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LIQUID CRYSTAL DISPLAY

[0001] This application claims the benefit of Korean
Patent Application No. P2002-20151, filed on Apr. 12,2002,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to a liquid crystal display,
and more particularly to a liquid crystal display capable of
diagnosing abnormal driving states of systems and liquid
crystal display panels.

[0004] 2. Description of the Related Art

[0005] Generally, due to advantageous characteristics
including small device dimensions and low power consump-
tion, liquid crystal displays (LCDs) have been employed in
notebook PCs, office automation equipment, audio/video
equipment, etc. Particularly, active matrix liquid crystal
displays using thin film transistors (TFTS) as switching
devices may be suitable for displaying images dynamically.

[0006] FIG. 1 illustrates a schematic block diagram of a
conventional LCD.

[0007] As shown in FIG. 1, an interface 10 receives data
(e.g., RGB data) and control signals (e.g., an input clock
signal, a horizontal synchronizing signal, a vertical synchro-
nizing signal, and a data enable signal) inputted from a
driving system such as a personal computer (not shown) and
applies the data and control signals to a timing controller 12.
A low voltage differential signal (LVDS) interface and a
transistor transistor logic (TTL) interface are typically used
in transmission of data and control signals from the driving
system. The interface 10 and the timing controller 12 are
usually integrated into a single chip.

[0008] The timing controller 12 uses the control signal
inputted via the interface 10 to produce control signals
suitable for driving a data driver 18 consisting of a plurality
of data driver ICs (not shown) and a gate driver 20 consist-
ing of a plurality of gate driver ICs (not shown). The timing
controller 12 transfers the data signals from the interface 10
to the data driver 18.

[0009] A reference voltage generator 16 includes a digital-
to-analog converter (DAC) and generates reference voltages
used by the data driver 18. The reference voltages are
established by a manufacturer on the basis of a transmis-
sivity-to-voltage characteristic of the liquid crystal display
panel. The data driver 18 selects reference voltages from
input data in response to control signals from the timing
controller 12 and applies the selected reference voltage to
the liquid crystal display panel 2, thereby controlling a
rotation angle of the liquid crystal. The gate driver 20 turns
the thin film transistors (TFTs) arranged on the liquid crystal
panel 2 on and off in response to the control signals inputted
from the timing controller 12, and allows the analog image
signals from the data driver 18 to be applied to each pixel
connected to each TFT. A power voltage generator 14
supplies a driving voltage to each element, and generates a
common electrode voltage of the liquid crystal display panel
2.

[0010] FIG. 2 illustrates a schematic block diagram show-
ing a configuration of the timing controller in FIG. 1.
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[0011] As shown in FIG. 2, the timing controller 12
includes a control signal generator 22 and a data signal
generator 24. The timing controller 12 receives horizontal
synchronizing signals, vertical synchronizing signals, data
enable signals, clock and data (e.g., R,G,B data) signals. The
vertical synchronizing signal represents a time required for
displaying one frame field. The horizontal synchronizing
signal represents a time required for displaying one line of
the field. Thus, the horizontal synchronizing signal includes
pulses corresponding to the number of pixels included in one
line. The data enable signal represents a time required for
supplying the pixel with a data.

[0012] The data signal generator 24 receives bits of data
(e.g., R,G,B data) from the interface 10. The data signal
generator 24 rearranges the data so that predetermined bits
of data can be supplied to the data driver 18. The control
signal generator 22 receives the horizontal synchronizing
signal, the vertical synchronizing signal, the data enable
signal and the clock signal from the interface 10, generates
various control signals, and applies the various control
signals to the data driver 18 and the gate driver 20.

[0013] Control signals required by the data driver 18 and
the gate driver 20 will be described below. Herein, com-
monly used control signals, except for specially required
signals, will only be described.

[0014] Control signals required by the data driver 18
include source sampling clock (SSC), source output enable
(SOE), source start pulse (SSP), liquid crystal polarity
reverse (POL) signals, etc. The SSC signal is used as a
sampling clock signal for latching data in the data driver 18.
The SSC signal determines a drive frequency of the data
drive IC included in the data driver 18. The SOE signal
allows data latched by the SSC signal to be transferred to the
liquid crystal display panel 2. The SSP signal determines the
initiation of a latch or sampling of the data during one
horizontal synchronous period. The POL signal determines
the polarity of the liquid crystal for the purpose of driving
the liquid crystal display according to an inversion driving
method.

[0015] Control signals required by the gate driver 20
include gate shift clock (GSC), gate output enable (GOE),
gate start pulse (GSP) signals, etc. The GSC signal deter-
mines the on/off time of the gate of the TFT. The GOE signal
controls an output of the gate driver 20. The GSP signal
determines the first drive line of a field in one vertical
synchronizing signal.

[0016] Control signals inputted to the data driver 18 and
the gate driver 20 are generated from the timing controller
12 in response to control signals inputted from the interface
10. Thus, if any control signal is not inputted from the
interface 10, then the timing controller 12 cannot generate
any control signal. If, in conventional LCDs, control signals
are not inputted from the interface 10 upon application of
power, a picture cannot be displayed on the liquid crystal
display panel.

[0017] Moreover, when conventional systems and/or lig-
uid crystal display modules are abnormally driven to display
an abnormal picture on the liquid crystal display panel, it is
impossible to detect the cause of the abnormal operation.
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SUMMARY OF THE INVENTION

[0018] Accordingly, it is an advantage of the present
invention to provide a liquid crystal display capable of
diagnosing abnormal driving states of systems and liquid
crystal display panels.

[0019] In order to achieve these and other advantages of
the invention, a liquid crystal display according to an
embodiment of the present invention includes a liquid
crystal display panel having pixel cells arranged in a matrix
pattern; a system for applying a timing synchronizing signal
and video data; a timing controller for generating timing
control signals for driving the liquid crystal display panel in
correspondence with the timing synchronizing signal input-
ted from the system and for rearranging and outputting the
video data; a switching device for generating a desired
driving control signal; a self-diagnosing circuit, included in
the timing controller, for applying specific data to the liquid
crystal display panel in response to the driving control
signal; and a driver, connected between the liquid crystal
display panel and the timing controller, for displaying video
data inputted from the timing controller on the liquid crystal
display panel in correspondence with the control signals.

[0020] The self-diagnosing circuit applies the specific data
to the liquid crystal display panel when the driving control
signal having an ON state is applied, irrespective of an input
from the timing synchronizing signal.

[0021] The liquid crystal display further includes a control
signal line connected between the self-diagnosing circuit
and the system to apply the driving control signal to the
self-diagnosing circuit.

[0022] The switching device is connected to the system to
apply the driving control signal to the self-diagnosing cir-
cuit, via the control signal line.

[0023] The self-diagnosing circuit includes an oscillator
for generating a free synchronizing signal having a desired
frequency and applying the free synchronizing signal to the
timing controller; a signal presence determiner for compar-
ing the timing synchronizing signal with the free synchro-
nizing signal and for generating a determining signal indi-
cating whether the timing synchronizing signal is inputted,
a control signal generator for generating a control signal on
a basis of the free synchronizing signal, in response to a
determining signal indicating no input of the timing syn-
chronizing signal; a data storing unit for storing predeter-
mined picture data and outputting the picture data to a
driving circuit in response to a determining signal indicating
no input of said timing synchronizing signal; and a self-
diagnosis mode selector for selectively applying the timing
synchronizing signal to the signal presence determiner in
response to said driving control signal.

[0024] The switching device may be driven by a user and
may be connected to the self-diagnosis mode selector to
apply the driving control signal to the self-diagnosis mode
selector.

[0025] The self-diagnosing circuit supplies predetermined
picture data, different from said specific data, when the
timing synchronizing signal indicates a no input state, when
the driving control signal having an OFF state is applied.

[0026] Tt is to be understood that both the foregoing
general description and the following detailed description
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are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0028]

[0029] FIG. 1 illustrates a schematic block diagram of a
conventional liquid crystal display;

[0030] FIG. 2 illustrates a schematic block diagram of the
timing controller in FIG. 1,

[0031] FIG. 3 illustrates a schematic block diagram of a
liquid crystal display according to an embodiment of the
present invention;

[0032] FIG. 4 illustrates a schematic block diagram of the
timing controller in FIG. 3;

[0033] FIG. 5 illustrates a waveform diagram representing
a generation process of a determining signal from the signal
presence determiner shown in FIG. 4;

[0034] FIG. 6 illustrates a multiplexer provided at a
control signal generator of the timing controller shown in
FIG. 4; and

[0035] FIG. 7 illustrates a schematic block diagram of a
liquid crystal display according to another embodiment of
the present invention.

In the drawings:

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0036] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are
illustrated in the accompanying drawings.

[0037] Referring to FIG. 3, there is shown a block dia-
gram of a liquid crystal display (LCD) according to a first
embodiment of the present invention.

[0038] The LCD includes a system 30 such as a notebook
computer (not shown), an interface 40 for receiving video
data (Data) and control signals (e.g., an input clock (CLK),
a horizontal synchronizing signal (Hsync), a vertical syn-
chronizing signal (Vsync), a data enable signal (DE), etc.)
from the system 30 and applying them to a timing controller
42, a timing controller 42 for receiving control signals
inputted from the interface 40 and generating control signals
suitable in driving a data driver 48 consisting of a plurality
of data driving ICs and a gate driver 50 consisting of a
plurality of gate driving ICs and having a self-diagnosis
function, a reference voltage generator 46 for applying a
reference voltage to the data driver 48, and a self-diagnosing
switching device 41 for applying an ON/OFF signal to turn
a self-diagnosis function of the timing controller 42 on or
off. The self-diagnosis function of the timing controller 42
acts to diagnose a driving state of the system 30 or of the
liquid crystal display module 34 when either an abnormal
picture or no picture is displayed on the liquid crystal display
panel 32. The timing controller 42 may diagnose a state of
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the control signals from the system 30 in addition to a power
application and receiving state.

[0039] The system 30 may use a video chip, a video
controller, a CPU, ete. (not shown), to generate video data
(Data) and control signals (e.g., input clock (CLK), hori-
zontal synchronizing signal (Hsync), vertical synchronizing
signal (Vsync), data enable signal (DE), etc.).

[0040] The self-diagnosing switching device 41 may be
activated by a function key located at one side of the lower
frame formed at a notebook computer (e.g., a keyboard
pattern). Alternatively, self-diagnosing switching device 41
may be provided at one side of the upper frame mounted
with the liquid crystal display panel 32. The self-diagnosing
switching device 41 applies a self-diagnosis switching signal
(CS) as a signal indicating an ON/OFF state to the timing
controller 42 in response to an operation of a user, via the
system 30. The voltage associated with the ON/OFF state of
the self-diagnosis switching signal (CS) may be a specific
voltage (e.g., 5V, 3.3 V, or 0 V) and may be expressed as a
logical level of “1” (high) or ‘0’ (low).

[0041] The interface 40 receives the video data and control
signals inputted from the video chip and applies them to the
timing controller 12. Low voltage differential signal (LVDS)
interfaces, transistor transistor logic (TTL) interfaces, and
simple connectors may be used for data and control signal
transmission from the system 30. Such interfaces, along with
the timing controller 42, may be integrated into a single chip.

[0042] A self-diagnosis control signal line for applying a
self-diagnosis switching signal (CS) from the self-diagnosis
switching device 41 to the timing controller 42 connects the
system 30 and the liquid crystal display module 34. The
LCD according to another aspect of the present invention
includes providing the self-diagnosis control signal line in
the LVDS interface without a separate self-diagnosis signal
line transferring a self-diagnosis switching signal (CS) to the
timing controller 42.

[0043] The data driver 48 selects reference voltages from
input data in response to control signals inputted from the
timing controller 42 and applies the selected reference
voltages to the liquid crystal display panel 32, thereby
controlling a rotation angle of a liquid crystal.

[0044] The reference signal generator 46 includes a digi-
tal-to-analog converter (DAC) and generates reference volt-
ages used by the data driver 48. The reference voltages are
established by a manufacturer on the basis of a transmit-
tance-to-voltage characteristic of the liquid crystal display
panel.

[0045] The gate driver 50 turns the TFTs arranged within
the liquid crystal display panel 32 on and off in response to
control signals from the timing controller 42 and allows
analog image signals inputted from the data driver 48 to be
applied to pixels connected to the TFTs. The power genera-
tor 44 supplies an operating voltage for each element and
generates a common electrode voltage for the liquid crystal
display panel 32.

[0046] FIG. 4 illustrates a schematic block diagram of the
timing controller of FIG. 3. Referring to FIG. 4, the timing
controller 42 includes a control signal generator 54 for
receiving timing synchronizing signals (e.g., horizontal syn-
chronizing signals (Hsync), vertical synchronizing signals
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(Vsync), data enable signals (DE), clock signals (CLK), etc.)
from a video chip and outputting control signals to the data
driver 48 and the gate driver 50, a data signal generator 56
for receiving video data inputted from the video chip and
outputting the received video data to the data driver 48, a
self-diagnosis mode selector 59 for activating a self-diag-
nosis mode within the timing controller 42 in response to a
self-diagnosis switching signal (CS) inputted by a self-
diagnosis switching device 41 via the system 30, a signal
presence determiner 58 for monitoring an application of
various control signals inputted from the video chip in
response to the self-diagnosis mode selector 59, and an
oscillator 52 for applying a predetermined frequency of a
free-synchronizing signal (Fsync) to the signal presence
determiner 58.

[0047] Referring still to FIG. 4, the control signal gen-
erator 54 receives the horizontal synchronizing signal
(Hsync), the vertical synchronizing signal (Vsync), the data
enable signal (DE) and the clock signal (CLK) from the
video chip, generates various control signals for driving the
liquid crystal display panel 32, and applies the generated
control signals to the data driver 48 and the gate driver 50.
For example, the control signal generator 54 generates
source sampling clock (SSC), source output enable (SOE),
source start pulse (SSP), liquid crystal polarity reverse
(POL) signals, etc., on a basis of an input vertical synchro-
nizing signal and applies them to the data driver 48. Further,
the control signal generator 54 generates gate shift clock
(GSO), gate output enable (GOE), gate start pulse (GSP)
signals, etc., on a basis of an input vertical synchronizing
signal and applies them to the gate driver 50. The control
signal generator 54 may apply the abovementioned control
signals on a basis of the data enables signal (DE).

[0048] Referring still to FIG. 4, the data signal generator
56 receives video data from the video chip and rearranges
the video data so that the received data may be applied to the
liquid crystal display panel 32 via the data driver 48. The
data signal generator 56 stores specific data for displaying a
predetermined picture for more than at least one frame
irrespective of the video data supplied from the video chip.
Accordingly, ROM, external flesh memory, etc., may be
used as storing means integrated into the data signal gen-
erator 56 within the timing controller 42.

[0049] Referring to FIG. 4, the oscillator 52 generates a
predetermined reference clock signal, performs a frequency
division of the reference clock signal, and applies the
frequency divided reference clock signal to the signal pres-
ence determiner 58 as a free-synchronizing signal (Fsync).
The applied free-synchronizing signal has the same fre-
quency as the vertical synchronizing signal Vsync. The
oscillator 52 may be provided at either the exterior or the
interior of the timing controller 42.

[0050] Still referring to FIG. 4, the sclf-diagnosis mode
selector 59 outputs the vertical synchronizing signal (Vsync)
or the data enable signal (DE) applied from the video chip
to the signal presence determiner 58 in response to the
self-diagnosis switching signal (CS) applied from the self-
diagnosing switching device 41, via the system 30. The
self-diagnosis mode selector 59 sets the timing controller 42
to a self-diagnosis mode when the self-diagnosis switching
signal (CS) having an ON state is applied from the self-
diagnosing switching device 41, via the system 30. The
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self-diagnosis mode selector 59 sets the timing controller 42
to a normal driving mode when the self-diagnosis switching
signal (CS) having an OFF state is applied from the self-
diagnosing switching device 41, via the system 30. Accord-
ingly, if a self-diagnosis switching signal (CS) having an ON
state is inputted, the self-diagnosis mode selector 59 does
not output the vertical synchronizing signal (Vsync) or the
data enable signal (DE) to the signal presence determiner 58.
If a self-diagnosis switching signal (CS) having an OFF state
is inputted, the self-diagnosis mode selector 59 outputs the
vertical synchronizing signal (Vsync) or the data enable
signal (DE) to the signal presence determiner 58.

[0051] A method of driving the timing controller 42
according to a normal driving mode of the first embodiment
will be described.

[0052] First, in driving the timing controller 42 according
to a normal driving mode, input states of control signals to
the timing controller 42 are determined in order to display
pattern signals including full black, full white, or specific
characters on the liquid crystal display panel 32 when no
input signal is applied. More specifically, a self-diagnosis
switching signal (CS) having an OFF state from the self-
diagnosing switching device 41 may be applied to the
self-diagnosis mode selector 59 having an OFF state, via the
system 30. Accordingly, the vertical synchronizing signal
(Vsync) or the data enable signal (DE) applied to the timing
controller may be inputted to the signal presence determiner
58.

[0053] The signal presence determiner 58 monitors con-
trol signals inputted from the video chip, via the interface 40
and the self-diagnosis mode selector 59. A process of
operating the signal presence determiner 58 will be
described in detail with reference to FIG. 5 below.

[0054] As shown in FIG. 5, a vertical synchronizing
signal (Vsync) or a data enable signal (DE) having an
exemplary frequency of 60 Hz may be used as a reference
signal inputted from the video chip, via the interface 40.

[0055] Asshown in FIG. 5, the signal presence determiner
58 receives the reference signal (e.g., the vertical synchro-
nizing signal (Vsync)) from the video chip, via the interface
40 and further receives a free synchronizing signal (Fsync)
having the same frequency as the reference signal (e.g., 60
Hz). Having received the reference signal and the free
synchronizing signal (Fsync), the signal presence determiner
58 compares the reference signal with the free synchronizing
signal (Fsync) in the A INTERVAL of time shown in FIG.
5. If the reference signal is inputted during a predetermined
period (e.g., three periods), a determining signal (DS) hav-
ing a high state is applied to indicate an effective signal input
to the control signal generator 54. Having received the high
state of determining signal (DS), the control signal generator
54 receives the vertical synchronizing signal (Vsync) or the
data enable signal (DE) applied from the video chip, via the
interface 40.

[0056] While still referring to FIG. 5, the signal presence
determiner 58 compares the reference signal (e.g., vertical
synchronizing signal (Vsync)) with the free synchronizing
signal (Fsync) in the B INTERVAL of time. If the reference
signal is not inputted during a predetermined period (e.g.,
three periods), a determining signal having a low state is
applied to the control signal generator 54. Having received
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the low state determining signal, the control signal generator
54 receives the free synchronizing signal (Fsync) from the
oscillator 52 to display a pattern signal including full black,
full white, or specific character signals on the liquid crystal
display panel 32.

[0057] Asshown in FIG. 6, the control signal generator 54
includes a multiplexor (MUX) 51. The MUX 51 receives the
free synchronizing signal (Fsync), the reference signal (e.g.,
the vertical synchronizing signal (Vsync) or the data enable
signal (DE)), and the determining signal (DS), and selects
the free synchronizing signal (Fsync) or the reference signal
as a synchronizing signal used in correspondence with an
input state of the determining signal (DS), and outputs the
synchronizing signal. The MUX 51 selects the reference
signal (e.g., vertical synchronizing signal (Vsync)) when a
high state determining signal is inputted while the MUX 51
selects the free synchronizing signal (Fsync) when a low
state determining signal is inputted. Referring back to FIG.
5, the control signal generator 54 generates and outputs
control signals on the basis of the reference signal (e.g.,
vertical synchronizing signal (Vsync)) or the free synchro-
nizing signal (Fsync) outputted from the MUX 51.

[0058] Still referring to FIG. 5, the data signal generator
56 outputs pattern signals including full black, full white or,
specific character information stored in advance when a low
state determining signal is inputted in correspondence with
an input state of the determining signal.

[0059] A self-diagnosis mode of driving the timing con-
troller 42 will be described below. In the self-diagnosis
mode of driving the timing controller 42, control signals are
generated irrespective of control signals inputted to the
timing controller 42. Accordingly, the control signals are
provided to display specific pattern signals capable of diag-
nosing a driving state of the liquid crystal display panel 32.
Such pattern signals include full black, full white, full red,
full green, full blue, or signals that generate specific char-
acters, different from data displayed during a normal mode
of driving the timing controller 42. In order to diagnose all
of the driving states of the liquid crystal display panel 32, a
plurality of specific pattern signals may be displayed con-
tinuously in a predetermined sequence.

[0060] More specifically, in the self-diagnosis mode of
driving the timing controller 42, the self-diagnosis switching
signal (CS) having an ON state from the self-diagnosing
switching device 41 is applied to the self-diagnosis mode
selector 59, via the system 30. This prevents the vertical
synchronizing signal (Vsync) or the data enable signal (DE)
applied to the timing controller 42 from being applied to the
control signal generator 54. Accordingly, the self-diagnosis
switching signal (CS) having an ON state applied from the
self-diagnosing switching device 41 is generated by a user
when abnormal data is displayed on the liquid crystal
display panel 32. The abnormal data may be displayed when
power is applied to the LCD module or when a user intends
to diagnose a driving state of the liquid crystal display panel
32 and the system 30.

[0061] The MUX 51 within the control signal generator 54
receives a low state determining signal (DS) from the signal
presence determiner 58 and receives the free synchronizing
signal (Fsync) and the vertical synchronizing signal (Vsync)
or the data enable signal (DE) from the video chip. Thus, the
MUX 51 of the control signal generator 54 selects and then
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outputs the free synchronizing signal (Fsync). Having
received the free synchronizing signal (Fsync) from the
MUX 51, the control signal generator 54 generates and
outputs control signals on a basis of the free synchronizing
signal (Fsync). Accordingly, the data signal generator 56
displays specific pattern signals stored in advance and is
capable of diagnosing a driving state of the liquid crystal
display panel 32 such as pattern signals including full black,
full white, full red, full green, full blue or specific characters
for more than at least one frame. In order to entirely
diagnose a driving state of the liquid crystal display panel
32, a plurality of specific pattern signals may be displayed
continuously in a predetermined sequence.

[0062] Since the liquid crystal display module 34 under-
goes normal operation while the timing controller 42 per-
forms the self-diagnosis mode to display specific pattern
signals capable of diagnosing a driving state of the liquid
crystal display panel 32 (e.g., pattern signals including full
black, full white, full red, full green, full blue or specific
characters), the liquid crystal display module 34 is diag-
nosed in a normal state while the system 30 is diagnosed as
an abnormal state. Accordingly, the self-diagnosis function
of the timing controller 42 is controlled via the system 30
and depends upon whether or not a picture that is displayed
on the liquid crystal display panel 32 has an abnormal state.
Accordingly, a user can easily detect an abnormal driving
state within the liquid crystal display module 34 or the
system 30.

[0063] In the course of displaying a normal picture on the
liquid crystal display panel 32, abnormal data (e.g., patterns
including full black, full white, or specific characters) may
be displayed on the liquid crystal display panel 32. Accord-
ingly, a user may operate the self-diagnosing switching
device 41 to apply the self-diagnosis switching signal (CS)
having an ON state to the timing controller 42 in order to
detect an abnormal driving state of the liquid crystal display
module 34 and the system 30. The self-diagnosis switching
signal (CS) having an ON state from the self-diagnosing
switching device 41 allows the timing controller 42 to be set
to a self-diagnosis mode, thereby performing a self-diagno-
sis of the liquid crystal display module 34 and the system 30
as mentioned above. Accordingly, users can cope with
abnormal driving states of the liquid crystal display module
34 and/or the system 30 in conformity to the self-diagnosis
result.

[0064] Referring now to FIG. 7, there is shown a liquid
crystal display (LCD) according to a second embodiment of
the present invention.

[0065] The LCD includes a system 60 such as a notebook
computer (not shown), an interface 70 for receiving video
data (Data) and control signals (e.g., an input clock (CLK),
a horizontal synchronizing signal (Hsync), a vertical syn-
chronizing signal (Vsync), a data enable signal (DE), etc.)
from the system 60 and applying them to a timing controller
72, a timing controller 72 for receiving control signals
inputted from the interface 70 and generating control signals
suitable for driving a data driver 78 consisting of a plurality
of data driving ICs and a gate driver 80 consisting of a
plurality of gate driving ICs and having a self-diagnosis
function, a reference voltage generator 76 for applying a
reference voltage to the data driver 78, and a self-diagnosing
switching device 81 for applying an ON/OFF signal to turn
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a self-diagnosis function of the timing controller 72 on or
off. The self-diagnosis function of the timing controller 72
acts to diagnose a driving state of the system 60 or of the
liquid crystal display module 71 when either an abnormal
picture or no picture is displayed on the liquid crystal display
panel 62. The timing controller 72 may diagnose a state of
the control signals from the system 60 in addition to a power
application and receiving state.

[0066] The system 60 may use a video chip, a video
controller, a CPU, etc. (not shown), to generate video data
(Data) and control signals (e.g., an input clock (CLK),
horizontal synchronizing signal (Hsync), vertical synchro-
nizing signal (Vsync), data enable signal (DE), etc.).

[0067] The self-diagnosing switching device 81 may be
activated by a function key located at one side of the lower
frame formed at a notebook computer (e.g., a keyboard
pattern). Alternatively, self-diagnosing switching device 81
may be provided at one side of the upper frame mounted
with the liquid crystal display panel 32. The self-diagnosing
switching device 81 applies a self-diagnosis switching signal
(CS) as a signal indicating an ON/OFF state to the timing
controller 72 in response to an operation of a user, via the
system 60. The voltage associated with the ON/OFF state of
the self-diagnosis switching signal (CS) may be a specific
voltage (e.g., 5V, 3.3V, or 0 V) and may be expressed as a
logical level of “1” (high) or ‘0’ (low).

[0068] The interface 70 receives the video data and control
signals inputted from the video chip and applies them to the
timing controller 72. Low voltage differential signal (LVDS)
interfaces, a transistor transistor logic (TTL) interfaces, and
simple connectors may be used for data and control signal
transmission from the system 60. Such interfaces, along with
the timing controller 72 may be integrated into a single chip.

[0069] The data driver 78 selects reference voltages from
input data in response to control signals inputted from the
timing controller 72 and applies the selected reference
voltages to the liquid crystal display panel 62, thereby
controlling a rotation angle of a liquid crystal.

[0070] The reference signal generator 76 includes a digi-
tal-to-analog converter (DAC) and generates reference volt-
ages used by the data driver 78. The reference voltages are
established by a manufacturer on the basis of a transmit-
tance-to-voltage characteristic of the liquid crystal display
panel.

[0071] The gate driver 80 turns the TFTs arranged within
the liquid crystal display panel 62 on and off in response to
control signals from the timing controller 72 and allows
analog image signals inputted from the data driver 78 to be
applied to pixels connected to the TFTs. The power genera-
tor 74 supplies an operating voltage for each element and
generates a common electrode voltage for the liquid crystal
display panel 62.

[0072] Similar to the timing controller 42 illustrated in
FIG. 4, the timing controller 72 includes a timing signal
generator for receiving timing synchronizing signals (e.g.,
horizontal synchronizing signals (Hsync), vertical synchro-
nizing signal (Vsync), data enable signals (DE), clock
signals (CLK), etc.) from a video chip and outputting control
signals to the data driver 78 and the gate driver 80, a data
signal generator for receiving a video data inputted from the
video chip and outputting the received video data to the data
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driver 78, a self-diagnosis mode selector for activating a
self-diagnosis mode within the timing controller 72 in
response to a self-diagnosis switching signal (CS) inputted
via a self-diagnosing switching device 81, a signal presence
determiner for monitoring an application of various control
signals inputted from the video chip in response to the
self-diagnosis mode selector, and an oscillator for applying
a predetermined frequency of a free-synchronizing signal
(Fsync) to the signal presence determiner.

[0073] Similar to that illustrated in FIG. 4, the control
signal generator according to the second embodiment of the
present invention receives horizontal synchronizing signals
(Hsync), vertical synchronizing signals (Vsync), data enable
signals (DE) and clock signals (CLK) from the video chip to
generate and output various control signals for driving the
liquid crystal display panel 62. The control signal generator
then applies the generated control signals to the data driver
78 and the gate driver 80. For example, the control signal
generator generates source sampling clock (SSC), source
output enable (SOE), source start pulse (SSP), liquid crystal
polarity reverse (POL) signals, etc. on a basis of an input
vertical synchronizing signal and applies them to the data
driver 78. Further, the control signal generator generates
gate shift clock (GSC), gate output enable (GOE), gate start
pulse (GSP) signals, etc. on a basis of an input vertical
synchronizing signal applies them to the gate driver 80. At
this time, the control signal generator may apply the above-
mentioned control signals on a basis of the data enables
signal (DE).

[0074] Similar to the data signal generator 56 illustrated in
FIG. 4, the data signal generator according to the second
embodiment of the present invnetion receives a video data
from the video chip and re-arranges the video data so that the
received data may be applied to the liquid crystal display
panel 62 via the data driver 78. The data signal generator
stores specific data for displaying a predetermined picture
for more than at least one frame irrespective of the video
data supplied from the video chip. Accordingly, a ROM,
external flash memory, etc., may be used as storing means
integrated into the data signal generator within the timing
controller 72.

[0075] Similar to the oscillator 52 illustrated in FIG. 4, the
oscillator according to the second embodiment of the present
invention generates a predetermined reference clock signal,
performs a frequency division of the reference clock signal,
and applies the frequency divided reference clock signal to
the signal presence determiner as a free-synchronizing sig-
nal (Fsync). The applied free-synchronizing signal has the
same frequency as the vertical synchronizing signal Vsync.
The oscillator may be provided at either the exterior or the
interior of the timing controller 72.

[0076] In the second embodiment of the present invention,
the self-diagnosis mode selector outputs the vertical syn-
chronizing signal (Vsync) or the data enable signal (DE)
applied from the video chip to the signal presence deter-
miner in response to the self-diagnosis switching signal (CS)
applied from the self-diagnosing switching device 81. The
self-diagnosis mode selector sets the timing controller 72 to
a self-diagnosis mode when the self-diagnosis switching
signal (CS) having an ON state is applied from the self-
diagnosing switching device 81. The self-diagnosing switch-
ing device 81 sets the timing controller 72 to a normal
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driving mode when the self-diagnosis switching signal (CS)
having an OFF state is applied from the self-diagnosing
switching device 81. Accordingly, if a self-diagnosis switch-
ing signal (CS) having an ON state is inputted, the self-
diagnosis mode selector does not output the vertical syn-
chronizing signal (Vsync) or the data enable signal (DE) to
the signal presence determiner. If a self-diagnosis switching
signal (CS) having an OFF state is inputted, the self-
diagnosis mode selector outputs the vertical synchronizing
signal (Vsync) or the data enable signal (DE) to the signal
presence determiner.

[0077] A method of driving the timing controller 72
according to a normal driving mode of the second embodi-
ment will be described.

[0078] First, in driving the timing controller 72 according
to a normal driving mode, input states of control signals to
the timing controller 72 are determined in order to display
pattern signals including full black, full white or specific
characters on the liquid crystal display panel 62 when no
input signal is applied. More specifically, a self-diagnosis
switching signal (CS) having an OFF state from the self-
diagnosing switching device 81 may be applied to the
self-diagnosis mode selector. Accordingly, the vertical syn-
chronizing signal (Vsync) or the data enable signal (DE)
applied to the timing controller 72 may be inputted to the
signal presence determiner.

[0079] The signal presence determiner monitors control
signals inputted from the video chip, via the interface 70 and
the self-diagnosis mode selector. A process of operating the
signal presence determiner will be described in detail below.

[0080] Similarly to the process illustrated in FIG. 5, but
with respect to the second embodiment of the present
invention, a vertical synchronizing signal (Vsync) a data
enable signal (DE) having an exemplary frequency of 60 Hz
may be used as a reference signal inputted from the video
chip, via the interface 70.

[0081] The signal presence determiner receives the refer-
ence signal (e.g., the vertical synchronizing signal (Vsync))
from the video chip, via the interface 40 and further receives
a free synchronizing signal (Fsync) having the same fre-
quency as the reference signal (¢.g., 60 Hz). Having received
the reference signal and the free synchronizing signal
(Fsync), the signal presence determiner compares the refer-
ence signal with the free synchronizing signal (Fsync) in the
aforementioned A INTERVAL of time during which period
of time, the reference signal is firstly inputted. If the refer-
ence signal is inputted during a predetermined period (e.g.,
three periods), a determining signal (DS) having a high state
is applied for indicating an effective signal input to the
control signal generator. Having received the high state of
determining signal (DS), the control signal generator
receives the vertical synchronizing signal (Vsync) or the
data enable signal (DE) applied from the video chip, via the
interface 70.

[0082] Alternately, if, when the signal presence deter-
miner compares the reference signal (e.g., vertical synchro-
nizing signal (Vsync)) with the free synchronizing signal
(Fsync) in the aforementioned B INTERVAL of time, the
reference signal is not inputted during a predetermined
period (e.g., three periods), a determining signal having a
low state is applied to the control signal generator. Having
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received the low state determining signal, the control signal
generator receives the free synchronizing signal (Fsync)
from the oscillator to display a pattern signal including full
black, full white or specific character signals on the liquid
crystal display panel 62.

[0083] The control signal generator in the second embodi-
ment of the present invention includes a multiplexor (MUX)
as shown in FIG. 6. The MUX receives the free synchro-
nizing signal (Fsync), the reference signal (e.g., the vertical
synchronizing signal (Vsync) or the data enable signal
(DE)), and the determining signal (DS), and selects the free
synchronizing signal (Fsync) or the reference signal as a
synchronizing signal used in correspondence with an input
state of the determining signal (DS), and outputs the syn-
chronizing signal. At this time, the MUX selects the refer-
ence signal (e.g., vertical synchronizing signal (Vsync))
when a high state determining signal is inputted while the
MUX selects the free synchronizing signal (Fsync) when a
low state determining signal is inputted. The control signal
generator generates and outputs control signals on the basis
of the reference signal (e.g., vertical synchronizing signal
(Vsync)) or the free synchronizing signal (Fsync) outputted
from the MUX.

[0084] Similar to first embodiment of the invention dis-
closed herein, the data signal generator in the second
embodiment of the present invention outputs patiern signals
including full black, full white or, specific character infor-
mation stored in advance on the liquid crystal display panel
62 when a low state determining signal is inputted in
correspondence with an input state of the determining sig-
nal.

[0085] A self-diagnosis mode of driving the timing con-
troller 72 will be described below. In the self-diagnosis
mode of driving the timing controller 72, control signals are
generated irrespective of control signals inputted to the
timing controller 72. Accordingly, the control signals are
provided to display specific pattern signals capable of diag-
nosing a driving state of the liquid crystal display panel 62.
Such pattern signals include full black, full white, full red,
full green, full blue or signals that generate specific char-
acters, different from data displayed during a normal mode
of driving the timing controller 72. In order to diagnose all
of the driving states of the liquid crystal display panel 72, a
plurality of specific pattern signals may be displayed con-
tinuously in a predetermined sequence.

[0086] More specifically, in the self-diagnosis mode of
driving the timing controller 72, the self-diagnosis switching
signal (CS) having an ON state from the self-diagnosing
switching device 81 is applied to the self-diagnosis mode
selector. This prevents the vertical synchronizing signal
(Vsync) or the data enable signal (DE) applied to the timing
controller 72 from being applied to the control signal
generator. Accordingly, the self-diagnosis switching signal
(CS) having an ON state applied from the self-diagnosing
switching device 81 is generated by a user when an abnor-
mal data is displayed on the liquid crystal display panel 62.
The abnormal data may be displayed when power is applied
to the LCD module or when a user intends to diagnose a
driving state of the liquid crystal display panel 62 and the
system 60.

[0087] In the second embodiment of the present invention,
the MUX of the control signal generator receives a low state
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determining signal (DS) from the signal presence determiner
and receives the free synchronizing signal (Fsync) and the
vertical synchronizing signal (Vsync) or the data enable
signal (DE) from the video chip. Thus, the MUX of the
control signal generator selects and then outputs the free
synchronizing signal (Fsync). Having received the free
synchronizing signal (Fsync) from the MUX, the control
signal generator generates and outputs control signals on a
basis of the free synchronizing signal (Fsync). Accordingly,
the data signal generator displays specific pattern signals
stored in advance and capable of diagnosing a driving state
of the liquid crystal display panel 62 such as pattern signals
including full black, full white, full red, full green, full blue
or specific character for more than at least one frame on the
liquid crystal display panel 62. In order to entirely diagnose
a driving state of the liquid crystal display panel 62 a
plurality of specific pattern signals may be displayed con-
tinuously in a predetermined sequence.

[0088] Since the liquid crystal display module 71 under-
goes a normal operation while the timing controller 72
performs the self-diagnosis mode to display specific pattern
signals capable of diagnosing a driving state of the liquid
crystal display panel 62 (e.g., pattern signals including full
black, full white, full red, full green, full blue or specific
characters), the liquid crystal display module 71 is diag-
nosed in a normal state while the system 60 is diagnosed as
an abnormal state. Accordingly, the self-diagnosis function
of the timing controller 72 is controlled via the system 60
and depends upon whether or not a picture that is displayed
on the liquid crystal display panel 62 has an abnormal state.
Accordingly, a user can easily detect an abnormal driving
state within the liquid crystal display module 71 or the
system 60.

[0089] 1In the course of displaying a normal picture on the
liquid crystal display panel 62, abnormal data (e.g., patterns
including full black, full white, or specific characters) may
be displayed on the liquid crystal display panel 62. Accord-
ingly, a user may operate the self-diagnosing switching
device 81 to apply the self-diagnosis switching signal (CS)
having an ON state to the timing controller 72 in order to
detect an abnormal driving state of the liquid crystal display
module 71 and the system 60. The self-diagnosis switching
signal (CS) having an ON state from the self-diagnosing
switching device 81 allows the timing controller 72 to be set
to a self-diagnosis mode, thereby performing a self-diagno-
sis mode of the liquid crystal display module 71 and the
system 60 as mentioned above. Accordingly, a user can cope
with abnormal driving states of the liquid crystal display
module 71 and/or the system 60 in conformity to the
self-diagnosis result.

[0090] According to the invention as described above, the
self-diagnosing switching device provided inside or outside
the system includes a timing controller self-diagnosis func-
tion and may be controlled to diagnose, individually or
integrally, an abnormal driving state of the system and/or the
liquid crystal display module. Furthermore, an abnormal
function of the liquid crystal display module may be con-
trolled by the system during a test process for testing a
connection state between the system and the liquid crystal
display module. Furthermore, the test process may be imple-
mented during the fabrication of the LCD or during the
fabrication of the system (e.g., notebook computer) using
the LCD. Accordingly, erroneous operations detected by the
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self-diagnosis function may improve the productivity and
reliability of the fabrication processes used in forming the
LCD and/or the system employing the LCD.

[0091] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:
1. A liquid crystal display comprising:

a liquid crystal display panel including pixel cells
arranged in a matrix pattern,

a system for applying a timing synchronizing signal and
video data;

a timing controller for generating timing control signals
for driving the liquid crystal display panel in corre-
spondence with the timing synchronizing signal and for
rearranging and outputting the video data;

a switching device for generating a predetermined driving
control signal;

a self-diagnosing circuit for applying predetermined data
to the liquid crystal display panel in response to the
predetermined driving control signal; and

a driver, connected between the liquid crystal display
panel and the timing controller, for displaying the video
data outputted from the timing controller on the liquid
crystal display panel in correspondence with the pre-
determined driving control signals.

2. The liquid crystal display as claimed in claim 1,
wherein the self-diagnosing circuit is included within the
timing controller.

3. The liquid crystal display as claimed in claim 1,
wherein the self-diagnosing circuit applies the predeter-
mined data to the liquid crystal display panel irrespective of
an input of said timing synchronizing signal when a prede-
termined driving control signal having an ON state is
applied.

4. The liquid crystal display as claimed in claim 1, further
comprising:

a control signal line connected between the self-diagnos-
ing circuit and the system for applying the predeter-
mined driving control signal to the self-diagnosing
circuit.

5. The liquid crystal display as claimed in claim 4,
wherein the switching device is connected to the system for
applying the predetermined driving control signal to the
self-diagnosing circuit, via the control signal line.

6. The liquid crystal display as claimed in claim 1,
wherein the self-diagnosing circuit includes:

an oscillator for generating a free synchronizing signal
having a predetermined frequency, wherein the free
synchronizing signal is applied to the timing controller;

a signal presence determiner for comparing said timing
synchronizing signal with the free synchronizing signal
to generate a determining signal for indicating whether
the timing synchronizing signal is inputted,

Oct. 16, 2003

a control signal generator for generating a control signal
on a basis of the free synchronizing signal in response
to the determining signal indicating no input of the
timing synchronizing signal;

a data storing unit for storing a predetermined picture data
and outputting the predetermined picture data to a
driving circuit in response to the determining signal
indicating no input of the timing synchronizing signal,
and

a self-diagnosis mode selector for selectively applying the
timing synchronizing signal to the signal presence
determiner in response to the driving control signal.

7. The liquid crystal display as claimed in claim 6,
wherein the switching device is connected to the self-
diagnosis mode selector to apply the predetermined driving
control signal to the self-diagnosis mode selector.

8. The liquid crystal display as claimed in claim 1,
wherein the self-diagnosing circuit supplies a predetermined
picture data different from the specific data only in a
presence of a no input state of the timing synchronizing
signal when a predetermined driving control signal having
an OFF state is applied.

9. The liquid crystal display as claimed in claim 1,
wherein the switching device is driven by a user.

10. A method of self-diagnosing a liquid crystal display
comprising;

arranging pixel cells of a liquid crystal display panel in a
matrix pattern,

applying a timing synchronizing signal and video data
from a system;

driving the liquid crystal display panel in correspondence
with a timing synchronizing signal generated from a
timing controller;

rearranging and outputting the video data from the sys-
tem;

generating a predetermined driving control signal from a
switching device;

applying predetermined data from a self-diagnosing cir-
cuit to the liquid crystal display panel in response to the
predetermined driving control signal; and

displaying the outputted video data on the liquid crystal
display panel in correspondence with the predeter-
mined driving control signals.

11. The method of self-diagnosing a liquid crystal display
as claimed in claim 10, wherein the applying the predeter-
mined data further comprises applying the predetermined
data to the liquid crystal display panel irrespective of an
input of the timing synchronizing signal when a predeter-
mined driving control signal having an ON state is applied.

12. The method of self-diagnosing a liquid crystal display
as claimed in claim 10, further comprising applying the
predetermined driving control signal to the self-diagnosing
circuit.

13. The method of self-diagnosing a liquid crystal display
as claimed in claim 12, further comprising applying the
predetermined driving control signal to the self-diagnosing
circuit.
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14. The method of self-diagnosing a liquid crystal display
as claimed in claim 10, further comprising:

generating a free synchronizing signal having a predeter-
mined frequency and applying the free synchronizing
signal to the timing controller;

comparing the timing synchronizing signal with the free
synchronizing signal using a signal presence deter-
miner and generating a determining signal indicating
whether the timing synchronizing signal is inputted;

generating a control signal on a basis of the free synchro-
nizing signal in response to the determining signal
indicating no input of the timing synchronizing signal,

storing a predetermined picture data and outputting the
predetermined picture data to a driving circuit in
response to the determining signal indicating no input
of the timing synchronizing signal; and
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selectively applying the timing synchronizing signal from
a self-diagnosis mode selector to the signal presence
determiner in response to the driving control signal.

15. The method of self-diagnosing a liquid crystal display
as claimed in claim 14, further comprising applying the
predetermined driving control signal to the self-diagnosis
mode selector.

16. The method of self-diagnosing a liquid crystal display
as claimed in claim 10, further comprising supplying a
predetermined picture data different from the specific data
only in a presence of a no input state of the timing synchro-
nizing signal when the predetermined driving control signal
having an OFF state is applied.

17. The method of self-diagnosing a liquid crystal display
as claimed in claim 10, further comprising driving the
switching device by a user.
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