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DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] There has been conventionally known a liquid
crystal display device driven by an active matrix manner as
one of typical display devices. Note that, the present speci-
fication describes a liquid crystal display device as an
example of the display device according to the present
invention; however, the present invention is not limited to
this kind of display device but may be used for other types
of display device.

[0002] As shown in FIG. 10, the active-matrix type liquid
crystal display device includes an pixel array ARY and a
scanning signal line driving circuit GD and a data signal line
driving circuit SD.

[0003] The pixel array ARY includes a plurality of scan-
ning signal line GL (1) through GL (j) and a plurality of data
signal lines SL (1) through SL (i) intersecting with each
other, and each square created by two adjacent scanning
signal lines GL (hereinafter referred to as GL to specify an
arbitrary one, or also as a generic name) and two adjacent
data signal lines SL (hereinafter referred to as SL to specify
an arbitrary one, or also as a generic name) is provided with
a pixel PIX. Thus, the pixels PIX are aligned in a matrix
manner.

[0004] The data signal line driving circuit SD mainly
includes a shift register and a sampling circuit, and supplied
with a start pulse signal SSP and a clock signal SCK as
control signals from an external circuit (not shown), which
also supplies an image signal VIDEO to the data signal line
driving circuit SD. When the start pulse SSP is supplied, the
data signal line driving circuit SD samples the supplied
image signal VIDEO in synchronism with the clock signal
SCK by using the clock signal as a timing signal, and then
amplifies the image signal as required before writing it into
the data signal lines SL (1) through SL (i).

[0005] The scanning signal line driving circuit GD mainly
includes a shift register, and supplied with a start pulse GSP
and a clock signal GCK as control signals from an external
circuit (not shown). When the start pulse signal GSP is
supplied, the scanning signal line driving circuit GD drives
the scanning signal lines GL (1) through GL(j) by sequen-
tially selecting these signal lines in synchronism with the
clock signal GCK by using the clock signal as a timing
signal. With this operation, a switching element (described
later) provided in the pixel PIX is turned on or off, so that
the image signal (data) written in the data signal line SL is
written to the pixel PIX, and is held in the pixel PIX.

[0006] With such a display device, the applicant of the
present invention suggests a technique of constituting at
least one of the data signal line driving circuit SD and the
scanning signal line driving circuit GD of a plurality of
driving circuits, so as to individually drive each of the
driving circuits or to operate both of them together (An
example of this technique can be found in Japanese Laid-
Open Patent Application Tokukai 2002-32048 (published on
Jan. 31, 2002), corresponding to US Laid-open Patent Appli-
cation No. US2002/075249A1).

[0007] With this technique, it is possible to select one of
the driving circuits for driving the pixel array according to
the type of supplied image or the usage environment.
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Therefore, image display can be carried out with an optimal
display format, and power consumption can be reduced.

[0008] For example, in case of carrying out both mono-
chrome display and color display with a single display
device, monochrome display is performed by processing
monochrome data by a processing circuit for color display.
However, in this manner, monochrome display consumes
the same quantity of power as that for color display, and
therefore there are no advantages in carrying out mono-
chrome display. In view of this problem, there has been
suggested another display device including a plurality of
driving circuits respectively for monochrome display and
color display so as to take advantage of low power con-
sumption of monochrome display.

[0009] Further, this structure having a plurality of driving
circuits enables overwriting of images by performing writ-
ing of image signals with some time differences, thus
realizing superimpose display without externally processing
the image signals.

[0010] As described, the applicant of the present invention
has already suggested a structure of providing a plurality of
driving circuits, which are individually driven or driven
together, to at least one of the data signal line driving circuit
or the scanning signal line driving circuit.

[0011] As a typical arrangement for this structure, one of
the plurality of driving circuits are supplied with two-
systems clock signal, and the remaining driving circuits are
supplied with one system clock signal.

[0012] More specifically, in an arrangement in which two
data signal line driving circuits are provided on both ends of
the data signal lines by being connected to each other via the
data signal lines, one of the data signal line driving circuits
includes two-systems of shift register for handling two-
systems of signal, while the other data signal line driving
circuit includes one system shift register for handling one of
the clock signals of two-system.

[0013] In this case, to simplify the structure of an external
interface, one clock signal is supplied in parallel to the two
data signal line driving circuits. However, in this case, there
arises unevenness of sampling timing of image signals in the
data signal line driving circuit using two systems of clock
signal, thus causing a problem of decrease of display quality.

[0014] Such unevenness is caused by difference of wiring
load due to difference in leading manner of wiring between
the two-systems of clock signal. More specifically, as shown
in FIG. 11, a first clock signal ck1 is supplied to both a first
data signal line driving circuit SD1 provided on the end
close to a signal input section 103, and a second data signal
line driving circuit SD2 provided on the other end, while a
second clock signal ck2 is supplied only to the first data
signal line driving circuit SD1. The first clock signal ckl
supplied both of the first and second data signal driving
circuits SD1 and SD2 has a longer wiring length 100, which
causes a greater wiring load, than the wiring 101 of the
second clock signal ck2 only supplied to the first data signal
line driving circuit SD1, thus causing difference of wiring
load between the wiring 100 and wiring 101.

[0015] As shown in FIG. 12, assuming that the wiring 100
and the wiring 101 are respectively supplied with the first
clock signal ck1 and the second clock signal ck2 opposite in



US 2004/0119675 Al

phase to each other. In this case, the first clock signal ckl
supplied to the wiring 100 with greater wiring load gets
behind of the second clock signal ck2. Accordingly, even
when the wiring 100 and the wiring 101 have an equal
distance from the signal input section 103, the phase relation
between the first clock signal ¢kl supplied through the
wiring 100 and the second clock signal ck2 supplied through
the wiring 101 changes. In the data signal line driving circuit
SD1, the change of phase relation between the respective
clock signals causes difference of sampling timing of the
image signal.

[0016] As one possible solution for such a case, the
respective clock signals ck1 and ck2 are previously adjusted
in an external circuit where the respective clock signals are
created, so as to cancel such change of phase relation due to
difference in wiring load between the wiring 100 and the
wiring 101.

[0017] However, when the value of correction time is 25
ns, for example, the external circuit requires a source clock
(system clock) of not less than 20 Mhz, and causes an
increase of power consumption. In recent years, the
described display device is often used as a display section of
a mobile device, and therefore, the source clock tends to be
reduced for realizing low power consumption. Therefore,
there are some difficulties to adopt the foregoing method of
correcting the change of phase relation in the external
circuit.

[0018] Further, in case of liquid crystal display device,
which is described above, the wiring load tend to depend on
a capacitor constituted of the wiring, a counter electrode,
and a liquid crystal layer (dielectric substance) which is held
between the wiring and the counter electrode. Therefore, the
wiring load changes depending on the material or thickness
of the liquid crystal layer, and if the difference is corrected
by an external circuit, correction level have to be adjusted
for each display panel, thus increasing costs.

SUMMARY OF THE INVENTION

[0019] The present invention is made in view of the
foregoing conventional problems, and an object is to provide
a display device realizing desirable display quality by pre-
venting influence of difference in leading manner of wiring
and without increasing power consumption, even in an
arrangement in which a plurality of signals related to each
other, such as a clock signal of plural systems, are supplied
to a driving circuit by using different wirings for the respec-
tive plural signals in order to simplify the structure of
external interface, for example, in such a manner that a part
of the signals is singly supplied, and the other part is
supplied also to the other circuit.

[0020] In order to solve the foregoing problems, a display
device according to the present invention includes: a scan-
ning signal line driving circuit for driving scanning signal
lines; and a data signal line driving circuit for driving data
signal lines intersecting the scanning signal lines, at least
one of the scanning signal line driving circuit and the data
signal line driving circuit is supplied with at least first and
second signals, the first signal being supplied in parallel to
other circuit than the driving circuit supplied with the first
and second signals, the display device further comprising
wiring load adjustment section for equalizing wiring load of
the second signal which is supplied to the driving circuit,
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and of wiring load of the first signal which is supplied in
parallel to the driving circuit and the other circuit.

[0021] The other circuit may be such as driving circuits for
driving the scanning signal lines or the data signal lines. The
first and second signals may be clock signals of plural
systems, or digital image signals constituted of a plurality of
bits, and are divided into at least two bit groups.

[0022] For example, as a typical arrangement for the
structure in which two data signal line driving circuits are
provided on both sides of data signal lines by being con-
nected to each other through the data signal lines, one of the
two data signal line driving circuits are supplied with
two-systems clock signal, and the other driving circuit is
supplied with one system clock signal.

[0023] In this case, to simplify the structure of an external
interface, one clock signal is often supplied in parallel to the
two data signal line driving circuits. However, in this case,
there arises difference in wiring load between the first clock
signal and the second clock signal in the data signal line
driving circuit using two clock signal, i.e., the first clock
signal (first signal) and the second clock signal (second
signal) which is singly supplied, thus causing a problem of
unevenness of signal delays. Such unevenness of signal
delay changes phase relation between the first and second
signal clocks from the optimal relation determined upon
designing of the device. This change induces unevenness of
sampling timing of image signals in the data signal line
driving circuit, thus decreasing display quality.

[0024] As one possible solution for such a case, the
respective clock signals are previously adjusted in an exter-
nal circuit where the respective clock signals are created, so
as to cancel such change of phase relation due to difference
in wiring load between the first and second clock signals.
However, as described, this arrangement requires a source
clock (system clock) having significantly high frequency in
the external circuit, thus causing an increase of power
consumption. This increase of power consumption will be a
serious problem for a display device used in a mobile device.

[0025] 1In view of this problem, as described, the present
invention provides wiring load adjustment section for equal-
izing wiring load of the second signal which is supplied to
the driving circuit, and of wiring road of the first signal
which is supplied in parallel to the driving circuit and the
other circuit.

[0026] With the foregoing arrangement, the wiring load of
the first clock signal (first signal) supplied to both of the two
data signal line driving circuits, and the wiring load of the
second clock signal (second signal) singly supplied to one
data signal line driving circuit can be adjusted to be even
without the foregoing method of correcting the first and
second signal clocks in an external circuit by using higher
power consumption. Thus, it is possible to keep difference in
delay time between the first and second clock signals within
an allowable range. Consequently, sampling of image signal
can be properly carried out in the data signal line driving
circuit using both the first and second clock signals, thus
improving display quality.

[0027] The foregoing explanation uses a data signal line
driving circuit as one example; however, if the scanning
signal line driving circuit is supplied with plural systems of
clock signal, the foregoing change in phase relation between
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the clock signals of respective systems also causes unwanted
influence, which is unevenness in selection timing of scan-
ning signal lines. However, a clock signal in the scanning
signal line driving circuit has a lower frequency than that of
a clock signal in the data signal line driving circuit, and
therefore the change in phase relation causes less influence
in a scanning signal line driving circuit than that in a data
signal line driving circuit. In this view, the present invention
is more effective for the data signal line driving circuit.

[0028] In a typical structure having a plurality of data
signal line driving circuits or a plurality of scanning signal
line driving circuits, in order to simplify the structure of an
external interface, the first clock signal (first signal) of one
system, which is one of the first and second clock signals of
two systems used in one of the driving circuits, is supplied
in parallel to the other circuit. However, in this case, there
arises unevenness of signal delay between the first clock
signal (first signal) supplied in parallel to both of two driving
circuits and the second clock signal (second signal) which is
singly supplied, due to unevenness in wiring load between
these two clock signals. Such unevenness in signal delay
further causes change in phase relation between the first and
second clock signals, thus decreasing display quality. Fur-
ther, when the respective clock signals are previously cor-
rected in an external circuit so as to cancel such change of
phase relation, there arises an increase of power consump-
tion.

[0029] However, by thus providing the wiring load adjust-
ment section for equalizing wiring load of the first clock
signal (first signal) supplied to both of the two data signal
line driving circuits, and wiring load of the second clock
signal (second signal) singly supplied to one data signal line
driving circuit, it is possible to suppress difference in signal
delay between the first and second clock signals within an
allowable range without the foregoing method of correcting
the first and second signal clocks in an external circuit by
using higher power consumption, so that the proper phase
relation between the first and second clock signals can be
maintained, thus maintaining desirable display quality.

[0030] More specifically, it is possible to provide a display
device realizing desirable display quality by preventing
influence of difference in leading manner of wiring and
without increasing power consumption, even in an arrange-
ment in which a plurality of signals related to each other,
such as a clock signal of plural systems, are supplied to a
driving circuit by using different wirings for the respective
plural signals in order to simplify the structure of external
interface, for example, in such a manner that a part (second
signal) of the signals is singly supplied, and the other part
(first signal) is supplied also to the other circuit.

[0031] 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 evident from the following explanation in reference to the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1is a plan view schematically illustrating the
main part of wiring of a liquid crystal display device
provided with dummy wiring, according to one embodiment
of the present invention.
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[0033] FIG. 2 is a block diagram schematically illustrat-
ing an arrangement of the foregoing liquid crystal display
device.

[0034] FIG. 3 is an equivalent circuit diagram illustrating
an arrangement of a pixel of the foregoing liquid crystal
display device.

[0035] FIG. 4 is a circuit block diagram illustrating an
arrangement example of a first data signal line driving
circuit of the foregoing liquid crystal display device.

[0036] FIG. 5 is a timing chart for respective signals
related to the first data signal line driving circuit of FIG. 4.

[0037] FIG. 6 is a circuit block diagram illustrating an
arrangement example of a second data signal line driving
circuit of the foregoing liquid crystal display device.

[0038] FIG. 7 is a timing chart for respective signals
related to the second data signal line driving circuit of FIG.

6.

[0039] FIG. 8(a) is a magnified drawing illustrating an
example of dummy wiring.

[0040] FIG. 8(b) is a drawing illustrating a structure of a
capacitor section constituting wiring load adjustment sec-
tion.

[0041] FIG. 8(c) is a drawing illustrating wiring load
adjustment section constituted of semiconductor layer of a
thin film transistor.

[0042] FIG. 9(o) is a plan view illustrating an example
position of a capacitor constituting wiring load adjustment
section by forming dummy wiring.

[0043] FIG. 9(b) is a plan view illustrating another
example position of a capacitor constituting wiring load
adjustment section by forming dummy wiring,

[0044] FIG. 10 is a block diagram schematically illustrat-
ing a structure of a typical conventional liquid crystal
display device.

[0045] FIG. 11 is a plan view illustrating an arrangement
of a liquid crystal display device including two data signal
line driving circuit, in which the two data signal line driving
circuits are both supplied with the same clock signal ¢kl or
ck2.

[0046] FIG. 12 is a waveform diagram of the clock signals
ckl and ck2 supplied to the foregoing two data signal line
driving circuit.

DESCRIPTION OF THE EMBODIMENTS

[0047] One embodiment of the present invention will be
described below with reference to FIGS. 1 through 9(b).

[0048] Present embodiment uses an active-matrix-type
liquid crystal display device as an example of the display
device of the present invention.

[0049] As shown in FIG. 2, the active-matrix-type liquid
crystal display device according to the present invention
includes a pixel array ARY, a scanning signal line driving
circuit GD1, and two (first and second) data signal line
driving circuit SD1 and SD2 which are respectively pro-
vided on both sides of the pixel array ARY.
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[0050] The pixel array ARY includes a plurality of scan-
ning signal line GL (1) through GL (j) and a plurality of data
signal lines SL (1) through SL (i) intersecting with each
other, and each square created by two adjacent scanning
signal lines GL and two adjacent data signal lines SL is
provided with a pixel PIX. Thus, the pixels PIX are aligned
in a matrix manner.

[0051] The first and second data signal line driving circuits
SD1 and SD2 are both mainly made up of a shift register and
a sampling circuil. The first data signal line driving circuit
SD1 is supplied with a start pulse signal SSP1 and two
systems of clock signal: a first and second clock signals
SCK1 and SCK2 as control signals from an external circuit
(not shown), which also supplies an image signal VIDEO to
the first data signal line driving circuit SD1. The second data
signal line driving circuit SD2 is supplied with as control
signals a start pulse SSP2 and the first clock signal SCK1
which is also supplied to the first data signal line driving
circuit SD1, from an external circuit (not shown), which also
supplies an image signal VIDEO to the second data signal
line driving circuit SD2.

[0052] The structure and operation of the first and second
data signal line driving circuits SD1 and SD2 will be
explained later in detail with reference to FIGS. 4 through
7. Briefly, the two data signal line driving circuits SD1 and
SD2 are provided on both ends of the data signal lines SL(1)
through SL(i), i.e., having these data signal lines therebe-
tween. This structure allows both of the data signal line
driving circuits SD1 and SD2 to drive the data signal lines
SL(1) through SL(i).

[0053] The scanning signal line driving circuit GD mainly
includes a shift register, and supplied with a start pulse
signal GSP and a clock signal GCK as control signals from
an external circuit (not shown). When the start pulse signal
GSP is supplied, the scanning signal line driving circuit GD
drives the scanning signal lines GL(1) through GL(j) by
sequentially selecting these signal lines in synchronism with
the clock signal GCK by using the clock signal as a timing
signal. With this operation, a switching element (described
later) provided in the pixel PIX is turned on or off, so that
the image signal (data) written in the data signal line SL is
written to the pixel PIX, and is held in the pixel PIX.

[0054] As shown in FIG. 3, the pixel PIX is constituted of
a field-effect-type thin film transistor SW as an active
element, and a pixel capacitor CP. The pixel capacitor CP
includes a liquid crystal capacitor CL, and an auxiliary
capacitor CS which is additionally provided when required.
One of the electrodes of the liquid crystal capacitor CL
constituting the pixel capacitor CP and one of the electrodes
of the auxiliary capacitor CS are connected to the data signal
line SL via the drain or source of the thin film transistor SW
as an active element. Further, the gate of the thin film
transistor SW is connected to the scanning signal line GL.
The other electrode of the liquid crystal capacitor CL and the
other electrode of the auxiliary capacitor are connected to a
common counter electrode COM, which is used for all
pixels, via respective electrode lines. Further, The liquid
crystal modulates its transmittance or reflectance by a volt-
age applied to the liquid crystal capacitors CL of the
respective pixels, so as to perform image display.

[0055] The following will explain an example of the
structure and operation of the first and second data signal
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line driving circuits SD1 and SD2 with reference to FIGS.
4 through 7. In this example, the two data signal line driving
circuits SD1 and SD2 are a high-resolution data signal line
driving circuit and a low-resolution data signal line driving
circuit, respectively, which are individually driven.

[0056] FIG. 4 shows a circuit arrangement of the first data
signal line driving circuit SD1 disposed in the upper part of
FIG. 2. The first data signal line driving circuit SD1 is a
high-resolution data signal line driving circuit, and includes
a two-system shift registers SR1 and SR2 and analog
switches ASW1(1) through ASWI1(i) which are supplied
with each output of the two-system shift registers SR1 and
SR2, so as to sample an image signals VIDEO which are
separately supplied. These analog switches ASWI(1)
through ASW(i) constitute a sampling circuit.

[0057] The shift register SR1 is supplied with a start pulse
signal SSP1 and the first clock signal SCK1. Then, the shift
register SR1 sequentially outputs sampling signal SMP1(1),
SMP1(3), . . . SMPI1(i-1), which are supplied to the analog
switches ASW1(1), ASW1(3) through ASW1(i-1) and
sequentially turn on these switches. While the analog
switches ASWI1(1), ASW1(3) through ASWI1(i-1) are
turned on, the image signals VIDEO having been separately
supplied to these switches are sampled, and outputted to
corresponding data signal lines SI(1), SL(3) through SL(i-
.

[0058] Meanwhile, the shift register SR2 is supplied with
a start pulse signal SSP1 and the second clock signal SCK2.
Then, the shift register SR2 sequentially outputs sampling
signal SMP1(2), SMP1(4), . . . SMP1(i), which are supplied
to the analog switches ASWI1(2), ASW1(4) through
ASWI(i) and sequentially turn on these switches. While the
analog switches ASW1(2), ASW1(4) through ASW1(i) are
turned on, the image signals VIDEO having been separately
supplied to these switches are sampled, and outputted to
corresponding data signal lines SL(2), SL(4) through SL(i).

[0059] FIG. 5 shows a timing chart for the respective
signals related to the first data signal line driving circuit
SD1. The timings of the first clock signal SCK1 and the
second clock signal SCK2 differ from each other by % of the
period. When the start pulse signal SSP1 is supplied to the
shift register SR1 and the shift register SR2, the shift
registers SR1 and SR2 outputs sampling signals SMP1(1),
SMP1(2), . . . SMPI1(i) in synchronism with the first clock
signal SCK1 or the second clock signal SCK2, which have
been supplied thereto.

[0060] Meanwhile, FIG. 6 shows a circuit arrangement of
the second data signal line driving circuit SD2 disposed in
the lower part of FIG. 2. The second data signal line driving
circuit SD2 is a low-resolution data signal line driving
circuit, and includes only a shift register SR3, which is
supplied with a start pulse signal SSP2 and the first clock
signal SCK1.

[0061] The shift register SR3 sequentially outputs sam-
pling signal SMP2(1), SMP2(2), . . . SMP2(i/2), which are
supplied to the analog switches ASW2(1), ASW2(2) through
ASW?2(i) and sequentially turn on these switches by turning
on two adjacent switches at a time. While the analog
switches ASW2(1), ASW2(2) through ASW2(i) are turned
on, the image signals VIDEO having been separately sup-
plied to these switches are sampled, and outputted to cor-
responding two adjacent ones of data signal lines SL(1),
SL(2) through SL(i).
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[0062] FIG. 7 shows a timing chart for the respective
signals related to the second data signal line driving circuit
SD2. When the start pulse signal SSP2 is supplied to the
shift register SR3, the shift registers SR3 outputs sampling
signals SMP2(1), SMP2(2), . . . SMP2(i/2) in synchronism
with the first clock signal SCK1, which have been supplied
thereto.

[0063] As described, in the second data signal line driving
circuit SD2, two analog switches are simultaneously con-
trolled so that the image signals VIDEO are supplied in
parallel to two adjacent ones of the data signal lines SL.
Accordingly, resolution upon image display becomes half of
the case where image display on the pixel array ARY is
performed with the first data signal line driving circuit SD1.

[0064] Incidentally, in the foregoing structure having the
first and second data signal line driving circuits SD1 and
SD2, the first clock signal (first signal) SCK1 as a common
signal of the two data signal line driving circuits are supplied
in parallel to these data signal driving circuits SD1 and SD2.
With this arrangement, the structure of external interface can
be simplified compared to the structure where the first clock
signal SCK1 is individually supplied to the respective data
signal line driving circuits SD1 and SD2.

[0065] Note that, in the arrangement where the first clock
signal SCK1 is supplied in parallel to the two data signal line
driving circuits SD1 and SD2, the first clock signal SCK1 is
supplied to both of those data signal line driving circuits
SD1 and SD2 even when only the first data signal line
driving circuit SD1 is driven. However, since the start pulse
SSP2 is not supplied, the second data signal line driving
circuit SD2 will not be in operation.

[0066] However, as described above, when the first clock
signal SCK1 is supplied in parallel to both of the signal line
driving circuits with the foregoing arrangement, there arises
a problem of difference in signal delay quantity between
these two clock signals in the data signal line driving circuit
SD1, which uses both the first and second clock signals
SCK1 and SCK2, due to difference in wiring load between
the first clock signal SCK1 and the second clock signal
(second signal) SCK2 which is singly supplied. This differ-
ence in signal delay quantity further changes phase relation
between these clock signals. With this change in the phase
relation, the sampling timings of the image signal VIDEO in
the first data signal line driving circuit SD1 become uneven,
thus decreasing display quality. Further, when the clock
signals are corrected in an external circuit so as to cancel the
difference in the phase relation, power consumption will
increase.

[0067] As shown in FIG. 1, the present embodiment
solves this problem by providing dummy wiring 3 on wiring
2 used for supplying the second clock signal SCK2 which is
singly supplied. This arrangement offers equal wiring load
for wiring 1 used for the first clock signal SCK1 supplied to
both of the data signal line driving circuits, and for the
wiring 2 used for the second clock signal SCK2 singly
supplied. This adjustment is based on adjustment of time
constants of the respective wirings 1 and 2, more specifi-
cally, adjustment of the time constant T=capacitance
C*resistance R (t=CR), as described above. This adjustment
of time constant for offering equal wiring load of the wiring
2 to that of wiring 1 can be easily carried out by equalizing
time constants of the respective wirings, which are given by
the approximate expression of time constant T.
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[0068] More specifically, the dummy wiring 3 is formed in
a fanfold shape on vacant area closer to the signal input
section 5 on the end portion of the substrate than the data
signal line driving circuit SD1 (refer also to FIG. 8(2)). The
space holding a liquid crystal layer between the substrate
and a counter substrate having a counter electrode COM as
a part of display section is however not involved in image
display. With the dummy wiring 3 formed in such an area,
there created an additional capacitor section 7 with the
dummy wiring 3 as one of electrodes, the counter electrode
COM as the other electrode 4, and the liquid crystal layer as
a dielectric substance 10. The additional capacitor section 7
operates as the wiring load adjustment section.

[0069] With the dummy wiring 3, the wiring load of the
wiring 1 and the wiring load of the wiring 2 can be adjusted
to be even, i.e., wiring loads for the first and second clock
signals SCK1 and SCK2 become even. Thus, it is possible
to keep difference in delay time between the first and second
clock signals SCK1 and SCK2 within an allowable range, so
that the proper phase relation between the first and second
clock signals can be maintained. Consequently, sampling of
image signal VIDEO can be properly carried out in the first
data signal line driving circuit SD1, thus improving display
quality.

[0070] Further, in this structure, the additional capacitor
section 7 as the wiring load adjustment section is constituted
of the original constituting members of the display device,
thus minimizing increase of costs in providing the wiring
load adjustment section.

[0071] Besides, in the liquid crystal display device of the
present invention which includes a liquid crystal layer, the
unevenness of wiring load is mainly caused by a capacitor
generated between the liquid crystal layer and the counter
electrode COM by the wiring la lead to the second data
signal line driving circuit SD2 (refer to FIG. 1). Therefore,
particularly for such a liquid crystal display device, the time
constant between the wirings 1 and 2 can be adjusted to be
even by having the foregoing arrangement in which the
additional capacitor section 7 is formed by a capacitor
constituted of the dummy wiring 3, the liquid crystal layer,
and the counter electrode COM; and the dummy wiring 3 is
formed on the wiring 2 by the same material as that of the
wiring 1a so as to offer the same resistance R for the wiring
1 and the wiring 2. Thus, wiring load can be easily adjusted
with this arrangement.

[0072] Note that, the dummy wiring 3, which is formed in
the foregoing structure in a fanfold shape on the vacant area
close to the signal input section §, can also be formed in a
plate shape to be parallel with the counter electrode COM.
Further, as shown in FIGS. 9(a) and 9(b), the dummy wiring
3 (denoted by a heavy line) can be formed in the periphery
along the display section as the additional capacitor section
7. When thus forming the dummy wiring 3 along the wiring
1a leading to the second data signal line driving circuit SD2,
or providing the dummy wiring 3 on the other side of the
pixel array ARY to be symmetrical with the wiring 1a, it is
possible to easily adjust the time constants of the wirings 1
and 2 to be even by providing the same length to the
respective wirings, if the wirings are made of the same
material and having the equal widths.

[0073] Further, as an alternative structure of the additional
capacitor section 7 which is constituted of the dummy
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wiring 3, the liquid crystal layer, and the counter electrode
COM in the foregoing example, the other e¢lectrode 4 shown
in FIG. 8(b) constituting a capacitor with the dummy wiring
3 may be otherwise made of a transparent conductive film
which is used for forming the pixel electrode (not shown) of
the liquid crystal capacitor CL, or of a metal layer separately
formed for providing intersection of wirings with a contact
hole; and the dielectric substance 10 may be made of an
interlayer insulation film between the dummy wiring 3 and
the conductive film made of the transparent conductive film
or the metal layer.

[0074] Further, the foregoing structure also allows use of
a layer constituting a thin film transistor SW which is an
active element formed on the pixel array ARY. In this case,
as shown in FIG. 8(c), the other electrode 4 is created by
adding impurities to a semiconductor layer 9 of the thin film
transistor SW so as to provide the semiconductor layer 9
with a function similar to high-resistance metal so that the
semiconductor layer 9 operating as an electrode; and the
dielectric substance 10 is made of a gate insulation film 8
formed between the dummy wiring 3 and the semiconductor
layer 9 with a metal-like characteristic.

[0075] In any of the foregoing structures, the additional
capacitor section 7 can be made of the original constituting
members of the display device, thus minimizing increase of
costs in providing the additional capacitor section 7 as the
wiring load adjustment section. Note that, the foregoing
structures not using the liquid crystal layer and the counter
electrode COM cause more difficulties than the structure
using the liquid crystal layer in terms of adjustment of time
constants for even wiring load; however, space for the liquid
crystal layer and the counter electrode COM can be used for
other members, thus offering more flexible layout.

[0076] As described, an active-matrix-type liquid crystal
display device according to the present embodiment
includes the additional capacitor section 7 for equalizing
wiring loads of the first and second clock signals SCK1 and
SCK2 (specifically, the wiring load of the wirings 1 and 2 for
supplying the first and second clock signals SCK1 and
SCK2) so that influence of difference in leading manner of
the respective wirings can be prevented without processing
the first and second clock signals SCK1 and SCK2 in an
external circuit with higher power consumption, and desir-
able display quality can be obtained even with a structure in
which only the first clock signal SCK1, which is one of the
first and second clock signals SCK1 and SCK2 used in the
first data signal line driving circuit SD1, is supplied in
parallel to the second data signal line driving circuit SD2.

[0077] Note that, in the present embodiment, the other
circuit where the first clock signal SCK1 supplied in parallel
is the data signal line driving circuit SD2; however, the other
circuit may be a pre-charging circuit for carrying out pre-
charging of the data signal lines SI(1) through SL(i) in a
retrace period so as to securely carry out writing of the data
signal lines SI(1) through SL(i) in the next frame. Further,
the two data signal line driving circuits SD1 and SD2 have
different corresponding resolutions in the foregoing
example; however, those two data signal line driving circuits
may be a circuit for color display and for monochrome
display, respectively. Further, the two data signal line driv-
ing circuits may be operated together so as to carry out
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superimpose display or the like. Further, the wiring load
adjustment section may be provided in the scanning signal
line driving circuit.

[0078] The basic concept of the present invention is to
provide a dummy wiring 3 having the foregoing arrange-
ment (can also be in a plate shape) for forming a capacitor
so as 1o equalize wiring load between two related signals in
a structure in which a plurality of signals related to each
other (not necessarily 2 kinds) are supplied to at least one
driving circuit (not necessarily a data signal line driving
circuit), and at least one of the plurality of signals is lead in
parallel to the other circuit (not necessarily a driving circuit).

[0079] Note that, in the present invention, the equalization
of wiring load for the first and second signals, as a plurality
of related signals, can be performed by providing even
wiring load to the wirings 1 and 2; however, this arrange-
ment is based on an objective of maintaining the originally
designed phase relation between the second signal singly
supplied and the first signal supplied in parallel to the other
circuit, with equal delay times by wiring load. Accordingly,
in an extreme example, the desired phase relation may be
satisfied by greatly delaying one of the signals so as to delay
the phase of the signal by 1 period.

[0080] Further, in the foregoing example, the first signals
and the second signal, as the plurality of signals related to
each other, are clock signals;, however, the plurality of
signals may also be digital image signals constituted of
plural bits and divided into at least two bit groups. As a
specific example, a digital image signal of 6 bits is supplied
to the first data signal line driving circuit SD1, and the upper
3 bits of the 6 bits digital image signal is supplied to the
second data signal line driving circuit SD2, so as to allow the
respective data signal line driving circuits SD1 and SD2 to
correspond to different gradations.

[0081] As with the case above, in order to simplify exter-
nal interface, the image signal VIDEO in this example is
broken into upper 3 bits and lower 3 bits, so as to supply
only the upper 3 bits to the other circuit.

[0082] In this case, when the upper 3 bits and the lower 3
bits of the 6 bits digital image signal supplied to the first data
signal line driving circuit SD1 have different wiring loads
due to the described reason, sampling of digital image
signals may fail due to change of phase relation in the first
data signal line driving circuit SD1. In this case, use of the
present invention allows adjustment of phase relation, thus
properly operating the circuit without sampling failure.

[0083] Further, as described, the present invention is suit-
able for a structure in which the first signal is supplied to
both the driving circuit and the other circuit from a common
input terminal through a common signal line. With this
structure, a conceivable benefit is reduction of the number of
input terminals for input signals, thus allowing effective use
of substrate area.

[0084] The display device of the present invention is
preferably arranged so that the wiring load adjustment
section adjusts time constants of the respective wirings of
the first and second signals.

[0085] The adjustment of wiring load may be carried out
with calculation using a time constant, in other words, a
wiring capacitor value C, and a wiring resistance value R.
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The wiring capacitor C is calculated by using width and/or
length of wiring constituting the capacitor and a specific
inductive capacity of the dielectric substance held between
the wirings. The capacitor value and the wiring resistance
constituting wiring load can be adjusted by changing the
width and/or length of wiring. Accordingly, the adjustment
of wiring load can easily be carried out by equalizing time
constants of respective wirings, given by an approximate
expression of “time constant t=capacitor C*resistance R
(t=CR)".

[0086] The display device of the present invention is
preferably arranged so that the scanning signal lines and the
data signal lines are formed on a substrate, and a liquid
crystal layer is held between the substrate and a substrate
having a counter electrode, the wiring load adjustment
section uses the liquid crystal layer as a dielectric substance,
and is constituted of dummy wiring connected to the wiring
of the second signal which is supplied to the driving circuit
and a liquid crystal layer on the dummy wiring, and the
counter electrode.

[0087] The foregoing arrangement provides the dummy
wiring to the wiring with smaller load, which is used for the
second signal singly supplied to a driving circuit. The
dummy wiring constitutes a wiring load adjustment capaci-
tor, together with a counter electrode and a liquid crystal
layer.

[0088] Such a wiring load adjustment section may be
composed of original members of the display device, thus
minimizing increase of cost for providing the wiring load
adjustment section.

[0089] Further, in case of a liquid crystal display device
including a liquid crystal layer, the unevenness of wiring
load is mainly caused by a capacitor with an unignorable
amount, which is generated between the liquid crystal layer
and the counter electrode by the wiring for leading the first
signal to the other circuit.

[0090] Therefore, with the foregoing arrangement of pro-
viding dummy wiring with an equal condition to that of the
wiring for leading the first signal to the other circuit, it is
possible to easily adjust the wiring load.

[0091] Further, the display device of the present invention
is preferably arranged so that the scanning signal lines and
the data signal lines are formed on a substrate where an
interlayer insulation film and a conductive film are formed,
and the wiring load adjustment section uses the interlayer
insulation film as a dielectric substance, and is constituted of
dummy wiring connected to the wiring of the second signal
supplied to the driving circuit, the interlayer insulation film,
and the conductive film.

[0092] The foregoing arrangement provides the dummy
wiring to the wiring with smaller load, which is used for the
second signal singly supplied to a driving circuit. The
dummy wiring constitutes a wiring load adjustment capaci-
tor, together with an interlayer insulation film and a con-
ductive film.

[0093] The scanning signal lines and the data signal lines
are thereon provided with pixel electrodes made of trans-
parent conductive film etc., or a metal layer for making
crossing of wirings, via the interlayer insulation film. With
this structure, the foregoing capacitor may be created by
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using the interlayer insulation film as a dielectric substance
and the conductive film as a counter electrode.

[0094] This wiring load adjustment section may also be
composed of original members of the display device, thus
minimizing increase of cost for providing the wiring load
adjustment section.

[0095] The display device of the present invention is
preferably arranged so that the scanning signal lines and the
data signal lines have a thin film transistor for each inter-
section, and the wiring load adjustment section uses layers
for constituting a gate insulation film of a thin film transistor
as a dielectric substance, and is constituted of dummy wiring
connected to the wiring of the second signal supplied to the
driving circuit, and layers for constituting a gate insulation
film and a semiconductor layer of a thin film transistor
stacked on the dummy wiring.

[0096] The foregoing arrangement provides the dummy
wiring to the wiring with smaller load, which is used for the
second signal singly supplied to a driving circuit. The
dummy wiring constitutes a wiring load adjustment capaci-
tor, together with the layers for constituting a gate insulation
film and a semiconductor layer of the thin film transistor
stacked on the dummy wiring.

[0097] Respective intersections of the scanning signal
lines and the data signal lines are often provided with thin
film transistors operating as active elements. In this struc-
ture, the foregoing capacitor may be created with an elec-
trode made of the semiconductor layer of the thin film
transistor, supplied with impurities to have a function similar
to high-resistance metal; and a dielectric substance made of
the layer for constituting the gate insulation film included in
the thin film transistor.

[0098] This wiring load adjustment section may also be
composed of original members of the display device, thus
minimizing increase of cost for providing the wiring load
adjustment section.

[0099] The embodiments and concrete examples of imple-
mentation discussed in the foregoing detailed explanation
serve solely to illustrate the technical details of the present
invention, which should not be narrowly interpreted within
the limits of such embodiments and concrete examples, but
rather may be applied in many variations within the spirit of
the present invention, provided such variations do not
exceed the scope of the patent claims set forth below.

What is claimed is:
1. A display device, comprising:

a scanning signal line driving circuit for driving scanning
signal lines; and

a data signal line driving circuit for driving data signal
lines intersecting the scanning signal lines,

at least one of the scanning signal line driving circuit and
the data signal line driving circuit being supplied with
at least first and second signals, the first signal being
supplied in parallel to other circuit than the driving
circuit supplied with the first and second signals, the
other circuit being one of the scanning signal line
driving circuit, the data signal line driving circuit, and
a pre-charging circuit for carrying out pre-charging of
the data signal lines,
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the display device further comprising wiring load adjust-
ment section for equalizing wiring load of the second
signal which is supplied to the driving circuit, and
wiring load of the first signal which is supplied in
parallel to the driving circuit and the other circuit.

2. A display device, comprising:

a scanning signal line driving circuit for driving scanning
signal lines; and

a data signal line driving circuit for driving data signal
lines intersecting the scanning signal lines,

at least one of the scanning signal line driving circuit and
the data signal line driving circuit being supplied with
at least first and second signals, the first signal being
supplied in parallel to other circuit than the driving
circuit supplied with the first and second signals,

the display device further comprising wiring load adjust-
ment section for equalizing wiring load of the second
signal which is supplied to the driving circuit, and
wiring load of the first signal which is supplied in
parallel to the driving circuit and the other circuit.

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

the other circuit is a circuit for driving the scanning signal
lines or the data signal lines.
4. The display device as set forth in claim 2, wherein:

the first signal is supplied to the driving circuit and the
other circuit from a common input terminal and
through a common signal line.

5. The display device as set forth in claim 2, wherein:

the first and second signals are clock signals of plural
systems, respectively.
6. The display device as set forth in claim 2, wherein:

the first and second signals are digital image signals
constituted of a plurality of bits, and are divided into at
least two bit groups.

7. The display device as set forth in claim 2 wherein:

the wiring load adjustment section adjusts time constants
of the respective wirings of the first and second signals.
8. The display device as set forth in claim 2, wherein:

the scanning signal lines and the data signal lines are
formed on a substrate, and a liquid crystal layer is held
between the substrate and a substrate having a counter
electrode,

the wiring load adjustment section uses the liquid crystal
layer as a dielectric substance, and is constituted of
dummy wiring connected to the wiring of the second
signal which is supplied to the driving circuit and a
liquid crystal layer on the dummy wiring, and the
counter electrode.

Jun. 24, 2004

9. The display device as set forth in claim 8, wherein:

the dummy wiring is formed in a fanfold shape on a
vacant area, which is an area holding the liquid crystal
layer on the substrate having a counter electrode, and
being provided as a part of a display section but is not
involved in image display, the vacant area being closer
to an end portion of the substrate than the data signal
line driving circuit.

10. The display device as set forth in claim 8, wherein:

the dummy wiring is formed in a plate shape to be in
parallel with the counter electrode.
11. The display device as set forth in claim 8, wherein:

the dummy wiring is formed in a periphery of a display
section involved in image display.
12. The display device as set forth in claim 2, wherein:

the scanning signal lines and the data signal lines are
formed on a substrate where an interlayer insulation
film and a conductive film are formed, and

the wiring load adjustment section uses the interlayer
insulation film as a diclectric substance, and is consti-
tuted of dummy wiring connected to the wiring of the
second signal supplied to the driving circuit, the inter-
layer insulation film, and the conductive film.

13. The display device as set forth in claim 12, wherein:

the dummy wiring is formed in a periphery of a display
section involved in image display.
14. The display device as set forth in claim 2, wherein:

the scanning signal lines and the data signal lines have a
thin film transistor for each intersection, and

the wiring load adjustment section uses layers for consti-
tuting a gate insulation film of a thin film transistor as
a dielectric substance, and is constituted of dummy
wiring connected to the wiring of the second signal
supplied to the driving circuit, and layers for constitut-
ing a gate insulation film and a semiconductor layer of
a thin film transistor stacked on the dummy wiring.

15. The display device as set forth in claim 14, wherein:

the dummy wiring is formed in a periphery of a display
section involved in image display.

16. The display device as set forth in claim 2, wherein:

the other circuit is a pre-charging circuit for carrying out

pre-charging of the data signal lines.
17. The display device as set forth in claim 2, wherein:

the wiring load adjustment section is provided in the
scanning signal line driving circuit.
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