electrode 16 through common
line 17. When an on voltage (gate-on voltage) of the gate
signal is supplied to gate line 12, TFT 13 connected to gate
line 12 is turned on, and the data voltage is supplied to pixel
electrode 15 through data line 11 connected to TFT 13. An
electric field is generated by a difference between the data
voltage supplied to pixel electrode 15 and common voltage
Veom supplied to common electrode 16. Liquid crystal is
driven by the electric field to control transmittance of light
emitted from the backlight, thereby displaying an image. For
performing color display, a desired data voltage is supplied
to data line 11 connected to pixel electrode 15 of pixel 14
corresponding to each of red, green, and blue colors, which
are formed by a stripe-shaped color filter.

[0045] FIG. 8 is a plan view illustrating a specific con-
figuration of pixels 14 of display panel 10. FIG. 9 is a
sectional view taken along line C-C in FIG. 8, and FIG. 10
is a sectional view taken along line D-D of FIG. 8. The
specific configuration of pixel 14 will be described with
reference to FIGS. 8 to 10.

[0046] In FIG. 8, a region that is partitioned by two
adjacent data lines 11 and two adjacent gate lines 12 in
planar view of display panel 10 corresponds to one pixel 14.
TFT 13 is provided in each pixel 14. TFT 13 includes
semiconductor layer 21 formed on insulating film 102 (see
FIGS. 9 and 10) and drain electrode 22 and source electrode
23 that are formed on semiconductor layer 21. Drain elec-
trode 22 is electrically connected to data line 11, and source
electrode 23 is electrically connected to pixel electrode 15
through through-hole 24.

[0047] Pixel electrode 15 made of a transparent conduc-
tive material such as indivm tin oxide (ITO) is formed in
each pixel 14. Pixel electrode 15 includes a plurality of
openings (slits), and is formed into a stripe shape. There is
no limitation on a shape of the opening. One common
electrode 16 made of the transparent conductive material
such as ITO is formed in common to each pixel 14 over a
display region. An opening (corresponding to a dotted-line
enclosure in FIG. 8) is formed in a region where common
electrode 16 overlaps through-hole 24 and source electrode
23 of TFT 13 in order to electrically connect pixel electrode
15 and source electrode 23.

[0048] As illustrated in FIGS. 9 and 10, display panel 10
includes thin film transistor substrate 100, counter substrate
200, and liquid crystal layer 300 sandwiched between thin
film transistor substrate 100 and counter substrate 200,

[0049] In thin film transistor substrate 100, gate line 12
(see FIG. 5) is formed on glass substrate 101, and insulating
film 102 is formed so as to cover gate line 12. Data line 11
(see FIG. 6) is formed on insulating film 102, and insulating
film 103 is formed so as to cover data line 11. Common
electrode 16 is formed on insulating film 103, and insulating
film 104 is formed so as to cover common electrode 16.
Pixel electrode 15 is formed on insulating film 104, and
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alignment film 105 is formed so as to cover pixel electrode
15. Polarizing plate 106 is provided on the rear surface side
of glass substrate 101.

[0050] In counter substrate 200, black matrix 203 and
colored portion 202 (for example, a red portion, a green
portion, and a blue portion) are formed on glass substrate
201, and overcoat layer 204 is formed so as to cover black
matrix 203 and colored portion 202. Alignment film 205 is
formed on overcoat layer 204. Conductive layer 206 is
provided on the surface (front surface) of glass substrate 201
on the display surface side (the side opposite to the liquid
crystal layer 300 side), and polarizing plate 207 is provided
on the surface (front surface) of conductive layer 206 on the
display surface side (the side opposite to the liquid crystal
layer 300 side).

[0051] Liquid crystal 301 is enclosed in liquid crystal
layer 300. Liquid crystal 301 may be negative type liquid
crystal having a negative dielectric anisotropy, or positive
type liquid crystal having a positive dielectric anisotropy.
Alignment films 105, 205 may be an alignment film sub-
jected to rubbing alignment treatment, or an optical align-
ment film subjected to optical alignment treatment.

[Method for Manufacturing Liquid Crystal Display Device]

[0052] A method for manufacturing liquid crystal display
device 1 of the exemplary embodiment will be described
below. FIG. 11 is a flowchart illustrating the method for
manufacturing a liquid crystal display device of the exem-
plary embodiment.

[0053] As illustrated in FIG. 11, the method for manufac-
turing liquid crystal display device 1 includes a first sub-
strate preparing step (S1), a second substrate preparing step
(82), a seal member forming step (S3), a liquid crystal layer
forming step (S4), a substrate bonding step (85), a laser
beam irradiation step (S6), an etching step (S7), a division
step (S8), and a terminal exposure step (S9).

[0054] The first substrate preparing step (S1) is a step of
preparing first substrate 100A including thin film transistor
substrate 100. The second substrate preparing step (S2) is a
step of preparing second substrate 200A that includes coun-
ter substrate 200, is disposed on the display surface side of
first substrate 100A in a substrate bonding step (to be
described later), and is opposed to first substrate 100A. The
order of performing the first substrate preparing step (S1)
and the second substrate preparing step (S2) is not consid-
ered.

[0055] The seal member forming step (S3) is performed
after performing the first substrate preparing step (S1) and
the second substrate preparing step (S2). FIGS. 12 and 13
are schematic plan views illustrating the method for manu-
facturing a liquid crystal display device of the exemplary
embodiment. The seal member forming step (S3) will be
described below with reference to FIGS. 12 and 13.
[0056] In the exemplary embodiment, the seal member
forming step (S3) includes a first seal member forming step
and a second seal member forming step.

[0057] In the first seal member forming step, annular first
seal member 310A surrounding the outer periphery of ter-
minal portion 40 is formed between first substrate 100A and
second substrate 200A. First seal member 310A is disposed
at a position corresponding to non-overlapping part 160.
Because non-overlapping part 160 in FIGS. 12 and 13 is in
a state before the division step (S8) (to be described later),
non-overlapping part 160 has an area larger than that of
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non-overlapping part 160 in FIGS. 1 and 2. First seal
member 310A is a seal member that hardly exists in liquid
crystal display device 1 described with reference to FIG. 1,
and is a seal member that protects terminal portion 40 in the
etching step (S7) (to be described later).

[0058] Annular second seal member 310B disposed along
an outer edge of overlapping part 140 in planar view is
formed in the second seal member forming step. Second seal
member 310B constitutes most of seal member 310 existing
in liquid crystal display device 1 described with reference to
FIG. 1, and is a seal member that surrounds the periphery of
the liquid crystal layer.

[0059] A part of each of first seal member 310A and
second seal member 310B is formed along first side 151 that
is a boundary between overlapping part 140 and non-
overlapping part 160.

[0060] As illustrated in FIG. 13, first seal member 310A
and second seal member 310B may integrally be formed
along first side 151. In the exemplary embodiment, the
following steps will be described using an example in which
first seal member 310A and second seal member 310B are
integrally formed along first side 151 as illustrated in FIG.
13.

[0061] The liquid crystal layer forming step (S4) and the
substrate bonding step (S5) are performed after the seal
member forming step (S3).

[0062] The liquid crystal layer forming step (S4) is a step
of forming liquid crystal layer 300 on the inner peripheral
side of annular second seal member 310B, and the substrate
bonding step (S5) is a step of bonding the first main surface
(display surface side) of first substrate 100A and the second
main surface ( rear surface side) of second substrate 200A
using first seal member 310A and second seal member 310B.
FIG. 14 is a schematic plan view illustrating the method for
manufacturing a liquid crystal display device of the exem-
plary embodiment. FIG. 15 is a schematic sectional view
illustrating a section taken along line E-E in FIG. 14. The
liquid crystal layer forming step (S4) and the substrate
bonding step (S5) will be described below with reference to
FIGS. 14 and 15.

[0063] As a first example in which the liquid crystal layer
forming step (S4) and the substrate bonding step (S5) are
performed, second seal member 310B is formed on the first
main surface (display surface side) of first substrate 100A in
the seal member forming step (83), liquid crystal layer 300
is formed by dropping liquid crystal on the inner peripheral
side of second seal member 310B, first substrate 100A and
second substrate 200A are bonded together, and second seal
member 3108 is cured by irradiating second seal member
310B with an ultraviolet ray. As a second example, second
seal member 310B is formed on the second main surface
(rear surface side) of second substrate 200A in the seal
member forming step (S3), liquid crystal layer 300 is formed
by dropping liquid crystal on the inner peripheral side of
second seal member 310B, first substrate 100A and second
substrate 200A are bonded together, and second seal mem-
ber 310B is cured by irradiating second seal member 310B
with the ultraviolet ray. As a third example, after first
substrate 100A and second substrate 200A are bonded
together, the liquid crystal is injected into the region sur-
rounded by second seal member 310B to form liquid crystal
layer 300. Thus, the order of performing the liquid crystal
layer forming step (S4) and the substrate bonding step (S5)
is not considered.
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[0064] The laser beam irradiation step (S6) is performed
after the liquid crystal layer forming step (S4) and the
substrate bonding step (S5). The laser beam irradiation step
(S6) is a step of irradiating first substrate 100A and second
substrate 200A with a laser beam in division line C1 of FIG.
14. Division line C1 overlaps with the outer edge of entire
region 170 including the region where first seal member
310A is formed and the region where second seal member
310B is formed in planar view. As used herein, entire region
170 is a region including the region where first seal member
310A and second seal member 310B are formed in planar
view and the region from first substrate 100A to second
substrate 200A overlapping each other in planar view. That
is, entire region 170 includes first substrate 100A to second
substrate 200A on the inner peripheral side of division line
Cl1.

[0065] In the laser beam irradiation step (S6), division line
C1 is scanned with the laser beam. Division line C1 may be
irradiated with the laser beam from both sides of first
substrate 100A and second substrate 200A, and may be
irradiated with the laser beam from either the first substrate
100A side or the second substrate 200A side. At this point,
a focusing optical system of laser beam 4 is adjusted such
that a focal point of laser beam 4 is located within first
substrate 100A and second substrate 200A, which allows a
modified region to be formed in first substrate 100A and
second substrate 200A.

[0066] In this way, because division line C1 is irradiated
with the laser beam such that the laser beam overlaps the
outer edge of entire region 170 in planar view, first seal
member 310A and second seal member 310B that are
disposed on the inner peripheral side of entire region 170 are
not irradiated with the laser beam. For this reason, there is
a low possibility of damaging first seal member 310A and
second seal member 310B in the laser beam irradiation step
(S6). As a result, a risk of corrosion of terminal portion 40
can be reduced in the etching step (S7) (to be described
later).

[0067] Desirably, division line C1 scanned with the laser
beam does not have a right-angled portion. For example,
division line C1 is desirably set such that the end at which
fourth side 254 and fifth side 255 intersect each other has a
rounded shape. By adopting such a step, the concentration of
the stress at the end where fourth side 254 and fifth side 255
intersect each other can be prevented in the etching step
(87), and resultantly the generation of the crack can be
prevented in second substrate 200A and first substrate 100A.
As described above, in the exemplary embodiment, because
the end where fourth side 254 and fifth side 255 intersect
each other has the rounded shape, the curvature of the end
where fourth side 254 and fifth side 255 intersect each other
is smaller than the right angles as illustrated in FIG. 5.
[0068] The fifth side 255 is desirably curved outward in
planar view as division line C1 scanned with the laser beam.
Similarly, sixth side 256 opposed to fifth side 255 is also
desirably curved outward in planar view.

[0069] In this way, by curving at least one of fifth side 255
and sixth side 256 outward in planar view, as described
above with reference to FIG. 6, the generation of the crack
of counter substrate 200 and thin film transistor substrate
100 can be prevented in the central portion on which the
stress concentrates easily in the case where liquid crystal
display device 1 is curved as seen from the side-surface
direction.
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[0070] The etching step (S7) is performed after the laser
beam irradiation step (S6). In the etching step (S7). etching
is performed using an etching solution to divide first sub-
strate 100A and second substrate 200A along division line
C1, namely, the outer edge of entire region 170. For
example, the etching is performed by immersing, in an acid
or alkaline etching solution, first substrate 100A and second
substrate 200A that are bonded to each other. The second
main surface (rear surface side) of first substrate 100A and
the first main surface (display surface side) of second
substrate 200A are thinned in the etching step (S7). At this
point, the modified region in the laser beam irradiation step
(S7) has a higher etching rate than other regions. For this
reason, the modified region is etched deeper than other
regions by the etching solution, and a groove is formed in
division line C1 of FIG. 14. The groove is deepened with the
progress of the etching, and the groove penetrates first
substrate 100A and second substrate 200A. Through the
etching step (S7), entire region 170 is separated from first
substrate 100A and second substrate 200A as illustrated in
FIG. 16.

[0071] Even in the etching step (S7), first seal member
310A remains, and first seal member 310A protects terminal
portion 40. As described above, because first seal member
310A is not damaged by the irradiation of the laser beam in
the laser beam irradiation step (S6), first seal member 310A
properly plays a role of protecting terminal portion 40 from
the etching solution, and the risk of the corrosion of terminal
portion 40 can be reduced.

[0072] The microcracks generated on the surfaces of divi-
sion line C 1, first substrate 100A, and second substrate
200A are removed in the etching step (S7). Consequently,
the generation of the crack of display panel 10 due to the
microcrack can be prevented in the subsequent terminal
exposure step (S8), a transfer step, and a step of mounting
the liquid crystal display device on an electric device.
[0073] The ends of first substrate 100A and second sub-
strate 200 A have the rounded shape by the etching step (S7).
For this reason, as described above with reference to FIGS.
2 and 4, the end where section 264 of fourth side 254 in
counter substrate 200 and the display surface of counter
substrate 200 intersect each other has the rounded shape.
[0074] The division step (S8) of dividing first substrate
100A and second substrate 200A along the outer edge of
non-overlapping part 160 is performed after the etching step
(87). In the exemplary embodiment, a part of first seal
member 310A is removed from entire region 170 by dis-
posing the outer edge of non-overlapping part 160 on the
inner peripheral side of first seal member 310A in the
division step (S8).

[0075] More specifically, both first substrate 100A and
second substrate 200A are cut at division lines C3, C4, and
C5 in FIG. 16. Division line C3 corresponds to second side
152 described above with reference to FIG. 1, division line
C4 corresponds to first leg 153, and division line C5
corresponds to second leg 154. Non-overlapping part 160
has the trapezoidal shape by cutting both first substrate 100 A
and second substrate 200A.

[0076] Division lines C3, C4, C5 are set on the inner
peripheral side of first seal member 310A. Specifically,
division line C3 corresponding to second side 152 is dis-
posed on the inner peripheral side of first seal member 310A
in planar view, and division line C4 corresponding to first
leg 153 and division line C5 corresponding to second leg
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154 intersect first seal member 310A at the end of division
line C2 in planar view and intersect division line C3 on the
inner peripheral side of first seal member 310A. As a result,
first seal member 310A can be removed from display panel
10 without weakening adhesive force of first seal member
310A using a release agent or without peeling off first seal
member 310A with tweezers. Thus, division lines C4 and C5
have an angle smaller than 90 degrees with respect to
division line C2. As a result, non-overlapping unit 160 has
the non-rectangular shape, and has the trapezoidal shape in
the exemplary embodiment.

[0077] The terminal exposure step (S9) is performed after
the division step (S8). In the terminal exposure step (S9),
second substrate 200A is cut along the boundary between
overlapping part 140 and non-overlapping part 160 to sepa-
rate counter substrate 200 in FIG. 1 from second substrate
200A. Specifically, only second substrate 200A is cut along
division line C2 in FIG. 16. For example, a scribing step and
a break step can be combined as a cutting method.

[0078] Second substrate 200A is cut along the boundary
between overlapping part 140 and non-overlapping part 160
(division line C2 in FIG. 16) to separate counter substrate
200 from second substrate 200A. Consequently, as illus-
trated in F1G. 17, terminal portion 40 disposed on the display
surface side of thin film transistor substrate 100 can be
exposed from counter substrate 200. A part of first seal
member 310A disposed outside the outer edge of non-
overlapping part 160 is removed in the division step (S8), so
that a part of second substrate 200A overlapping non-
overlapping part 160 in planar view can easily be removed.

[0079] Liquid crystal display device 1 in which the risk of
the corrosion of terminal portion 40 is reduced can be
manufactured by the above manufacturing method.

[0080] An example in which liquid crystal display device
1 is mounted on the electric device while being curved will
be described. F1G. 6 is a schematic side view illustrating an
example in which liquid crystal display device 1 is built in
the electric device. In the exemplary embodiment, first
holding member 401, between which the display surface
side of counter substrate 200 and the rear surface side of thin
film transistor substrate 100 are sandwiched at the position
where the electric device overlaps with third side 253 in
FIG. 1 in planar view, and second holding member 402,
between which the display surface side of counter substrate
200 and the rear surface side of thin film transistor substrate
100 are sandwiched at the position where the electric device
overlaps with fourth side 254 in FIG. 1 in planar view, are
provided as illustrated in FIG. 6.

[0081] As described above in the etching step (S7), the
microcracks generated on the surfaces of division line Cl1,
first substrate 100A, and second substrate 200A are
removed. However, there is a possibility that the microc-
racks remain at each edge of non-overlapping part 160 of
thin film transistor substrate 100 cut in the terminal exposure
step (S9) after the etching step (S7). For this reason, in the
exemplary embodiment, first holding member 401 and sec-
ond holding member 402 are disposed so as to overlap with
overlapping part 140 in planar view, so that the average
curvature in non-overlapping part 160 is smaller than the
minimum curvature in overlapping upart 140 when viewed
from the side-surface direction. With this configuration, as
compared with overlapping part 140, the generation of the
crack of display panel 10 due to the microcrack can be
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prevented in non-overlapping part 160 that has a higher
possibility that the microcrack remains.

[0082] As described above, liquid crystal display device 1
manufactured by the manufacturing method described in the
exemplary embodiment includes counter substrate 200 and
thin film transistor substrate 100. At least one of counter
substrate 200 and thin film transistor substrate 100 is formed
by chemically etching the section of a part of the outer shape
in the etching step (S7) and the section of other parts of the
outer shape is formed not by the chemical division but by a
physical division such as scrub division or laser division in
the division step (S8) or the terminal exposure step (S9). As
a result, in the section of the outer shape of counter substrate
200 or thin film transistor substrate 100, the portion formed
by the chemical division has few microcracks, and has a
structure that is relatively strong against an external pres-
sure. On the other hand, in the section of the outer shape of
counter substrate 200 or thin film transistor substrate 100,
the portion formed by the physical division has many
microcracks, and a structure that is relatively weak against
the external pressure, as compared with the portion formed
by the chemical division. Thus, in the outer shape of counter
substrate 200 or thin film transistor substrate 100, preferably,
the portion formed by the chemical division is increased as
large as possible and the portion formed by the physical
division is decreased as small as possible.

[0083] In the above, the specific embodiments of the
present application have been described, but the present
application is not limited to the above-mentioned embodi-
ments, and various modifications may be made as appropri-
ate without departing from the spirit of the present applica-
tion. Additionally, the above-described manufacturing steps
may be appropriately changed in order, except when par-
ticularly conditions are set, and it is not necessary to be
limited to the order described in the present embodiment.

What is claimed is:

1. A method for manufacturing a liquid crystal display
device including a thin film transistor substrate including a
thin film transistor array and a counter substrate opposed to
the thin film transistor substrate, the thin film transistor
substrate including an overlapping part that overlaps with
the counter substrate in planar view and a non-overlapping
part that includes a terminal portion and does not overlap
with the counter substrate in planar view, the liquid crystal
display device manufacturing method comprising:

a first substrate preparing step of preparing a first sub-

strate including the thin film transistor substrate;

a second substrate preparing step of preparing a second
substrate including the counter substrate;

a first seal member forming step of forming an annular
first seal member surrounding an outer periphery of the
terminal portion in planar view between the first sub-
strate and the second substrate;

a second seal member forming step of forming an annular
second seal member disposed along an outer edge of
the overlapping part in planar view between the first
substrate and the second substrate;

an etching step of separating an entire region including a
region where the first seal member is formed and a
region where the second seal member is formed in
planar view from the first substrate and the second
substrate by performing wet etching of an outer edge of
the entire region;
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a division step of dividing the first substrate and the
second substrate along a part of an outer edge of the
non-overlapping part after the etching step; and

a terminal exposure step of separating the counter sub-
strate from the second substrate by cutting the second
substrate along a boundary between the overlapping
part and the non-overlapping part after the division
step.

2. The method for manufacturing a liquid crystal display
device according to claim 1, wherein in the division step, the
outer edge of the non-overlapping part is disposed on an
inner peripheral side of the first seal member, and a part of
the first seal member is removed from the entire region.

3. The method for manufacturing a liquid crystal display
device according to claim 2, wherein a part of each of the
first seal member and the second seal member is formed
along a first side that is a boundary between the overlapping
part and the non-overlapping part.

4. The method for manufacturing a liquid crystal display
device according to claim 3, wherein the first seal member
and the second seal member are integrated along the first
side.

5. The method for manufacturing a liquid crystal display
device according to claim 3, wherein

the non-overlapping part has a substantially trapezoidal
shape, and

the division step includes:

a step of cutting the first substrate in a second side that
constitutes the outer edge of the non-overlapping part
and is opposed to the first side and a first leg and a
second leg that connect the first side and the second
side and constitute the outer edge of the non-overlap-
ping part; and

a step of cutting the second substrate so as to overlap with
the first side, the second side, the first leg, and the
second leg in planar view.

6. The method for manufacturing a liquid crystal display

device according to claim 5, wherein

in the step of cutting the first substrate and the step of
cutting the second substrate,

the second side is disposed on the inner peripheral side of
the first seal member in planar view, and

the first leg and the second leg intersect the first seal
member in planar view.

7. The method for manufacturing a liquid crystal display
device according to claim 1, further comprising a laser beam
irradiation step of irradiating the first substrate and the
second substrate with a laser beam so as to overlap with the
outer edge of the entire region in planar view before the
etching step.

8. The method for manufacturing a liquid crystal display
device according to claim 7, wherein

the counter substrate includes a third side that overlaps
with a first side that is a boundary between the over-
lapping part and the non-overlapping part in planar
view, a fourth side opposed to the third side, and a fifth
side intersecting the fourth side, and

the first substrate and the second substrate are irradiated
with the laser beam such that the fifth side is curved
outward in planar view in the laser beam irradiation
step.
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9. The method for manufacturing a liquid crystal display
device according to claim 1, further comprising a curvature
step of curving the overlapping part when viewed from a
side-surface direction.

10. The method for manufacturing a liquid crystal display
device according to claim 9, wherein an average curvature
in the non-overlapping part is smaller than a minimum
curvature in the overlapping part when viewed from the
side-surface direction in the curvature step.

11. A liquid crystal display device comprising:

a thin film transistor substrate including a thin film

transistor array;

a counter substrate opposed to the thin film transistor

substrate; and

a liquid crystal layer disposed between the thin film

transistor substrate and the counter substrate,

wherein the thin film transistor substrate includes:

an overlapping part that overlaps with the counter sub-

strate in planar view; and

a non-overlapping part that includes a terminal portion

and does not overlap with the counter substrate in
planar view, and

an outer shape of the non-overlapping part has a non-

rectangular shape in planar view.

12. The liquid crystal display device according to claim
11, wherein the outer shape of the non-overlapping part has
a trapezoidal shape in planar view.

13. The liquid crystal display device according to claim
12, wherein a first side adjacent to the overlapping part in the
outer shape of the non-overlapping part is a longer base in
two bases of the trapezoidal shape.

14. The liquid crystal display device according to claim
13, wherein

the counter substrate includes a third side that overlaps

with the first side in planar view and a fourth side
opposed to the third side, and

a curvature of an end at which a section of the fourth side

and a display surface of the counter substrate intersect
each other is smaller than a curvature of an end at
which a section of the third side and the display surface
of the counter substrate intersect each other.

15. The liquid crystal display device according to claim
13, wherein

the counter substrate includes a third side that overlaps

with the first side in planar view, a fourth side opposed
to the third side, and a fifth side intersecting the fourth
side, and

the fifth side is curved outward in planar view.

16. The liquid crystal display device according to claim
11, wherein an average curvature in the non-overlapping part
is smaller than a minimum curvature in the overlapping part
when viewed from a side-surface direction.

17. An electric device comprising:

the liquid crystal display device according to claim 16;

and

a holding member between which a display surface side

of the counter substrate and a rear surface side of the
thin film transistor substrate are sandwiched in the
overlapping part.
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