US 20110175800A1

a2y Patent Application Publication o) Pub. No.: US 2011/0175800 A1

a9 United States

Mizumaki

43) Pub. Date: Jul. 21, 2011

(54) METHOD FOR TESTING LIQUID CRYSTAL
DISPLAY DEVICE AND LIQUID CRYSTAL

Publication Classification

(51) Imt.CL
DISPLAY DEVICE G09G 3/36 (2006.01)
GOIR 3126 (2006.01)
(75) Inventor: Hidetaka Mizumaki, Osaka-shi (52) US.CL ..o 345/87; 324/760.01
(IP) (57) ABSTRACT
An FPC (2) includes: wiring lines (8a) and (85) which extend
(73) Assignee: SHARP KABUSHIKI KAISHA, toward a display panel (1); and terminals (T1) and (T2) which
Osaka-shi, Osaka (JP) are connected to the wiring lines (8a) and (85), respectively.
The display panel (1) includes a short-circuit wiring line (5)
for short-circuiting the wiring lines (8a) and (86). The EPC
(21) Appl. No.: 13/057,189 (2) and the display panel (1) are connected to each other so
that the wiring lines (8a) and (86) are short-circuited via the
- short-circuit wiring line (5) in a connection part between the
(22) PCT Filed: May 27, 2009 FPC (2) and the display panel (1). A liquid crystal display
device (30) includes a signal application circuit (31) for
86) PCT No.: PCT/TP2009/059714 applying a signal to the terminal (T1) and a monitoring circuit
(86) © (32) for comparing the signal applied to the terminal (T1)
§371 (©)(1) with a signal outputted from the terminal (12). This provides
. amethod oftesting a liquid crystal display device and a liquid
(2), (4) Date: Feb. 2, 2011 crystal display device each of which can check a connection
condition between a display panel and a wiring board, such as
30) Foreign Application Priority Data a flexible circuit board (such as a COF and an FPC), not only
while the liquid crystal display device is manufactured but
Aug. 6,2008  (IP) cccoovrieiieerecceen 2008-203543 also while the liquid crystal display device is in use.
101
!
SCK, LS, Dx
Dx—>x—|  CONTROLLER a
s5P | o3 103 103
\-105
SOURCE DRIVER [{ SOURGE DRIVER f----— SOURGE DRIVER
GCK asp 102 sii-si2 [~Sii| |~522 [-S2 [-Sn2 [~Snj
S 821~ P Sn1~ aa
(Gl1
104~ cGi2| [P
GATE DRIVER :
LGl
: rG21
104 622
GATE DRIVER :
,G2i
|.
[ 5 Gm1
104~} - Gm2
GATE DRIVER :
Gmi
114 112
{ 113 \
\ ]
HOST E:] (L
SYSTEM
. ~111 72,1625

IPR2025-01412

BOE EXHIBIT 1012

Page 1 0f 18



Patent Application Publication Jul. 21,2011 Sheet 1 of 6 US 2011/0175800 A1

FIG. 1

IPR2025-01412
BOE EXHIBIT 1012
Page 2 of 18



Patent Application Publication Jul. 21,2011 Sheet 2 of 6 US 2011/0175800 A1

FIG. 2

(b)
|
| L
9 8
e b N
T4 T3 T1 T2

IPR2025-01412
BOE EXHIBIT 1012
Page 3 of 18



IPR2025-01412
BOE EXHIBIT 1012

Page 4 of 18

or g€ Old4d

=
S
Z I o 4 4
~
Yo
(=]
= o TIE,
& — og| agl
4 881 egl
= P8l pe1| f28L il f
81 A vl A AR _m_._.\ .....
| \ A / ,

< IR XL | P
“ egl | — m 7 s --961
w 981 4 — €6l e - ....||||||||||«V pa d.lllr. ||||||||| agl
= a6 -+ ; | 4
2 961 : / bA-————_ | . egl
i 91— X1 IXL |
2., |o—$¢&0 O—e +—0O O—¢ ¢—0O O—¢4+—0 O0—3¢0 Oo—+ -IO\*/\—>|_.
S 02 ~-—-~{{f~ * i f - iig
E g1 — =i LT g i B¢l
= Iy ——..] e | ... ! .

NF(UH|!_I.|||_ Lz — _E eyl _H_\J_wam_
= v—%n:\—,\\q, . L- I . |_ﬂ| _ - ﬂ
g eyl ; C
3 / ]
= ez e 12
=
&
s LI ,
m (‘\\'}/I\)
&
A .
=
[<P]
=
[~ N )



US 2011/0175800 A1

Jul. 21,2011 Sheet 4 of 6

Patent Application Publication

P61 og|
] g1
P y cal \ [
31 A N<._. —< _,_ ﬁ dl
_ .__ A 6l
kit e
egl 1 — _._ 7 ,.M‘ s I o961
T I T Tt S ——
q6 1 -+ 961
,,,,,,,,,, egl
91>
_OI.. —O O—+¢—0O —O O—4¢—0 O—$¢—0O .IlO_
0C~-—-~ 11" —- - —
(a)
Cl-—H_ —
j 7
1¢ 1¢
L=
(\\/\\‘)
(&)
¥ 914

IPR2025-01412
BOE EXHIBIT 1012

Page 5 of 18



US 2011/0175800 A1

Jul. 21,2011 Sheet S of 6

Patent Application Publication

(I g
[AY )ﬂ —1G
€4
ow_wmm | 1] omvowv o6l 261 98¢
P8I " P61 -¢dl \ ! ] ]
AR Ny 1alL p ;
A \ / \ \
- : K \ \ / 1.8z
VAR Ppeeion] | L ey g
@@—/\/ // ‘_~ / \ m .\. \\ , \\\\.‘.\ wN
W71 e61 {73 \ _ FEYL ]
961 --- 4 o Al
—ege -
Gg > Q87 L [2,48 —X._.nn L — AL
O—¢ $10 O—4 $+10O |0
o0—4$—0 Q|A4.|o 0—41+—0 offt4—o MTi v|V [ 11 y”www
) i ~ | -_Im
A il = 1 U5t
W B 1Y i ICT. — vl vl f gy
wm(\h.\ T-—av ey H..ll/l\w—
ay L —f B TR - = wiiS
14} - ] / H i ~—q9Z oz
/ 1 992 | o T —_eg7
7z ¢ L2 e0¢ rAA [Z
€¢ >
08 | g 914

IPR2025-01412
BOE EXHIBIT 1012
Page 6 of 18



US 2011/0175800 A1

Jul. 21,2011 Sheet 6 of 6

Patent Application Publication

: 5 _ — |
Gz'0l'g L~ _ LSS
1SOH
| e
il 7
Zl1 Pl
wy #
| 43NN ALV
o L_p01
jwp” I
-_.
1Zo”
L1 ¥InINa 31w
izn”
T
....... S E IV TR
i Xidy  |elo L_y01
Ly
L_Jug 1zl --- /
ug—{ zus— Zs—| zzs— |NS+ zIS—{1IS— 201 450 b
YIAINA 30¥N0S |- --—| ¥3AT¥G 30¥n0S H  ¥3AI¥Q 30¥n0S
J mop/
got”/ 01’ £01”/ 458
S YATI0NINGD S Xa
Xq ‘ST "M0S
7
101 9 14

IPR2025-01412
BOE EXHIBIT 1012

Page 7 of 18



US 2011/0175800 A1l

METHOD FOR TESTING LIQUID CRYSTAL
DISPLAY DEVICE AND LIQUID CRYSTAL
DISPLAY DEVICE

TECHNICAL FIELD

[0001] Thepresent invention relates to: amethod for testing
a liquid crystal display device including a display panel and a
wiring board which (i) is connected to the display panel and
(i1) includes a wiring line via which a signal for driving the
display panel is supplied; and a liquid crystal display panel
employing the method.

BACKGROUND ART

[0002] A flat panel display device, such as a liquid crystal
display device, has been used widely and popularly because
of'an advantage of'its thin body which can be easily obtained.
The flat panel display device includes a display panel which
includes a great number of pixels. Signal for driving the
plurality of pixels are supplied to the display panel from a
driving circuit. The driving circuit is an integrated circuit in a
form of COF (Chip On Film), for example, and is externally
attached to the display panel. Alternatively, the driving circuit
is directly provided on a glass substrate of the display panel in
a form of COG (Chip On Glass). In this case, (i) the display
panel is connected to an FPC (Flexible Printed Circuit) on
which a wiring line is provided, and (ii) the driving signal is
supplied, via the wiring line, to the driving circuit provided on
the glass substrate.

[0003] The COF or the FPC should be stably connected to
the display panel so as to ensure a reliable signal communi-
cation with the display panel. In order to cause such a con-
nection condition to be more stable, a technique for structur-
ally reinforcing the FPC has been disclosed, for example
(Patent Literature 1). According to the technique, reinforce-
ment members which are not involved in an electrical con-
nection are provided in respective outer end parts of the FPC,
which are likely to be subjected to stresses.

[0004] Further, whether or not the connection is surely
maintained is inspected while the display device is manufac-
tured, which inspection is carried out after the COF or the
FPC is connected to the display panel. Generally, indenta-
tions which are formed in a connection part by thermocom-
pression bonding are visually inspected by an automated
machine employing a microscope. Specifically, images of the
indentation part are captured, and the condition of the inden-
tations, such as its depth or its size, is analyzed on the basis of
the images thus captured.

CITATION LIST
Patent Literature 1

[0005] Japanese Patent Application Publication, Toku-
kaihei, No. 05-183247 A (Publication Date: Jul. 23, 1993)
SUMMARY OF INVENTION
Technical Problem

[0006] The flat panel display device has been widely used
as a display section for various devices because it can have a
thin body. Application of the flat panel display device to an
in-car display device or a display device of a control device
has been developed, for example. In such a field, an apparatus
employing the flat panel display device is often used in a harsh
environment. The flat panel display device provided in a
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vehicle is used under harsh conditions, such as vibrations,
high temperatures, and low temperatures, for example. The
flat panel display device provided in an apparatus used in a
factory or the like is also likely to be used under similar harsh
conditions.

[0007] The flat panel display device used in such a harsh
environment has a higher risk of a breakdown of a film sub-
strate used in the COF or the FPC (particularly, in the con-
nection part between the COF or the FPC and the display
panel), as compared with a flat panel display device used in a
normal environment. This is because in a case where the flat
panel display device is used in such a harsh environment, the
film substrate is likely to be subjected to stresses.

[0008] According to the foregoing technique, the FPC is
reinforced structurally so as to reduce the risk of a breakdown
ofthe FPC due to stresses. However, there is also a case where
the FPC thus reinforced is damaged due to long-term stresses
as a result of long-term use of the flat panel display device in
such a harsh environment. In a case where the FPC has a
breakdown in the display device in use due to such long-term
stresses, the display panel might become incapable of dis-
playing an image because of a disconnected wiring line. In
this case, a user has a problem in driving the vehicle or in
operating the control device.

[0009] Further, the connection condition can be checked by
the inspection of the indentations only while the display
device is manufactured but not after the display device is
shipped as a product. Therefore, in a case where (i) the display
device has been used in such a harsh environment for a long
time, and (ii) the COF or the FPC becomes ultimately almost
broken down due to the long-term stresses, the user cannot
recognize such a connection condition. If the display device
in which the COF or the FPC is almost broken down is kept
being used, the COF or the FPC will ultimately broken down,
and the display panel will become incapable of displaying an
image.

[0010] The present invention is made in view of the prob-
lems. Anobject of the present invention is to provide a method
for testing a liquid crystal display device and a liquid crystal
display device each of which allows an inspection of a con-
nection condition between a display panel and a wiring board
such as a flexible circuit board (a COF, an FPC, etc.) not only
while the liquid crystal display device is manufactured but
also while the liquid crystal display device is in use.

Solution to Problem

[0011] Inorderto attain the object, a method of the present
invention, for testing a liquid crystal display device, the liquid
crystal display device including: a wiring board including (i)
a signal supply line via which a signal for driving a display
panel is supplied (ii) a first wiring line and a second wiring
line which extend toward the display panel and (iii) a first
terminal and a second terminal which are connected to the
first wiring line and the second wiring line, respectively; and
a display panel including a first short-circuit wiring line via
which the first wiring line and the second wiring line are to be
short-circuited in a connection part between the wiring board
and the display panel, includes the steps of: (a) causing the
wiring board and the display panel to be connected to each
other; (b) applying a signal to the first terminal; and (c)
comparing the signal applied to the first terminal with a signal
outputted from the second terminal.

[0012] Further, in order to attain the object, a liquid crystal
display device of the present invention includes: a wiring
IPR2025-01412
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board including (i) a signal supply line via which a signal for
driving a display panel is supplied (ii) a first wiring line and a
second wiring line which extend toward the display panel and
(iii) a first terminal and a second terminal which are con-
nected to the first wiring line and the second wiring line,
respectively; and a display panel including a first short-circuit
wiring line via which the first wiring line and the second
wiring line are to be short-circuited in a connection part
between the wiring board and the display panel, the wiring
board and the display panel being connected to each other, the
liquid crystal display device further including: signal appli-
cation means for applying a signal to the first terminal; and
comparison means for comparing the signal applied to the
first terminal with a signal outputted from the second termi-
nal.

[0013] According to the arrangement, (i) in a case where
the first wiring line is almost broken down or has been broken
down, a resistance of the first wiring line is increased, and (ii)
in a case where the second wiring line is almost broken down
or has been broken down, a resistance of the second wiring
line is increased. It follows that an end part of the first wiring
line or the second wiring line which has the increased resis-
tance is largely reduced in voltage with respect to a current
flowing through the first wiring line or the second wiring line
having the increased resistance. For this reason, the signal
outputted from the second terminal, which is monitored by
the comparison means, becomes different from the signal
applied to the first terminal. It becomes thus possible to detect
a defect of either the first wiring line or the second wiring line.
[0014] Further, it is possible to arrange such that informa-
tion indicating a poor connection condition between the dis-
play panel and the wiring board is fed back to control means
in a case where it is determined, as a result of monitoring of
the comparison means, that the connection condition between
the display panel and the wiring board has become poor. The
control means is a signal source connected to the liquid crys-
tal display device. The control means to carry out a preventive
control with respect to the liquid crystal display device, such
as turning off a back light of the liquid crystal display device
or stopping a voltage supply to the liquid crystal display
device, in response to the information on the connection
condition between the display panel and the wiring board of
the liquid crystal display device.

[0015] The signal application means, the comparison
means, and the control means can operate either while the
liquid crystal display device is manufactured or while the
liquid crystal display device is in use. This allows a user to
check the connection condition between the display panel and
the wiring board not only while the liquid crystal display
device is manufactured but also while the liquid crystal dis-
play device is in use after being manufactured.

[0016] In the method for testing a liquid crystal display
device, described above, in the step (a), the wiring board and
the display panel may be connected to each other via an
intermediate substrate, which includes (i) a wiring line via
which a signal is communicated between the display panel
and the wiring board and (ii) a third wiring line and a fourth
wiring line, so that (1) the first wiring line and the first short-
circuit wiring line are electrically connected via the third
wiring line and (2) the second wiring line and the first short-
circuit wiring line are electrically connected via the fourth
wiring line.

[0017] Further, in the liquid crystal display device
described above, the wiring board and the display panel may
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be connected to each other via an intermediate substrate,
which includes (i) a wiring line via which a signal is commu-
nicated between the display panel and the wiring board and
(ii) a third wiring line and a fourth wiring line, so that (1) the
first wiring line and the first short-circuit wiring line are
electrically connected via the third wiring line and (2) the
second wiring line and the first short-circuit wiring line are
electrically connected via the fourth wiring line.

[0018] According to the method and the arrangement of the
liquid crystal display device, it becomes possible to detect a
defect not only in the first and second wiring lines but also in
the third and fourth wiring lines.

[0019] In the method for testing a liquid crystal display
device, described above, (1) the wiring board may further
include (i) a fifth wiring line and a sixth wiring line and (ii) a
third terminal and a fourth terminal which are connected to
the fifth wiring line and the sixth wiring line, respectively, (2)
the intermediate substrate may further include a second short-
circuit wiring line via which the fitth wiring line and the sixth
wiring line are to be short-circuited in a connection part
between the wiring board and the intermediate substrate, (3)
and the method may further include the steps of: causing the
wiring board and the intermediate substrate to be connected
to each other; applying a signal to the third terminal; and
comparing the signal applied to the third terminal with a
signal outputted from the fourth terminal.

[0020] Further, in the liquid crystal display device
described above, (i) the wiring board may further include (i)
a fifth wiring line and a sixth wiring line and (ii) a third
terminal and a fourth terminal which are connected to the fifth
wiring line and the sixth wiring line, respectively, (2) the
intermediate substrate may further include a second short-
circuit wiring line via which the fitth wiring line and the sixth
wiring line are to be short-circuited in a connection part
between the wiring board and the intermediate substrate, (3)
the signal application means may apply a signal to the third
terminal, and (4) the comparison means may compare the
signal applied to the third terminal with a signal outputted
from the fourth terminal.

[0021] According to the method and the arrangement of the
liquid crystal display device, it becomes possible to also
detect a defect either in the fifth wiring line or in the sixth
wiring line.

[0022] In the method for testing a liquid crystal display
device, described above, the signal applied to the first termi-
nal may be a pulse signal.

[0023] According to the method, (i) in a case where the first
wiring line is almost broken down or has been broken down,
the resistance of the first wiring line is increased, and (ii) in a
case where the second wiring line is almost broken down or
has been broken down, the resistance of the second wiring
line is increased. It follows that the signal outputted from the
second terminal has a waveform which is less sharp than that
of the signal applied to the first terminal. It becomes thus
possible to detect a defect either in the first wiring line or in
the second wiring line.

[0024] In the method for testing a liquid crystal display
device, described above, the signal applied to the first termi-
nal may be a DC signal.

[0025] According to the method, (i) in a case where the first
wiring line is almost broken down or has been broken down,
the resistance of the first wiring line is increased, and (ii) in a
case where the second wiring line is almost broken down or
has been broken down, the resistance of the second wiring

IPR2025-01412
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line is increased. It follows that the signal outputted from the
second terminal has a DC level which is less than that of the
signal applied to the first terminal. It becomes thus possible to
detect a defect either in the first wiring line or in the second
wiring line.

[0026] Intheliquidcrystal display device, described above,
the first wiring line and the second wiring line may be pro-
vided in at least one of lateral end parts of the wiring board.
[0027] This makes it possible to easily estimate (i) a broken
condition of, in particular, the lateral end parts of the wiring
board, which lateral end parts are likely to be subjected to
stresses and (ii) the connection condition between the wiring
board and the display panel.

[0028] Intheliquidcrystal display device, described above,
the intermediate substrate may be made up of a plurality of
intermediate substrates, and the wiring board and the display
panel may be connected to each other via the plurality of
intermediate substrates.

[0029] This makes it possible to assume, for each of the
plurality of intermediate substrates, either (i) the connection
condition between the wiring board and that intermediate
substrate or (ii) the connection condition between the display
panel and that intermediate substrate.

[0030] Intheliquidcrystal display device, described above,
each of the plurality of intermediate substrates may include
the fifth wiring line and the sixth wiring line in each of its
lateral end parts.

[0031] Intheliquidcrystal display device, described above,
the wiring board may be a printed wiring board, and the
intermediate substrate may be a wiring board in which an
integrated circuit for driving the display panel is provided on
a film.

[0032] This makes it possible to estimate the connection
condition between the wiring board which is easily damaged
due to stresses such as long-term vibrations, and the printed
circuit board.

Advantageous Effects of Invention

[0033] As described above, a method of the present inven-
tion, for testing a liquid crystal display device, the liquid
crystal display device including: a wiring board including (i)
a signal supply line via which a signal for driving a display
panel is supplied (ii) a first wiring line and a second wiring
line which extend toward the display panel and (iii) a first
terminal and a second terminal which are connected to the
first wiring line and the second wiring line, respectively; and
a display panel including a first short-circuit wiring line via
which the first wiring line and the second wiring line are to be
short-circuited in a connection part between the wiring board
and the display panel, includes the steps of: (a) causing the
wiring board and the display panel to be connected to each
other; (b) applying a signal to the first terminal; and (c)
comparing the signal applied to the first terminal with a signal
outputted from the second terminal.

[0034] Further, as described above, a liquid crystal display
device of the present invention includes: a wiring board
including (i) a signal supply line via which a signal for driving
a display panel is supplied (ii) a first wiring line and a second
wiring line which extend toward the display panel and (iii) a
first terminal and a second terminal which are connected to
the first wiring line and the second wiring line, respectively;
and a display panel including a first short-circuit wiring line
via which the first wiring line and the second wiring line are
to be short-circuited in a connection part between the wiring
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board and the display panel, the wiring board and the display
panel being connected to each other, the liquid crystal display
device further including: signal application means for apply-
ing a signal to the first terminal; and comparison means for
comparing the signal applied to the first terminal with a signal
outputted from the second terminal.

[0035] Therefore, it becomes possible to check a connec-
tion condition between the display panel and the wiring board
such as a flexible circuit board (a COF, an FPC, etc.) not only
while the liquid crystal display device is manufactured but
also while the liquid crystal display device is in use after
being manufactured.

[0036] Additional objects, features, and strengths of the
present invention will be made clear by the description below.
Further, the advantages of the present invention will be evi-
dent from the following explanation in reference to the draw-
ings.

BRIEF DESCRIPTION OF DRAWINGS

[0037] FIG.1isaplanview illustrating how a display panel
and an FPC are connected to each other in a liquid crystal
display device in accordance with Embodiment 1 of the
present invention.

[0038] FIG. 2 (a) of FIG. 2 is a plan view illustrating an
arrangement of the display panel illustrated in FIG. 1, and (b)
of FIG. 2 is aplan view illustrating an arrangement of the FPC
illustrated in FIG. 1.

[0039] FIG. 3 isaplan view illustrating how a display panel
and a PWB are connected to each other in a liquid crystal
display device in accordance with Embodiment 2 of the
present invention.

[0040] FIG. 4 (a) of FIG. 4 is a plan view illustrating an
arrangement of the display panel illustrated in FIG. 3, and (b)
of FIG. 4 is a plan view illustrating an arrangement of the
PWRB illustrated in FIG. 3.

[0041] FIG. 5is a plan view illustrating an arrangement of
a modified example of Embodiment 2.

[0042] FIG. 6 is a block diagram illustrating an arrange-
ment of a liquid crystal display device in accordance with
Embodiment 3.

DESCRIPTION OF EMBODIMENTS

[0043] Embodiments of the present invention are described
below with reference to FIGS. 1 through 6.

Embodiment 1

[0044] FIG. 1 illustrates how a display panel 1 and an FPC
2 are connected to each other in a liquid crystal display device
30 of the present embodiment. Further, (a) of FIG. 2 illus-
trates the display panel 1 which is not connected to the FPC 2,
and (b) of FIG. 2 illustrates the FPC 2 which is not connected
to the display panel 1.

[0045] A plurality of driver chips 3 are arranged on one of
end parts of the display panel 1 in a form of COG (see FIG. 1).
The plurality of driver chips 3 are integrated driving circuits
for driving a plurality of pixels of the display panel 1. The
plurality of pixels receive their driving signals via the plural-
ity of driver chips 3. The driving signal includes display data,
a selection signal for selecting a scan line, and the like.
[0046] Further, wiring patterns 4 are provided on a surface
of'the display panel 1, where the respective plurality of driver
chips 3 are to be provided. This allows each of the plurality of
driver chips 3 to receive, via a corresponding one of the wiring
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patterns 4, various signals, which are prepared in accordance
with a driving method, such as a clock signal for controlling
output timing of the display data and a clock signal for con-
trolling timing of the selection signal. Each of the wiring
patterns 4 has a plurality of wiring lines (not illustrated) via
which a plurality of signals are supplied to a corresponding
one of the plurality of driver chips 3 from the FPC 2.

[0047] Short-circuit wiring lines 5 and 6 are further pro-
vided, on the surface of the display panel 1, in respective
lateral end parts of the end part where the plurality of driver
chips 3 are provided. Details of the short-circuit wiring lines
5 and 6 will be described later.

[0048] The FPC 2 is constituted by providing wiring pat-
terns 7 on a film substrate made from a material such as
polyimide. The wiring patterns 7 are provided for the respec-
tive plurality of driver chips 3 so as to supply the aforemen-
tioned signals to the plurality of driver chips 3. Like the
wiring patterns 4, each of the wiring patterns 7 has a plurality
of wiring lines (not illustrated).

[0049] The FPC 2 and the display panel 1 are connected to
each other via an ACF (Anisotropic Conductive Film) so that
their respective connection end parts overlap each other. This
causes the wiring patterns 4 and 7 to be electrically connected
to each other.

[0050] Testwiring sections 8 and 9 are provided on the FPC
2 (see (b) of FIG. 2). The test wiring sections 8 and 9 are
provided in the vicinity of the respective lateral end parts of
the FPC 2 so as to sandwich all of the wiring patterns 7
between them. The test wiring section 8 is constituted by
wiring lines 8a and 86 which are juxtaposed to each other,
while the test wiring section 9 is constituted by wiring lines 9a
and 956 which are juxtaposed to each other. The wiring lines
8a, 8b, 9a, and 956 extend respectively from terminals T1
through T4 provided on an input end part of the FPC 2 to a
connection part of the FPC 2, to which the display panel 1 is
connected.

[0051] Further, the terminals T1 and T3 are connected to a
signal application circuit 31, while the terminals T2 and T4
are connected to a monitoring circuit 32. The signal applica-
tion circuit 31 and the monitoring circuit 32 are included in a
test circuit 33 which is connected to a host system 34 (later
described).

[0052] Each of the short-circuit wiring lines 5 and 6 has a
square-cornered U-shape and its both end parts reach a con-
nection end part of the display panel 1 (see (a) of FIG. 2). The
wiring lines 8a and 85 are electrically connected to each other
via the short-circuit wiring line 5, while the wiring lines 9a
and 95 are electrically connected to each other via the short-
circuit wiring line 6 (see FIG. 1). Thus, the wiring lines 8a and
8b and the short-circuit wiring line 5 are electrically con-
nected to each other as a single wiring line, while the wiring
lines 9a and 95 and the short-circuit wiring line 6 are electri-
cally connected to each other as another single wiring line.
[0053] Insuchconnection conditions, (i) input signals each
having an arbitrary test waveform are supplied from the signal
application circuit 31 to the respective terminals T1 and T3,
and (ii) signals outputted from the respective terminals T2
and T4 are monitored by the monitoring circuit 32. This
makes it possible to estimate a broken condition of the FPC 2
or a connection condition between the display panel 1 and the
FPC 2.

[0054] For example, in a case where (i) the input signals
supplied to the terminals T1 and T3 and the respective output
signals outputted from the terminals T2 and T4, monitored by
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the monitoring circuit 32, are compared with each other and
(ii) the input signals and the output signals have substantially
identical waveforms as a result of the comparison, it can be
determined that the input signals are transmitted in the
respective test wiring sections 8 and 9 without any failure. In
this case, it is believed that the connection between the dis-
play panel 1 and the FPC 2 is normal, and therefore at least
parts of the FPC 2, where the test wiring sections 8 and 9 are
provided, have no breakdown.

[0055] In acase where there is at least one of the terminals
T2 and T4 from which no output signal is outputted, it is
highly likely (i) for the test wiring section 8 and/or 9 from
which no output signal is outputted to be broken or (ii) for (a)
the connection condition between the test wiring sections 8
and the short-circuit wiring line 5 and/or (b) the connection
condition between the test wiring sections 9 and the short-
circuit wiring line 6 to become poor. In such a case, it is highly
likely that (i) an edge (lateral end) part of the FPC 2 is broken
down or (ii) the connection condition between the display
panel 1 and the FPC 2 becomes poor.

[0056] Furthermore, in a case where (i) the waveform of an
output signal which is outputted from the terminal T2 or T4
and is monitored by the monitoring circuit 32 or (ii) the
waveforms of output signals which are outputted from the
respective terminals T2 and T4 and are monitored by the
monitoring circuit 32 is (are) less sharp than those of the input
signals supplied to the respective terminals T1 and T3, it is
likely for the test wiring section 8 and/or 9 to have increased
resistance(s) due to the reason such as a breakdown.

[0057] The signal supplied to each of the terminals T1 and
T3 from the signal application circuit 31 can be, but not
limited to, a pulse signal, for example. For a simplified test,
the signal supplied to each of the terminals T1 and T3 can be
a DC level signal (DC signal).

[0058] Inthiscase, increases in resistances of the respective
test wiring sections 8 and 9 cause voltage drops in proportion
to currents flowing through the respective test wiring sections
8 and 9. It follows that DC levels of the respective terminals
T2 and T4 are reduced more than those of the respective
terminals T1 and T3. It is thus possible to detect whether or
not the test wiring sections 8 and 9 have their respective
defects by detecting the reductions in DC levels of the respec-
tive terminals T2 and T4.

[0059] Note that, in a case where the test wiring sections 8
and 9 have their respective normal resistances, the reductions
in DC levels of the respective terminals T2 and T4 are so small
that these are ignorable.

[0060] As described above, the test wiring sections 8 and 9
have respective higher resistances in the following malfunc-
tional cases than in normal case: (1) the test wiring sections 8
and 9 are almost in respective disconnected conditions and
(ii) the test wiring sections 8 and 9 are in respective discon-
nected conditions. It follows that the output signals outputted
from the respective terminals T2 and T3, monitored by the
monitoring circuit 32, become different from the input signals
supplied to the respective terminals T1 and T3 from the signal
application circuit 31. That is, voltage drops, across the
respective parts whose resistances are increased, increase
while currents are flowing through the respective parts. It
becomes thus possible to detect defects of the respective test
wiring sections 8 and 9.

[0061] Itis possibleto arrange a system so that information
indicating that there is a defect in the connection condition
between the display panel 1 and the FPC 2 is fed back to the
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host system 34 via the test circuit 33 included in the liquid
crystal display device 30, in a case where it is determined, by
use of the monitoring method described above, that there is a
defect in the connection condition between the display panel
1 and the FPC 2. The host system 34 is a signal source
connected to the liquid crystal display device 30. The host
system 34 can carry out a preventative control, such as turning
off a backlight of the liquid crystal display device 30 or
stopping a voltage supply to the liquid crystal display device
30, in response to the information on the connection condition
between the display panel 1 and the FPC 2 of the liquid crystal
display device 30.

[0062] Further, the connection condition between the dis-
play panel 1 and the FPC 2 can be monitored by (i) causing a
signal source, which is provided on a substrate on which a
driving circuit is provided and to which the display panel 1 is
connected, to supply input signals to the respective terminals
T1 and T3 and (ii) monitoring output signals outputted from
the respective terminals T2 and T4. Alternatively, it is pos-
sible to arrange wiring lines so that the host system 34, serv-
ing as the signal source for the liquid crystal display device
30, controls all of the terminals T1 through T4.

[0063] In a case where the control can be carried out in the
liquid crystal display device 30 without the host system 34,
the liquid crystal display device 30 itself can carry out the
control, such as turning on or off the backlight of the liquid
crystal display device 30, in response to the information on
the connection condition between the display panel 1 and the
FPC 2.

[0064] Instead, it is possible to (i) compare (a) a measured
resistance of the wiring line defined by the test wiring section
8 and the short-circuit wiring line 5 and (b) a normal resis-
tance of the wiring line which has been measured in advance
with each other and (ii) compare (c) a measured resistance of
the wiring line defined by the test wiring section 9 and the
short-circuit wiring line 6 and (d) a normal resistance of the
wiring line which has been measured in advance with each
other. Such comparisons make it possible to estimate (i) the
broken condition of the FPC 2 or (ii) the connection condition
between the display panel 1 and the FPC 2. In a case where
each resistance of the wiring lines is much higher than a
corresponding normal resistance, i.e., the resistance mea-
sured in the normal connection condition, it is believed that
such a wiring line is almost in a disconnected condition. The
terminals T1 through T4 can be used in the measurement of
each resistance of the wiring lines.

[0065] According to the present embodiment, (i) the short-
circuit wiring lines 5 and 6 are provided on the display panel
1 (ii) the test wiring sections 8 and 9 are provided on the FPC
2, and (iii) the short-circuit wiring lines 5 and 6 and the test
wiring sections 8 and 9 are connected to each other, respec-
tively. Further, the terminals T1 and T2 are electrically con-
nected to the test wiring section 8, while the terminals T3 and
T4 are electrically connected to the test wiring section 9. The
conditions of the output signals outputted from the respective
terminals T2 and T4 with respect to the respective conditions
of the input signals supplied to the respective terminals T1
and T3 are thus confirmed. As such, it is possible to easily
estimate (1) the disconnected condition of the lateral end parts
of the FPC 2, which are highly likely to be subjected to the
stresses or (i) the connection condition between the display
panel 1 and the FPC 2, while the display device including the
display panel 1 is in use. Alternatively, it is possible to esti-
mate the disconnected condition or the connection condition
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by comparing (i) the measured resistance between the termi-
nals T1 and T2 with the normal resistance measured in
advance and (ii) the measured resistance between the termi-
nals T3 and T4 with the normal resistance measured in
advance.

[0066] Note that the present embodiment has dealt with the
arrangement in which the test wiring section 8 is provided in
the vicinity of one of lateral edges ofthe FPC 2, while the test
wiring section 9 is provided in the vicinity of the other one of
lateral edges of the FPC 2. Note, however, that one of the test
wiring sections 8 and 9 can be omitted in a case where there
is a restriction in layout of pins of the FPC2.

[0067] Note also that dummy wiring lines 31 and 32 can be
further provided on the FPC 2 of the present embodiment (see
dashed-dotted lines shown in FIG. 1). Specifically, the
dummy wiring line 31 is provided between the test wiring
section 8 and one of the lateral edges of the FPC 2, while the
dummy wiring line 32 is provided between the test wiring
section 9 and the other of the lateral edges of the FPC 2.
[0068] Generally, each of the dummy wiring lines 31 and
32 is provided as an independent wiring line which is in
electrical contact with neither the display panel 1 nor an
external device. Such dummy wiring lines 31 and 32 serve as
members for reinforcing the FPC 2. The provision of such
dummy wiring lines 31 and 32 allow the lateral edge parts of
the FPC 2 to have higher strength.

[0069] Note that the dummy wiring lines 31 and 32 can be
electrically connected to either the display panel 1 or the
external device, if necessary.

Embodiment 2

[0070] FIG. 3 illustrates how a display panel 11 and a PWB
(Printed Wiring Board) 16 are connected to each other, via a
plurality of COFs 12, in another liquid crystal display device
40 of the present embodiment. Further, (a) of FIG. 4 illus-
trates the display panel 11 which is not connected to the PWB
16, and (b) of FIG. 4 illustrates the PWB 16 which is not
connected to the display panel 11.

[0071] The plurality of COFs 12 are arranged and con-
nected to one of end parts of the display panel 11 (see FIG. 3).
Further, a plurality of short-circuit wiring lines 21 are pro-
vided on connection parts, where the plurality of COFs 12 are
to be provided, of the display panel 11. Details of the plurality
of short-circuit wiring lines 21 will be described later.
[0072] Each of the plurality of COFs 12 is arranged such
that a driver chip 13, an input wiring line (not illustrated), and
an output wiring line (not illustrated) are provided on a film
substrate made from a material such as polyimide. The input
wiring line is provided via which a signal is supplied from the
PWB 16 to the driver chip 13, and the output wiring line is
provided via which a signal is supplied from the driver chip 13
to the display panel 11. The driver chip 13 has an arrangement
similar to the foregoing driver chip 3. A plurality of pixels of
the display panels 11 receive their driving signals via the
plurality of driver chips 13 so as to be driven.

[0073] The COF 12 is in a form of SOF (System On Chip),
TCP (Tape Carrier Package) or the like. The SOF is arranged
so that a chip is mounted on a film substrate made from a
material such as polyimide. In recent years, the SOF has
become popular as an integrated driving circuit component of
a liquid crystal driver or the like. The SOF thus arranged has
an advantage that a wiring line can be formed even in a part
where a chip is to be provided, unlike the TCP in which chips
are provided in respective openings of a film substrate. Fur-
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ther, the SOF can be bent along an arbitrary line. This is
because the SOF has no slit which regulates where to bend,
unlike the TCP.

[0074] A test wiring section 14 and a short-circuit wiring
line 15 are provided on each of the plurality of the COFs 12.
The test wiring section 14 is defined by wiring lines 14a and
145 which are juxtaposed to each other. On the film substrate
of'the each of the plurality of the COFs 12, (i) the wiring lines
14a and 145 are provided on one side of the driver chip 13 so
as to connect the display panel 11 and the PWB 16 and (ii) the
short-circuit wiring line 15 is provided on the other side of the
driver chip 13 so as to have a square-cornered U-shape. Both
ends of the short-circuit wiring line 15 extend up to a connec-
tion part of the COF 12, to which connection part the PWB 16
is to be connected.

[0075] The display panel 11 and the plurality of COFs 12
are connected to each other in a connection part 22 via ACF
such that a connection part of the display panel 11 and a
connection part of each of the plurality of COFs 12 overlap
each other. This causes the output wiring line of each of the
plurality of COFs 12 and a corresponding input wiring line
(not illustrated) of the display panel 11 to be electrically
connected to each other.

[0076] As described above, the short-circuit wiring line 21
has the square cornered U-shape and both ends of the short
circuit-wiring line 21 extends up to the connection part of the
display panel 11 (see (a) of FIG. 4). Further, the wiring lines
14a and 1454 are electrically connected to each other via the
short-circuit wiring line 21. This causes the wiring lines 14a
and 144 and the short-circuit wiring line 21 to serve as a single
wiring line in combination with each other.

[0077] Inthe PWB 16, a controller (not illustrated) gener-
ates timing signals necessary to drive the display panel 11.
Further, each wiring pattern (not illustrated) is provided on
the PWB so as to face a corresponding one of the plurality of
COFs 12. The wiring pattern includes a plurality of wiring
lines (not illustrated) via which a corresponding one of the
timing signals is transmitted to a driver chip 13 of the corre-
sponding one of the plurality of COFs 12. The timing signals
are prepared in accordance with a method for driving signals
such as a clock signal for controlling output timing of display
data or a clock signal for controlling timing of a selection
signal, and are supplied from the controller (not illustrated) of
the PWB 16. The timing signals are generated by the control-
ler in response to a clock signal or externally supplied various
pulse signals.

[0078] Note that the controller can be provided outside the
PWB 16 instead of being provided in the PWB 16.

[0079] The PWB 16 includes test wiring sections 18 and 19,
terminals TA1, TA2, TB1, and TB2, and intermediate termi-
nals TX1, TX2, TY1, and TY2 (see (b) of FIG. 4). The test
wiring section 18 is constituted by a plurality of wiring lines
18a, a plurality of wiring lines 185, an input wiring line 18c¢,
an output wiring line 184, and a common wiring line 18e. The
test wiring section 19 is constituted by a plurality of wiring
lines 194, a plurality of wiring lines 195, an input wiring line
19¢, an output wiring line 194, and a common wiring line 19e.
[0080] The terminals TA1 and TB1 are connected to a sig-
nal application circuit 41, while the terminals TA2 and TB2
are connected to a monitoring circuit 42. The signal applica-
tion circuit 41 and the monitoring circuit 42 are included in a
test circuit 43 which is connected to a host system 44 (later
described).
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[0081] A pair of wiring lines 18a and 185 is provided for
each of the plurality of COFs 12. The wiring lines 18a and 185
are connected to one ends of the respective wiring lines 14a
and 144. The input wiring line 18¢ is connected between the
terminal TA1 and the wiring line 185, the other end of the
wiring line 185 being connected to the wiring line 145 of an
outermost one of the plurality of COFs 12 (a leftmost COF 12
shown in FIG. 3). The output wiring line 184 is connected
between the terminal TA2 and the wiring line 184, the other
end of the wiring line 18a being connected to the wiring line
14a of the other outermost one of the plurality of COFs 12 (a
rightmost COF 12 in FIG. 3). The common wiring line 18e is
connected between a wiring line 18a of one of neighboring
pairs of wiring lines 18a and 185 and a wiring line 185 of the
other of the neighboring pairs of wiring lines 18a and 185.
[0082] In the same manner, a pair of wiring lines 19a and
195 is provided for each of the plurality of COFs 12. The pair
ofwiring lines 19a and 195 are connected to each other via the
short-circuit wiring line 15. The input wiring line 19¢ is
connected between the terminal TB1 and the wiring line 195,
the other end of the wiring line 196 being connected to the
short-circuit wiring line 15 of an outermost one of the plural-
ity of COF's 12 (the leftmost COF 12 shown in FIG. 3). The
output wiring line 194 is connected between the terminal TB2
and the wiring line 19a, the other end of the wiring line 19a
being connected to the short-circuit wiring line 15 of the other
outermost one of the plurality of COFs 12 (the rightmost COF
12 shown in FIG. 3). The common wiring line 19¢ is con-
nected between a wiring line 19a of one of neighboring pairs
of' wiring lines 194 and 196 and a wiring line 1956 of the other
of the neighboring pairs of wiring lines of 194 and 194.
[0083] Further, each of the plurality of wiring lines 184 is
connected to a corresponding one of the terminals TX2 on a
side of a corresponding one of the plurality of COFs 12, and
each of the plurality of wiring lines 185 is connected to a
corresponding one of the terminals TX1 on a side of a corre-
sponding one of the plurality of COFs 12. Meanwhile, each of
the plurality of wiring lines 194 is connected to a correspond-
ing one of the terminals TY2 on a corresponding one of the
plurality of COFs 12, and each of the plurality of wiring lines
195 is connected to a corresponding one of the terminals TY1
on a side of a corresponding one of the plurality of COFs 12.
[0084] The PWB 16 and the plurality of COFs 12 are con-
nected to each other via the ACF in a connection part so that
aconnection part of the PWB 16 and a connection part of each
of'the plurality of COFs 12 overlap each other. This causes the
input wiring line of each of the plurality of COFs and the
wiring pattern 17 to be electrically connected to each other.
[0085] Further, each test wiring section 14 of the plurality
of COFs 12 and a corresponding one of the test wiring sec-
tions 18 of the PWB 16 are electrically connected to each
other. Specifically, the wiring lines 14a and 145 of each of the
plurality of COFs 12 are electrically connected to respective
corresponding wiring lines 18a and 185. This causes the test
wiring section 18, the test wiring section 14, and the plurality
of short-circuit wiring lines 21 to serve as a single wiring line
between the terminals TA1 and TA2.

[0086] Furthermore, each short-circuit wiring line 15 of the
plurality of COFs 12 and the test wiring section 19 of the
PWB 16 are electrically connected to each other. Specifically,
corresponding wiring lines 194 and 195 of the PWB 16 are
electrically connected to each other via a corresponding one
of'the short-circuit wiring lines 15 ofthe plurality of COFs 12.
This causes the test wiring section 19 and the plurality of
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short-circuit wiring line 15 to serve as a single wiring line
between the terminals TB1 and TB2.

[0087] Insuchconnection conditions, (i) input signals each
having an arbitral test waveform are supplied from the signal
application circuit 41 to the respective terminals TA1 and
TB1, and (ii) signals outputted from the respective terminals
TA2 and TB2 are monitored by the monitoring circuit 42.
This makes it possible to estimate (i) a broken condition of
each of the plurality of COFs 12 and/or the PWB 16 or (ii) a
connection condition between the display panel 11 and the
plurality of COFs 12 and a connection condition between the
plurality of COFs 12 and the PWB 16.

[0088] For example, in a case where (i) the input signals
supplied to the terminals TA1 and TA3, and respective output
signals outputted from the terminals TA2 and TA4, monitored
by the monitoring circuit 42, are compared with each other,
and (ii) the input signals and the output signals have substan-
tially identical waveforms as a result of the comparison, it can
be determined that the input signals are transmitted in the
respective test wiring sections 14 and the respective test wir-
ing sections 18 and 19 without any failure. In this case, it is
believed that the connection between the display panel 11 and
the plurality of COFs 12 and the connection condition
between the plurality of COFs 12 and the PWB 16 are normal,
the FPC 2 is normal, and therefore at least parts of the PWB
16, where the test wiring sections 18 and 19 are provided, has
no breakdown.

[0089] In a case where only the terminal TA2 outputs no
signal, it is highly likely (i) for the test wiring section 18
and/or at least one of the plurality of test wiring sections 14 to
be broken or (ii) for (a) the connection condition between the
test wiring section 18 and at least one of the plurality of test
wiring sections 14 and/or the connection condition between
at least one of the plurality of test wiring sections 14 and a
corresponding one(s) of the plurality of short-circuit wiring
lines 21 to become poor. In such a case, it is highly likely that
(1) one of edge parts of at least one of the plurality of COFs 12
(alateral end part of at least one of the plurality of COFs 12,
where a corresponding one of the plurality of test wiring
sections 14 is provided) is broken down or (ii) the connection
condition between at least one of the plurality of COFs 12 and
the PWB 16 and/or the connection condition between the
display panel 11 and at least one of the plurality of COFs 12
become poor.

[0090] In a case where only the terminal TB2 outputs no
signal, it is highly likely (i) for the test wiring section 19 to be
broken down or (ii) for the connection condition between the
test wiring section 19 and at least one of the plurality of
short-circuit wiring lines 15 to become poor. In such a case, it
is highly likely that (i) the other one of edge parts of at least
one of the plurality of COFs 12 (a lateral end part of at least
one of the plurality of COFs 12, where the short-circuit wiring
line 19 is provided) is broken down or (ii) the connection
condition between at least one of the plurality of COFs 12 and
the PWB 16 becomes poor.

[0091] Inacasewhere (i) only the terminal TA2 outputs the
output signal, and (ii) the output signal, monitored by the
monitoring circuit 42, has a waveform which is less sharp
than that of the input signal supplied from the signal applica-
tion circuit 41 to the terminal TA1, it is highly likely for at
least one of the plurality of test wiring sections 14 or the test
wiring section 18 to have an increased resistance due to the
reason such as a breakdown. Further, in a case where (i) only
the terminal TB2 outputs the output signal, and (ii) the output
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signal, monitored by the monitoring circuit 42, has a wave-
form which is less sharp than that of the input signal supplied
from the signal application circuit 41 to the terminal TB1, it is
highly likely for the test wiring section 19 to have an
increased resistance due to the reason such as a breakdown.

[0092] The signal supplied to each of the terminals TA1 and
TB1 from the signal application circuit 41 can be, but not
limited to, a pulse signal, for example. For a simplified test,
the signal supplied to each of the terminals TA1 and TB1 can
be a DC level signal.

[0093] Inthiscase, increases in resistances of the respective
test wiring section 18 and at least one of the plurality of test
wiring sections 14 cause voltage drops in proportion to cur-
rents flowing through the respective test wiring section 18 and
at least one of the plurality of test wiring sections 14. It
follows that DC level of the terminals TA2 is reduced more
than that of the terminal TA 1. It is thus possible to detect
whether or not the test wiring section 18 and the plurality of
test wiring sections 14 have their respective defects by detect-
ing the reduction in DC level of the terminals TA2. The same
applies to the terminals TB1 and TB2 and the test wiring
section 19.

[0094] Note that, in a case where the test wiring sections 18
and the plurality of test wiring sections 14 have their respec-
tive normal resistances, the reduction in DC level of the
terminal TA2 is so small that it is ignorable.

[0095] As described above, the test wiring section 18 and
the plurality of test wiring sections 14 have respective higher
resistances in the following malfunction cases than in normal
case: (i) the test wiring section 18 and the plurality of test
wiring sections 14 are almost in respective disconnected con-
ditions and (ii) the test wiring section 18 and the plurality of
test wiring sections 14 are in respective disconnected condi-
tions. It follows that the output signal outputted from the
terminal TA2, monitored by the monitoring circuit 42,
becomes different from the input signal supplied to the ter-
minal TA1 from the signal application circuit 41. That is, a
voltage drop, across the respective parts whose resistances are
increased, increase while the current is flowing through the
respective parts. It becomes thus possible to detect defects of
the respective test wiring section 18 and the plurality of test
wiring sections 14. The same applies to the terminals TB1 and
TB2 and the test wiring section 19.

[0096] Itis possibleto arrange a system so that information
indicating that there is a defect in the connection condition
between the display panel 11 and the plurality of COFs 12 is
fed back to the host system 44 via the test circuit 43 included
in the liquid crystal display device 40, in a case where it is
determined, by use of the monitoring method described
above, that there is a defect in the connection condition
between the display panel 11 and the plurality of COFs 12.
The host system 44 is a signal source connected to the liquid
crystal display device 40. The host system 44 can carry out a
preventative control, such as turning off a backlight of the
liquid crystal display device 40 or stopping a voltage supply
to the liquid crystal display device 40, in response to the
information on the connection condition between the display
panel 11 and the plurality of COFs 12.

[0097] Further, the connection condition between the dis-
play panel 11 and the plurality of COFs 12 can be monitored
by (i) causing a signal source, which is provided on one of the
plurality of COFs 12, serving as a substrate on which a driving
circuit is provided, to supply the input signals to the respec-
tive terminals TA1 and TB1 and (ii) monitoring output signals
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outputted from the respective terminals TA2 and TB2. Alter-
natively, it is possible to arrange wiring lines so that the host
system 44, serving as the signal source for the liquid crystal
display device 40, controls all of the terminals TA1, TA2,
TB1, and TB2.

[0098] In a case where the control can be carried out in the
liquid crystal display device 40 without the host system 44,
the liquid crystal display device 40 itself can carry out the
control, such as turning on or off the backlight of the liquid
crystal display device 40, in response to the information on
the connection condition between the display panel 11 and
the plurality of COFs 12.

[0099] Instead, it is possible to (i) compare (a) a measured
resistance of the wiring line defined by the plurality of test
wiring sections 14, the test wiring section 18, and the plurality
of short-circuit wiring lines 21 and (b) a reference resistance
of the wiring line which has been measured in advance with
each other and (ii) compare (c) a measured resistance of the
wiring line defined by the test wiring section 9 and the plu-
rality of short-circuit wiring lines 15 and (d) a reference
resistance of the wiring line which has been measured in
advance with each other. Such comparisons make it possible
to estimate (i) the broken condition of the plurality of COFs
12 and the like or (ii) the connection condition between the
display panel 11 and the plurality of COFs 12 and the con-
nection condition between the plurality of COFs 12 and the
PWB 16. In a case where each resistance of the wiring lines is
much higher than a corresponding normal resistance, i.e., the
resistance measured in the normal connection condition, it is
believed that such a wiring line is almost in a disconnected
condition. The terminals TA1, TA2, TB1, and TB2 can be
used in the measurement of each resistance of the wiring
lines.

[0100] Further, it is possible to detect, for each of the plu-
rality of COFs, a possibility of a breakdown of one of lateral
end parts of such a COF 12 or a possibility of a poor connec-
tion condition of each of the connection parts of such a COF
12, by measuring (i) a resistance between the terminals TX1
and TX2, and (ii) a resistance between the terminals TY1 and
TY2.

[0101] According to the present embodiment, (i) the plu-
rality of short-circuit wiring lines 21 are provided on the
display panel 11 (ii) the plurality of test wiring sections 14
and the plurality of short-circuit wiring lines 15 are provided
on the respective plurality of COFs 12, and (iii) the test wiring
section 18 and the plurality of short-circuit wiring lines 21 are
connected to each other and the test wiring section 19 and the
plurality of short-circuit wiring lines 15 are connected to each
other. Further, the terminals TA1 and TA2 are electrically
connected to the test wiring section 18, while the terminals
TB1 and TB2 are electrically connected to the test wiring
section 19. The conditions of the output signals outputted
from the respective terminals TA2 and TB2 with respect to the
respective conditions of the input signals supplied to the
respective terminals TA1 and TB1 are thus confirmed. As
such, it is possible to easily estimate (i) the broken condition
of the plurality of COFs 12 and (ii) the connection condition
between the display panel 11 and the plurality of COFs 12 and
the connection condition between the plurality of COFs 12
and the PWB 16, while the display device including the
display panel 1 is in use. Alternatively, it is possible to esti-
mate the broken condition or the connection conditions by
comparing (i) the measured resistances between the terminals
TA1 and TA2 with the normal resistances measured in
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advance and (ii) the measured resistance between the termi-
nals TB1 and TB2 with the normal resistance measured in
advance.

[0102] The following description deals with a modification
of the present embodiment. FIG. 5 is a plan view illustrating
the modified example.

[0103] According to the present modification, a further lig-
uid crystal display device 50 includes a display panel 23, a
plurality of COFs 24, and a PWB 25.

[0104] Each of the plurality of COFs 24 has the same
arrangement as that of the COF 12 except that such a COF 24
further includes a test wiring section 26. The test wiring
section 26 is provided closer to one of lateral end parts of the
COF 24 than a corresponding one of the foregoing plurality of
short-circuit wiring lines 15 of the plurality of COFs 12. The
test wiring section 26 is defined by wiring lines 26a and 265
which are juxtaposed to each other.

[0105] The display panel 23 has the same arrangement as
that of the display panel 11 except that the display panel 23
further includes a plurality of short-circuit wiring lines 27.
Each of the plurality of short-circuit wiring lines 27 is pro-
vided so as to short-circuit a corresponding one of the plural-
ity of wiring lines 26a and a corresponding one of the plural-
ity of wiring lines 265, like the plurality of short-circuit
wiring lines 21.

[0106] The PWB 25 has the same arrangement as the PWB
16 except that the PWB 25 further includes test wiring section
28. The test wiring section 28 is defined by a plurality of
wiring lines 28a, a plurality of wiring lines 285, and a wiring
line 28d. The test wiring section 28 is connected to the plu-
rality of test wiring sections 26, just as the test wiring section
18 is connected to the plurality of test wiring sections 14.
Further, terminals TZ1 and TZ2, which have the same func-
tions as the respective terminals TX1 and TX2, are provided
for each of the plurality of COFs 24.

[0107] Furthermore, a terminal TC1 is connected to a signal
application circuit 51, like the terminals TA1 and TB2, and a
terminal TC2 is connected to a monitoring circuit 52, like the
terminals TA2 and TB2. The signal application circuit 51 and
the monitoring circuit 52 are included in a test circuit 53
which is connected to a host system 54.

[0108] According to the arrangement, the plurality of test
wiring sections 26, the test wiring section 28, and the plurality
of short-circuit wiring lines 27 are electrically connected to
each other so as to serve as a single wiring line. Such a wiring
line makes it possible to carry out an electric test or a resis-
tance measurement test which is carried out, with the use of a
signal, by electrically connecting the plurality of test wiring
sections 14, the test wiring section 18, and the plurality of
short-circuit wiring lines 21. It becomes thus possible to
estimate (i) a broken condition of the lateral end parts of a
COF 24, which lateral end parts are likely to be subjected to
stresses and/or (ii) a connection condition between the dis-
play panel 23 and the respective plurality of COFs 24 and/or
a connection condition between the respective plurality of
COFs 24 and the PWB 25, while the display device having the
arrangement employing the present modification is in use.
[0109] Note that the present embodiment describes the case
where each test wiring section 14 and a corresponding one of
the plurality of short-circuit wiring lines 15 are provided in
the vicinity ofthe respective lateral end parts ofa correspond-
ing one of the plurality of COFs 12 (24). However, the present
embodiment is not limited to this. Either the plurality of test
wiring sections 14 or the plurality of short-circuit wiring lines
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15 can be omitted in a case where there is a restriction in
layout of pins of the COF 12 (24).

[0110] Note that dummy wiring lines 41 and 42 can be
further provided on each of the plurality of COFs 12 (24) (see
dashed-dotted lines shown in FIGS. 3 and 5) of the present
embodiment. Each dummy wiring line 41 is provided
between a corresponding one of the plurality of test wiring
sections 14 and one of edges of a corresponding one of the
plurality of COFs 12 (24), and each dummy wiring line 42 is
provided between a corresponding one of the plurality of
short-circuit wiring lines 15 and the other one of the edges of
the corresponding one of the plurality of COFs 12 (24).
[0111] Generally, the dummy wiring lines 41 and 42 are
provided so as to be independent from, i.e., so as not to be
electrically connected to the display panel 11 (23) and an
external device. Such dummy wiring lines 41 and 42 serve as
members for reinforcing each of the plurality of COFs 12
(24). Therefore, it is possible for lateral end parts of each of
the plurality of COFs 12 (24) to have higher strengths.
[0112] Note that the dummy wiring lines 41 and 42 can be
electrically connected to either the display panel 11 (23) or
the PWB 16 (25), if necessary.

Embodiment 3

[0113] FIG. 6 illustrates an arrangement of still a further
liquid crystal display device 101 of the present embodiment.
[0114] The liquid crystal display device 101 includes a
liquid crystal display panel 102, a plurality of source drivers
103, a plurality of gate drivers 104, and a controller 105 (see
FIG. 6). The liquid crystal display panel 102 is connected to
atest circuit 113, like the display panels 1,11, and 23. The test
circuit 113 includes a signal application circuit 111 and a
monitoring circuit 112. The test circuit 113 is connected to a
host system 114 to which the liquid crystal display device 101
is connected.

[0115] The liquid crystal display panel 102 includes a plu-
rality gate bus lines, i.e., (mxi) gate bus lines G11 through
Gmi, a plurality source bus lines, i.e., (nxj) source bus lines
S11 through Snj, and a plurality of pixels PIX.

[0116] Hereinafter, the plurality of gate bus lines G11
trough Gmi are collectively referred to as “gate bus line G” in
some cases, if necessary. Further, hereinafter, the plurality of
source bus lines S11 through Snj are collectively referred to as
“source bus line S” in some cases, if necessary.

[0117] The plurality of pixels PIX are provided near from
intersections of the gate bus line G and the source bus line S.
each of the plurality of pixels PIX includes a display element
DE and a thin-film transistor (hereinafter, merely referred to
as “transistor””) which is provided on a glass substrate of the
liquid crystal panel 102.

[0118] In the transistor, (i) its gate is connected to the gate
bus line G, (ii) its source is connected to the source bus line S,
and (iii) its drain is connected to a pixel electrode (not illus-
trated). A common electrode (not illustrated), to which a
common voltage is applied, is provided so as to face the pixel
electrode. The display element DE is defined by the pixel
electrode, the common electrode, and liquid crystal which is
provided between the pixel electrode and the common elec-
trode.

[0119] The plurality of gate bus lines G11 through Gmi, the
plurality of source bus lines S11 through Snj, the plurality of
transistors, and the plurality of pixel electrodes are provided
on the glass substrate. The common electrode is provided on
another glass substrate which is provided to face the above
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glass substrate. The liquid crystal is filled in a gap between the
glass substrates (between the pixel electrode and the common
electrode).

[0120] The number of the plurality of source drivers 103 is
n. Each of the plurality of source drivers 103 includes a shift
register which shifts a start pulse SSP at timing of a source
clock signal SCK. Display data Dx is held on corresponding
jsource bus lines S at timing of a timing pulse outputted from
each stage of outputs of the shift register. Each of the plurality
of'source drivers 103 causes latch circuits to latch the display
data Dx thus held at timing of a latch signal LS so as to output
the display data Dx to the corresponding j source bus lines S.
[0121] The number of the plurality of gate drivers 104 is m.
Each of the plurality of gate drivers 104 includes a shift
register which shifts a start pulse GSP at timing of a gate clock
signal GCK. The gate driver 104 generates a gate pulse by a
timing pulse outputted from each stage of outputs of the shift
register so as to output gate pulses to corresponding i gate bus
lines G.

[0122] The controller 105 generates control signals such as
the start pulse SSP, the source clock signal SCK, and the latch
signal LS each of which is supplied to the source drivers 103,
and outputs the display data Dx to the source drivers 103. The
controller 105 also generates control signals such as the start
pulse GSP and the gate clock signal GCK each of which is
supplied to the gate drivers 104.

[0123] The display panel 1, 11, or 23 is employed as the
liquid crystal display panel 102 of the liquid crystal display
device 101. The driver chip 3 of the display panel 1, (i) the
COF 12 of the display panel 11 or (ii) the COF 24 of the
display panel 23 is employed as each source driver 103 and
each gate driver 104. Accordingly, in a case where the display
panel 1is employed as the liquid crystal display panel 102, the
liquid crystal display panel 102 is connected to the FPC 2. In
a case where the display panel 11 is employed as the liquid
crystal display panel 102, the liquid crystal display panel 102
is connected to the PWB 2. Furthermore, in a case where the
display panel 23 is employed as the liquid crystal display
panel 102, the liquid crystal display panel 102 is connected to
the PWB 25.

[0124] The liquid crystal display device 101 thus includes
the display panel 1, 11, or 23, and it is therefore possible to
easily estimate (i) a broken condition of lateral end parts of
the FPC 2, or PWB 16 (25), which lateral end parts are likely
to be subjected to stresses and/or (ii) a connection condition
between the liquid crystal display panel 102 and the FPC 2 or
a connection condition between the liquid crystal display
panel 102 and the PWB 16 (25), while the liquid crystal
display device 101 is in use.

[0125] The present embodiment has described the arrange-
ment in which the liquid crystal display device 101 includes
the display panel of Embodiment 1 or the display panel 11
(23) of Embodiment 2. Note, however, that the present
embodiment is not limited to this, and the display panel 1, 11
or 23 can be employed in another display device such as an
organic EL. display or a plasma display, provided that the
display panel 1, 11 or 23 can be driven by use of a driver chip
in the another display device.

[0126] The present invention is not limited to the descrip-
tion of the embodiments above, but can be altered by a skilled
person in the art within the scope of the claims. An embodi-
ment derived from a proper combination of technical means
disclosed in different embodiments is encompassed in the
technical scope of the present invention.
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[0127] The embodiments and concrete examples discussed
in the detailed description serve solely to illustrate the tech-
nical details of the present invention, which should not be
narrowly interpreted within the limits of such embodiments
and concrete examples, but rather can be applied in many
ways within the spirit of the present invention, provided that
such modifications do not exceed the scope of the patent
claims set forth below.

INDUSTRIAL APPLICABILITY

[0128] A liquid crystal display device and a method for
testing a liquid crystal display device, in accordance with the
present invention, are suitably applicable even to a display
device such as an in-car display device. This is because it is
possible to estimate a broken condition of a flexible substrate
on which a signal wiring line is provided, while the display
device is even in use, by checking a conductive condition of
the signal wiring line connected to a driving circuit.

REFERENCE SIGNS LIST

[0129] 1,11, 23: Display panel

[0130] 2: FPC (wiring board)

[0131] 3, 13: Driver chip

[0132] 4, 7, 17: Wiring pattern

[0133] 5, 6, 21: Short-circuit wiring line (first short-circuit

wiring line)

[0134] 8, 9: Test wiring section

[0135] 8a, 9a: Wiring line (first wiring line)

[0136] 8b, 95: Wiring line (second wiring line)
[0137] 12,24: COF

[0138] 16, 25: PWB (wiring board)

[0139] 14: Test wiring section

[0140] 14a: Wiring line (third wiring line)

[0141] 145: Wiring line (fourth wiring line)

[0142] 18, 28: Test wiring section

[0143] 18a, 28a: Wiring line (first wiring line)
[0144] 185, 285: Wiring line (second wiring line)
[0145] 19: Test wiring section

[0146] 19a: Wiring line

[0147] 195: Wiring line

[0148] 30, 40, 50, 101: Liquid crystal display device
[0149] 31, 41, 51, 111: Signal application circuit (signal

application means)

[0150] 32, 42, 52, 112: Monitoring circuit (comparison
means)

[0151] 33,43, 53, 113: Test circuit

[0152] 34, 44, 54, 114: Host system (control means)

[0153] 102: Liquid crystal display panel (display panel)

[0154] T1, T3: Terminal (first terminal)

[0155] T2, T4: Terminal (second terminal)

[0156] TA1, TC1: Terminal (first terminal)

[0157] TAZ2, TC2: Terminal (second terminal)

[0158] TX1, TZ1: Terminal (first terminal)

[0159] TX2, TZ2: Terminal (second terminal)

[0160] TB1: Terminal (third terminal)

[0161] TB2: Terminal (fourth terminal)

[0162] TY1: Terminal (third terminal)

[0163] TY2: Terminal (fourth terminal)

1. A method for testing a liquid crystal display device,

the liquid crystal display device including:

a wiring board including (i) a signal supply line via which
a signal for driving a display panel is supplied (ii) a first
wiring line and a second wiring line which extend
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toward the display panel and (iii) a first terminal and a
second terminal which are connected to the first wiring
line and the second wiring line, respectively; and

adisplay panel including a first short-circuit wiring line via
which the first wiring line and the second wiring line are
to be short-circuited in a connection part between the
wiring board and the display panel,

said method comprising the steps of:

(a) causing the wiring board and the display panel to be
connected to each other;

(b) applying a signal to the first terminal; and

(c¢) comparing the signal applied to the first terminal with a
signal outputted from the second terminal.

2. The method as set forth in claim 1, wherein:

in the step (a), the wiring board and the display panel are
connected to each other via an intermediate substrate,
which includes (i) a wiring line via which a signal is
communicated between the display panel and the wiring
board and (ii) a third wiring line and a fourth wiring line,
so that (1) the first wiring line and the first short-circuit
wiring line are electrically connected via the third wiring
line and (2) the second wiring line and the first short-
circuit wiring line are electrically connected via the
fourth wiring line.

3. The method as set forth in claim 2, wherein:

the wiring board further includes (i) a fifth wiring line and
a sixth wiring line and (ii) a third terminal and a fourth
terminal which are connected to the fifth wiring line and
the sixth wiring line, respectively;

the intermediate substrate further includes a second short-
circuit wiring line via which the fifth wiring line and the
sixth wiring line are to be short-circuited in a connection
part between the wiring board and the intermediate sub-
strate; and

said method further comprising the steps of:

causing the wiring board and the intermediate substrate to
be connected to each other;

applying a signal to the third terminal; and

comparing the signal applied to the third terminal with a
signal outputted from the fourth terminal.

4. The method as set forth in claim 1, wherein:

the signal applied to the first terminal is a pulse signal.

5. The method as set forth in claim 1, wherein:

the signal applied to the first terminal is a DC signal.

6. A liquid crystal display device comprising:

a wiring board including (i) a signal supply line via which
a signal for driving a display panel is supplied (ii) a first
wiring line and a second wiring line which extend
toward the display panel and (iii) a first terminal and a
second terminal which are connected to the first wiring
line and the second wiring line, respectively; and

adisplay panel including a first short-circuit wiring line via
which the first wiring line and the second wiring line are
to be short-circuited in a connection part between the
wiring board and the display panel,

the wiring board and the display panel being connected to
each other,

said liquid crystal display device further comprising:

signal application means for applying a signal to the first
terminal; and

comparison means for comparing the signal applied to the
first terminal with a signal outputted from the second
terminal.
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7. The liquid crystal display device as set forth in claim 6,
wherein:
the first wiring line and the second wiring line are provided
in at least one of lateral end parts of the wiring board.
8. The liquid crystal display device as set forth in claim 6,
wherein:
the wiring board and the display panel are connected to
each other via an intermediate substrate, which includes
(1) a wiring line via which a signal is communicated
between the display panel and the wiring board and (ii)
athird wiring line and a fourth wiring line, so that (1) the
first wiring line and the first short-circuit wiring line are
electrically connected via the third wiring line and (2)
the second wiring line and the first short-circuit wiring
line are electrically connected via the fourth wiring line.
9. The liquid crystal display device as set forth in claim 8,
wherein:
the wiring board further includes (i) a fifth wiring line and
a sixth wiring line and (ii) a third terminal and a fourth
terminal which are connected to the fifth wiring line and
the sixth wiring line, respectively;
the intermediate substrate further includes a second short-
circuit wiring line via which the fifth wiring line and the
sixth wiring line are to be short-circuited in a connection
part between the wiring board and the intermediate sub-
strate;
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the signal application means applies a signal to the third
terminal; and
the comparison means compares the signal applied to the
third terminal with a signal outputted from the fourth
terminal.
10. The liquid crystal display device as set forth in claim 8,
wherein:
the intermediate substrate is made up of a plurality of
intermediate substrates; and
the wiring board and the display panel are connected to
each other via the plurality of intermediate substrates.
11. The liquid crystal display device as set forth in claim 9,
wherein:
each of the plurality of intermediate substrates includes the
fifth wiring line and the sixth wiring line in each of its
lateral end parts.
12. The liquid crystal display device as set forth in claim 8,
wherein:
the wiring board is a printed wiring board; and
the intermediate substrate is a wiring board in which an
integrated circuit for driving the display panel is pro-
vided on a film.
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