EP 2 346 024 A1

(1 9) Europaisches
Patentamt
European
Patent Office
Office européen
des brevets

(12)

(11) EP 2 346 024 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
20.07.2011 Bulletin 2011/29

(21) Application number: 09824671.3

(22) Date of filing: 16.09.2009

(51) IntCl.:
G09G 3/36(2006.01) GO2F 1/133 (2006.01)
GO9F 9/30 (2006.0) GO9F 9/35 (2006.01)
G09G 3/20(2006.01)

(86) International application number:
PCT/JP2009/066149

(87) International publication number:
WO 2010/052971 (14.05.2010 Gazette 2010/19)

(84) Designated Contracting States:
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR
HRHUIEISITLILT LU LV MC MK MT NL NO PL
PT RO SE SI SK SM TR
Designated Extension States:
AL BARS

(30) Priority: 10.11.2008 JP 2008288157

(71) Applicant: Sharp Kabushiki Kaisha
Osaka-shi, Osaka 545-8522 (JP)

(72) Inventors:
¢ Yoshino, Naoki
Osaka 545-8522 (JP)
¢ Itoh, Motomitsu
Osaka 545-8522 (JP)

(74) Representative: Goddar, Heinz J. et al
Forrester & Boehmert
Pettenkoferstrasse 20-22
80336 Miinchen (DE)

(54) DISPLAY APPARATUS

(57)  Aliquid crystal display apparatus (display appa-
ratus) (1) provided with a liquid crystal panel (display unit)
(2) for displaying information includes a source driver (da-
ta wiring drive unit) (23) having an amplifier output unit
(33) for outputting to each of a plurality of source wirings
(Sm to S(m+m)) a source signal (data signal) according
to information to be displayed on the liquid crystal panel
(2), a redundant wiring (Y) provided as a backup wiring
for the source wirings (S), and a redundant amplifier (36)
capable of outputting to the redundant wiring (Y) a source
signal according to information to be displayed on the
liquid crystal panel (2), the redundant amplifier (36) out-
putting to the redundant wiring (Y) and a source wiring
(Sm) to which to the redundant wiring (Y) is connected
a corresponding source signal at a timing earlier than the
amplifier output unit (33) by a prescribed amount of time.
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Description
Technical Field

[0001] The present invention relates to a display ap-
paratus provided with a display unit for displaying infor-
mation such as characters and images, and more par-
ticularly to a display apparatus having a plurality of data
wirings, to which data signals according to the informa-
tion are input, and a redundant wiring thereof.

Background Art

[0002] In recent years, liquid crystal display appara-
tuses, for example, have been widely used in liquid crys-
tal display televisions, monitors, mobile telephones and
the like as flat panel displays characterized by being low
profile and lightweight in comparison with existing cath-
ode-ray tubes. Such liquid crystal display apparatuses
are provided with a liquid crystal panel serving as a dis-
play unit for displaying information such as characters
and images, and in this liquid crystal panel are provided
a plurality of data wirings (source wirings) and a plurality
of scan wirings (gate wirings) arrayed in a matrix, and a
plurality of pixels having switching elements such as thin
film transistors (TFTs) in proximity to the intersections
between the data wirings and the scan wirings.

[0003] Also, inaconventional liquid crystal display ap-
paratus, an output amplifier that is connected to one end
of each of the plurality of source wirings and that outputs
a source signal (data signal) according to information to
be displayed to each source wiring, and an backup output
amplifier, which is a redundant amplifier provided as
backup for the output amplifier, are provided in a source
driver, as disclosed in a below described Patent Docu-
ment 1. This backup output amplifier is constituted using
an operational amplifier, with a normal-phase input ter-
minal and an output terminal thereof respectively being
connected to a first backup wiring and a second backup
wiring. Also, with this conventional liquid crystal display
apparatus, an external circuit provided outside the source
driver is connected between a reverse-phase input ter-
minal and an output terminal of the backup output am-
plifier.

[0004] Specifically, the external circuit is provided with
a parallel circuit of a resistor and a capacitor, which are
connected between the reverse-phase input terminal of
the backup output amplifier and GND, as a reverse-
phase input circuit of the backup output amplifier, and a
resistor connected between the output terminal and the
reverse-phase input terminal of the backup output am-
plifier as a feedback circuit from the output to the reverse-
phase input of the backup output amplifier.

[0005] Also, withthis conventional liquid crystal display
apparatus, when a disconnection occurs on one of the
source wirings, the output of the output amplifier con-
nected to that source wiring is connected to the first back-
up wiring, and the opposite end of the source wiring to
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the source driver end is connected to the second backup
wiring. With this conventional liquid crystal display appa-
ratus, the section of the disconnected source wiring from
the output amplifier to the disconnection point and pixels
connected thereto are thereby charged using the output
from the output amplifier. On the other hand, the section
from the opposite end to the source driver end that is
connected to the second backup wiring to the disconnec-
tion point and pixels connected thereto are charged using
the output from the backup output amplifier.

[0006] Further, with this conventional liquid crystal dis-
play apparatus, it is disclosed that the section from the
disconnection point to the connection point between the
source wiring and the first backup wiring and the section
from the disconnection point to the connection point be-
tween the source wiring and the second backup wiring
can be charged to substantially the same voltage at the
end of a signal supply period to the disconnected source
wiring, by suitably selecting the resistance values (ele-
ment constants) of the two resistors included in the ex-
ternal circuit. With this conventional liquid crystal display
apparatus, it is also disclosed that even when a discon-
nection occurs on a source wiring, a drop in display qual-
ity can be prevented by avoiding undercharging on that
source wiring.

Citation List
Patent Literature
[0007]
Patent Literature 1: WO 08/075480 (2008)
Disclosure of the Invention
Problem to be Solved by the Invention

[0008] However, with a conventional liquid crystal dis-
play apparatus such as the above, because the external
circuit is provided outside the source driver (data wiring
drive unit), the problem of the circuit structure becoming
complex and increasing in size arises. Also, with this con-
ventional liquid crystal display apparatus, when a discon-
nection occurs on a source wiring (data wiring), the re-
sistance values of the two resistors in the external circuit
need to be changed according to the location of the dis-
connection point, the length of the signal supply period
of the source signal (data signal) and the like, requiring
time and effort to prevent a drop in display quality

[0009] Further, withthe above conventional liquid crys-
tal display apparatus, because first and second backup
wirings (redundant wirings) are provided, it may not be
possible to prevent the circuit structure becoming com-
plex and increasing in size. Also, when a disconnection
occurs on a source wiring, that source wiring needs to
be connected at the two locations of the first and second
backup wirings, requiring time and effort to make these
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connections.

[0010] The present invention has been made in con-
sideration of the above issues, and has as its object to
provide a structurally simple display apparatus that is
able to easily prevent a drop in display quality even when
a disconnection occurs on a data wiring.

Means for Solving the Problem

[0011] In order to attain the above object, a display
apparatus according to the present invention is provided
with a display unit for displaying information, and includes
a plurality of data wirings, a data wiring drive unit con-
nected to one end of each of the plurality of data wirings,
and having an amplifier output unit that outputs to each
of the plurality of data wirings a data signal according to
information to be displayed on the display unit, a redun-
dant wiring provided as a backup wiring for the data wir-
ings, and a redundant amplifier connected to one end of
the redundant wiring and capable of outputting to the
redundant wiring a data signal according to information
to be displayed on the display unit, the redundant ampli-
fier outputting to the redundant wiring and a data wiring
to which to the redundant wiring is connected a corre-
sponding data signal at a timing earlier than the amplifier
output unit by a prescribed amount of time.

[0012] With the display apparatus constituted as de-
scribed above, a redundant amplifier connected to one
end of a redundant wiring and capable of outputting a
data signal is provided, so that even when a disconnec-
tion occurs on a data wiring, undercharging on that data
wiring can be prevented, without providing two redundant
wirings. Also, by connecting the redundant wiring at only
one place with respect to the data wiring that has suffered
a disconnection, undercharging on that data wiring can
be prevented Further, because the redundant amplifier
outputs a corresponding data signal to the redundant wir-
ing and the data wiring to which to the redundant wiring
is connected at a timing earlier than the amplifier output
unit by a prescribed amount of time, the section from the
amplifier output unit to the disconnection point of the data
wiring and the section from the redundant amplifier to the
disconnection point on the data wiring via the redundant
wiring can be charged to substantially the same voltage
at the end of a signal supply period of the data signal.
Accordingly, a display apparatus can be constituted that,
unlike the above conventional example, is structurally
simple and able to easily prevent a drop in display quality
even when a disconnection occurs on a data wiring.
[0013] Also, with the above display apparatus, prefer-
ably the redundant amplifier is integrally provided in the
data wiring drive unit.

[0014] In this case, the circuit structure of the display
apparatus can be easily compacted, in comparison with
the case where the data wiring drive unit and the redun-
dant amplifier are provided separately.

[0015] Also, with the above display apparatus, prefer-
ably the data wiring drive unit is provided with a storage
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unit that stores a data signal input from outside, and a
selection unit that is provided between the storage unit
and the redundant amplifier, and selectively outputs on
the redundant amplifier side only the corresponding data
signal for the data wiring to which to the redundant wiring
is connected.

[0016] In this case, the circuit size of the data wiring
drive unit can be reduced.

[0017] Also, with the above display apparatus, prefer-
ably a value of the prescribed amount of time, in a case
where a disconnection occurs on a data wiring and the
redundant wiring is connected to the data wiring, is de-
termined using a resistance value of wiring from the am-
plifier output unit to a disconnection point of the data wir-
ing and a resistance value of wiring from the redundant
amplifier to the disconnection point of the data wiring via
the redundant wiring.

[0018] In this case, the section of the data wiring to
which to the redundant wiring is connected from the am-
plifier output unit to the disconnection point of the data
wiring and the section from the redundant amplifier to the
disconnection point of the data wiring via the redundant
wiring can be reliably charged to substantially the same
voltage at the end of the signal supply period of the data
signal. As aresult, even when a disconnection occurs on
a data wiring, a drop in display quality can be reliably
prevented by avoiding undercharging on that data wiring.
[0019] Also, with the above display apparatus, an ef-
fective display area may be set in the display unit, the
plurality of data wirings may be provided at least inside
the effective display area, and the redundant wiring may
be provided outside the effective display area.

[0020] In this case, because the redundant wiring is
provided outside the effective display area, display qual-
ity in the effective display area can be easily improved.
[0021] Also, with the above display apparatus, a liquid
crystal panel provided with a pair of transparent sub-
strates and a liquid crystal layer that is sandwiched by
the pair of the transparent substrates may be used for
the display unit.

[0022] In this case, a liquid crystal display apparatus
that is able to suitably operate a liquid crystal layer and
in which adrop in display quality is prevented, even when
a disconnection occurs on a data wiring, can be easily
configured.

Effects of the Invention

[0023] According to the present invention, a structur-
ally simple display apparatus thatis able to easily prevent
a drop in display quality even when a disconnection oc-
curs on a data wiring can be provided.

Brief Description of Drawings

[0024]

[FIG. 1] FIG. 1 is a schematic cross-sectional view
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illustrating a liquid crystal display apparatus accord-
ing to a first embodiment of the present invention.
[FIG. 2] FIG. 2 illustrates a main configuration of a
liquid crystal panel shown in FIG. 1.

[FIG. 3] FIG. 3 is a plan view showing printed circuit
boards and flexible printed circuit boards shown in
FIG. 1.

[FIG. 4] FIG. 4 illustrates a main configuration of a
source driver.

[FIG. 5] FIG. 5 illustrates an operational example of
a source driver.

[FIG. 6] FIG. 6 illustrates a main configuration of a
source driver in a liquid crystal display apparatus ac-
cording to a second embodiment of the present in-
vention.

Best Mode for Carrying Out the Invention

[0025] Hereinafter, preferred embodiments of a dis-
play apparatus of the present invention will be described
with reference to the drawings. Note that in the following
description, the case where the present invention is ap-
plied to a transmissive liquid crystal display apparatus
will be illustrated as an example. Also, the dimensions
of the constituent members in the drawings do not faith-
fully represent the dimensions of the actual members or
the proportions of the members.

[First Embodiment]

[0026] FIG. 1is aschematic cross-sectional view illus-
trating a liquid crystal display apparatus according to a
first embodiment of the present invention. In FIG. 1, a
liquid crystal display apparatus 1 of the present embod-
iment has provided therein a liquid crystal panel 2 serving
as a display unit installed with the upper side in the dia-
gram being the viewing side (display surface side), and
an illumination apparatus 3 that is disposed on the non-
display side of the liquid crystal panel 2 (lower side in the
diagram) and emits illumination light for illuminating the
liquid crystal panel 2.

[0027] The liquid crystal panel 2 is provided with a lig-
uid crystal layer 4, an active matrix substrate 5 and a
color filter substrate 6 that serve as a pair of transparent
substrates that sandwich the liquid crystal layer 4, and
polarizing plates 7 and 8 that are respectively provided
on the outer surfaces of the active matrix substrate 5 and
the color filter substrate 6. Also, a flexible printed circuit
board 9 and a printed circuit board 10 that is connected
to the flexible printed circuit board 9 are provided in the
liquid crystal panel 2. A plurality of flexible printed circuit
boards 9 and printed circuit boards 10 are provided ac-
cording to the number of source drivers 23 that are pro-
vided, as will be described in detail later.

[0028] The flexible printed circuit boards 9 are what
are known as SOF (System On Film), and source drivers
23 serving as drivers for driving the liquid crystal layer 4
in pixel units are mounted on the flexible printed circuit
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boards 9. Note that with the flexible printed circuit boards
9, the surface (upper surface in FIG. 1) on the opposite
side to the surface on which the source drivers 23 are
installed abuts a heat dissipation sheet H constituted by
synthetic resin, for example, and heat generated by the
source drivers 23 is dissipated to the outside via the heat
dissipation sheet H through a below-mentioned bezel.
[0029] Also, with the plurality of printed circuit boards
10, two adjacent printed circuit boards 10 are connected
to each other by a flexible printed circuit board 28 (dis-
cussed in detail below). Further, a below-mentioned pan-
el control unit is electrically connected to the printed cir-
cuit boards 10, and drive control of the source drivers 23
is performed by the panel control unit. With the liquid
crystal panel 2, the polarization state of illumination light
that is incident via the polarizing plate 7 is modulated by
the liquid crystal layer 4 and the amount of light passing
through the polarizing plate 8 is controlled to display a
desired image.

[0030] Note thataliquid crystal mode and a pixel struc-
ture of the liquid crystal panel 2 are arbitrary. A drive
mode of the liquid crystal panel 2 is also arbitrary. That
is, an arbitrary liquid crystal panel that is able to display
information can be used as the liquid crystal panel 2.
Hence, a detailed structure of the liquid crystal panel 2
is not shown in FIG. 1, and a description thereof is also
omitted.

[0031] In the illumination apparatus 3, a bottomed
chassis 12 that is open on the upper side in the diagram
(liquid crystal panel 2 side) and a frame 13 thatis installed
on the liquid crystal panel 2 side of the chassis 12 are
provided. The chassis 12 and the frame 13 are consti-
tuted by a metal or a synthetic resin, and are sandwiched
by a bezel 14 that has an L-shaped cross-section, in a
state where the liquid crystal panel 2 is installed above
the frame 13. Specifically, the chassis 12 is the casing
of the illumination apparatus 3 which houses below-men-
tioned cold-cathode fluorescent tubes serving as light
sources. The bezel 14 is for housing the liquid crystal
panel 2, and is assembled to the frame 13 and the chassis
12, in a state where the liquid crystal panel 2 is sand-
wiched between the bezel 14 and the frame 13, which is
also referred to as a plastic chassis. The illumination ap-
paratus 3 is assembled to the liquid crystal panel 2, and
is integrated as a transmissive liquid crystal display ap-
paratus 1 in which illumination light from the illumination
apparatus 3 is incident on the liquid crystal panel 2.
[0032] The illumination apparatus 3 is provided with a
diffuser plate 15 installed so as to cover the opening of
the chassis 12, an optical sheet 17 installed on the liquid
crystal panel 2 side above the diffuser plate 15, and a
reflective sheet 21 provided on the inner surface of the
chassis 12. Also, with the illumination apparatus 3, a plu-
rality of, for example, six cold-cathode fluorescent tubes
20 are provided inside the chassis 12 below the liquid
crystal panel 2, and constitute a back-lit illumination ap-
paratus 3. The illumination apparatus 3 is configured
such that light from the cold-cathode fluorescent tubes
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20 exits from a light-emitting surface of the illumination
apparatus 3 disposed facing the liquid crystal panel 2 as
the illumination light.

[0033] Note that while a configuration using a back-lit
illumination apparatus 3 is described in the above de-
scription, the present embodiment is not limited thereto,
and an edge-litillumination apparatus having alight guide
panel may also be used. Also, an illumination apparatus
having a light source other than a cold-cathode fluores-
cent tube such as a hot-cathode fluorescent tube or an
LED can also be used.

[0034] The diffuser plate 15 is constituted by a syn-
thetic resin or a glass material that is about 2 mm thick
and rectangular in shape, for example, and diffuses light
from the cold-cathode fluorescent tubes 20 such that the
light exits from the optical sheet 17 side. Also, the diffuser
plate 15is incorporated inside the illumination apparatus
3 with the four sides thereof placed on a frame-like sur-
face provided on the upper side of the chassis 12, and
in a state of being sandwiched by the surface of the chas-
sis 12 and the inner surface of the frame 13 with an elas-
tically deformable pressing member 16 interposed ther-
ebetween. Further, an approximately central portion of
the diffuser plate 15is supported by atransparent support
member (not shown) installed inside the chassis 12, and
bending of the diffuser plate 15 into the chassis 12 is
prevented.

[0035] The diffuser plate 15 is movably held between
the chassis 12 and the pressing member 16, and even
when deformation resulting from expansion and contrac-
tion (plastic deformation) occurs in the diffuser plate 15
due to the influence of heat such as heat produced by
the cold-cathode fluorescent tubes 20 or a rise in tem-
perature inside the chassis 12, a drop in the diffusivity of
light from the cold-cathode fluorescent tubes 20 is pre-
vented to the maximum extent possible as a result of the
plastic deformation being absorbed by the pressing
member 16 elastically deforming. Also, the case of using
a diffuser plate 15 made of a glass material that is heat
resistant in comparison with synthetic resin is preferable
in terms of inhibiting yellow discoloration, heat deforma-
tion and the like as well as warpage due the above-men-
tioned influence of heat.

[0036] The optical sheet 17 includes a condenser
sheet constituted by a synthetic resin film of about 0.5
mm in thickness, for example, and is configured to raise
the luminance of the illumination light on the liquid crystal
panel 2. Also, the optical sheet 17 is configured such that
known optical sheet materials such as a prism sheet, a
diffuser sheet and a polarizing sheet for improving the
display quality on the display surface of the liquid crystal
panel 2 or the like are appropriately laminated as neces-
sary. The optical sheet 17 is configured to convert light
exiting from the diffuser plate 15 to planar light having a
uniform luminance that is greater than or equal to a pre-
scribed luminance (e.g., 10000 cd/m2), and cause the
planar light to be incident on the liquid crystal panel 2
side asillumination light. Note that in addition to the above
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description, an optical member such as a diffuser sheet
for adjusting the viewing angle of the liquid crystal panel
2 may be appropriately laminated above (display surface
side) the liquid crystal panel 2, for example.

[0037] Also, the optical sheet 17 has a protruding por-
tion protruding on the left side of FIG. 1 that is formed in
a central portion of the left side edge of FIG. 1, which is
the upper side when the liquid crystal display apparatus
1isinactual use, for example. Only the protruding portion
of the optical sheet 17 is sandwiched by the inner surface
of the frame 13 and the pressing member 16 with an
elastic material 18 interposed therebetween, and the op-
tical sheet 17 is incorporated in a state of being able to
expand and contract inside the illumination apparatus 3.
Thereby, even when expansion and contraction (plastic)
deformation due to the above-mentioned influence of
heat such as heat produced by the cold-cathode fluores-
cent tubes 20 occurs, the optical sheet 17 is able to freely
expand and contract on the basis of the protruding por-
tion, and the occurrence of creasing, bending or the like
of the optical sheet 17 is prevented to the maximum ex-
tent possible. As a result, the liquid crystal display appa-
ratus 1 is configured to be able to prevent the occurrence
of a drop in display quality on the display surface of the
liquid crystal panel 2, such as uneven luminance, caused
by bending or the like of the optical sheet 17 to the max-
imum extent possible.

[0038] Straightfluorescent tubes are used for the cold-
cathode fluorescenttubes 20, and electrode portions pro-
vided at both ends (not shown) thereof are supported
outside the chassis 12. Also, narrow fluorescent tubes
of about 3.0 to 4.0 mm in diameter and having excellent
emission efficiency are used for the cold-cathode fluo-
rescent tubes 20, and the cold-cathode fluorescent tubes
20 are held inside the chassis 12 in a state where the
respective distances to the diffuser plate 15 and the re-
flective sheet 21 are maintained at a prescribed distance
by unshown light source holders. Further, the cold-cath-
ode fluorescent tubes 20 are disposed such that the lon-
gitudinal direction thereof is parallel with a direction or-
thogonal to the direction in which gravity acts. Thereby,
with the cold-cathode fluorescent tubes 20, collection of
mercury (vapor) sealed inside the tubes at one longitu-
dinal end due to the action of gravity can be prevented,
and lamp life is greatly improved.

[0039] The reflective sheet 21 is constituted by a thin
film of a metal having high light reflectivity such as alu-
minum or silver about 0.2 to 0.5 mm thick, for example,
and is configured to function as a reflector that reflects
light from the cold-cathode fluorescent tubes 20 toward
the diffuser plate 15. Thereby, with the illumination ap-
paratus 3, light emitted from the cold-cathode fluorescent
tubes 20 is efficiently reflected to the diffuser plate 15
side, and the use efficiency of the light and the luminance
of the diffuser plate 15 can be enhanced. Note that in
addition to the above description, instead of the metal
thin film, it is also possible to use a synthetic resin reflec-
tive sheet material or to apply a white coating material or



9 EP 2 346 024 A1 10

the like having high reflectivity to the inner surface of the
chassis 12, for example, such that the inner surface func-
tions as a reflector.

[0040] Next, the liquid crystal panel 2 will be described
in detail with reference also to FIG. 2.

[0041] FIG. 2 illustrates a main configuration of the lig-
uid crystal panel shown in FIG. 1.

[0042] In FIG. 2, the liquid crystal display apparatus 1
(FIG. 1) has provided therein a panel control unit 22 that
performs drive control of the liquid crystal panel 2 (FIG.
1) serving as the above display unit for displaying infor-
mation such as characters and images, a plurality of, for
example, nine source drivers 23-1, 23-2,..., 23-8, 23-9
(hereinafter, collectively referred to as "source drivers
23") and a plurality of, for example, six gate drivers 24-1,
24-2, ..., 24-5, 24-6 (hereinafter, collectively referred to
as "gate drivers 24") that operate based on an instruction
signal from the panel control unit 22.

[0043] A video signal from outside the liquid crystal
display apparatus 1 is input to the panel control unit 22.
Also, the panel control unit 22 is provided with an image
processing unit 22a that performs prescribed image
processing on the input video signal and generates re-
spective instruction signals for the source drivers 23 and
the gate drivers 24, and a frame buffer 22b capable of
storing one frame of display data included in the input
video signal. As a result of the panel control unit 22 per-
forming drive control on the source drivers 23 and the
gate drivers 24 according to the input video signal, infor-
mation according to the video signal is displayed on the
liquid crystal panel 2.

[0044] The source drivers 23 are mounted on the flex-
ible printed circuit boards 9, as mentioned above. Simi-
larly, the gate drivers 24 are mounted on below-men-
tioned flexible printed circuit boards. Also, these source
drivers 23 and gate drivers 24 are drive circuits for driving
a plurality of pixels P provided in an effective display area
A of the liquid crystal panel 2 in pixel units, and a plurality
of source wirings S1 to SM (hereinafter, collectively re-
ferred to as source wirings S, where Mis an integer great-
er than or equal to 9) and a plurality of gate wirings G1
to GN hereinafter, collectively referred to as gate wirings
N, where N is an integer greater than or equal to 6) are
respectively provided in the source drivers 23 and the
gate drivers 24.

[0045] Inotherwords, the source wirings (data wirings)
S are connected to the source drivers 23, and the source
drivers 23 constitute a data wiring drive unit that outputs
a source signal (data signal) according to information to
be displayed on the liquid crystal panel 2. On the other
hand, the gate wirings (scan wirings) G are connected
to the gate drivers 24, and the gate drivers 24 constitute
a scan wiring drive unit for outputting a below-mentioned
scan signal.

[0046] The source wirings S and the gate wirings G
are arrayed in a matrix in at least the effective display
area A, and in each block of the matrix is respectively
formed one of the plurality of pixels P. More specifically,
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the source wirings S include source wiring main portions
S1b, S2b, S3b, --- and so on parallelly arrayed in the
vertical direction of the liquid crystal panel 2, and con-
nection wiring portions S1a, S2a, S3a,and so on linking
these source wiring main portions S1b, S2b, S3b, --- and
so on to the source drivers 23 so as to be as close as
possible, as illustrated in FIG. 2. Similarly, the gate wir-
ings G include gate wiring main portions G1b, G2b, ---
and so on parallelly arrayed in the horizontal direction of
the liquid crystal panel 2, and connection wiring portions
G1a, G2a, --- and so on linking these gate wiring main
portions G1b, G2b,and so on to the gate drivers 24 so
as to be as close as possible.

[0047] The plurality of pixels P include red, green and
blue pixels. These red, green and blue pixels are sequen-
tially arranged in this order, for example, parallel to the
gate wiring main portions G1b, G2b, --- and so on each
of the gate wirings G.

[0048] A gate of a switching element 25 provided in
each pixel P is connected to the gate wiring main portions
G1b, G2b, --- and so on. On the other hand, a source of
the switching element 25 is connected to the source wir-
ing main portions S1b, S2b, S3b,and so on. A pixel elec-
trode 26 provided in each pixel P is connected to a drain
of the switching element 25. Also, each pixel P is config-
ured such that a common electrode 27 opposes the pixel
electrode 26 in a state where the liquid crystal layer 4
(FIG. 1) provided in the liquid crystal panel 2 is sand-
wiched therebetween. The gate drivers 24 sequentially
output a scan signal for setting the gate of the corre-
sponding switching element 25 to on to the gate wirings
G1to GN, based on the instruction signal from the image
processing unit 22a. On the other hand, the source driv-
ers 23 output a voltage signal (gradation voltage) accord-
ing to the luminance (gradation) of the display image to
the corresponding source wirings S1 to SM, based on
the instruction signal from the image processing unit 22a.
[0049] Also, aredundantwiringY serving as a backup
wiring for the source wirings S is connected to each of
the plurality of source drivers 23-1 to 23-9. This redundant
wiring Y is provided on the active matrix substrate 5 (FIG.
1), outside the effective display area A. Also, when a
disconnection, for example, occurs on one of the source
wirings S, the redundant wiring Y is connected to an end
of that source wiring S on the opposite side to the source
driver 23, and outputs the source signal of the source
driver 23 from the opposite end of the source wiring S to
the disconnection point to charge the voltage of the
source signal (discussed in detail later).

[0050] Here, the source drivers 23 of the present em-
bodiment will be described in detail with reference also
to FIGS. 3 and 4.

[0051] FIG. 3is a plan view showing the printed circuit
boards and the flexible printed circuit boards shown in
FIG. 1, and FIG. 4 illustrates a main configuration of the
source drivers.

[0052] First, the connection states of the active matrix
substrate 5 with the source drivers 23 and the gate drivers
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24 will be described in detail with reference to FIG. 3.
[0053] AsshowninFIG. 3, with the liquid crystal panel
2, the nine source drivers 23-1 to 23-9 are respectively
mounted on nine flexible printed circuit boards (SOF) 9.
One end of each flexible printed circuit board 9 is con-
nected outside the effective display area A to a source
wiring S on the active matrix substrate 5. Also, the source
drivers 23-1 to 23-9 each have connected thereto the
same number of source wirings S, that is, (M/9) source
wirings S.

[0054] The otherend of the flexible printed circuit board
9 is connected to a printed circuit board 10. Specifically,
as illustrated in FIG. 3, with the liquid crystal panel 2,
three printed circuit boards 10 are provided, and three
flexible printed circuit boards 9 are connected to each
printed circuit board 10. A flexible printed circuit board
28 is provided between two adjacent printed circuit
boards 10, and these two printed circuit boards 10 are
connected to each other. That is, two flexible printed cir-
cuit boards 28 are provided for the three printed circuit
boards 10, and the nine source drivers 23-1 to 23-9 are
sequentially connected by interposing these printed cir-
cuit boards 10 and flexible printed circuit boards 28, so
as to function as a single source driver. Also, the panel
control unit 22 is connected to the middle printed circuit
board 10, and an instruction signal according to informa-
tion to be displayed on the display unit of the liquid crystal
panel 2 is input to the source drivers 23-1 to 23-9 from
the image processing unit 22a inside the panel control
unit 22. The source drivers 23-1 to 23-9 each then output
the above-mentioned voltage signal to a corresponding
source wiring S.

[0055] Also, with the liquid crystal panel 2, the six
source drivers 24-1 to 24-6 are respectively mounted on
six flexible printed circuit boards (SOF) 11. One end of
each flexible printed circuit board 11 is connected outside
the effective display area A to a gate wiring G on the
active matrix substrate 5. The gate drivers 24-1 to 24-6
each have connected thereto the same number of gate
wirings G, that is, (N/6) gate wirings. Further, the gate
drivers 24-1 to 24-6 are connected to the panel control
unit 22 via wirings (not shown) provided on the corre-
sponding flexible printed circuit board 11 and the active
matrix substrate 5. The gate drivers 24-1 to 24-6 each
input the instruction signal from the image processing
unit 22a, and output the above scan signal to a corre-
sponding gate wiring G.

[0056] Also, with the liquid crystal panel 2, as a result
of the flexible printed circuit boards 9 and 11 being bent
relative to the active matrix substrate 5, these flexible
printed circuit boards 9 and 11 and the printed circuit
boards 10 are disposed inside the bezel 14, as shown in
FIG. 1.

[0057] Next, the configuration of the source drivers 23
of the present embodiment will be described in detail,
with reference to FIG. 4.

[0058] Asillustrated in FIG. 4, the source drivers 23 of
the present embodiment each have provided therein a
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sampling memory 31 serving as a storage unit, and a
latch 32, an amplifier output unit 33 and a selector 34
that are sequentially connected to this sampling memory
31, and a source signal is output to source wirings Sm,
S(m+ 1), - ---, S(m+m) connected to the selector 34.
[0059] A source signal (data signal) is input to the sam-
plingmemory 31 from outside, and the input source signal
(data signal) is appropriately stored, based on the instruc-
tion signal from the panel control unit 22. The latch 32
collectively latches and stores the source signal stored
in the sampling memory 31, based on the instruction sig-
nal from the panel control unit 22.

[0060] One end of each of the plurality of source wir-
ings Sm to S(m+m) is connected to the amplifier output
unit 33 via the selector 34, and a source signal according
to information to be displayed on the liquid crystal panel
(display unit) 2 is output. That is, the amplifier output unit
33 is configured to input a source signal from the latch
32 based on the instruction signal from the panel control
unit 22, and output the source signal to a corresponding
source wiring S via the selector 34.

[0061] Also, a selector 35 connected between the am-
plifier output unit 33 and the selector 34 and a redundant
amplifier 36 connected to this selector 35 are provided
in the source drivers 23 of the present embodiment. One
end of the redundant wiring Y is connected to this redun-
dant amplifier 36, and the redundant amplifier 36 is con-
figured to be able to output a source signal according to
information to be displayed on the liquid crystal panel 2
to the redundant wiring Y, based on the instruction signal
from the panel control unit 22. Also, the selector 35 is
configured to select only the source signal for the source
wiring S to which the redundant wiring Y is connected,
among the plurality of source signals respectively corre-
sponding (output) to the plurality of source wirings Sm to
S(m+m) output from the amplifier output unit 33 to the
selector 34, and to output the selected source signal from
the amplifier output unit 33 to the redundant amplifier 36.
[0062] Also, the redundant wiring Y, as described
above, is wired outside the effective display area A, and
is configured to be used as a backup wiring for a source
wiring S that suffers a disconnection. That is, with the
liquid crystal display apparatus 1 of the present embod-
iment, when it is discriminated in a manufacturing step
of the liquid crystal panel 2 that a disconnection has oc-
curred on the source wiring Sm at a disconnection point
X, for example, the source wiring Sm is connected to the
redundant wiring Y by being welded thereto at a connec-
tion point M outside the effective display area A by a
laser, for example. Thereby, with the source drivers 23
of the present embodiment, as will be described in detail
later, even when a disconnection occurs on a source wir-
ing S, a source signal is output to the source wiring S
and pixels P connected thereto by interposing the redun-
dant wiring Y, and those pixels P can be charged to the
voltage of the source signal.

[0063] Also, the redundant amplifier 36 is configured
to output a corresponding source signal to the redundant
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wiring Y and the source wiring Sm to which the redundant
wiring Y is connected at a timing earlier than the amplifier
output unit 33 by a prescribed amount of time. The value
of this prescribed amount of time, in the case where, for
example, a disconnection has occurred on the source
wiring Sm at the disconnection point X and the redundant
wiring Y is connected to the source wiring Sm, is deter-
mined using a resistance value of wiring from the ampli-
fier output unit 33 to the disconnection point X and a
resistance value of wiring from the Redundant amplifier
36 to the disconnection point X via the redundant wiring
Y With the source drivers 23 of the present embodiment,
the redundant amplifier 36 is configured to input from the
selector 35 a source signal to be output to the source
wiring Sm, and to output the source signal from the se-
lector 35 to the redundant wiring Y at an earlier timing
than the timing at which the amplifier output unit 33 out-
puts the source signal to the source wiring Sm by a pre-
scribed amount of time.

[0064] Note that information relating to the source wir-
ing Sm to which the redundant wiring Y is connected after
suffering a disconnection (includes position information,
for specifying the source wiring Sm), and data relating to
the prescribed amount of time determined as described
above is appropriately stored and held in a memory (not
shown) provided in the panel control unit 22.

[0065] Here, operations of the liquid crystal display ap-
paratus 1 of the present embodiment configured as de-
scribed above will be described in detail, with reference
also to FIG. 5. Note that in the following description, op-
erations of the source drivers 23 in the case where a
disconnection has occurred on the source wiring Sm
shown in FIG. 4 and the source wiring Sm is connected
to the redundant wiring Y will be described.

[0066] FIG. 5 illustrates example operations of the
source drivers.
[0067] At a point T1, the redundant amplifier 36 (FIG.

4) is changed to an on state and output of a source signal
to the redundant wiring Y and the source wiring Sm is
started, as shown in FIG. 5(d). Charging by the source
signal is thereby started in the pixel P provided at an
intersection C (FIG. 4) of the source wiring Sm and the
gate wiring G2, as shown by a dotted line 60b in FIG. 5
(b). Also, since the source signal is supplied to this pixel
P via the redundant wiring Y, the rise is slow, as shown
by the dotted line 60b.

[0068] Subsequently, a scan signal for setting the gate
of the switching element 25 (FIG. 2) to an on state is input
the gate wiring G2 at a point T2, as respectively shown
by the solid line 50a in FIG. 5(a) and the solid line 50b in
FIG. 5(b). Then, at a point T3 after a prescribed amount
oftime has elapsed from the point T1, the amplifier output
unit 33 (FIG. 4) is changed to an on state and output of
a source signal to the source wiring S(m+1) (FIG. 4) is
started, as shown in FIG. 5(c). Charging by the source
signal is thereby started in the pixel P provided at an
intersection B (FIG. 4) of the source wiring S(m+1) and
the gate wiring G2, as shown by a dotted line 60a in FIG.
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5(a).

[0069] Next, ata point T4, a scan signal for setting the
gate of the switching element 25 to an off state is input
to the gate wiring G2, as respectively shown the solid
line 50a in FIG. 5(a) and the solid line 50b in FIG. 5(b),
after which the amplifier output unit 33 and the redundant
amplifier 36 are changed to an off state and output of the
source signal is stopped, as respectively shown in FIG.
5(c) and FIG. 5(d).

[0070] As a result of the above operations, the pixel P
provided at the intersection B and the pixel P provided
at the intersection C are charged to the same voltage by
the source signal between the point T3 and the point T4,
as shown in FIG. 5(e) and FIG. 5(f).

[0071] Withthe liquid crystal display apparatus 1 of the
present embodiment configured as described above, a
redundant amplifier 36 connected to one end of a redun-
dant wiring Y and capable of outputting the source signal
(data signal) is provided, so that even when a disconnec-
tion occurs on a source wiring (data wiring) S, under-
charging on the source wiring S can be prevented, with-
out providing two redundant wirings. Also, with the liquid
crystal display apparatus 1 of the present embodiment,
simply by connecting at one place the redundant wiring
Y to a source wiring S that has suffered a disconnection,
undercharging on that source wiring S can be prevented
[0072] Further, with the liquid crystal display apparatus
1 of the present embodiment, the redundant amplifier 36
outputs a corresponding source signal to the redundant
wiring Y and the source wiring S to which the redundant
wiring Y is connected at an earlier timing than the ampli-
fier output unit 33 by a prescribed amount of time, so that
atthe end of the signal supply period of this source signal,
the section from the amplifier output unit 33 to the dis-
connection point of the source wiring S and the section
from the redundant amplifier 36 to the disconnection point
on the source wiring S via the redundant wiring Y can be
charged to substantially the same voltage. Accordingly,
in the present embodiment, a liquid crystal display appa-
ratus 1 that, unlike the above conventional example, is
structurally simple and able to easily prevent a drop in
display quality even when a disconnection occurs on a
source wiring S can be configured.

[0073] Also, with the liquid crystal display apparatus 1
of the present embodiment, the value of the prescribed
amount of time is determined using the resistance value
of wiring from the amplifier output unit 33 to the discon-
nection point on the source wiring S and the resistance
value of wiring from the redundant amplifier 36 to the
disconnection point on the source wiring S via the redun-
dant wiring Y Thereby, with the liquid crystal display ap-
paratus 1 of the present embodiment, the section of the
source wiring S to which the redundant wiring Y is con-
nected from the amplifier output unit 33 to the disconnec-
tion point and the section from the redundant amplifier
36 to the disconnection point on the source wiring S via
the redundant wiring Y can be reliably charged to sub-
stantially the same voltage at the end of the signal supply
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period of the source signal. As a result, with the liquid
crystal display apparatus 1 of the present embodiment,
even when a disconnection occurs on a source wiring S,
a drop in display quality can be reliably prevented by
avoiding undercharging on that source wiring.

[0074] Also, with the liquid crystal display apparatus 1
of the present embodiment, the pixel P connected to the
source wiring S(m+1) that has not suffered a disconnec-
tion and the pixel P connected to the source wiring Sm
that has suffered a disconnection can be charged to sub-
stantially the same voltage, as shown in FIG. 5(e) and
FIG. 5(f). Accordingly, in the present embodiment, a lig-
uid crystal display apparatus 1 that is able to suitably
drive the liquid crystal layer 4 and in which a drop in dis-
play quality is prevented even when a disconnection oc-
curs on a source wiring S can be easily configured.

[Second Embodiment]

[0075] FIG. 6 illustrates a main configuration of a
source driver in a liquid crystal display apparatus accord-
ing to a second embodiment of the present invention. In
FIG. 6, the present embodiment differs from the first em-
bodiment in that a selector for selectively outputting on
the redundant amplifier side only a corresponding data
signal for a source wiring to which the redundant wiring
is connected is provided between the sampling memory
and the redundant amplifier. Note that elements that are
in common with the first embodiment are given the same
reference numerals, and redundant description thereof
will be omitted.

[0076] Thatis, as shown in FIG. 6, in the present em-
bodiment, the source drivers (data wiring drive unit) 23
are each provided with a sampling memory 41 serving
as a storage unit, and a first latch 42 and an amplifier
outputunit43 thatare sequentially connected to this sam-
pling memory 41, and a source signal is output to source
wirings Sm, S(m+1), ---, S(m+m) connected to the am-
plifier output unit 43.

[0077] Asource signal (data signal) is input to the sam-
plingmemory 41 from outside, and the input source signal
(data signal) is appropriately stored, based on an instruc-
tion signal from a panel control unit 22. The first latch 42
collectively latches and stores the source signal stored
in the sampling memory 41, based on the instruction sig-
nal from the panel control unit 22.

[0078] One end of each of the plurality of source wir-
ings Sm to S(m+m) is connected to the amplifier output
unit 43, and a source signal according to information to
be displayed on a liquid crystal panel (display unit) 2 is
output. That is, the amplifier output unit 43 is configured
to input a source signal from the first latch 42 based on
the instruction signal from the panel control unit 22, and
output the source signal to a corresponding source wiring
S.

[0079] Also, a selector 44 serving as a selection unit
connected to the sampling memory 41 and a second latch
45 and a redundant amplifier 46 sequentially connected
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to this selector 44 are provided in the source drivers 23
of the present embodiment. One end of the redundant
wiring Y is connected to this redundant amplifier 46, and
the redundant amplifier 46 is configured to be able to
output a source signal according to information to be dis-
played on the liquid crystal panel 2 to the redundant wiring
Y, based on the instruction signal from the panel control
unit 22. Also, the selector 44 is configured to selectively
outputto the second latch 45 only a corresponding source
signal for the source wiring S to which the redundant
wiring Y is connected, based on the instruction signal
from the panel control unit 22. The second latch 45 is
configured to latch and store the source signal from the
selector 44, and to output the stored source signal to the
redundant amplifier 46, based on the instruction signal
from the panel control unit 22.

[0080] The redundant amplifier 46 is configured to out-
puta corresponding source signal to the redundant wiring
Y and the source wiring Sm to which the redundant wiring
Y is connected at a timing earlier than the amplifier output
unit 43 by a prescribed amount of time, similarly to the
redundant amplifier of the first embodiment. With the
source drivers 23 of the present embodiment, the redun-
dant amplifier 46 is configured to input from the second
latch 45 a source signal to be output to the source wiring
Sm, and to output the source signal from the second latch
45 to the redundant wiring Y at an earlier timing than the
timing at which the amplifier output unit 43 outputs the
source signal to the source wiring Sm by a prescribed
amount of time.

[0081] The above configuration enables the present
embodiment to achieve substantially similar functions
and effects to the first embodiment. In the present em-
bodiment, a selector (selection unit) 44 for selectively
outputting on the redundant ampilifier 46 side only a cor-
responding source signal (data signal) for a source wiring
(data wiring) S to which to the redundant wiring Y is con-
nected is provided between the sampling memory (stor-
age unit) 41 and the redundant amplifier 46. With the
source drivers (data wiring drive unit) 23 of the present
embodiment, the circuit size of the source drivers 23 can
thereby be reduced in comparison with the source drivers
of the first embodiment. That is, with the source drivers
23 of the present embodiment, the number of wirings
connected to the selector 35 does not need to be the
same as the number of source wirings Sm to S(m+m)
provided between the amplifier output unit 33 and the
selector 34, as was the case with the source drivers of
the first embodiment shown in FIG. 4.

[0082] The foregoing embodiments are to be consid-
ered in all respects as illustrative and not restrictive. The
scope of the invention is indicated by the claims, and all
modifications that come within the meaning and range
of equivalency of the claims are intended to be embraced
therein.

[0083] Forexample, inthe above description, the case
where the present invention is applied to a transmissive
liquid crystal display apparatus was described, but the
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display apparatus of the present invention is not limited
thereto, and the present invention can be applied to var-
ious types of display apparatus, such as a semi-trans-
missive or reflective liquid crystal display apparatus or
an organic EL (Electronic Luminance) element, an inor-
ganic EL element or a field emission display

[0084] In the above description, the case where a re-
dundant amplifier was integrally provided in the source
drivers (data wiring drive unit) was described, but the
present invention is not limited thereto, and the data wir-
ing drive unit and the redundant amplifiers may be pro-
vided separately.

[0085] The case where the redundant ampilifier is in-
tegrally provided in the source drivers (data wiring drive
unit), as in the above embodiments, is preferable, how-
ever, from the point of view of being able to easily achieve
a compact circuit structure in the display apparatus in
comparison with the case where the data wiring drive
unit and the redundant amplifiers are provided separate-
ly.

[0086] In the above description, the case where the
source drivers (data wiring drive unit) are mounted on a
flexible printed circuit board (SOF) was described, but
the data wiring drive unit of the present invention is not
limited thereto. Specifically, a data wiring drive unit that
is COG (Chip On Glass) mounted on the active matrix
substrate of the liquid crystal panel, for example, can also
be used.

[0087] In the above description, the case where the
redundant wiring is provided outside an effective display
area set in the display unit was described, but the redun-
dant wiring of the present invention may be provided in-
side the effective display area, as long as the redundant
wiring is provided as a backup wiring for the data wirings.
[0088] The case where the redundant wiring is provid-
ed outside the effective display area, as in the above
embodiments, is preferable, however, from the point of
view of easily improving the display quality in the effective
display area.

Industrial Applicability

[0089] The present invention is industrially applicable
as a structurally simple display apparatus that is able to
easily prevent a drop in display quality even when a dis-
connection occurs on a data wiring.

List of Reference Numerals
[0090]

1: Liquid crystal display apparatus (display appara-
tus)

2: Liquid crystal panel (display unit)

4: Liquid crystal layer

5 : Active matrix substrate (pair of transparent sub-
strates)

6: Color filter substrate (pair of transparent sub-
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10

strates)

23, 23-1 to 23-9: Source drivers (data wiring drive
unit)

31, 41: Sampling memory (storage unit)

33,43: Amplifier output unit

36, 46: Redundant amplifier

44: Selector (selection unit)

S, S1 to SM, Sm to S(m+m): source wirings (data
wirings)

Y: Redundant wiring

A: Effective display area

X: Disconnection point

Claims

1. Addisplay apparatus provided with a display unit for
displaying information, comprising:

a plurality of data wirings;

a data wiring drive unit connected to one end of
each of the plurality of data wirings, and having
an amplifier output unit that outputs to each of
the plurality of data wirings a data signal accord-
ing to information to be displayed on the display
unit;

a redundant wiring provided as a backup wiring
for the data wirings, and

a redundant amplifier connected to one end of
the redundant wiring and capable of outputting
to the redundant wiring a data signal according
toinformation to be displayed on the display unit,
wherein the redundant amplifier outputs to the
redundant wiring and a data wiring to which to
the redundant wiring is connected a correspond-
ing data signal at a timing earlier than the am-
plifier output unit by a prescribed amount of time.

2. Thedisplay apparatus according to claim 1, wherein
the redundant amplifier is integrally provided in the
data wiring drive unit.

3. Thedisplay apparatus according to claim 2, wherein
the data wiring drive unit includes:

a storage unit that stores a data signal input from
outrider and

aselection unitthatis provided between the stor-
age unit and the redundant amplifier, and selec-
tively outputs on the redundant amplifier side
only the corresponding data signal for the data
wiring to which to the redundant wiring is con-
nected.

4. Thedisplayapparatus accordingtoany one of claims
1 to 3, wherein a value of the prescribed amount of
time, in a case where a disconnection occurs on a
data wiring and the redundant wiring is connected
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to the data wiring, is determined using a resistance
value of wiring from the amplifier output unit to a dis-
connection point of the data wiring and a resistance
value of wiring from the redundant amplifier to the
disconnection point of the data wiring via the redun-
dant wiring.

The display apparatus according to any one of claims
1to 4,

wherein an effective display area is set in the display
unit,

the plurality of data wirings are provided at least in-
side the effective display area, and

the redundant wiring is provided outside the effective
display area.

The display apparatus according to any one of claims
1to 5, wherein a liquid crystal panel provided with a
pair of transparent substrates and a liquid crystal lay-
er that is sandwiched by the pair of the transparent
substrates is used for the display unit.
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