US 20050219195A1

a2 Patent Application Publication (i) Pub. No.: US 2005/0219195 A1l

a9 United States

Yano et al. (43) Pub. Date: Oct. 6, 2005
(54) DISPLAY DEVICE AND DRIVING DEVICE (532) US. CL e 345/100
(76) Inventors: Takeshi Yano, Nara-shi (JP); Hiroaki

Fujino, Soraku-gun (JP); Michihiro (57) ABSTRACT

Nakahara, Yamatokoriyama-shi (JP)

Correspondence Address:

HARNESS, DICKEY & PIERCE, P.L.C.
P.O. BOX 8910

RESTON, VA 20195 (US)

(21) Appl. No.: 11/091,569

(22) Filed: Mar. 29, 2005
(30) Foreign Application Priority Data
Mar. 30, 2004 (JP) ccocevvrrrrerrrceccernriernene 2004-099939

Publication Classification

A driving device includes (i) a switching circuit, which
carries out precharging by (a) separating an outputting
circuit from source signal lines, and (b) short-circuiting at
least one source signal line whose source signal potential is
positive in a certain horizontal period and at least one source
signal line whose source signal potential is negative in the
certain horizontal period and (ii) a pulse width adjusting
circuit which adjusts timings. Therefore, it is possible to
carry out a charge sharing without additionally providing an
external memory capacitor. On this account, even when a
newly designed display section (liquid crystal panel, etc.),
which is different in the number of pixels and materials from
a conventional display section, is used, it is possible to
realize a display device and a driving device which do not

(B1) Int. CL7 oo G09G 3/36  require the change in the arrangement of the controller.
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DISPLAY DEVICE AND DRIVING DEVICE

[0001] This Nonprovisional application claims priority
under 35 U.S.C. § 119(a) on Patent Application No. 2004/
99939 filed in Japan on Mar. 30, 2004, the entire contents of
which are hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a driving device of
a display device such as a liquid crystal display device, and
particularly to a driving device of a display device such as
an active matrix liquid crystal display device, and the
display device.

BACKGROUND OF THE INVENTION

[0003] One example of liquid crystal display devices is
disclosed in Japanese Patent No. 2,837,027 (published on
Dec. 14, 1998, corresponding U.S. Pat. No. 5,402,255).

[0004] FIGS. 18, 19 and 20 illustrate how input/output
signals are exchanged between driver ICs in the conven-
tional liquid crystal display device. For example, driver ICs

are usually connected via a substrate (Printed Wired Board,
PWB) as illustrated in FIG. 20.

[0005] FIG. 18 illustrates a TCP of the conventional
driver IC. An input/output signal external connection termi-
nal section 51, which is commonly used by a plurality of
driver ICs, is provided on a lower side (on the side opposite
to a liquid crystal drive output external connection terminal
section 55 is provided) of the TCP (Tape Carrier Package).
The input/output signal external connection terminal section
51 and connection lead terminals of PWBs 71,72 and 75 are
connected by soldering. In this way, the connection for the
input/output signals is realized between the driver ICs.

[0006] The TCP includes (i) a driver chip 57 substantially
at the center, (ii) the liquid crystal drive output external
connection terminal section 55 at the upper side, (iii) the
input/output signal external connection terminal section 51
(commonly used by a plurality of driver ICs) at the lower
side and (iv) terminals S1 to S7 which come out from the
lower side.

[0007] The chip portion is covered with a resin so as to be
protected electrically and physically. Generally, the liquid
crystal drive output external connection terminal section 55
is connected to the liquid crystal panel via an anisotropic
conductive sheet. On the input/output signal external con-
nection terminal section 51, slits are formed by cutting out
the TCP. Then, by connecting the input/output signal exter-
nal connection terminal section 51 with PWB, it becomes
possible to commonly supply a signal to a plurality of driver
ICs.

[0008] FIG. 19 is an enlarged view of a portion where the
driver chip 57 is connected with the TCP. Pads 67 on the
driver chip 57 and inner leads 64 at the center of the TCP are
thermo-compression-bonded with each other, so as to be
electrically and physically connected with each other.

[0009] In this arrangement, the terminals S1 to S7 of the
input/output signal external connection terminal section 51
are provided so that one terminal corresponds to one signal.
Naturally, one pad corresponds to one signal.

[0010] FIG. 20 is a diagram illustrating an arrangement of
a conventional liquid crystal module. Assuming that the

Oct. 6, 2005

liquid crystal panel illustrated in FIG. 20 is a 640 (transverse
direction)x480 (longitudinal direction) dot panel, each of
eight source drivers (four at an upper side, and another four
at a lower side) have 160 outputs for driving liquid crystal,
and each of four common drivers provided on a left side
have 120 outputs for driving liquid crystal.

[0011] The following description explains a basic prin-
ciple of how the liquid crystal is driven by the liquid crystal
driving device in reference to FIGS. 21 to 24. FIG. 21 is a
diagram illustrating a basic principle of how the liquid
crystal is driven. Liquid crystal deteriorates when an electric
field is continuously applied thereto in one direction for a
long period of time, because of its electrochemical property.
Therefore, as illustrated in FIGS. 21(a) and 21(b), it is
necessary to reverse, from period to period, the direction of
the electric field applied to the liquid crystal.

[0012] In addition to the above inversion driving per
period, there is an inversion driving per dot of a panel as a
method of applying the electric field to a liquid crystal panel.
FIGS. 22(a) to 24(b) illustrate various methods of the
inversion driving. @ and o are dots to each of which the
electric field is applied, but the directions thereof are oppo-
site to each other. Each of FIGS. 21(z), 22(a) and 23(a)
illustrates a state in a certain vertical period, and each of
FIGS. 21(b), 22(b) and 23(b) illustrates a state in the
following vertical period. FIGS. 22(a) and 22(b) illustrate a
case in which all the dots are inverted at the same time per
frame. FIGS. 23(a) and 23(b) illustrate a case in which the
dots are inverted per line in a display perpendicular direction
(line inversion driving), and the dot are also inverted per
frame. FIGS. 24(2) and 24(b) illustrate a case in which, in
addition to the case of FIG. 23, the dots are inverted per dot
in a horizontal direction (dot inversion driving).

[0013] The above cases are different from each other in
case of building a display system and in image quality. The
driving method of FIG. 24 can produce images with the
highest quality. The driving method of FIG. 24 is disclosed,
for example, in International Publication WO096/06421
(published on Feb. 29, 1996).

[0014] FIG. 25 is a block diagram illustrating an arrange-
ment of a driving device, which adopts the dot inversion
driving of FIG. 24 disclosed in International Publication
W096/06421.

[0015] In the driving device adopting the dot inversion
driving, a plurality of operational amplifiers 76 are provided.
To an output terminal of each of the operational amplifiers
76, two switching elements 102 and 104 are connected.
These two switching elements 102 and 104 are formed by
the first and second MOS transistors, respectively. Drain
terminals 96 of the switching elements 102 and 104 are
connected to a load capacitance C2.

[0016] A gate terminal of the first switching element 102
is coupled with a SELECT signal, and a gate terminal of the
second switching element 104 is coupled with a comple-
mentary SELECT signal (an inversion signal of the SELECT
signal).

[0017] A source terminal of the first switching element
102 is coupled with an external memory capacitor 66, and a
source terminal 65 of the second switching element 104 is
coupled with an output of the operational amplifier 76.
When the SELECT signal is high, the switching element 102
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is turned on, and the switching element 104 is turned off.
When the SELECT signal is low, the switching element 102
is turned off, and the switching element 104 is turned on.

[0018] The external memory capacitor is provided for
carrying out a charge sharing. The charge sharing is one type
of precharging. That is, by utilizing the electric charge
remaining in the source signal lines in a certain horizontal
period, the precharging of the source signal lines is carried
out in the following horizontal periods. As for the precharg-
ing, before the potential of the source signal line is set to the
source signal potential for the horizontal period, a voltage is
applied to the source signal line in advance. An object of this
voltage application is to cause the source signal line to reach
a desired source signal potential as quickly as possible.

[0019] InFIG. 25, a value of the external memory capaci-
tor 66 is selected so that the value of the external memory
capacitor 66 is much larger than N times of the value of the
load capacitance C2. Note that, N is the number of source
signal lines in an arrangement of pixels, and C2 is the load
capacitance typically connected with one source signal line
in the arrangement of pixels. During the first portion of the
horizontal period, the electric charge accumulated on the
load capacitance C2 is discharged to the external memory
capacitor 66. The external memory capacitor 66 acts as a
large-size electric charge sink. In the line inversion driving,
each source driver needs to apply high and low voltages
alternately in each horizontal period.

[0020] In the line inversion driving, voltages are not
randomly applied (that is, the applied voltage is not
unknown in each horizontal period), but polarities of the
voltages regularly shift in the horizontal period. On this
account, energy for switching a load capacitance to be high
is used for switching a next load capacitance to be low.
Therefore, it is possible to decrease a voltage newly applied
at the beginning of the horizontal period.

[0021] Adversely, energy for switching a load capacitance
to be low is used for switching a next load capacitance to be
high. Therefore, it is possible to decrease a voltage newly
applied at the beginning of the horizontal period.

[0022] The external memory capacitor 66 time-averages
voltages applied to the source signal lines. In the line
inversion driving, an average voltage charged on the exter-
nal memory capacitor 66 is a bias voltage between a
maximum positive voltage and a minimum negative voltage
(whose absolute value is maximum) applied to the source
signal line. For example, when the maximum positive volt-
age is 6 V and the minimum negative voltage is -6 V, the
bias voltage is 0 V. Therefore, the external memory capacitor
is 0 Vor close to 0 V.

[0023] The external memory capacitor 66 is connected
between a common line (not illustrate) and a bias voltage
source which is at a ground potential in this case.

[0024] 1In the driving device illustrated in FIG. 25, when
the SELECT signal is high, the switching element is turned
on, and the switching element 104 is turned off.

[0025] Therefore, when the SELECT signal is high, a
plurality of switching elements 102 are turned on at the same
time, and are connected to the external memory capacitor 66
provided externally. The external memory capacitor 66 then
carries out the charge sharing so that the electric power
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charged to the load capacitance 96 from the output of the
operational amplifier 76 is collected or discharged to the
external memory capacitor 66.

[0026] Liquid crystal display devices have been developed
in order to meet the demand of increasing the size of the
screen for use in TVs, PCs, etc. Moreover, mid-size and
small-size liquid crystal display devices and liquid crystal
driving devices are developed for use in mobile terminals,
such as mobile phones which are rapidly expanding its
market in recent years.

[0027] For the screens of the liquid crystal display devices
used for the above purposes, the liquid crystal driving
devices are strongly desired to be small, be light, support
many outputs, be high in speed, be low in cost, be high in
display quality, and be low in power consumption (including
a case of battery-driven).

[0028] However, because the number of pixels and the
materials are different between a newly designed liquid
crystal panel and a conventional liquid crystal panel, load
capacitances and the like are also different between them,
and hence external memory capacitors required for
adequately carrying out the charge sharing are also different
between them. On this account, in order to obtain the effect
equivalent to that of the charge sharing of the conventional
liquid crystal display device by using the newly designed
liquid crystal display device, it is necessary, in the conven-
tional technology, to adjust the timing of the pulse width
(high period) of SELECT signal outputted from a controller
so that an outputted driving voltage temporarily gets close to
a medium driving voltage. For this, it becomes necessary to
arrange a new controller.

SUMMARY OF THE INVENTION

[0029] The present invention was made to solve the above
problems, and an object of the present invention is to realize
a display device and a driving device which do not require
the change in the arrangement of the controller, even when
a newly designed display section (liquid crystal panel, etc.),
which is different in the number of pixels and materials, is
used.

[0030] In order to solve the above problems, the driving
device of the present invention drives a display section of a
display device by applying, in each horizontal period, volt-
ages to pixels in the display section through source signal
lines charged to have source signal potentials according to
display data signals supplied from an outputting circuit, the
driving device precharging the source signal lines before
causing the source signal lines to have the source signal
potentials for the above each horizontal period, and the
driving device comprises: a switching circuit which (a)
separates the outputting circuit from the source signal lines
and (b) short-circuits at least one source signal line whose
source signal potential is positive in one horizontal period
and at least one source signal line whose source signal
potential is negative in the above one horizontal period, so
that the short-circuited source signal lines are precharged.

[0031] According to the above arrangement, the precharg-
ing is carried out by short-circuiting (i) at least one source
signal line whose source signal potential is positive and (ii)
at least one source signal line whose source signal potential
is negative in the same horizontal period.
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[0032] In this way, the precharging is completed by short-
circuiting the source signal lines with each other inside the
display section. Therefore, the external memory capacitor is
unnecessary, and the adjustment of the external memory
capacitor is obviously unnecessary. As a result, it is unnec-
essary to change or adjust the timing of the pulse width (high
period) of the SELECT signal outputted from the controller.
Therefore, it is unnecessary to renew the arrangement of the
controller.

[0033] On this account, even when a newly designed
display section (liquid crystal panel, etc.), which is different
in the number of pixels and materials, is used, it is possible
to realize a display device and a driving device which do not
require the change in the arrangement of the controller.

[0034] 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

[0035] FIG. 1 is a block diagram illustrating an example
of an arrangement of a TFT (Thin Film Transistor) liquid
crystal display device, which is one of the typical examples
of the active matrix liquid crystal display devices.

[0036] FIG. 2 is a circuit diagram illustrating an example
of an arrangement of a liquid crystal panel illustrated in
FIG. 1.

[0037] FIG. 3 is a diagram illustrating one example of
drive waveforms.

[0038] FIG. 4 is a diagram illustrating another example of
the drive waveforms.

[0039] FIG. 5 is a block diagram illustrating an example
of an arrangement of a source driver in accordance with the
present invention.

[0040] FIG. 6 is a circuit diagram illustrating an example
of an arrangement of a DA converter.

[0041] FIG. 7 is a diagram illustrating timings of signals
in accordance with the present invention.

[0042] FIG. 8 is a circuit diagram illustrating an example
of an arrangement of a pulse width adjusting circuit in
accordance with the present invention.

[0043] FIG. 9 is a circuit diagram illustrating an example
of an arrangement of a switching circuit in accordance with
the present invention.

[0044] FIG. 10 is a diagram illustrating timings of the
switching circuit in accordance with the present invention.

[0045] FIG. 11 is a circuit diagram illustrating an example
of an arrangement of another switching circuit in accordance
with the present invention.

[0046] FIG. 12 is a block diagram illustrating an example
of an arrangement of the source driver.

[0047] FIG. 13 is a diagram illustrating one example of
waveforms of transient voltages outputted from output ter-
minals of the source driver illustrated in FIG. 12.
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[0048] FIG. 14 is a diagram illustrating one example of a
case in which a plurality of the source drivers illustrated in
FIG. 12 are provided on a liquid crystal panel.

[0049] FIG.151s a circuit diagram illustrating an example
of an arrangement of yet another switching circuit in accor-
dance with the present invention.

[0050] FIG. 16 is a circuit diagram illustrating an example
of an arrangement of yet another switching circuit in accor-
dance with the present invention.

[0051] FIG. 17 is a circuit diagram illustrating an example
of an arrangement of yet another switching circuit in accor-
dance with the present invention.

[0052] FIG. 18 is a plan view illustrating an arrangement
of a TCP of a conventional driver IC.

[0053] FIG. 19 is a plan view illustrating a portion where
a conventional chip 57 and a TCP are connected with each
other.

[0054] FIG. 20 is a plan view illustrating an arrangement
of a conventional liquid crystal module.

[0055] FIGS.21(@) and 21(b) are diagrams illustrating one
example of basic methods of driving liquid crystal.

[0056] FIGS.22(a) and 21(b) are diagrams illustrating one
example of various inversion driving methods.

[0057] FIGS.23(a) and 23(b) are diagrams illustrating one
example of various inversion driving methods.

[0058] FIGS. 24(a) and 24(b) are diagrams illustrating
examples of various inversion driving methods.

[0059] FIG. 25 is a circuit diagram illustrating an example
of an arrangement of a conventional dot inversion driving
device.

DESCRIPTION OF THE EMBODIMENTS

Embodiment 1

[0060] The following description explains one embodi-
ment of the present invention in reference to FIGS. 1 to 11.

[0061] The present embodiment takes a liquid crystal
display device as an example of a display device. That is, the
present embodiment takes a liquid crystal driving device as
an example of a driving device.

[0062] FIG.11is ablock configuration of a TFT (Thin Film
Transistor) liquid crystal display device which is one of the
typical examples of the active matrix liquid crystal display
devices.

[0063] Here, in the same horizontal period, some source
signal lines have positive source signal potentials, while
other source signal lines have negative potentials (that is, a
dot inversion driving is basically performed).

[0064] Here, each of the source signal lines has a load
capacitance. The load capacitance is a capacitance of load
relative to the source signal lines. The load capacitance
includes a capacitance of the source signal line itself and a
pixel capacitance of a pixel of a selected line (in a direction
along gate signal lines).
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[0065] A liquid crystal display device 900 includes a
liquid erystal display section (display section) and a liquid
crystal driving device (driving device) which drives the
liquid crystal display section.

[0066] The liquid crystal display section includes a TET
liquid crystal panel 901. In the liquid crystal panel 901,
liquid crystal display elements (not illustrated) and a counter
electrode (common electrode) 906 are provided.

[0067] Meanwhile, the liquid crystal driving device
includes source drivers 902 each of which also includes an
IC (Integrated Circuit), gate drivers 903 each of which is
also composed of an IC (Integrated Circuit), a controller 904
and a liquid crystal driving power source 905.

[0068] Generally, each of the source drivers 902 and the
gate drivers 903 is arranged in such a manner that (i) a TCP
(Tape Carrier Package), formed by mounting an IC chip on
a film having wirings, is mounted and connected to an ITO
(Indium Tin Oxide, Indium Tin Oxide Film) terminal of a
liquid crystal panel or (ii) thermocompression bonding is
carried out so that an IC chip is mounted and connected to
an ITO terminal of a liquid crystal panel via ACF (Aniso-
tropic Conductive Film).

[0069] The controller 904 outputs sets of digitalized dis-
play data (for example, the sets of data are respectively R,
G, and B signals corresponding to red, green and blue,
respectively) and various control signals to the source driv-
ers 902. Moreover, the controller 904 also outputs various
control signals to the gate drivers 903. The control signals
outputted to the source drivers 902 are mainly a horizontal
synchronization signal, a start pulse signal, a clock signal for
the source drivers, etc., which are indicated by S1 in FIG.
1. Meanwhile, the control signals outputted to the gate
drivers 903 are mainly a vertical synchronization signal, a
clock signal for the gate drivers, etc., which are indicated by
S2 in FIG. 1. Note that, a power source for driving each IC
is not illustrated in FIG. 1.

[0070] The liquid crystal driving power source 905 sup-
plies a voltage for the liquid crystal panel display (in the
present invention, a reference voltage for generating a
voltage for displaying gradations) to the source drivers 902
and the gate drivers 903.

[0071] The scts of the display data supplied from the
outside are inputted as a set of display data D (digital
signals) to the source drivers 902 via the controller 904.

[0072] Each of the source drivers 902 internally latches
the set of the inputted digitalized display data D in a
time-division manner. Then, the source driver 902 performs
DA (Digital-Analog) conversion in synchronism with the
horizontal synchronization signal (also referred to as “latch
signal LS” (see FIG. 5)) inputted from the controller 904.
Next, the source driver 902 outputs analog voltages (grada-
tion displaying voltages) from liquid crystal driving voltage
outputting terminals via source signal lines 1004 (will be
described later) to the liquid crystal display elements (not
illustrated) in the liquid crystal panel 901. Note that, the
analog voltages are obtained by the DA conversion for
displaying gradations, and the liquid crystal display ele-
ments correspond to the liquid crystal driving voltage out-
putting terminals.

[0073] The following description explains the liquid crys-
tal display panel 901. FIG. 2 illustrates an arrangement of
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the liquid crystal panel 901. The liquid crystal panel 901
includes pixel electrodes 1001, pixel capacitances 1002,
TFTs 1003 as elements each of which controls ON/OFF of
a voltage applied to the pixel, source signal lines 1004, gate
signal lines 1005 and a counter electrode 1006 (correspond-
ing to the counter electrode 906 in FIG. 1) of the liquid
crystal panel. The region A in FIG. 2 is a liquid crystal
display element of one pixel.

[0074] To the source signal lines 1004, the gradation
displaying voltages corresponding to brightness of pixels for
displaying images are applied from the source drivers 902.
To the gate signal lines 1005, scanning signals for sequen-
tially turning on TFTs 1003 lined up in a column direction
are inputted from the gate drivers 903. The voltages of the
source signal lines 1004 are applied via TFTs 1003 in an ON
state to the pixel electrodes 1001 connected to drains of the
TFTs 1003, so that the pixel capacitances 1002 provided
between the pixel electrodes 1001 and the counter electrode
1006 are charged. Thus, the optical transmittance of liquid
crystal is changed, so that the displaying is carried out.

[0075] Each of FIGS. 3 and 4 illustrates one example of
liquid crystal drive waveforms. In FIGS. 3 and 4, reference
numerals 1101 and 1201 are drive waveforms of output
signals (source signal potentials) from the source drivers
902, reference numerals 1102 and 1202 are drive waveforms
of output signals from the gate drivers 903, reference
numerals 1103 and 1203 are potentials of the counter
electrode 1006, and reference numerals 1104 and 1204 are
voltage waveforms of the pixel electrodes 1001. A voltage
applied to the liquid crystal is equivalent to a potential
difference (display voltage) between the pixel electrodes
1001 and the counter electrode 1006. The potential differ-
ence is illustrated by slant lines in FIGS. 3 and 4.

[0076] For example, in FIG. 3, when the output signal,
shown by the drive waveform 1102, from the gate driver 903
is a high level, the TFT 1003 is turned on. Then, the
difference between the output signal (source signal poten-
tial), shown by the drive waveform 1101, from the source
driver 902 and the potential 1103 of the counter electrode
1006 is applied to the pixel electrode 1001. After that, as
shown by the drive waveform 1102, the output signal from
the gate driver 903 becomes a low level, so that TET 1003
becomes an OFF state.

[0077] At this moment, the above-described voltage is
held because of the pixel capacitance 1002 in the pixel. This
is substantially the same as the case of FIG. 4.

[0078] The difference between FIG. 3 and FIG. 4 is a
voltage applied to the liquid crystal. An applied voltage of
FIG. 4 is lower than that of FIG. 3. Thus, by changing the
voltages applied to the liquid crystal into the analog volt-
ages, analog change is caused for the optical transmittance
of the liquid crystal, so that the gradation displaying is
carried out. The number of displayable gradations depends
on the number of choices of the analog voltages applied to
the liquid crystal.

[0079] FIG. 5 illustrates a block configuration of the
source driver 902. The following description explains only
fundamental portions. As illustrated in FIG. 5, the source
driver 902 includes a shift register 21, an input latch circuit
22, a sampling memory 23, a holding memory 24, a level
shifter 25, a DA converter 26, a reference voltage generating



US 2005/0219195 Al

circuit 27, an outputting circuit 28, a pulse width adjusting
circuit (a timing adjusting circuit) 29, a switching circuit 30
and a 1/n frequency divider 31.

[0080] The shift register 21 carries out shifiing of an
inputted start pulse SP in synchronism with an inputted
clock signal CK. From each stage of the shift register 21, a
control signal is outputted to the sampling memory 23. Note
that, the start pulse SP is a signal which is synchronized with
the horizontal synchronization signal LS of the data signals
D (display data DR, DG and DB). Moreover, the start pulse
SP shifted by the shift register 21 is inputted as the start
pulse SP to a shift register 21 of an adjacent source driver,
and the start pulse SP thus inputted is shifted in the same
way as above. Eventually, the start pulse SP is transferred to
a shift register of the farthest source driver from the con-
troller 4.

[0081] The input latch circuit 22 temporarily latches the
sets of the display data DR, DG and DB each of which is
six-bit data and is serially inputted to an input terminal
corresponding to each color, and the input latch circuit 22
transfers the sets of the display data DR, DG and DB to the
sampling memory 23.

[0082] By using the output signals (control signals) from
the respective stages of the shift register 21, the sampling
memory 23 samples the sets of the display data DR, DG and
DB (each of R, G and B has 6 bits, so that the total is 18 bits)
transferred from the input latch circuit 22 in a time-divi-
sional manner. Then, the sampling memory 23 stores the sets
of the display data DR, DG and DB until all the display data
DR, DG and DB for one horizontal synchronization period
are supplied.

[0083] The holding memory 24 latches the sets of the
display data DR, DG and DB according to the hold signal
LS. Then, the sets of the display data DR, DG and DB are
held until the next horizontal synchronization signal LS is
inputted, and are outputted to the level shifter 23.

[0084] The level shifter 25 is a circuit which converts a
signal level of each of the display data DR, DG and DB by
boosting, etc. so that the sets of the display data DR, DG and
DB thus converted are compatible with the DA converter
which processes levels of voltages applied to the liquid
crystal panel 901. The level shifter 25 outputs sets of display
data D'R, D'G and D'B.

[0085] The reference voltage generating circuit 27 gener-
ates 64-level analog voltages, used for displaying grada-
tions, according to a reference voltage VR supplied from the
liquid crystal driving power source 905 (see FIG. 1). Then,
the 64-level analog voltages thus generated are outputted to
the DA converter 26.

[0086] The DA converter 26 selects one of the 64-level
analog voltages according to the sets of the display data
(digital) D'R, D'G and D'B (each of R, G and B has 6 bits)
inputted from the level shifter 25. In this way, the DA
converter 26 performs conversion into the analog voltage
and outputs the voltage to the outputting circuit 28. That is,
as illustrated in FIG. 6, the DA converter 26 has switches
respectively corresponding to 6 bits (Bit 0 to Bit 5).

[0087] By selecting the switches respectively correspond-
ing to the sets of the 6-bit display data D'R, D'G and D'B, the
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DA converter 26 selects one of the 64-level analog voltages
inputted from the reference voltage generating circuit 27.

[0088] The outputting circuit 28 changes the analog signal
selected by the DA converter 26 into a low impedance
signal, and outputs the low impedance signal to the switch-
ing circuit 30.

[0089] According to (i) a clock signal CLK generated by
the 1/n frequency divider 31 from the clock signal CK
inputted to the shift register 21 and (ii) the hold signal LS
which is outputted from the controller 904 and inputted to
the holding memory 24 and (iif) 3-bit setting signals CTR1
to CTR3, the pulse width adjusting circuit 29 (for a hold
signal LS) adjust a pulse width of the hold signal LSA on a
scale of one to n (on a scale of one to eight in the present
embodiment). Note that, an arrangement of the pulse width
adjusting circuit 29 will be described later in detail.

[0090] As illustrated in FIG. 9, the switching circuit 30
includes analog switches. That is, the switching circuit 30
includes (i) short-circuiting switches (short-circuiting
means) 30a by each of which the short-circuiting is carried
out between the output terminals connected to pixels of the
same color (R, G or B), according to a hold signal LSA
outputted from the pulse width adjusting circuit 29 before
the switching circuit 30 outputs voltages applied to the
liquid crystal and (it) separating switches (separating means)
30b each of which separates the output terminal from the
outputting circuit 28 so as to float the output terminal.
Further, the switching circuit 30 is so arranged that it is
possible to carry out a charge sharing between the output
terminals connected to pixels of the same color (R, G or B).

[0091] As described above, in the same horizontal period,
there are the source signal lines whose source signal poten-
tials are positive and the source signal lines whose source
signal potentials are negative (that is, a dot inversion driving
is basically performed). Such source signal lines are short-
circuited with each other. In this way, it is possible to assist
a precharging by electric charges, whose polarities are
positive and negative, on data lines of the liquid crystal
panel. That is, by utilizing residual electric charge in the
liquid crystal panel, it is possible to reduce electric power for
driving the liquid crystal. Note that, operations of the
switching circuit 30 will be described later in detail.

[0092] The following explains the details of the pulse
width adjusting circuit 29 in reference to FIGS. 7 and §.
Note that, the present invention explains one example in
which the setting signals CTR1 to CTR3 have 3 bits (2°=8)
and the pulse width can be adjusted on a scale of one to
eight. However, the following description is not limited to
the adjustment on a scale of one to eight. It is possible to
apply other scales according to the setting signals CTR1 to
CTR3. For example, when setting signals are 4 bits, the
number of setting signals is four (CTR1 to CTR4), and the
number of delay T flip flops 9 and the number of EX-OR
circuits 11 are also four, respectively.

[0093] As illustrated in FIG. 8, the pulse width adjusting
circuit 29 includes (i) an up counter circuit 6 as a first signal
generating circuit, (ii) a comparator 7 as a pulse width signal
adjusting circuit and (iii) an R-S flip flop 8.

[0094] The up counter circuit 6 sequentially carries out a
counting operation by a clock signal inputted to three delay
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T flip flops 9 whose number corresponds to the number of
setting (3 bits) of the setting signals CTR1 to CTR3.

[0095] The comparator 7 includes (i) three Exclusive-OR
gates (hereinafter referred to as “EX-OR circuit”) 11 whose
number is equal to the number of setting (the number of bits)
of the setting signals CTR1 to CTR3 and (ii) one OR circuit
12.

[0096] The R-S flip flop 8 includes NAND circuits 13.

[0097] Each of the delay T flip flops 9 includes (i) a CK
terminal which receives the clock signal CLK which is
obtained by dividing the clock signal CK, inputted to the
shift register 21, by 1/n by the 1/n frequency divider 31, (ii)
an R terminal which receives, as a reset signal, a hold signal
LS which is the same as the hold signal LS inputted to the
holding memory 24 and (iii) output terminals Q and Q bar.

[0098] Note that, the output terminal Q bar outputs an
inversion signal of a signal outputted from the output
terminal Q.

[0099] Signals Q1, Q2 and Q3 (sce FIG. 7) outputted, as
a group of first signals, from the respective output terminals
Q of three delay T flip flops 9 are supplied to an OR circuit
10. The group of first signals is also outputted to the
comparator 7. Meanwhile, a signal outputted from each
output terminal Q bar is inputted to a D terminal of the delay
T flip flop 9. Moreover, the signal outputted from the output
terminal Q bar of the delay T flip flop 9 in the first (second)
stage is inputted as the clock signal to the CK terminal of the
delay T flip flop 9 in the next (second or third) stage.

[0100] To the OR circuit 10, the signals Q1, Q2 and Q3
from the delay T flip flops 9 and a signal obtained by
inverting, by an inverter 5, the hold signal LS inputted to the
holding memory 24 are inputted.

[0101] That is, in the up counter circuit 6 arranged as
above, 1) the clock signal CLK which is obtained by dividing
by 1/n the clock signal CK inputted to the shift register 21
and (ii) the hold signal LS inputted to the holding memory
24 are inputted to three delay T flip flops 9, and the delay T
flip flops 9 outputs the signals Q1, Q2 and Q3, whose
waveforms are illustrated in FIG. 7, to the OR circuit 10.
Here, the number of delay T flip flops 9 corresponds to the
number of setting (3 bits) of the setting signals CTR1 to
CTR3. In this way, the up counter circuit 6 counts the
number of pulses of the clock signal CLK from O to 7.

[0102] The following briefly explains the signal outputted
from the terminal Q of the delay T flip flop 9 in reference to
FIG. 7. Note that, each signal is a binary signal, that is, the
level of each signal is two (17 or “0”).

[0103] The signal Q1 outputted from the terminal Q of the
delay T flip flop 9 in the first stage is a pulsed signal whose
“0” and “1” are inverted in each cycle of the pulse of the
clock signal CLK. That is, the signal Q1 is “0” in the first
cycle of the pulse in one horizontal period and “1” in the
next cycle.

[0104] Moreover, the signal Q2 outputted from the termi-
nal Q of the delay T flip flop 9 in the second stage is a pulsed
signal whose “0” and “1” are inverted per two cycles of the
pulse of the clock signal CLK. Similarly, the signal Q2 is “0”
in the first cycle of the pulse in one horizontal period.

Oct. 6, 2005

[0105] Further, the signal Q3 outputted from the terminal
Q of the delay T flip flop 9 in the third stage is a pulsed signal
whose “0” and “1” are inverted per four cycles of the pulse
of the clock signal CLK. Similarly, the signal Q3 is “0” in
the first cycle of the pulse in one horizontal period.

[0106] Moreover, a signal OR10 which is a count signal
from the up counter circuit 6 is “0” in the beginning of the
horizontal period, that is, in the first cycle of the pulse of the
clock signal CLK. However, the signal OR10is “1” from the
second cycle of the pulse of the clock signal CLK.

[0107] To the EX-OR circuits 11, the signals Q1, Q2 and
Q3 from the delay T flip flops 9 of the up counter 6 are
inputted, respectively. Moreover, the setting signals CTR1 to
CTR3 are also inputted to the EX-OR circuits 11, respec-
tively.

[0108] Moreover, when two signals thus inputted to each
of the EX-OR circuits 11 are the same, “0” (a low-level
signal) is supplied from the Ex-OR circuit 11 to the OR
circuit 12. Meanwhile, when the two signals are different,
“1” (a high-level signal) is supplied from the EX-OR circuit
11 to the OR circuit 12.

[0109] The signal is inputted from the EX-OR circuits 11
to the OR circuit 12. Then, the OR circuit 12 outputs the
reset signal, which is a second signal inputted to the R-S flip
flop circuit 8 in the next stage.

[0110] That s, the comparator 7 compares set values of the
setting signals CTR1 to CTR3 with data values from the up
counter circuit 6. Then, according to the set values, the
comparator 7 resets the R-S flip flop circuit 8.

[0111] As described above, to the R-S flip flop circuit 8,
the signal OR10 from the up counter circuit 6 is inputted as
the set signal, and the signal from the comparator 7 is
inputted as the reset signal. Then, the R-S flip flop circuit 8
adjusts the pulse width of the hold signal LSA according to
the set values of the setting signals CTR1 to CTR3, and
outputs the hold signal LSA.

[0112] That is, the hold signal LSA is obtained by adjust-
ing the number of pulses (here, eight pulses (0 to 7)) of the
clock signal CLK according to the setting signals CTR1 to
CTR3, and is outputted.

[0113] According to one example of the hold signal LSA
shown in FIG. 7, when CTR1=%1", CTR2=%1” and CTR3=
“0”, the hold signal LSA has a pulse width corresponding to
four pulses of the clock signal CLK.

[0114] That is, when the number of pulses adjusted is x
and the values of CTR1, CTR2 and CTR3 are a, b and ¢,
respectively,

x=c 22462 4a2"+1
=0+2+1+1

=4

[0115] FIG. 10 is a timing chart for explaining timings of
the switching circuit 30 illustrated in FIG. 9. In FIG. 10, a
high period of the hold signal LSA corresponds to a period
from t1 to t3.
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[0116] InFIG. 10, A and B are conventional source signal
potentials in the case in which the charge sharing is not
carried out. D and E are source signal potentials of the
present invention.

[0117] In the dot inversion driving illustrated in FIG. 24,
D and E are the source signal potentials of arbitrary source
signal lines whose directions of electric fields applied to the
liquid crystal are opposite to each other. In the case of a
black and white display, the arbitrary source signal lines are,
for example, source signal lines adjacent to each other. In the
case of a color display, the arbitrary source signal lines are,
for example, source signal lines for a single color (red and
red, blue and blue, etc.) and are adjacent to each other.

[0118] The above description is much the same for A and
B.

[0119] Time t1 is a start time of one horizontal period. As
with conventional circuit arrangements, until Time tl1, the
hold signal LSA is a low level, the separating switches 30b
are closed (ON), and the short-circuiting switches 30a are
opened (OFF). Moreover, output signals D and E outputted
from the outputting circuit 28 via the separating switches
3056 and the output terminals are the same as conventional
output signals A and B.

[0120] Then, Time tl1, which is the start time of the
horizontal period, and a rise of the hold signal LSA are
synchronized with each other. As a result, at Time t1, the
hold signal LSA becomes a high level “H”, the separating
switches 300 are turned OFF and the short-circuiting
switches are turned ON. Because the separating switches
305 are turned OFF, the outputting circuit 28 and the output
terminal are electrically separated. Moreover, because the
short-circuiting switches 30a are turned ON, the output
terminals connected to pixels of the same color (R, G or B)
are electrically connected. Therefore, the electric charge
moves between those output terminals. Then, at a certain
time (at Time t2), potentials of the output signals D and E
become the same. A time from Time t1 to Time t2 is a
charging/discharging time which is determined according to
the load capacitance.

[0121] From tl to t2, the electric charge moves between
the output terminals. Therefore, no electric power is con-
sumed.

[0122] Next, at Time t3, the hold signal LSA becomes a
low level “L.”, the separating switches 30b are turned ON
and the short-circuiting switches are turned OFF. Therefore,
the state of the circuit here becomes the same as that of the
circuit until Time t1. On this account, the outputting circuit
28 charges/discharges the electric charge of the load capaci-
tance of the source signal lines, and the electric power is
consumed. At a certain time (at Time t4), the potentials of
the output signals D and E are desired values (source signal
potentials). A time from Time t3 to Time t4 is a charging/
discharging time which is determined according to the load
capacitance.

[0123]

[0124] (a) at the start time of one horizontal period,
the source signal lines and the source driver are
separated,

[0125] (b) at the time of (a), the source signal lines
are short-circuited with cach other;

As above, the process is carried out as follows:
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[0126] (c) after (b), the short-circuiting between the
source signal lines is stopped; and

[0127] (d) at the time of (c), the source signal lines
and the source driver are reconnected.

[0128] Note that, (b) may be carried out after (a), and (d)
may be carried out after (c).

[0129] Moreover, (c) may be carried out at the time of (b)
(that is, the time for the short-circuiting is none). Further,
even in the case in which a time period when the hold signal
LSA s high is decreased and the short-circuiting is canceled
before the potentials of the short-circuited source signal
lines become the same (that is, even in the case in which,
before reaching the potential (short-circuit potential) of t2 of
FIG. 10, the process proceeds from t3 to t4), it is possible
to obtain an effect of the precharging, to some degree.

[0130] A time period of the short-circuiting (short-circuit
time) is determined in consideration of the following factors.

[0131] Factor 1: How close should the potentials of the
source signal lines be shifted to a medium potential (short-
circuit potential)?

[0132] Factor 2: To what extent should the source signal
lines be charged so as to apply a desired voltage (display
voltage) to the liquid crystal?

[0133] Factor 3: How much time is required for the
voltages to rise and fall? (the time required for the voltages
to rise and fall is determined by the load capacitance, and is
therefore unchangeable)

[0134] When importance is attached to Factor 1, the pulse
width adjusting circuit 29 prolongs the high-period of the
hold signal LSA and thereby prolongs the duration of
short-circuiting. When importance is attached to Factor 2,
the pulse width adjusting circuit 29 shortens the high-period
of the hold signal LSA and thereby shortens the duration of
short-circuiting. Thus, the values of CTR1 to CTR3 are
determined so that the high-period of the hold signal LSA
has a desired length. Note that, if it is necessary to carry out
the adjustment more precisely, the pulse width adjusting
circuit 29 may use four CTRs. In this case, the values of
CTR1 to CTR4 are determined on a scale of one to sixteen.
If it is necessary to carry out the adjustment much more
precisely, the pulse width adjusting circuit 29 may use five
CTRs, and so forth.

[0135] In this way, without adjusting the timing of the
pulse width (high period) of a SELECT signal by the
controller, a driving voltage is easily changed to a medium
driving voltage by the charge sharing. After that, it is
possible to change smoothly to the voltage applied to liquid
crystal panel (display voltage).

[0136] As illustrated in FIG. 25, in the case of a conven-
tional arrangement in which an external memory capacitor is
used, a combination of old peripheral devices and a new
liquid crystal panel requires an adjustment of the external
memory capacitor in order to carry out the charge sharing
correctly. Meanwhile, in the present embodiment, without
depending on the external memory capacitor, the charge
sharing is completed by short-circuiting the source signal
lines with each other inside the new liquid crystal panel.
Therefore, the external memory capacitor is unnecessary,
and the adjustment of the external memory capacitor is
obviously unnecessary.
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[0137] As described above, the adjusting circuit, which is
capable of changing the pulse width of the hold signal easily,
is provided within the source driver. Therefore, the control
signal for charge sharing can be changed easily without
requiring to change the controller LSI, even though the load
capacitance and the like are subject to change depending on
the material of the liquid crystal panel and the number of
pixels provided on the liquid crystal panel. Therefore, it is
possible to realize the improvement of reliability and the
high efficiency of designing.

[0138] Note that, explained above is one example in which
the adjustment is carried out by the output signal from the
pulse width adjusting circuit provided in the source driver.
Needless to say, it is possible to easily change the arrange-
ment by containing a similar circuit means in the controller.
In this case, as illustrated in FIG. 11, the switching circuit
in the source driver includes (i) short-circuiting switches
(short-circuiting means) 30a by each of which the short-
circuiting is carried out between the output terminals con-
nected to pixels of the same color (R, G or B) and (ii)
separating switches (separating means) 30b each of which
separates the output terminal from the outputting circuit 28
so that the output terminal is in the state of floating. In this
way, it is possible to carry out the charge sharing between
the output terminals connected to pixels of the same color
(R, G or B).

[0139] In this case, the controller includes (i) a basic
control section whose functions are the same as those of the
controller of FIG. 9 and (ii) a pulse width adjusting section
(not illustrated) corresponding to the pulse width adjusting
circuit 29. Moreover, in this case, the controller is so
arranged as to output to the source driver a signal, as the hold
signal LS, whose pulse width can be adjusted by the pulse
width adjusting section just like the above-described hold
signal LSA.

[0140] Output terminals X1 to X128, Y1 to Y128 and Z1
to Z128 correspond to the display data DR, DG and DB,
respectively. The number of each of the output terminals X,
Y and Z is 128. Thus, according to the sets of the display
data DR, DG and DB, source drivers for displaying 64
gradations output, to a liquid crystal panel, analog signals
corresponding to gradation levels. As a result, 64-gradation
displaying is carried out.

[0141] Moreover, the short-circuiting is carried out
between the source signal lines connected to pixels of the
same color (R, G or B). However, as long as polarities are
different between the electric charges of the source signal
lines, the short-circuiting can be carried out between the
source signal lines connected to pixels (R, G or B) whose
colors are different from each other (such as R and G, G and
B, etc.).

[0142] Moreover, the present invention is applicable not
only to the case of color display, but also to the case of
monochrome display or binary image display.

[0143] Moreover, in FIG. 9, when focusing on the pixels
R, the short-circuiting is carried out between one (+) output
terminal (X1) and one (-) output terminal (X2). However,
for example, it is possible to carry out the short-circuiting
between two (+) output terminals and two (=) output termi-
nals. Moreover, even when the number of (+) output termi-
nals and the number of (=) output terminals are different (for
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example, two (+) output terminals and one (=) output
terminal), it 1s possible to carry out the short-circuiting.

[0144] Aliquid crystal driving circuit of the present inven-
tion is a liquid crystal driving circuit which drives a liquid
crystal display device according to display data signals, and
includes (i) a transferring circuit (shift register) which
transfers a start pulse signal based on a clock signal, (ii) a
latch circuit (input latch circuit) which fetches a display data
signal in synchronism with the clock signal and outputs the
display data signal as a set of synchronous data, (iii) a
sampling circuit (sampling memory) which samples and
outputs the set of the synchronous data according to the start
pulse signal, (iv) a DA converter which carries out the DA
conversion (Digital-Analog conversion) according to the
data from the sampling circuit and (v) an outputting circuit
which outputs, from a liquid crystal driving voltage output
terminal, a voltage which is applied to the liquid crystal and
is obtained from a gradation displaying analog voltage (for
displaying gradations) obtained by the DA converter, and the
liquid crystal driving circuit further includes a switching
circuit which includes (i) a short-circuiting switching circuit
which short-circuits the output terminals with each other,
which are connected to pixels of the same color (R, G or B),
before the outputting circuit outputs the voltage applied to
the liquid crystal and (ii) a separating switch means which
separates the output terminal from an outputting means so
that the output terminal is in the state of floating.

[0145] Moreover, in addition to the above arrangement,
the switching circuit of the liquid crystal driving circuit of
the present invention may be arranged so that the charge
sharing is carried out according to a control signal (LSA)
temporarily stored in the source driver.

[0146] Moreover, in addition to the above arrangement,
the switching circuit of the liquid crystal driving circuit of
the present invention may be arranged so that a pulse width
is adjusted according to binary setting signals (CTR1, CTR2
and CTR3) inputted from setting terminals.

[0147] Moreover, in addition to the above arrangement,
the switching circuit of the liquid crystal driving circuit of
the present invention may be arranged so that the charge
sharing is carried out according to a control signal (LS) from
the controller and can adjust a pulse width according to
binary setting signals (CTR1, CTR2 and CTR3) inputted
from setting terminals.

[0148] Moreover, according to the present invention, it is
possible to realize a liquid crystal display device containing
the liquid crystal driving circuit arranged as above.

Embodiment 2

[0149] The following explains another embodiment of the
present invention in reference to FIGS. 12 to 17. Note that,
for ease of explanation, the same symbols are used for the
members that have the same functions as the members used
in the figures of Embodiment 1, and further explanations
thereof are omitted here.

[0150] Depending on user requests, a new device may be
produced by increasing or decreasing the number of output
terminals of the existing source driver 902 illustrated in
FIG. 1.

[0151] FIG.12is a diagram illustrating an arrangement of
the source driver 902 arranged as above. In FIG. 12, the
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number of output terminals is 420. However, the source
driver 902 is so arranged that two sets of three output
terminals 910 (total of six) sandwiching a logic circuit 9024
are not used. Therefore, the number of output terminals is
414 (=420-6). A plurality of such source drivers 902 are
provided in the liquid crystal panel 901.

[0152] Therefore, those six output terminals 910 are not
connected to pixels R, G and B. FIG. 12 illustrates source
signal lines S1 to S18. The output terminals 910 of the
source signal lines S1 to S6 and the output terminals 910 of
the source signal lines S13 to S18 are connected to the
pixels, respectively. However, the output terminals of the
source signal lines S7 to S12 are not connected to the pixels.

[0153] Therefore, the charge sharing is not carried out
through the short-circuiting switches (short-circuiting
means) 30a connected to two sets of three output terminals
sandwiching the logic circuit 902 provided at the center of
the source driver. In the description here, six output termi-
nals connected to pixel groups A68 and A69 each composed
of the pixels R, G and B are relevant to those two sets of
three output terminals, and the charge sharing is not carried
out for those six output terminals. Meanwhile, as for the
output terminals connected to the pixel groups A67 and A70,
the charge sharing is carried out between the output termi-
nals which are adjacent with each other and are of the same
color. Therefore, it is possible to reduce electric power
consumption.

[0154] Here, FIG. 13 illustrates one example of wave-
forms of transient voltages outputted from the output ter-
minals 910 of the source driver 902 illustrated in FIG. 12.
One of the waveforms is a waveform of the transient voltage
outputted from each of the output terminals, between which
the charge sharing is carried out, connected to the pixel
group A67 composed of the pixels R, G and B or the pixel
group A70 composed of the pixels R, G and B. Another one
of the waveforms is a waveform of the transient voltage
outputted from each of the output terminals, between which
the charge sharing is not carried out, connected to the pixel
group A68 composed of the pixels R, G and B or the pixel
group A69 composed of the pixels R, G and B.

[0155] When comparing those waveforms, the waveform
of the transient voltage outputted from each of the output
terminals, between which the charge sharing is carried out,
connected to the pixel group A67 composed of the pixels R,
G and B or the pixel group A70 composed of the pixels R,
G and B reaches (15) VLS faster than the waveform of the
transient voltage outputted from each of the output termi-
nals, between which the charge sharing is not carried out,
connected to the pixel group A68 composed of the pixels R,
G and B or the pixel group A69 composed of the pixels R,
G and B. Note that, VLS is a maximum value of an output
amplitude level, and VSS is a minimum value of the output
amplitude level. As a result, depending on whether or not the
charge sharing is carried out, the difference is given between
the waveforms of the transient voltages outputted from the
output terminals of the driver. Therefore, as illustrated in
FIG. 14, in the case in which a plurality of source drivers
902 are provided on the liquid crystal panel 901, display
troubles (vertical lines) may occur due to the difference
between the waveforms of the transient voltages. FIG. 14
illustrates one example of the display troubles. When the
liquid crystal panel 901 carries out an entirely gray display,
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pale vertical lines 922 may be generated at the center of the
chip of the source driver 902 because of the six output
terminals. Reference numeral 921 is a normal display por-
tion where no vertical lines are generated.

[0156] Here, the present embodiment is so arranged that
the charge sharing is carried out between the output termi-
nals connected to pixels of the same color (R, G or B),
without being influenced by the change in the number of
output terminals according to user requests. In this way, the
difference between the waveforms of the transient voltages
is eliminated, and the reduction of the electric power con-
sumption is realized.

[0157] Asillustrated in FIG. 15, the outputting circuit 28
in the source driver is connected to the switching circuit
(switching circuit section) 30 which includes (i) short-
circuiting switches (short-circuiting means) 30a by each of
which the short-circuiting is carried out between the output
terminals 910 connected to pixels of the same color (R, G or
B) and (ii) separating switches (separating means) 30b each
of which separates the output terminal 910 from the output-
ting circuit 28 so that the output terminal 910 is in the state
of floating.

[0158] Especially, in order to carry out the charge sharing
between the output terminals 910 connected to pixels of the
same color (R, G or B), one end of the short-circuiting
switch (short-circuiting means) 30z is connected to one of
common bus lines RCS, GCS and BCS. As a result, without
being influenced by the change in the number of output
terminals, the charge sharing can be carried out between the
output terminals 910 connected to pixels of the same color
(R, G or B), via one of the common bus lines RCS, GCS and
BCS.

[0159] Thus, in the present embodiment, each image is
displayed by the pixel group composed of one or more
pixels. Here, “ecach image” does not mean an image dis-
played by the entire screen but means an image displayed by
pixel(s) by which users can recognize one color, that is, an
image displayed by the pixels R, G and B (here, these three
pixels are collectively referred to as “pixel group™). In the
case of a monochrome display, one pixel group may be
composed of only one pixel.

[0160] Morecover, via the short-circuiting switches 30a
provided between the pixels, each pixel in each pixel group
is connected to at least one pixels in all the other pixel
groups. Then, in the precharging, the short-circuiting
switches simultaneously turn ON/OFF.

[0161] With the above arrangement, each of the pixels in
the pixel groups is connected to at least one pixel in the other
pixel group so that the short-circuiting can be carried out.
For example, when focusing on a pixel R in a certain pixel
group, the pixel R is connected to at least one of pixels R,
G and B in all of the pixel groups except in the pixel group
including the pixel R in the certain pixel group. In FIG. 15,
apixel R in a certain pixel group is connected to the pixels
R in all the pixel groups except the pixel group including the
pixel R. This is much the same for the pixels G and B.

[0162] In addition to the arrangement illustrated in FIG.
15, for example, by suitably increasing/decreasing the num-
ber of the short-circuiting switches 30q, it is possible to
connect a pixel R in a first pixel group, a pixel G in a second
pixel group, pixels R, G and B in a third pixel group, pixels
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G and B in a fourth pixel group, a pixel R in a fifth pixel
group, etc. with each other. For example, in the arrangement
of FIG. 15, the positions of the short-circuiting switches 30a
are changed so that the bus line connected to the pixel R of
the pixel group A67 and the bus line connected to the pixel
G of the pixel group A67 are switched. In this way, the pixel
R of the pixel group A67 is connected to the pixels G of all
the pixel groups except to the pixel G of the pixel group A67.

[0163] Thus, even when a certain pixel group is separated
from the source signal lines, the other pixel groups do not
lose their partner for the short-circuiting. Therefore, the
short-circuiting is carried out without fail. As a result, even
when the pixel groups are decreased from the existing
source driver, it is possible to suppress generating display
troubles, such as vertical lines, etc.

[0164] Especially, in the present arrangement, the switch-
ing circuit 30 includes the short-circuiting switches 30z and
the separating switches 30b. Each short-circuiting switch
30a carries out the short-circuiting between the source
signals lines 1004 (S1, S2, . . . ) connected to pixels of the
same color (R, G or B). One end of the short-circuiting
switch 30a is connected to the source signal line, and
another end of the short-circuiting switch 30z is connected
to one of the bus lines RCS, GCS and BCS which are
respectively common to the pixels R, G and B. Each
separating switch 30b separates the outputting circuit from
a source signal line, so that the outputting circuit is in the
state of floating. Then, in the precharging, the short-circuit-
ing is carried out between the source signal lines connected
to pixels of the same color (R, G or B). In this way, the
precharging of the source signal lines is carried out. That is,
in the present embodiment, through bus lines and the short-
circuiting switches between the pixels and the bus line, each
pixel in each pixel group is connected to at least one pixel
in all the other pixel groups. In the present embodiment,
furthermore, only the pixels of the same color are connected
with each other via the short-circuiting switches.

[0165] Note that, in addition to an arrangement in which
the bus lines are provided respectively for the pixels R, G
and, B, an arrangement in which the pixels of different
colors exist in one group, such as

[0166] Group L: X1 (R) (+), X2 (G) (=), X3 (R) (+),
X4 (B) (-)

[0167] Group 2: Y1 (G) (+), Y2 (R) (=), Y3 (B) (+),
Y4 (R) (-)

[0168] Group 3: Z1 (B) (+), Z2 (B) (-), Z3 (G) (+),
74 (G) (=),

[0169] can obtain an effect of the charge sharing. Note
that, as described above, it is not necessary to correspond the
number of (+) output terminals with the number of (-)
output terminals. Moreover, the total amount of electric
charge of (+) output terminals of the short-circuiting may be
different from the total amount of electric charge of (=)
output terminals of the short-circuiting,

[0170] Moreover, (in the monochrome display or a color
display,) it is possible to obtain the effect of the charge
sharing by (i) an arrangement in which all the pixels are
connected by one bus line, or (ii) an arrangement in which
all the pixels R and G are connected by one bus line and all
the pixels B are connected by another bus line.

Oct. 6, 2005

[0171] Next, FIG. 16 is a modified example of the present
embodiment. In the arrangement of FIG. 16, a portion of the
switching circuit (switching circuit section) 30 provided in
the source driver 902 illustrated in FIG. 15, that is, the
short-circuiting switches (short-circuiting means) 30a for
carrying out the short-circuiting between output terminals
connected to pixels of the same color (R, G or B) are
provided on the liquid crystal panel 901. In this way, the
system is simplified. That is, reference numeral 35 in the
source driver 902 is the first half portion of the switching
circuit 30, and reference numeral 36 in the liquid crystal
panel 901 is the second half portion of the switching circuit
30.

[0172] Thus, it is possible to simplify the system by
providing the short-circuiting switches 30z on the liquid
crystal panel which is a display section of a display device.

[0173] Note that, in the arrangement of FIG. 16, the
short-circuiting switches 30a of the switching circuit
(switching circuit section) 30 are provided on the liquid
crystal panel 901. Needless to say, the separating switches
(separating means) 30b which cause the output terminals to
be in the state of floating can also be provided on the liquid
crystal panel 901.

[0174] Thus, the present embodiment is so arranged that
the charge sharing is carried out between the source signal
lines connected to pixels of the same color (R, G or B),
without being influenced by the change in the number of
output terminals. In this way, the difference between the
waveforms of the transient voltages is eliminated. As a
result, it is possible to further improve the reliability and
realize the reduction of the electric power consumption.

[0175] FIG. 17 is another modified example of the present
embodiment. In this arrangement, each image is displayed
by the pixel group composed of two or more pixels. Here,
the definition of “each image” is the same as above. In one
horizontal period, at least one pixel of pixels in each of the
pixel groups has a polarity opposite the polarities of other
pixels in the pixel group of that one pixel. Moreover, all the
pixels (R, G and B) in each pixel group are connected with
each other via the short-circuiting switches 30a between the
pixels. In the precharging, the short-circuiting switches 30z
simultaneously turn ON/OFF.

[0176] That is, in one pixel group composed of pixels R,
G and B, the polarities may be different from each other in
the same horizontal period. For example, the pixels R and G
in the first pixel group have positive polarities in a certain
horizontal period, but the pixel B in the first pixel group has
a negative polarity in the above horizontal period. For
another example, the pixel R in the second pixel group has
a negative polarity in a certain horizontal period, but the
pixels G and B in the second pixel group have positive
polarities in the above horizontal period. This can be real-
ized easily by appropriately dephasing voltages applied to
the source signal lines and the common electrode which are
driven by alternating currents.

[0177] According to the arrangement illustrated in FIG.
17, all the pixels in a pixel group, that is, the pixels R, G and
B can be short-circuited with each other by using the
short-circuiting switches 30a each having three terminals.

[0178] The present invention is applicable to the liquid
crystal display device and its driving device.
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[0179] As described above, the driving device of the
present invention drives a display section of a display device
by applying, in each horizontal period, voltages to pixels in
the display section through source signal lines charged to
have source signal potentials according to display data
signals supplied from an outputting circuit, the driving
device precharging the source signal lines before causing the
source signal lines to have the source signal potentials for
the above each horizontal period, and the driving device
comprises: a switching circuit which (a) separates the out-
putting circuit from the source signal lines and (b) short-
circuits at least one source signal line whose source signal
potential is positive in one horizontal period and at least one
source signal line whose source signal potential is negative
in the above one horizontal period, so that the short-circuited
source signal lines are precharged.

[0180] According to the above arrangement, the precharg-
ing is carried out by short-circuiting (i) at least one source
signal line whose source signal potential is positive and (if)
at least one source signal line whose source signal potential
is negative in the same horizontal period.

[0181] In this way, the precharging is completed by short-
circuiting the source signal lines with each other inside the
display section. Therefore, the external memory capacitor is
unnecessary, and the adjustment the external memory
capacitor is obviously unnecessary. As a result, it is unnec-
essary to change or adjust the timing of the pulse width (high
period) of the SELECT signal outputted from the controller.
Therefore, it is unnecessary to renew the arrangement of the
controller or produce the controller.

[0182] On this account, even when a newly designed
display section (liquid crystal panel, etc.), which is different
in the number of pixels and materials, is used, it is possible
to realize a display device and a driving device which do not
require the change in the arrangement of the controller.

[0183] Moreover, in addition to the above arrangement,
the driving device of the present invention is so arranged that
the source signal lines include R-signal lines, G-signal lines,
and B-signal lines, which are connected to R-pixels, G-pix-
els, and B-pixels, respectively; and the switching circuit
short-circuits an R-signal line with another R-signal line, a
G-signal line with another G-signal line, and/or a B-signal
line with another B-signal line, so that the short-circuited
signal lines are precharged.

[0184] With the above arrangement, in the precharging,
the short-circuiting is carried out between the source signal
lines connected to pixels of the same color (R, G or B). In
this way, the precharging of the source signal lines is carried
out.

[0185] Therefore, in addition to the effect obtained by the
above arrangement, it is also possible to carry out a desired
precharging with a simple arrangement.

[0186] Moreover, in addition to the above arrangement,
the driving device of the present invention includes a timing
adjusting circuit which is able to adjust (i) a timing for
separating the outputting circuit from the source signal lines
and (ii) a timing for short-circuiting the source signal lines.

[0187] According to the above arrangement, it is possible
to adjust (i) the timing of separating the outputting circuit
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from the source signal line and (ii) the timing of short-
circuiting the source signal lines each other.

[0188] Therefore, in addition to the effect obtained by the
above arrangement, it is also possible to easily adjust the
timings of separating the above connection and short-cir-
cuiting, even when the design of the display section is
changed.

[0189] Moreover, in addition to the above arrangement,
the driving device of the present invention is so arranged
that: each image is displayed by a pixel group including at
least one pixel; through short-circuiting switches, each pixel
in each pixel group is connected to at least one pixel in all
the other pixel groups; and the short-circuiting switches are
simultaneously turned on/off in the precharging.

[0190] With the above arrangement, each of the pixels in
the pixel groups is connected to at least one pixel in the other
pixel group so that the short-circuiting can be carried out.

[0191] Therefore, even when a certain pixel group is
separated from the source signal lines, the other pixel groups
do not lose their partner for the short-circuiting, and pixels
in those other pixel groups are short-circuited with pixels in
the other pixel groups without fail. Thus, even when the
pixel groups are decreased from the existing source driver,
it is possible to suppress generating display troubles, such as
vertical lines, etc.

[0192] Moreover, in addition to the above arrangement,
the driving device of the present invention is so arranged that
pixels of the same color are connected with each other by the
short-circuiting switches.

[0193] According to this arrangement, in addition to the
effect obtained by the above arrangement, it is also possible
to simplify the arrangement.

[0194] Moreover, in addition to the above arrangement,
the driving device of the present invention is so arranged
that, through bus lines and short-circuiting switches between
the pixels and the bus lines, each pixel in each pixel group
is connected to at least one pixel in all the other pixel groups.

[0195] According to this arrangement, in addition to the
effect obtained by the above arrangement, it is also possible
to simplify the arrangement.

[0196] Moreover, in addition to the above arrangement,
the driving device of the present invention is so arranged that
the switching circuit includes: short-circuiting switches each
of which short-circuits an R-signal line with another R-sig-
nal line, a G-signal line with another G-signal line, or a
B-signal line with another B-signal line, and separating
switches each of which separates the outputting circuit from
a source signal line so as to float the outputting circuit; each
of the short-circuiting switches has one end connected to a
source signal line and the other end connected to a common
bus line shared by short-circuiting switches respectively
connected to pixels of the same color; and precharging is
performed by short-circuiting an R-signal line with another
R-signal line, a G-signal line with another G-signal line,
and/or a B-signal line with another B-signal line.

[0197] With the above arrangement, each of the pixels in
the pixel groups is connected to at least one pixel in the other
pixel group so that the short-circuiting can be carried out.
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[0198] Therefore, even when a certain pixel group is
separated from the source signal lines, the other pixel groups
do not lose their partner for the short-circuiting, and pixels
in those other pixel groups are short-circuited with pixels in
the other pixel groups without fail. Thus, even when the
pixel groups are decreased from the existing source driver,
it is possible to suppress generating display troubles, such as
vertical lines, ete.

[0199] Moreover, in addition to the above arrangement,
the driving device of the present invention is so arranged that
the short-circuiting switches and/or the separating switches
are provided in the display section of the display device.

[0200] According to this arrangement, in addition to the
effect obtained by the above arrangement, it is also possible
to attempt to simplify the system.

[0201] Moreover, in addition to the above arrangement,
the driving device of the present invention is so arranged
that: each image is displayed by a pixel group including at
least two pixels; in each pixel group, a polarity of at least one
of the pixels is opposite a polarity of remaining pixels of the
pixels in one horizontal period; and the pixels in each pixel
group are connected with each other via the short-circuiting
switches; and the short-circuiting switches are simulta-
neously turned on/off in the precharging.

[0202] With the above arrangement, each of the pixels in
the pixel groups is connected to at least one pixel in the other
pixel group so that the short-circuiting can be carried out.

[0203] Therefore, even when a certain pixel group is
separated from the source signal lines, the other pixel groups
do not lose their partner for the short-circuiting, and pixels
in those other pixel groups are short-circuited with pixels in
the other pixel groups without fail. Thus, even when the
pixel groups are decreased from the existing source driver,
it is possible to suppress generating display troubles, such as
vertical lines, etc.

[0204] Moreover, the display device in accordance with
the present invention is characterized by including the
above-described driving device.

[0205] According to the above arrangement, the precharg-
ing is carried out by short-circuiting (i) at least one source
signal line whose source signal potential is positive and (if)
at least one source signal line whose source signal potential
is negative in the same horizontal period.

[0206] In this way, the precharging is completed by short-
circuiting the source signal lines with each other inside the
display section. Therefore, the external memory capacitor is
unnecessary, and the adjustment the external memory
capacitor is obviously unnecessary. As a result, it is unnec-
essary to change and adjust the timing of the pulse width
(high period) of the SELECT signal outputted from the
controller. Therefore, it is unnecessary to renew the arrange-
ment of the controller or produce the controller.

[0207] On this account, even when a newly designed
display section (liquid crystal panel, etc.), which is different
in the number of pixels and materials, is used, it is possible
to realize a display device and a driving device which do not
require the change in the arrangement of the controller.

[0208] As described above, the driving device in accor-
dance with the present invention includes the switching

Oct. 6, 2005

circuit which carries out the precharging of the source signal
lines (i) by separating the outputting circuit from the source
signal lines and (ii) by short-circuiting (a) at least one source
signal line whose source signal potential is positive and (b)
at least one source signal line whose source signal potential
is negative in the same horizontal period. On this account,
even when a newly designed display section (liquid crystal
panel, etc.), which is different in the number of pixels and
materials, is used, it is possible to realize a display device
and a driving device which do not require the change of the
arrangement of the controller.

[0209] The present invention is not limited to the embodi-
ments above, but may be altered within the scope of the
claims. An embodiment based on a proper combination of
technical means disclosed in different embodiments is
encompassed in the technical scope of the present invention.

What is claimed is:

1. A driving device for driving a display section of a
display device by applying, in each horizontal period, volt-
ages to pixels in the display section through source signal
lines charged to have source signal potentials according to
display data signals supplied from an outputting circuit, the
driving device precharging the source signal lines before
causing the source signal lines to have the source signal
potentials for said each horizontal period, the driving device
comprising:

a switching circuit which (a) separates the outputting
circuit from the source signal lines and (b) short-
circuits at least one source signal line whose source
signal potential is positive in one horizontal period and
at least one source signal line whose source signal
potential is negative in said one horizontal period, so
that the short-circuited source signal lines are pre-
charged.

2. The driving device as set forth in claim 1, wherein

the source signal lines include R-signal lines, G-signal
lines, and B-signal lines, which are connected to R-pix-
els, G-pixels, and B-pixels, respectively; and

the switching circuit short-circuits an R-signal line with
another R-signal line, a G-signal line with another
G-signal line, and/or a B-signal line with another
B-signal line, so that the short-circuited signal lines are
precharged.

3. The driving device as set forth in claim 1, further
comprising a timing adjusting circuit which is able to adjust
(1) a timing for separating the outputting circuit from the
source signal lines and (ii) a timing for short-circuiting the
source signal lines.

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

each image is displayed by a pixel group including at least
one pixel;

through short-circuiting switches, each pixel in each pixel
group is connected to at least one pixel in all the other
pixel groups; and

the short-circuiting switches are simultaneously turned
on/off in the precharging.
5. The driving device as set forth in claim 4, wherein

pixels of the same color are connected with each other by
the short-circuiting switches.



US 2005/0219195 Al

6. The driving device as set forth in claim 4, wherein
through bus lines and short-circuiting switches between the
pixels and the bus lines, each pixel in each pixel group is
connected to at least one pixel in all the other pixel groups.

7. The driving device as set forth in claim 1, wherein:

the switching circuit includes:

short-circuiting switches each of which short-circuits
an R-signal line with another R-signal line, a G-sig-
nal line with another G-signal line, or a B-signal line
with another B-signal line, and

separating switches each of which separates the out-
putting circuit from a source signal line so as to float
the outputting circuit;

each of the short-circuiting switches has one end con-
nected to a source signal line and the other end con-
nected to a common bus line shared by short-circuiting
switches respectively connected to pixels of the same
color; and

precharging is performed by short-circuiting an R-signal
line with another R-signal line, a G-signal line with
another G-signal line, and/or a B-signal line with
another B-signal line.

8. The driving device as set forth in claim 4, wherein the
short-circuiting switches and/or the separating switches are
provided in the display section of the display device.

9. The driving device as set forth in claim 1, wherein:

each image is displayed by a pixel group including at least
two pixels;

in each pixel group, a polarity of at least one of the pixels
is opposite a polarity of remaining pixels of the pixels
in one horizontal period; and

the pixels in each pixel group are connected with each
other via the short-circuiting switches; and

the short-circuiting switches are simultaneously turned
on/off in the precharging.
10. A display device, comprising:

a driving device for driving a display section of a display
device by applying, in each horizontal period, voltages
to pixels in the display section through source signal
lines charged to have source signal potentials according
to display data signals supplied from an outputting
circuit, the driving device precharging the source signal
lines before causing the source signal lines to have the
source signal potentials for said each horizontal period,
the driving device comprising:

a switching circuit which (a) separates the outputting
circuit from the source signal lines and (b) short-
circuits at least one source signal line whose source
signal potential is positive in one horizontal period and
at least one source signal line whose source signal
potential is negative in said one horizontal period, so
that the short-circuited source signal lines are pre-
charged.
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11. The driving device as set forth in claim 3, wherein
separation of the outputting circuit from the source signal
lines is carried out simultaneously with short-circuiting of
the source signal lines.

12. The driving device as set forth in claim 3, wherein the
source signal lines are short-circuited after separation of the
outputting circuit from the source signal lines.

13. The driving device as set forth in claim 3, wherein:

the timing adjusting circuit includes:
a first signal generating circuit,
a pulse width signal adjusting circuit, and
an R-S flip flop circuit;

the first signal generating circuit generates a group of first
signals from an inputted clock signal so as to count a
number of pulses of the clock signal;

the pulse width signal adjusting circuit compares the
group of first signals with setting signals for setting a
pulse width of an output signal to be supplied to the
switching circuit; and

the R-S flip flop circuit is set based on the group of first
signals and a hold signal, and reset by an output from
the pulse width signal adjusting circuit, so as to output,
to the switching circuit, an output signal with a desired
pulse width.

14. A driving device which applies voltages to pixels so
as to drive a display section according to a dot inversion
driving, comprising:

a precharging circuit for (i) separating an outputting
circuit from data lines to which the outputting circuit
outputs display data, and (ii) short-circuiting at least
two data lines, which are oppositely charged, of the
display section so that said at least two data lines are
precharged.

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

the precharging circuit includes:

short-circuiting switches for short-circuiting the data
lines; and

separating switches for separating the outputting circuit
from the data lines.

16. The driving device as set forth in claim 14, further
comprising a timing adjusting circuit which is able to adjust
(1) a timing for turning off the separating switches and (ii) a
timing for turning on the short-circuiting switches.

17. A display device, comprising:

a driving device which applies voltages to pixels so as to
drive a display section according to a dot inversion
driving, the driving device comprising:

a precharging circuit for (i) separating an outputting
circuit from data lines to which the outputting circuit
outputs display data, and (i) short-circuiting at least
two data lines, which are oppositely charged, of the
display section so that said at least two data lines are
precharged.
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