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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display device, and more particularly to a liquid crystal
display device which can prevent the disturbance of display
caused by the abnormality of timing of pixel clock signals
for generating image data supplied to a driving circuit for
driving liquid crystal and a driving method therefor.

[0003] 2. Description of the Related Art

[0004] In an active matrix type liquid crystal display
device which includes active elements such as thin film
transistors (TFT) for respective pixels and performs the
switching driving of these active elements, liquid crystal
driving voltages (gray scale voltages) are applied to pixel
electrodes through the active elements and hence, there is no
cross talk between respective pixels whereby it is possible to
perform a multi-gray-scale display without using a particular
driving method for preventing cross talks which occurs in a
simple matrix type liquid crystal display device.

[0005] FIG. 12 is a block diagram for explaining a con-
stitutional example of an active matrix type liquid crystal
display device, while FIG. 13 and FIG. 14 are explanatory
views of lateral-direction timing, that is, horizontal-direction
timing and longitudinal-direction timing, that is, vertical-
direction timing with respect to a display control shown in
FIG. 12.

[0006] The liquid crystal display device is provided with
an interface circuit board on which an interface circuit is
mounted, wherein the interface circuit applies pixel data,
pixel clock signals and various types of driving voltages to
a liquid crystal display panel TFT-LCD wupon receiving
control signals including image data and pixel clock signals
(the pixel clock signals being referred to as pixel clock or
simply clock hereinafter) supplied from an external signal
source such as a host computer or the like and other clock
signals for synchronization.

[0007] The interface circuit includes a display control
device and a power source circuit and outputs a data bus
which transfers a first pixel, a data bus which transfers a
second pixel, clocks D1, D2 for fetching pixel data into drain
drivers, frame starting direction signal for driving gate
drivers and gate clocks (clocks G) to the liquid crystal
display panel TFT-LCD. Further, the power source circuit is
constituted of a positive voltage generation circuit, a nega-
tive voltage generation circuit, a multiplexer which synthe-
sizes a positive voltage and a negative voltage, a counter
electrode wvoltage generation circuit and a gate voltage
generation circuit.

[0008] The number of display pixels of the liquid crystal
display panel TFT-LCD which constitutes the liquid crystal
display device is 1024 in the lateral directionx768 in the
longitudinal direction. The interface circuit board which
receives display data and various types of control signals
from the host computer transfers the data and the signals for
2 pixel unit to the liquid crystal display panel. That is, the
interface circuit board synthesizes respective one data of red
(R), green (G), blue (B) as a set and transfers the data and
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the symbols for 2 pixels every unit time to the liquid crystal
display panel TFT-LCD through a data line which is indi-
cated by a bold arrow in the drawing.

[0009] With respect to the clock which becomes the ref-
erence with respect to the unit time, one half of the fre-
quency for one pixel is transmitted from the host computer
(also referred to as an external signal source hereinafter) to
the drain drivers of the liquid crystal display panel TET-LCD
through clock lines indicated by narrow arrows in the
drawing. As a specific example, the frequency of the clock
becomes 32.5 MHz which is one half of 65 MHz.

[0010] To explain the constitution of the liquid crystal
display panel TFT-LCD, assuming a display screen as the
reference, the drain drivers (TFT drivers) are arranged in the
lateral direction and these drain drivers are connected to
drain lines of thin film transistors TFT so as to supply
voltages for driving liquid crystal to the thin film transistors
TFT. Further the gate drivers are connected to gate lines so
as to supply voltages to gates of the thin film transistors TFT
for a fixed time (1 horizontal operation time, display time for
1 line).

[0011] The display control device is constituted of a
semiconductor integrated circuit (LSI) which is also referred
to as a TCON and receives the image data and control
signals from the host computer and outputs the data and
signals for 2 pixels to the drain drivers and the gate drivers
based on these data and signals. Here, the data line for one
pixel transmits data of 18 bits (6 bits for each R, G, B).
Accordingly, by adopting 2-pixel data outputting, the total
data line transmits data of 36 bits.

[0012] The reason that the number of pixel data trans-
ferred from the host computer to the display control device
of the liquid crystal display device and the number of pixel
data transferred from the display control device to the drain
drivers of the liquid crystal display panel are respectively
provided for 2 pixels is as follows. That is, when 65 MHz
which is the reference clock for 1 pixel is adopted, there
arises a problem that the data cannot be transferred between
these devices and between the device and drain drivers.
Accordingly, 2 pixel transfer is adopted.

[0013] As shown in FIG. 13 and FIG. 14, pulses of 1
horizontal time period are supplied to the gate drivers based
on the horizontal synchronizing signal and the display
timing signal such that the voltage is supplied to the gate
lines of the thin film transistors TFT for every 1 horizontal
time. In accordance with every frame period, a frame
starting direction signal is also given based on the vertical
synchronizing signal such that the display is performed from
the first line.

[0014] The positive voltage generation circuit, the nega-
tive voltage generation circuit and the multiplexer of the
power source circuit alternate the voltage applied to the
liquid crystal every fixed time such that the same voltage is
not applied to the same liquid crystal for a long time. Here,
“to alternate” means to change the voltage given to the drain
drivers to the positive voltage side and the negative voltage
side every fixed time using a counter electrode voltage as the
reference. Here, the period of alternation is performed in
accordance with every frame period.

SUMMARY OF THE INVENTION

[0015] With respect to the above-mentioned thin film
transistor type liquid crystal display device which consti-
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tutes the conventional technique, since the transfer of image
data to the liquid crystal display panel becomes plural in
number (for 2 pixels), the size of the printed circuit board
which constitutes a wiring path becomes large and this
constitutes one of factors which pushes up the manufactur-
ing cost.

[0016] To cope with such a problem, a so-called TVDS
(Low Voltage Differential Signaling) transferring method is
adopted for transferring the image data from the host com-
puter to the liquid crystal display device. The LVDS trans-
ferring method is a method which transfers data at a high
speed by making use of the differential signals of + (plus)
and - (minus) with a small amplitude.

[0017] FIGS. 15(a), 15(b), 16(a), and 16(b) are explana-
tory views of the LVDS transferring method. FIGS. 15(a)
and 15(b) are conceptual views of the LVDS transferring
method, wherein FIG. 15(q) is a conceptual view of the
LVDS transfer method and FIG. 15(b) is an explanatory
view of alternation. FIGS. 16(a) and 16(b) are basic con-
stitutional views of the LVDS transferring method, wherein
FIG. 16(«a) is a constitutional view of a transferring lines of
the LVDS and FIG. 16(b) is an explanatory view of display
data and clocks which are transferred through the transfer-
ring lines of the LVDS.

[0018] To reduce the number of transfer lines at the host
computer which constitute the transmitting side, the parallel
data of 7 bits, for example, is converted into the serial data
and this data is transferred with one pair of data per one
clock (here, 65 MHz). The transferred data is restored to the
parallel data of 7 bits at the liquid crystal display side. This
data is inputted to the display control device.

[0019] The transfer of data from the display control device
to the drain drivers of the liquid crystal display panel is
configured such that the data can be transferred with the data
width for 1 pixel by setting the clock D2 to a half cycle and
using drain drivers having a double-edged specification.

[0020] FIG. 17 is a block diagram for explaining a con-
stitutional example of a liquid crystal display device which
adopts an LVDS transferring method. Further, FIG. 18 is a
timing chart of an input and an output of the display control
device which adopts a double-edged image data fetching
method.

[0021] In FIG. 17, symbols and explanations identical
with those shown in FIG. 12 indicate parts having same
functions. A graphic controller and an LVDS transmitting
circuit are arranged at a host computer side and an LVDS
recelving circuit is arranged at a liquid crystal display device
side. Display data and control signals outputted from the
host computer side are converted into the above-mentioned
differential signals by the LVDS transmitting circuit and
then are inputted to the LVDS receiving circuit mounted on
an interface substrate of a liquid crystal display device.

[0022] The display data and the control signals which are
restored by the LVDS receiving circuit are supplied to a
liquid crystal display panel TFT-LCD through a display
control device. The display data is transferred by a data bus
for 1 pixel and, as shown in FIG. 18, here, is fetched to the
drain drivers at double edges (rising edge, falling edge) of a
clock D2 of 32.5 MHz. The maximum frequency of the
reference clock (clock D2) to the drain drivers of the liquid
crystal display device TFT-LCD and the display data
becomes 32.5 MHz.
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[0023] In this manner, using the drain drivers adopting the
LVDS method and the double-edged specification, it is
possible to realize a thin film transistor type liquid crystal
display device of a low manufacturing cost without increas-
ing the size of a printed circuit board on which an interface
circuit is mounted.

[0024] However, the above-mentioned constitution of the
conventional liquid crystal display device has a problem that
it is necessary to change also the host computer side con-
stitution in accordance with the LVDS specification.

[0025] To cope with such a problem, the applicant of the
present application proposed a liquid crystal display device
which enables the fetching of data to drain drivers at the low
clock frequency using an interface which does not change
the host computer side constitution, that is, with an interface
which does not adopt the above-mentioned LVDS method
(Japanese laid-open patent publication 338938/2000).

[0026] The above-mentioned proposal is configured to be
capable of converting the number of pixels from the host
computer to the less number of pixels and also of using drain
drivers of a double-edged specification which enables the
fetching of the number of pixels into the drain drivers using
the clock signals of low frequency.

[0027] To be more specific, to fetch the display data into
the drain drivers at both edges (double edges) of rising and
falling of the clock signal, the device is equipped with a
clock multiplying circuit for multiplying the frequency of
the clock signal inputted from the host computer and the
image data inputted from the host computer is converted into
the less number of display data using the multiplied clock
signal.

[0028] FIG. 19 is a block diagram for explaining the
constitution of an essential part adopting a double-edged
image data fetching method and FIG. 20 is a waveform
diagram for explaining an operation thereof. In FIG. 19, a
display control device mounted on an interface circuit board
of a liquid crystal display device receives clock signals
(DCLK) inputted from a host computer, n pieces of image
data (Data) and other control signals (H-Sync: horizontal
synchronizing signals, V-Sync: vertical synchronizing sig-
nals and the like).

[0029] The clock signal (DCLK) which constitutes a basic
clock is inputted to a parallel-serial converter P/S and, at the
same time, is supplied to a clock signal synthesizer CLS.
The clock signal synthesizer CLS multiplies the inputted
clock signal DCLK “a” times (here, a =2) to form 2DCLK
and this clock signal is supplied to the parallel-serial con-
verter circuit P/S.

[0030] The display control device converts n pieces of
image data into m pieces of image data (m=n) in the
parallel-serial converter P/S and the image data is fetched at
double edges consisting of a rising edge and a falling edge
of the basic clock DCLK by the drain drivers of the
doubled-edged specification and the image data are dis-
played on the liquid crystal panel.

[0031] FIG. 21 is a block diagram for explaining a con-
stitutional example of a liquid crystal display device which
adopts the above-mentioned double-edged fetching method.
A liquid crystal display panel TFT-LCD is a high definition
panel having 1024x3x768 pixels similar to the panel
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explained in conjunction with FIG. 17. A plurality of drain
drivers having the double-edged specification are arranged
corresponding to rows of pixels in the lateral direction and
a plurality of gate drivers are arranged corresponding to
columns of pixels in the longitudinal direction.

[0032] A display control device and a power source circuit
are mounted on an interface circuit board. Further, a PLL
which multiplies a clock DCLK (reference clock) of 32.5
MHz which constitutes a pixel clock inputted from a host
computer twice is mounted on the interface circuit board.
That is, the reference clock of 32.5 MHz inputted from the
host computer is supplied to a 1 pixel data converting circuit
of the display control device after the frequency is multi-
plied to 65 MHz by a clock synthesizer (constituted of the
PLL).

[0033] 2 pixels inputted from the host computer, that is,
pixel data (red (R), green (G), blue (B)) for the first pixel and
pixel data (red (R), green (G), blue (B)) for the second pixel
are converted into serial data of 1 pixel by the 1 pixel data
converting circuit which constitutes a parallel-serial con-
verter and then are outputted to the drain drivers. Further, the
display control device outputs a clock D of the frequency
equal to that of the reference clock inputted from the host
computer to the drain drivers and also outputs a frame
starting direction signal and a gate clock (clock G) to the
gate drivers.

[0034] The power source circuit includes a positive volt-
age generation circuit, a negative voltage generation circuit,
an analogue multiplexer, a counter electrode generation
circuit and a gate voltage generation circuit. The power
source circuit is configured to perform the alternation driv-
ing of the drain drivers which has been explained in the
above-mentioned paragraph of the related art using the
positive voltage generation circuit, the negative voltage
generation circuit and the analogue multiplexer.

[0035] The drain drivers fetch and latch the pixel data
inputted from the display control device through a data bus
at both edges (double edges) consisting of a rising edge and
a falling edge of the clock D and output the pixel data to
lines to be selected by the gate drivers so as to perform the
display of the pixels.

[0036] Due to such a constitution, even when the data
constitution of the drain drivers is for 1 pixel, the device can
cope with the inputting of display data for 2 pixels so that a
liquid crystal display device of high definition can be
obtained by using the interface circuit having the conven-
tional constitution without necessitating the high-speed
transfer of display data from the host computer.

[0037] Due to such a constitution, the pixel data from the
host computer is converted into pixel data with less number
of pixels and the pixel data can be fetched by drain drivers
with a clock of low frequency so that the high-speed transfer
of image data can be realized without adopting the LVDS
method.

[0038] The host computer, at the time of starting thereof,
transmits the image data from a graphic controller to the
liquid crystal display device side by sequentially converting
the resolution of the image data (for example, 640(720)x
350—640x480—640%350—-1024%768).

[0039] An image signal ineffective signal is transmitted in
conformity with the converting timing of the resolution so as
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to suppress the influence of the conversion of resolution to
an image display. However, in this transitional transmission
time, there may be a case that the disturbance is generated
with respect to waveforms of the clock, the horizontal
synchronizing signal H-Sync, the vertical synchronizing
signal V-Sync and image data signals. That is, as indicated
with an arrow A in FIG. 20 in an enlarged form, a signal
level which is to be recognized as a low level (Low) has the
fluctuation in a waveform and hence, the signal level is
erroneously recognized as a high level (High).

[0040] Conventionally, assuming that there exist no
irregularities with respect to the clock inputted from the
outside (also referred to as an external clock), such irregu-
larities of the clock has not been taken into consideration.
However, in an actual operation, there may be a case that the
above-mentioned a fluctuation is generated and this induces
a miscounting of the clock whereby the transmission of the
image signal ineffective signal is disturbed.

[0041] Accordingly, it is an object of the present invention
to provide a liquid crystal display device and a driving
method thereof which can obviate the generation of display
irregularities by recognizing normal/irregular of the above-
mentioned external clock and stopping the supply of image
signals to drivers of a liquid crystal display device or
performing the display by replacing the external clock with
a pseudo clock from a pseudo clock generation circuit which
is separately provided when the external clock is in error.

[0042] To achieve the above-mentioned object, the present
invention is directed to a liquid crystal display device which
converts the number of pixels from a host computer into the
less number of pixels and drain drivers of a double-edged
specification which fetches these pixels in the drain drivers
with a clock signal of low frequency can be used, wherein

[0043] the display control devices is further provided
with clock surveillance means which detects the
presence or the absence of irregularity of timing of a
pixel clock signal inputted from the host computer
which constitutes an external signal source. To
describe typical constitution of the present invention,
they are as follows.

[0044] First of all, as a driving method of a liquid crystal
display device according to the present invention, following
constitutions are considered.

[0045] (1) In a method for driving a liquid crystal
display device comprising a liquid crystal display
panel which has a plurality of pixels being consti-
tuted of active elements and formed in a matrix array,
a plurality of drain drivers which apply display
signals based on control signals including image data
and pixel clock signals inputted from an external
signal source to a plurality of pixels in the lateral
direction of the matrix, a plurality of gate drivers
which apply scanning signals to a plurality of pixels
in the longitudinal direction of the matrix, and a
display control device which has parallel-serial con-
version means which performs the parallel-serial
conversion of the image data based on the pixel
clock signals and supplies the image data to the drain
drivers as the display signals,

[0046] the display control device includes clock sur-
veillance means for detecting the presence or the
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absence of the irregularity of timing of the pixel
clock signals inputted from the external signal
source, and

[0047] when the clock surveillance means detects the
presence of the irregularity of timing, the supply of
the image data from the display control device to the
drain drivers is stopped.

[0048] Due to such a constitution, when the clock surveil-
lance means detects the irregularity of timing of the clock,
the clock surveillance means determines that the clock is not
normally inputted. That is, it is determined that this state is
a state in which the host computer side has not been
completely started or the state is a transitional period which
follows the change of an operation mode and hence, it is
possible to take the protective processing for preventing the
generation of the irregularity of display by bringing an inner
power source into an inoperable state at the liquid crystal
display device side.

[0049] (2) In a method for driving a liquid crystal
display device comprising a liquid crystal display
panel which has a plurality of pixels being consti-
tuted of active elements and formed in a matrix array,
a plurality of drain drivers which apply driving
voltages based on control signals including image
data and pixel clock signals inputted from an exter-
nal signal source to a plurality of pixels in the lateral
direction of the matrix, a plurality of gate drivers
which apply scanning voltages to a plurality of pixels
in the longitudinal direction of the matrix, and a
display control device which has parallel-serial con-
version means which performs the parallel-serial
conversion of the image data based on the pixel
clock signals and supplies the image data to the drain
drivers,

[0050] the display control device includes clock sur-
veillance means for detecting the presence or the
absence of the irregularity of timing of the pixel
clock signals inputted from the external signal source
and inner pixel clock signal generating means for
generating pseudo clock signals equivalent to the
pixel clock signals, and

[0051] when the clock surveillance means detects the
presence of the irregularity of timing, the pseudo
clock signals generated by the inner pixel clock
signal generating means are supplied to the display
control device.

[0052] Due to such a constitution, when the clock surveil-
lance means detects the irregularity of timing of the clock,
an irregular display is obviated by performing a pseudo
image display so that a normal image display can be
performed at a point of time that the above-mentioned
timing is restored.

[0053] Following devices are considered as liquid crystal
display devices of the present invention which are driven by
the above-mentioned driving method.

[0054] (3) In a liquid crystal display device compris-
ing a liquid crystal display panel which has a plu-
rality of pixels being constituted of active elements
and formed in a matrix array, a plurality of drain
drivers which apply driving voltages based on con-
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trol signals including image data and pixel clock
signals inputted from an external signal source to a
plurality of pixels in the lateral direction of the
matrix, a plurality of gate drivers which apply scan-
ning voltages to a plurality of pixels in the longitu-
dinal direction of the matrix, and a display control
device which has parallel-serial conversion means
which performs the parallel-serial conversion of the
image data based on the pixel clock signals and
supplies the image data to the drain drivers,

[0055] wherein the display control device includes a
clock signal synthesizer which generates reference
clock signals which are formed by multiplying the
frequency of the pixel clock signals inputted from
the external signal source “a” times and a clock
signal comparator circuit which compares the input-
ted pixel clock signals and an output of the reference
clock signals of the clock signal synthesizer, deter-
mines whether it is effective or ineffective based on
the presence or the absence of the irregularity of
timing of the pixel clock signals, and outputs a clock
ineffective signal which stops the supply of the pixel
clock signals to the parallel-serial converting means
when the result of the determination is ineffective.

[0056] Due to such a constitution, it is possible to obtain
a liquid crystal display device which, when the clock sur-
veillance means detects the irregularities of timing of the
clock, can determine that the clock is not normally inputted
and brings the inner power source into an inoperable state at
the liquid crystal display device side so as to prevent the
generation of the irregularity of display.

[0057] (4) In a liquid crystal display device compris-
ing a liquid crystal display panel which has a plu-
rality of pixels being constituted of active elements
and formed in a matrix array, a plurality of drain
drivers which apply driving voltages based on con-
trol signals including image data and pixel clock
signals inputted from an external signal source to a
plurality of pixels in the lateral direction of the
matrix, a plurality of gate drivers which apply scan-
ning voltages to a plurality of pixels in the longitu-
dinal direction of the matrix, and a display control
device which has parallel-serial conversion means
which performs the parallel-serial conversion of the
image data based on the pixel clock signals and
supplies the image data to the drain drivers,

[0058] wherein the display control device includes a
clock signal synthesizer which generates reference
clock signals which are formed by multiplying the
frequency of the pixel clock signals inputted from
the external signal source “a” times, a clock signal
comparator circuit which compares the inputted
pixel clock signals and an output of the reference
clock signals of the clock signal synthesizer and
determines whether it is effective or ineffective based
on the presence or the absence of the irregularity of
timing of the pixel clock signals, an inner clock
signal generation circuit which generates pseudo
clock signals equivalent to the image clock signals,
and a clock signal switching circuit which stops the
supply of the pixel clocks to the parallel-serial con-
verting means and also supplies the pseudo clock
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signals outputted from the inner clock generation
circuit to the parallel-serial converter when the result
of the determination of the clock signal comparator
circuit is ineffective.

[0059] Due to such a constitution, it is possible to obtain
a liquid crystal display device which performs the pseudo
image display when the clock surveillance means detects the
irregularity of timing of the clock so as to prevent the
generation of irregularity of display.

[0060] Further, specific constitutions of the liquid crystal
display device of the present invention are listed hereinafter.

[0061] (5) In the constitution (3) or (4), the number of
multiplication “a” of the clock signal synthesizer is
n or 1/n, wherein n is an integer and satisfies n=2.

[0062] (6) In any one of the constitutions (3) to (5),
provided that the number of the image data is set to
N pieces, the number of display data inputted to the
drain drivers of the liquid crystal display panel is set
to M pieces, and N/M is set to satisfy the relationship
of 1/a (a: integer), the N pieces of display data is
converted into M pieces of display data(M=N)
based on clocks axCL which is obtained by multi-
plying the frequency “a” times using the clock
multiplying circuit and, thereafter, the M pieces of
display data are inputted to the drain drivers at
double edges consisting of rising of signal and
falling of signal of the clocks CL.

[0063] (7) In any one of constitutions (3) to (6), the
number N of image data from the external signal
source is 2, the number M of image data inputted to
the liquid crystal display panel is 1, the clock signal
synthesizer is a PLL, and the multiplication number
“a” thereof is 2.

[0064] (8) In any one of constitutions (3) to (7), the
frequency of the pixel clock signals inputted from
the external signal source is 32.5 MHz and the drain
driver is a drain driver corresponding to double
edges.

[0065] The above-mentioned PLL which generates the
clock signal has a simple constitution and other circuits
which constitute the interface circuit and the drain drivers
can be constituted of existing semiconductor circuits so that
there is no problem with respect to the reliability of opera-
tion.

[0066] Here, it is needless to say that the present invention
is not limited to the above-mentioned constitutions and
various modifications are possible without departing from
the technical concept of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0067] FIG. 1 is a block diagram for explaining the
constitution of an essential part of a first embodiment of a
liquid crystal display device according to the present inven-
tion;

[0068] FIG. 2 is a block diagram for explaining a consti-
tutional example of a clock surveillance circuit in FIG. 1;

[0069] FIG.3 is atiming chart for explaining an operation
of the clock surveillance circuit shown in FIG. 2;
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[0070] FIG. 4 is a timing chart for explaining an operation
of the clock surveillance circuit shown in FIG. 2;

[0071] FIG. 5 is a waveform diagram for explaining the
operation shown in FIG. 2 of the clock surveillance circuit
in further detail;

[0072] FIG. 6 is a block diagram for explaining one
constitutional example of a clock comparator circuit CCM
constituting the clock surveillance circuit shown in FIG. 1;

[0073] FIG. 7 is a block diagram for explaining the
constitution of an essential part of a second embodiment of
a liquid crystal display device according to the present
invention;

[0074] FIG. 8 is an equivalent circuit for explaining one
example of a pixel portion of a liquid crystal display panel
constituting a liquid crystal display device according to the
present invention;

[0075] FIG. 9 is an equivalent circuit for explaining
another example of the pixel portion of the liquid crystal
display panel constituting the liquid crystal display device
according to the present invention;

[0076] FIG. 10 is a timing chart for explaining in detail
the relationship between the liquid crystal driving voltage
outputted to drain signal lines from the drain drivers and the
liquid crystal driving voltage applied to a common elec-
trode;

[0077] FIGS. 11A and 11B are explanatory drawings for
the mounting position of the interface printed circuit board
at liquid crystal display panel, wherein FIG. 11A is a plan
view of the liquid crystal display panel PNL having a
flexible printed circuit board FPC1 connected thereto and
FIG. 11B is a plan view of the interface printed circuit board
PCB mounted on a back surface of the flexible printed
circuit board FPC1;

[0078] FIG. 12 is a block diagram for explaining a con-
stitutional example of an active matrix type liquid crystal
display device;

[0079] FIG. 13 is an explanatory view of the timing in the
lateral direction, that is, in the horizontal direction with
respect to the display control in FIG. 12;

[0080] FIG. 14 is an explanatory view of the timing in the
longitudinal direction, that is, in the vertical direction with
respect to the display control in FIG. 12;

[0081] FIG. 15(a) and 15(b) are conceptual views of the
LVDS transferring method, wherein FIG. 15(@) is a con-
ceptual view of the LVDS transfer method and FIG. 15(b)
is an explanatory view of alternation;

[0082] FIGS. 16(a) and 16(b) are basic constitutional
views of the LVDS transferring method, wherein FIG. 16(a)
is a constitutional view of transferring lines of the LVDS and
FIG. 16(b) is an explanatory view of display data and clocks
which are transferred through the transferring lines of the
LVDS;

[0083] FIG. 17 is a block diagram for explaining a con-
stitutional example of a liquid crystal display device adopt-
ing the LVDS transfer method,

[0084] FIG. 18 is a timing chart of an input and an output
of the display control device using a double-edged specifi-
cation;



US 2002/0140662 Al

[0085] FIG. 19 is a block diagram for explaining the
constitution of an essential part of a double-edged image
data fetching method;

[0086] FIG. 20 is a waveform diagram for explaining the
operation shown in FIG. 19; and

[0087] FIG. 21 is a block diagram for explaining a con-
stitutional example of the liquid crystal display device
adopting a double-edged image data fetching method.

DETAILED DESCRIPTION

[0088] Embodiments of the present invention are
explained in detail in conjunction with drawings which show
these embodiments hereinafter.

[0089] FIG. 1 is a block diagram for explaining the
constitution of an essential part of a first embodiment of a
liquid crystal display device according to the present inven-
tion. In FIG. 1, a display control device which is mounted
on an interface circuit board includes a parallel-serial con-
verter P/S, a clock synthesizer (PLL) CLS and a clock
comparator circuit CCM. The clock synthesizer CLS and the
clock comparator circuit CCM constitute a clock surveil-
lance circuit.

[0090] The display control device receives a clock DCLK,
n pieces of image data (Data) and other control signals
(H-Sync: horizontal synchronizing signal, V-Sync: vertical
synchronizing signal and the like).

[0091] The clock DCLK which constitutes a basic clock is
inputted to the parallel-serial converter P-S and, at the same
time, is supplied to the clock synthesizer CLS. The clock
synthesizer CLS multiplies the inputted clock DCLK “a”
times (here, a=2) so as to form 2 DCLK and this 2 DCLK
is supplied to the parallel-serial converter P/S and the clock
comparator circuit CCM.

[0092] n pieces of image data inputted into the parallel-
serial converter are converted into m pieces of image data
(m=n) and the image data are fetched at double edges
consisting of a rising edge and a falling edge of the basic
clock DCLK in drain drivers of the double-edged specifi-
cation and are displayed on a liquid crystal display panel.

[0093] The clock comparator circuit CCM compares the
reference clock DCLK and twice-multiplied-clock 2 DCLK
so as to determine whether the frequency of the clock DCLK
is normal or irregular and an output of the result of deter-
mination (determination output) PLLVAL (normal=high
level: High, irregular=low level: Low) is supplied to the
parallel-serial converter P/S.

[0094] When it is determined that the frequency of the
clock DCLK is abnormal, the output PLLVAL becomes the
low level: Low and the supply of the image data from the
parallel-serial converter P/S to the drain drivers is stopped
with the output PLLVAL of the low level.

[0095] FIG. 2 is a block diagram for explaining a consti-
tutional example of the clock surveillance circuit shown in
FIG. 1. Further, FIG. 3 and FIG. 4 show timing charts for
explaining the operation shown in FIG. 2. In this embodi-
ment, an explanation is made in accordance with an example
in which the number of multiplication is set to “2”, the clock
DCLK is set to 1280 pulses so that the multiplied clock
(reference clock) 2=DCLK is set to 2560 pulses. However,
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the embodiment is not limited to such an example. The
number of multiplication is n times or 1/n times (nZ2, n
being an integer). Hereinafter, the operation of the clock
surveillance circuit shown in FIG. 2 is explained in con-
junction with FIG. 3 and FIG. 4.

[0096] The clock DCLK which constitutes the reference
clock signal inputted from the host computer is inputted to
a count-up clock of a counter-a CN'T-a and a clock synthe-
sizer CLS. 2xDCLK which constitutes an output of the clock
synthesizer CLS is inputted to a counter-b CNT-b as an
counter-up clock.

[0097] Upon receiving the input of the clock DCLK, the
counter-a CN'T-a increases a count value by +1. Then, when
the count value becomes 1280, the value of the counter-b
CNT-b is checked.

[0098] When the value of counter-b CNT-b is 2560
(=1280x2), it is determined that the clock synthesizer CSL
is normally operated or the clock DCLK is normally input-
ted. In this circuit, when it is determined normal, the
determining output PLLVAL assumes a high level.

[0099] When the value of counter-b CNT-b is not 2560, it
is determined that the operation of the clock synthesizer
CLS is irregular and the output of the PLLVAL assumes the
low level. Here, a counter (counter-c CN'T-c) which is served
for storing the number of the occurrence of irregularities
performs the counting-up by +1. When the clock synthesizer
CLS restores the normal operation (when the value of
counter-b CNT-b becomes 2560), the counter-c CNT-¢ is
cleared.

[0100] As a case which prevents the clock synthesizer
CLS from assuming the normal operation, there is a case that
a PLL which constitutes the clock synthesizer CLS is locked
so that a clock of irregular frequency is outputted. Accord-
ingly, the clock synthesizer CLS is to be reset when the value
of the counter-c CNT-c becomes 384 (predetermined value).

[0101] When the count value of the counter-a CNT-a
becomes 1280, the counter-a CNT-a and the counter-b
CNT-b are cleared and perform their operations again con-
tinuously. Further, 1280 which is a decode value of the
above-mentioned counter-a CNT-a is determined based on
the performance of the PLL which constitutes the clock
synthesizer in operation.

[0102] 384 which is the predetermined value of the
counter-c CNT-c is determined in accordance with an
approximately 1 frame time of a thin film transistor TFT
type liquid crystal display device and the value is arbitrarily
set. The count value of the counter-b CNT-b depends on the
output frequency of the clock synthesizer CLS and is set to
2560 by multiplying twice in the above-mentioned example.
However, the count value becomes 3840 by multiplying
three times and 5120 by multiplying four times.

[0103] FIG. 5 is a waveform diagram for explaining of the
operations in FIG. 2 in further detail. In the drawing, the
order of count values is indicated by D (for example, the
1279th count value is indicated as D 1279th).

[0104] In FIG. 5, a waveform (1) is an external clock
inputted from a host computer (image clock=reference
clock=1280), and a waveform (2) indicates the count value
of the counter-a, respectively. Moreover in FIG. §, a wave-
form (3) indicates a decode signal of the counter-a, a
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waveform (4) indicates a pulse generated by synthesizing an
output of the counter-a and the reference clock (a pair of
DCLKs) (=D1279-2=reference signal 1), a waveform (5)
indicates a reference signal 2 (=D1279-2") generated by
synthesizing the reference signal 1 and the reference clock,
and a waveform (6) indicates a decode signal of the counter-
b, respectively. Furthermore in FIG. 5, a waveform (7)
indicates the count value of the counter-b, a waveform (8)
indicates the reference clock (2DCLK), a waveform (9)
indicates a decode/latch output, and a waveform (10) indi-
cates a determination output PLLVAL, respectively.

[0105] First of all, the counter-a counts the external clock
DCLK The output of the counter-a assumes the high level
when the count D is at the 1279th (D1279th) and assumes
the low level when the counter D is at other order.

[0106] The determination of normal/irregular of the exter-
nal clock is performed by a logic circuit (a clock comparator
circuit) shown in FIG. 6, for example, in accordance with a
following sequence. That is, the count/decode signal
D1279-1 (3) of the counter-a and a pair of DCLKSs (8) which
constitute the reference clock are synthesized by a group of
circuits consisting of Flip-Flops FF1, FF2 and an AND
circuit AND1 so as to obtain the first reference signal
D1279-2 (4). Thereafter, the second reference signal D1279-
2' (5) which is obtained by synthesizing the first reference
signal D1279-2 and the reference clock (8) using the Flip-
Flop FF3 is compared with the decode signal (6) of the
counter-b.

[0107] Assuming a case in which the reference clock of
2560 pulse is generated by multiplying the frequency of the
external clock of 1280 pulse twice, at a point of time that a
certain 1 period (for example, 1 frame period or 1 vertical
scanning period), is completed and the next 1 period which
succeeds the certain 1 period is started, the external clock
outputs the 1279th signal (h'4FF) at the last stage of the
above-mentioned “certain 1 period” and the reference clock
generates the 2559th signal (h'9FF) at the last stage of the
above-mentioned “certain 1 period” and, thereafter, gener-
ates Oth signals (h'000) of the above-mentioned following
period respectively.

[0108] In case that the counter-b outputs the signal (6) of
high level only when the b counter recognizes the reaching
of the count value (7) to h'9FF of the reference clock, that
is, the 2559th signal (the last clock signal in the above-
mentioned certain period), the signal (6) and the output (5)
of the above-mentioned reference signal 2 are collated with
each other by means of a group of circuits consisting of
AND circuits AND2, AND3 and a Flip-Flop FF4 and when
both agree to each other at the high level, the decode/latch
signal is set to the high level. The decode/latch signal is
inputted to the counter-c which will be explained later and
the counter-c performs either one of the integration of the
number of the occurrence of irregularity of the external
clock or resetting of the value in response to the level (high
or low) of the decode/latch signal.

[0109] In the above-mentioned example, it is determined
that the external clock is normal when the reference signal
2 (5) and the output of the counter-b (6) agree to each other
and hence, the decode/latch signal of high level correspond-
ing to the normal external clock resets the number of
generation of irregularities of the integrated external clocks
at the counter-c.
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[0110] On the other hand, when the reference signal 2 (5)
and the counter-b output (6) do not agree to each other, (that
is, when at least one of the reference signal 2 (5) and the
counter-b output (6) assumes the low level in the above-
mentioned example), the decode/latch signal assumes the
low level and the counter-c integrates the number of the
generation of irregularities of the external clock for the
above-mentioned every 1 period.

[0111] The levels of the reference signal 2 (5), the
counter-b output (6) which are used for the determination of
the external clock and the decode/latch signal indicative of
the output of the result of the determination are not limited
to the above-mentioned example and may be suitably
inverted in response to the constitutions of the clock com-
parator circuit and the counter-c.

[0112] Further, when the frequency of the reference clock
is set lower than the frequency of the external clock, for
example, the decode signal of the counter-b (outputting a
peculiar signal with respect to the last clock signal in the
above-mentioned certain 1 period) is synthesized with the
external clock thus generating the reference signal and the
reference signal may be used as the decode signal of the
above-mentioned counter-a.

[0113] The determination output PLLVAL (9) is inputted
to the parallel-serial converter which is arranged as a latter
stage of the clock comparator circuit and the counter-c. The
counter-c¢ recognizes the fluctuation of the determination
output PLLVAL (10) at a timing that the external clock
DCLK is delayed by 1 pulse from the output D1279-1th of
the counter-a.

[0114] When the determination output PLLVAL (10) indi-
cates the low level, the counter-c counts up the number of
generation of irregularities of the external clock for the
above-mentioned every 1 period. When this count-up
numerical value reaches the previously mentioned predeter-
mined value, the counter-c reset the clock synthesizer as
mentioned previously.

[0115] FIG. 6 is a block diagram for explaining one
constitutional example of the clock comparator circuit CCM
which constitutes the clock surveillance circuit shown in
FIG. 1. This circuit is, as illustrated in the drawing, com-
prised of the Flip-Flops FF1, FF2, FF3, FF4, and AND
circuits AND1, AND2, AND3, an inverter INV, the
counter-b CNT-b and the decoder DR of (h'9FF).

[0116] Respective clocks, count values and other signals
in the drawing correspond to respective signals in FIG. 1 to
FIG. 5 and are served for obtaining the decode/latch output
DCL of the decoder DR from the Flip-Flop FF4.

[0117] Due to the first embodiment of the present inven-
tion which has been explained heretofore, when the clock
surveillance means detect the irregularity of timing of the
clock, it is determined that the clock is not inputted nor-
mally. That is, it can be determined that this state is the state
in which the host computer has no yet completely reached
the operable state or is the transitional period which follows
the change of the operation mode and hence, the protective
processing which prevents the generation of the display
irregularity can be performed by bringing the inner power
source into the inoperable state at the liquid crystal display
side.
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[0118] FIG. 7 is a block diagram for explaining the
constitution of an essential part of a second embodiment of
a liquid crystal display device according to the present
invention. In this embodiment, the liquid crystal display
device includes clock surveillance means which is consti-
tuted of a clock synthesizer CLS and a clock comparator
circuit CCM and detects the presence or the absence of the
irregularity of timing of a clock signal DCLK inputted from
an external signal source, and an inner clock generation
circuit FCG which generates a pseudo clock FDCLK
equivalent to the clock signal DCLK.

[0119] In the previous embodiment, when the irregularity
of timing of the clock is generated, the protective processing
which prevents the generation of irregularity of display by
bringing the inner power source into the inoperable state is
performed. However, in this embodiment, when the clock
surveillance means detects the irregularity of timing, the
pseudo clock signal generated by the above-mentioned inner
clock signal generation circuit is supplied to the display
control device so as to display a pseudo image.

[0120] The inner clock signal generation circuit is con-
trolled in response to the resistance, the capacitance or a
quartz oscillator and generates the clocks for an image
display. These electronic components may be mounted at the
outside of the inner clock signal generation circuit or an
integrated circuit element (large-scale integrated circuit)
which surrounds the inner clock signal generation circuit.
For example, these electronic components may be mounted
on the same printed circuit board together with the above-
mentioned integrated circuit elements.

[0121] Due to this embodiment, when the clock surveil-
lance means detects the irregularity of timing by the clock,
the pseudo screen display is performed so as to obviate the
irregular display and the normal image display can be
performed at a point of time that the above-mentioned
timing is restored.

[0122] Subsequently, the liquid crystal display panel and
other constitutional portions which constitute the liquid
crystal display device according to the present invention are
explained.

[0123] FIG. 8 is an equivalent circuit for explaining one
example of a pixel portion of the liquid crystal display panel
which constitutes the liquid crystal display device according
to the present invention. Here, the drawing corresponds to an
actual geometric arrangement of pixels and a plurality of
pixels which are arranged in a matrix array in an effective
display area AR (pixel portion) are constituted of two thin
film transistors TFT (TFT1, TFT2) per one pixel.

[0124] Symbol D indicates drain signal lines, symbol G
indicates gate signal lines, R, G and B are pixel electrodes
of respective colors (red, green, blue) and are formed of
ITO1. Further, ITO2 indicates a counter electrode (common
electrode), CLC indicates a liquid crystal capacitance for
indicating a liquid crystal layer equivalently and CADD
indicates an additional capacitance formed between a source
electrode of the thin film transistor TFT and the gate signal
line G of a preceding stage.

[0125] FIG. 9 is an equivalent circuit for explaining
another example of a pixel portion of a liquid crystal display
panel which constitutes a liquid crystal display device
according to the present invention. This drawing also cor-
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responds to an actual geometric arrangement of pixels. In the
same manner as FIG. 1, a plurality of pixels which are
arranged in a matrix array in an effective display area AR
(pixel portion) are constituted of two thin film transistors
TFT (TFT1, TFT2) per one pixel. Although two thin film
transistors TFT are provided per one pixel in FIG. 8 and
FIG. 9, there has been known a liquid crystal display device
which constitutes one thin film transistor TFT per one pixel.

[0126] In the same manner, symbol D indicates drain
signal lines, symbol G indicates gate signal lines, R, G and
B are pixel electrodes of respective colors (red, green, blue),
ITO2 indicates a counter electrode (common electrode),
CLC indicates a liquid crystal capacitance for indicating a
liquid crystal layer equivalently and CSTG indicates holding
capacitances formed between common signal lines COM
and the source electrodes. However, this liquid crystal
display device differs from the liquid crystal display device
in FIG. 8 in that the additional capacitance CADD in FIG.
3 is formed between the source electrode and the gate signal
line G of preceding stage.

[0127] Inthe above-mentioned liquid crystal display panel
shown in FIG. 8 or FIG. 9, the drain electrodes of thin film
transistors TFT (TFT1, TFT2) of respective pixels which are
arranged in the column direction are respectively connected
to the drain signal lines D and respective drain signal lines
D are connected to the drain drivers to which voltages of
display data of the pixels arranged in the column directions
are applied.

[0128] Further, the gate electrodes of the thin film tran-
sistors (TFT1, TFT2) in respective pixels arranged in the
line direction are respectively connected to the gate signal
lines G, and respective gate signal lines G are connected to
the gate drivers which supply scanning driving voltages
(positive or negative bias voltages) to the gates of the thin
film transistors TFT (TFT1, TFT2) for 1 horizontal scanning
time.

[0129] Although the present invention is applicable to any
liquid crystal display device using the liquid crystal display
panels which have the constitutions shown in the above-
mentioned FIG. 8 and FIG. 9, in the former liquid crystal
display panel, the pulses of the gate signal line G of
preceding stage jumps into the pixel electrodes ITO1
through the additional capacitance CADD, while in the latter
liquid crystal display panel, there is no such jumping of
pulses so that it is possible to obtain the more favorable
display.

[0130] FIG. 10 is a timing diagram which explains in
detail the relationship between the liquid crystal driving
voltages outputted to the drain signal lines from the drain
drivers, that is, the liquid crystal driving voltage applied to
the pixel electrodes ITO1 and the liquid crystal driving
voltage applied to the common electrode ITO2. Here, the
liquid crystal driving voltage outputted to the drain signal
lines D from the drain drivers is served for displaying black
on a display surface of the liquid crystal display panel.

[0131] As shown in FIG. 10, the liquid crystal driving
voltage VDH outputted to the odd-numbered drain signal
lines D from the drain drivers and the liquid crystal driving
voltage VDL outputted to the even-numbered drain signal
lines D from the drain drivers have an inverse polarity with
respect to the liquid crystal driving voltage VCOM applied
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to the common electrode ITO2. That is, when the liquid
crystal driving voltage VDH outputted to the odd-numbered
drain signal lines D has the positive polarity (or negative
polarity), the liquid crystal driving voltage VDL outputted to
the even-numbered drain signal lines D has the negative
polarity (or positive polarity).

[0132] Further, the polarity is inverted every 1 line (1H)
and the polarity for every line is inverted every frame. With
the use of this dot inversion method, the voltages applied to
the neighboring drain signal lines D have polarities opposite
each other and hence, the currents which flow into the
neighboring common electrodes ITO2 and the neighboring
gate signal lines G cancel each other so that the power
consumption can be reduced.

[0133] Further, since the current which flows into the
common electrode ITO2 is small, the voltage drop is not
increased whereby the voltage level of the common elec-
trode ITO2 becomes stable and the deterioration of the
display quality can be minimized.

[0134] FIG. 11A is a plan view of the liquid crystal
display panel for explaining the mounting position of the
interface circuit board. On a lower side of the liquid crystal
display panel PNL, a flexible printed circuit board FPC2
which mounts drain drivers IC1 bent along a column of
holes HOP toward a back surface of the liquid crystal
display panel PNL as indicated by FIG. 11A is mounted.

[0135] Further, on a left side of the liquid crystal display
panel PNL, the flexible printed circuit board FPC1 which
mounts the gate drivers IC2 bent toward the back surface of
the liquid crystal display panel PNL are mounted.

[0136] On a back surface of the flexible printed circuit
board FPC1, the interface printed circuit board PCB shown
in FIG. 11B is mounted. The TCON which is mounted on
the interface printed circuit board PCB is a semiconductor
integrated circuit which constitutes the display control
device.

[0137] Various signals such as the clocks and image data
from the host computer are inputted to a connector CT1 of
the interface printed circuit board PCB. A connector CT3 of
the flexible printed circuit board FPC1 is connected to a
connector CT3' of the interface printed circuit board PCB
and a connector CT4 of the flexible printed circuit board
FPC2 is connected to a connector CT4' of the interface
printed circuit board PCB so that the above-mentioned
clocks and image data outputted from the TCON of the
display control device are supplied.

[0138] Here, in the liquid crystal display panel PNL, a
liquid crystal layer is inserted into a gap formed between an
upper substrate SUB1 and a lower substrate SUB2 which are
laminated to each other and an upper polarizer POL1 is
laminated on an uppermost layer of the liquid crystal display
panel PNL. Although not shown in the drawing, a lower
polarizer is laminated to an uppermost layer of a back
surface of the liquid crystal display panel. AR indicates the
effective display area.

[0139] By applying the above-mentioned embodiments to
the liquid crystal display device having the above-mentioned
constitution, the liquid crystal display device recognizes
whether the external clock is normal or not and stops the
supply of the video signals to the drivers of the liquid crystal
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display devices or performs the display by replacing the
external clock with the pseudo clock from the pseudo clock
generation circuit provided separately when the external
clock is irregular so that it is possible to obtain the liquid
crystal display device which can obviate the generation of
the display irregularity and can perform the image display of
high definition without necessitating the high-speed transfer
of the display data from the host computer.

[0140] As has been explained heretofore, according to the
present invention, with the use of the interface which does
not change the constitution of the host computer side, that is,
with the use of the interface which does not adopt the LVDS
method, it is possible to fetch the display data into the drain
drivers using double edges of the low pixel clock frequency.
Further, the liquid crystal display device recognizes whether
the external clock is normal or not and stops the supply of
the image signals to the drain drivers of the liquid crystal
display devices or performs the display by replacing the
external clock with the pseudo clock from the pseudo clock
generation circuit provided separately when the external
clock is irregular so that it is possible to provide the liquid
crystal display device which can obviate the generation of
the display irregularity and can perform the image display of
high definition.

What is claimed is:

1. A method for driving a liquid crystal display device
comprising a liquid crystal display panel which has a
plurality of pixels being constituted of active elements and
formed in a matrix array, a plurality of drain drivers which
apply display signals based on control signals including
image data and pixel clock signals inputted from an external
signal source to a plurality of pixels in the lateral direction
of the matrix, a plurality of gate drivers which apply
scanning signals to a plurality of pixels in the longitudinal
direction of the matrix, and a display control device which
has parallel-serial conversion means which performs the
parallel-serial conversion of the image data based on the
pixel clock signals and supplies the image data to the drain
drivers as the display signals,

wherein the display control device includes clock surveil-
lance means for detecting the presence or the absence
of the irregularity of timing of the pixel clock signals
inputted from the external signal source, and

when the clock surveillance means detects the presence of
the irregularity of timing, the supply of the image data
from the display control device to the drain drivers is
stopped.

2. A method for driving a liquid crystal display device
comprising a liquid crystal display panel which has a
plurality of pixels being constituted of active elements and
formed in a matrix array, a plurality of drain drivers which
apply driving voltages based on control signals including
image data and pixel clock signals inputted from an external
signal source to a plurality of pixels in the lateral direction
of the matrix, a plurality of gate drivers which apply
scanning voltages to a plurality of pixels in the longitudinal
direction of the matrix, and a display control device which
has parallel-serial conversion means which performs the
parallel-serial conversion of the image data based on the
pixel clock signals and supplies the image data to the drain
drivers,
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wherein the display control device includes clock surveil-
lance means for detecting the presence or the absence
of the irregularity of timing of the pixel clock signals
inputted from the external signal source and inner pixel
clock signal generating means for generating pseudo
clock signals equivalent to the pixel clock signals, and

when the clock surveillance means detects the presence of
the irregularity of timing, the pseudo clock signals
generated by the inner pixel clock signal generating
means are supplied to the display control device.

3. A liquid crystal display device comprising a liquid
crystal display panel which has a plurality of pixels being
constituted of active elements and formed in a matrix array,
a plurality of drain drivers which apply driving voltages
based on control signals including image data and pixel
clock signals inputted from an external signal source to a
plurality of pixels in the lateral direction of the matrix, a
plurality of gate drivers which apply scanning voltages to a
plurality of pixels in the longitudinal direction of the matrix,
and a display control device which has parallel-serial con-
version means which performs the parallel-serial conversion
of the image data based on the pixel clock signals and
supplies the image data to the drain drivers,

wherein the display control device includes a clock signal
synthesizer which generates reference clock signals
which are formed by multiplying the frequency of the
pixel clock signals inputted from the external signal
source “a” times and a clock signal comparator circuit
which compares the inputted pixel clock signals and an
output of the reference clock signals of the clock signal
synthesizer, determines whether it is effective or inef-
fective based on the presence or the absence of the
irregularity of timing of the pixel clock signals, and
outputs a clock ineffective signal which stops the
supply of the pixel clock signals to the parallel-serial
converting means when the result of the determination
is ineffective.

4. A liquid crystal display device comprising a liquid
crystal display panel which has a plurality of pixels being
constituted of active elements and formed in a matrix array,
a plurality of drain drivers which apply driving voltages
based on control signals including image data and pixel
clock signals inputted from an external signal source to a
plurality of pixels in the lateral direction of the matrix, a
plurality of gate drivers which apply scanning voltages to a
plurality of pixels in the longitudinal direction of the matrix,
and a display control device which has parallel-serial con-
version means which performs the parallel-serial conversion
of the image data based on the pixel clock signals and
supplies the image data to the drain drivers,

wherein the display control device includes a clock signal
synthesizer which generates reference clock signals
which are formed by multiplying the frequency of the
pixel clock signals inputted from the external signal
source “a” times, a clock signal comparator circuit
which compares the inputted pixel clock signals and an
output of the reference clock signals of the clock signal
synthesizer and determines whether it is effective or
ineffective based on the presence or the absence of the
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irregularity of timing of the pixel clock signals, an inner
clock signal generation circuit which generates pseudo
clock signals equivalent to the image clock signals, and
a clock signal switching circuit which stops the supply
of the pixel clock signals to the parallel-serial convert-
ing means and also supplies the pseudo clock signals
outputted from the inner clock signal generation circuit
to the parallel-serial converter when the result of the
determination of the clock signal comparator circuit is
ineffective.

5. A liquid crystal display device according to claim 3,
wherein the number of multiplication “a” of the clock signal
synthesizer is n or 1/n, wherein n is an integer and satisfies
n=2.

6. A liquid crystal display device according to claim 3,
wherein provided that the number of the image data is set to
N pieces, the number of display data inputted to the drain
drivers of the liquid crystal display panel is set to M pieces,
and N/M is set to satisfy the relationship of 1/a (a: integer),
the N pieces of display data is converted into M pieces of
display data(M =N) based on clocks axCL which is obtained
by multiplying the frequency “a” times using a clock mul-
tiplying circuit and, thereafter, the M pieces of display data
are inputted to the drain drivers at double edges consisting
of rising of signal and falling of signal of the clocks CL.

7. A liquid crystal display device according to claim 3,
wherein the number N of image data from the external signal
source is 2, the number M of image data inputted to the
liquid crystal display panel is 1, the clock signal synthesizer
is a PLL, and the multiplication number “a” thereof is 2.

8. A liquid crystal display device according to claim 3,
wherein the frequency of the pixel clock signals inputted
from the external signal source is 32.5 MHz and the drain
driver is a drain driver corresponding to double edges.

9. A liquid crystal display device according to claim 4,
wherein the number of multiplication “a” of the clock signal
synthesizer is n or 1/n, wherein n is an integer and satisfies
n=2.

10. A liquid crystal display device according to claim 4,
wherein provided that the number of the image data is set to
N pieces, the number of display data inputted to the drain
drivers of the liquid crystal display panel is set to M pieces,
and N/M is set to satisfy the relationship of 1/a (a: integer),
the N pieces of display data is converted into M pieces of
display data(M =N) based on clocks axCL which is obtained
by multiplying the frequency “a” times using a clock mul-
tiplying circuit and, thereafter, the M pieces of display data
are inputted to the drain drivers at double edges consisting
of rising of signal and falling of signal of the clocks CL.

11. A liquid crystal display device according to claim 4,
wherein the number N of image data from the external signal
source is 2, the number M of image data inputted to the
liquid crystal display panel is 1, the clock signal synthesizer
is a PLL, and the multiplication number “a” thereof is 2.

12. A liquid crystal display device according to claim 4,
wherein the frequency of the pixel clock signals inputted
from the external signal source is 32.5 MHz and the drain
driver is a drain driver corresponding to double edges.

* * *

* *
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