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1
DISPLAY AND OPERATING METHOD
THEREOF

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE 1O RELATED
APPLICATION

This application is a Reissue Application of U.S. Pat. No.
9,076,398 issued on Jul. 7, 2015, application Ser. No.
13/267,325, filed on Oct. 6, 2011. The entivety of the
above-mentioned patent application is hereby incorporated
by reference herein and made a part of this specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a display. More particularly, the
invention relates to a display in which a timing controller
serially transmits data and an operating method of the
display.

2. Description of the Related Art

A flat display apparatus, e.g., a thin film transistor liquid
crystal display (TFT-LCD), has replaced the conventional
cathode ray tube (CRT) display apparatus. Compared to the
conventional CRT display, the TFT-LCD display is charac-
terized by various advantages, such as low operating volt-
age, low power consumption, small volume, small thick-
ness, light weight, etc.

In general, a timing controller and source drivers in a
display transmit control data and color data in parallel. The
parallel data transmission contributes to reduction of trans-
mission time, while the number of pins for outputting and
receiving signals is increased. Therefore, a printed circuit
board (PCB) equipped with both the timing controller and
the source drivers has more wires, and the circuit of the PCB
is complicated. Since the number of pins cannot be
decreased, the chip area cannot be reduced, and thus the
hardware costs of the timing controller and the source
drivers cannot be lowered down.

SUMMARY OF THE INVENTION

The invention is directed to a display and an operating
method thereof. The display has a timing controller and
source drivers that are synchronously operated in no need of
clock signals. Thereby, the hardware costs of the timing
controller and the source drivers can be lowered down.

In an embodiment of the invention, a display that includes
a display panel, a timing controller, and a plurality of source
drivers is provided. The timing controller has a plurality of
signal output terminals. The source drivers are coupled to
the timing controller and the display panel. The timing
controller outputs a plurality of training packets to the
source drivers. When the source drivers lock a clock of the
timing controller according to the training packets, the
timing controller outputs a plurality of control packets and
a plurality of color data packets. The source drivers respec-
tively output a plurality of pixel voltages corresponding to
the color data packets to the display panel according to the
corresponding control packets. The training packets, the
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control packets, and the color data packets are serially
transmitted to the source drivers through the signal output
terminals.

According to an embodiment of the invention, the training
packets, the color data packets, and the control packets are
respectively transmitted by a differential signal.

According to an embodiment of the invention, the differ-
ential signal is output through a first signal output terminal
and a second signal output terminal of the signal output
terminals. Each of the source drivers includes a first switch
and a second switch. A first end of the first switch is coupled
to the first signal output terminal, a second end of the first
switch is coupled to a predetermined voltage, and a control
end of the first switch receives a lock signal. A first end of
the second switch is coupled to the second signal output
terminal, a second end of the second switch is coupled to the
predetermined voltage, and a control end of the second
switch receives the lock signal. The lock signal is enabled
when the clock of the timing controller is not locked, and the
lock signal is disabled when the clock of the timing con-
troller is locked.

According to an embodiment of the invention, the timing
controller detects a common mode voltage of the differential
signal. When the common mode voltage is the predeter-
mined voltage, the timing controller determines that a volt-
age level of the first signal output terminal and a voltage
level of the second signal output terminal are pulled down to
the predetermined voltage.

According to an embodiment of the invention, the timing
controller detects a first current and a second current at the
first signal output terminal and the second signal output
terminal. When one of the first current and the second
current is zero, the timing controller determines that a
voltage level of the first signal output terminal and a voltage
level of the second signal output terminal are pulled down to
the predetermined voltage.

According to an embodiment of the invention, the timing
controller detects a third current that is output to a ground
point by a differential signal generating circuit which out-
puts the differential signal. When the third current is zero,
the timing controller determines that a voltage level of the
first signal output terminal and a voltage level of the second
signal output terminal are pulled down to the predetermined
voltage.

According to an embodiment of the invention, each of the
control packets includes two start bits, two end bits, and a
control code that is located between the start bits and the end
bits.

According to an embodiment of the invention, each of the
color data packets includes two start bits, two end bits, and
a color data code that is located between the start bits and the
end bits.

According to an embodiment of the invention, the color
data code corresponds to two of red color data, green color
data, and blue color data.

According to an embodiment of the invention, the color
data code corresponds to one of red color data, green color
data, and blue color data.

According to an embodiment of the invention, the start
bits respectively correspond to a logic high level, and the
end bits respectively corresponds to a logic low level.

According to an embodiment of the invention, each of the
training packets includes two start bits, two end bits, a first
clock code, and a second clock code. The first clock code is
located between the start bits and the second clock code, and
the second clock code is located between the first clock code
and the end bits.
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According to an embodiment of the invention, the start
bits and a plurality of bits of the first clock code respectively
correspond to a logic high level, and the end bits and a
plurality of bits of the second clock code respectively
correspond to a logic low level.

According to an embodiment of the invention, the source
drivers lock the clock of the timing controller based on phase
comparison.

In an embodiment of the invention, an operating method
of a display is provided. The display includes a display
panel, a timing controller, and a plurality of source drivers.
The operating method of the display includes following
steps. The timing controller outputs a plurality of training
packets to the source drivers. When the source drivers lock
a clock of the timing controller according to the training
packets, the timing controller outputs a plurality of control
packets and a plurality of color data packets to the source
drivers. The source drivers respectively output a plurality of
pixel voltages corresponding to the color data packets
according to the control packets. The training packets, the
control packets, and the color data packets are serially
transmitted to the source drivers.

According to an embodiment of the invention, the source
drivers respectively output a clock lock signal to the timing
controller when the source drivers lock the clock of the
timing controller.

According to an embodiment of the invention, when the
clock of the timing controller is not locked, each of the
source drivers pulls down a voltage level of a corresponding
signal output terminal to a predetermined voltage for a first
period of time, and the predetermined voltage is lower than
a threshold voltage.

According to an embodiment of the invention, the first
period of time is greater than or substantially equal to 350
nano-seconds.

According to an embodiment of the invention, the prede-
termined voltage is a ground voltage.

According to an embodiment of the invention, the timing
controller outputs the training packets to the source drivers
for a second period of time when one of the source drivers
does not lock the clock of the timing controller.

According to an embodiment of the invention, the second
period of time is greater than or substantially equal to 1500
times a packet time, and the packet time is a time period
required for transmitting each of the training packets, each
of the control packets, or each of the color data packets.

Based on the above, in the display and the operating
method thereof described in the embodiments of the inven-
tion, operations of the timing controller and the source
drivers can be synchronized due to the training packets.
Hence, the timing controller and the source drivers are
synchronously operated in no need of the clock signals, and
thus the hardware costs of the timing controller and the
source drivers can be lowered down.

Other features and advantages of the invention will be
further understood from the further technological features
disclosed by the embodiments of the invention wherein there
are shown and described embodiments of this invention,
simply by way of illustration of modes best suited to carry
out the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the disclosure, and are incorporated
in and constitute a part of this specification. The drawings
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4

illustrate embodiments of the disclosure and, together with
the description, serve to explain the principles of the dis-
closure.

FIG. 1 is a schematic view illustrating a system of a
display according to an embodiment of the invention.

FIG. 2 is a schematic timing diagram illustrating that the
timing controller of the display depicted in FIG. 1 outputs
packets according to an embodiment of the invention.

FIG. 3 is a schematic view illustrating the training packets
depicted in FIG. 2 according to an embodiment of the
invention.

FIG. 4 is a schematic view illustrating the control packets
depicted in FIG. 2 according to an embodiment of the
invention.

FIG. 5 is a schematic view illustrating the color data
packets depicted in FIG. 2 according to an embodiment of
the invention.

FIG. 6 is a schematic view illustrating a system of a
display according to another embodiment of the invention.

FIG. 7 is a schematic timing diagram illustrating that the
source drivers depicted in FIG. 6 pull down voltage levels of
signal output terminals of the timing controller according to
an embodiment of the invention.

FIG. 8A and FIG. 8B are schematic circuit diagrams
illustrating the output of the timing controller depicted in
FIG. 6 at a logic high level and a logic low level according
to an embodiment of the invention.

FIG. 9 is a schematic diagram illustrating circuit opera-
tions when the source drivers depicted in FIG. 6 pull down
voltage levels of the signal output terminals of the timing
controller according to an embodiment of the invention.

FIG. 10 is a flowchart illustrating an operating method of
a display according to an embodiment of the invention.

DESCRIPTION OF EMBODIMENTS

FIG. 1 is a schematic view illustrating a system of a
display according to an embodiment of the invention. With
reference to FIG. 1, in this embodiment, the display 100
includes a timing controller 110, a plurality of source
drivers, and a display panel 130. In FIG. 1, six source drivers
120_1~120_6 are exemplarily shown. The timing controller
110 has a plurality of signal output terminals. In FIG. 1, six
signal output terminals O,~Oy are exemplarily shown. The
timing controller 110 is coupled to the source drivers
120_1~120_6, so as to respectively output a plurality of
training packets TRP, a plurality of control packets CLP or
a plurality of color data packets DAP to the source drivers
120_1~120_6 respectively via the signal output terminals
0,~0. The source drivers 120_1~120_6 are coupled to the
display panel 130, so as to respectively output a plurality of
pixel voltages Vp to the display panel 130.

In this embodiment, the training packets TRP, the control
packets CLP, and the color data packets DAP are serially
transmitted by a differential signal. Based on the circuit
design of the timing controller 110 and the source drivers
120_1~120_6, the timing controller 110 can transmit the
training packets TRP, the control packets CLP, and the color
data packets DAP to the corresponding source drivers (e.g.,
the source drivers 120_1~120_6) via one set of differential
signal lines or two sets of differential signal lines. Namely,
each of the signal output terminals (e.g., the signal output
terminals O,~Oy) can in fact include two or four signal
output terminals, which should not be construed as a limi-
tation to the invention.

When the source drivers 120_1~120_6 receive the train-
ing packets TRP, the source drivers 120_1~120_6 respec-
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tively lock the timing of the training packets TRP (equal to
locking a clock of the timing controller 110 based on the
training packets TRP) received by the source drivers
120_1~120_6. Here, the source drivers 120_1~120_6 lock
the clock of the timing controller 110 based on phase
comparison. When the source drivers 120_1~120_6 respec-
tively lock the clock of the timing controller 110, the source
drivers 120_1~120_6 respectively output clock lock signals
CL,~CL, to the timing controller 110, so as to inform the
timing controller 110 of the fact that the source drivers
120_1~120_6 lock or do not lock the clock of the timing
controller 110.

When the timing controller 110 receives the clock lock
signals CL,~CL, the timing controller 110 outputs the
control packets CLP and the color data packets DAP to the
source drivers 120_1~120_6 based on the clock lock signals
CL,~CL¢. The source drivers 120_1~120_6 respectively
output the pixel voltages Vp to the display panel 130 based
on the control packets CLP and the color data packets DAP
received by the source drivers 120_1~120_6.

FIG. 2 is a schematic timing diagram illustrating that the
timing controller of the display depicted in FIG. 1 outputs
packets according to an embodiment of the invention. With
reference to FIG. 1 and FIG. 2, after the source drivers
120_1~120_6 lock the clock of the timing controller 110, the
source drivers 120_1~120_6 can accurately receive the data
packets (i.e., the control packets CLP and the color data
packets DAP) transmitted by the timing controller 110.
Hence, when the source drivers 120_1~120_6 do not lock
the clock of the timing controller 110 (i.e., in the period T1),
the timing controller 110 transmits the training packets TRP
to the source drivers 120_1~120_6, such that the source
drivers 120_1~120_6 can lock the clock of the timing
controller 110 based on the training packets TRP. To be more
specific, the number of the training packets TRP transmitted
during the period T1 is determined based on the time at
which the timing controller 110 receives the clock lock
signals CL,~CL,. Namely, the period T1 is determined
based on the time at which the timing controller 110 receives
the clock lock signals CL,~CL.

After the source drivers 120_1~120_6 lock the clock of
the timing controller 110, the timing controller 110 transmits
a first start signal packet SP1 to the source drivers
120_1~120_6, so as to inform the source drivers
120_1~120_6 of starting transmission of the control packets
CLP. After the source drivers 120_1~120_6 received the
control packets, the timing controller 110 transmits a second
start signal packet SP2 to the source drivers 120_1~120_6,
so0 as to inform the source drivers 120_1~120_6 of starting
transmission of the color data packets. The timing controller
110 then outputs the control packets CLP to the source
drivers 120_1~120_6, so as to determine the operational
mode or the parameters of the source drivers 120_1~120_6.
In other words, the timing controller 110 can, by means of
the control packets CLP, determine the timing at which the
source drivers 120_1~120_6 output the pixel voltages Vp.

The timing controller 110 outputs the color data packets
DAP to the source drivers 120_1~120_6, and the source
drivers 120_1~120_6 output the pixel voltages Vp based on
the color data packets DAP received by the source drivers
120_1~120_6. Thereby, the source drivers 120_1~120_6
and the timing controller 110 can be synchronously operated
in no need of clock signals, and the number of the pins of the
source drivers 120_18 120_6 and the timing controller 110
can be reduced. Further, the hardware costs of the source
drivers 120_1~120_6 and the timing controller 110 can be
lowered down.
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FIG. 3 is a schematic view illustrating the training packets
depicted in FIG. 2 according to an embodiment of the
invention. With reference to FIG. 3, in this embodiment,
each of the training packets TRP includes two start bits, two
end bits, a first clock code, and a second clock code. The bit
number of the first clock code is equal to the bit number of
the first clock code. The first clock code is located between
the start bits and the second clock code, and the second clock
code is located between the first clock code and the end bits.
Here, the start bits and the bits of the first clock code
respectively correspond to a logic high level H, and the end
bits and the bits of the second clock code respectively
correspond to a logic low level L, such that the training
packets TRP are logically equal to a pulse of the clock
signal.

FIG. 4 is a schematic view illustrating the control packets
depicted in FIG. 2 according to an embodiment of the
invention. With reference to FIG. 4, in this embodiment,
each of the control packets CLP includes two start bits, two
end bits, and a control code located between the start bits and
the end bits. The control code is constituted by a plurality of
control data bits CB. Besides, the start bits respectively
correspond to a logic high level H, and the end bits respec-
tively correspond to a logic low level L.

FIG. 5 is a schematic view illustrating the color data
packets depicted in FIG. 2 according to an embodiment of
the invention. With reference to FIG. 2, in the embodiment
of'the invention, each of the color data packets DAP includes
two start bits, two end bits, and a color data code located
between the start bits and the end bits. The color data code
is constituted by a plurality of color data bits DB. The start
bits respectively correspond to the logic high level H, and
the end bits respectively correspond to the logic low level L.

In this embodiment, the color data code corresponds to
two of red color data, green color data, and blue color data,
or the color data code corresponds to one of red color data,
green color data, and blue color data. People having ordinary
skill in the art may make modifications accordingly.

Besides, in this embodiment, the packet size of the
training packets TRP, the control packets CLP, and the color
data packets DAP is the same (i.e., the bit number of these
packets is the same). If each of the color data is assumed to
be 10 bits, and the color data code corresponds to two of the
red color data, the green color data, and the blue color data,
the training packets TRP, the control packets CLP, and the
color data packets DAP are 24 bits (i.e., 2+10+10+2). If each
of the color data is assumed to be 10 bits, and the color data
code corresponds to one of the red color data, the green color
data, and the blue color data, the training packets TRP, the
control packets CLP, and the color data packets DAP are 14
bits (i.e., 2+410+2).

If each of the color data is assumed to be 8 bits, and the
color data code corresponds to two of the red color data, the
green color data, and the blue color data, the training packets
TRP, the control packets CLP, and the color data packets
DARP are 20 bits (i.e., 2+8+8+2). If each of the color data is
assumed to be 8 bits, and the color data code corresponds to
one of the red color data, the green color data, and the blue
color data, the training packets TRP, the control packets
CLP, and the color data packets DAP are 12 bits (i.e.,
2+8+2).

If each of the color data is assumed to be 6 bits, and the
color data code corresponds to two of the red color data, the
green color data, and the blue color data, the training packets
TRP, the control packets CLP, and the color data packets
DARP are 16 bits (i.e., 2+6+6+2). If each of the color data is
assumed to be 6 bits, and the color data code corresponds to
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one of the red color data, the green color data, and the blue
color data, the training packets TRP, the control packets
CLP, and the color data packets DAP are 10 bits (i.e.,
2+6+2).

FIG. 6 is a schematic view illustrating a system of a
display according to another embodiment of the invention.
With reference to FIG. 1 and FIG. 6, the difference therebe-
tween lies in the timing controller 210 and the source drivers
220_1~220_6 of the display 200 in this embodiment. The
source drivers 220_1~220_6 pull down the voltage levels of
the signal output terminals (e.g., the signal output terminals
0,~0y) of the timing controller 210 to the ground voltage
(i.e., the predetermined voltage) when the source drivers
220_1~220_6 do not lock the clock of the timing controller
210. Namely, when the voltage level of the signal output
terminal O, of the timing controller 210 is pulled down to
the ground voltage, it indicates that the source driver 220_1
does not lock the clock of the timing controller 210; when
the voltage level of the signal output terminal O, of the
timing controller 210 is pulled down to the ground voltage,
it indicates that the source driver 220_2 does not lock the
clock of the timing controller 210; the rest can be deduced
from the above.

In addition, when one of the source drivers 220_1~220_6
does not lock the clock of the timing controller 210, the
timing controller 210 again transmits the training packets
TRP to the source drivers 220_1~220_6, such that the source
drivers 220_1~220_6 can lock the clock of the timing
controller 210 based on the training packets TRP received by
the source drivers 220_1~22_6, respectively. Alternatively,
the timing controller 210 can again transmit the training
packets TRP to the source drivers (e.g., the source drivers
220_1~220_6) that do not lock the clock of the timing
controller 210, such that the source drivers 220_1~22_6 can
once again lock the clock of the timing controller 210 based
on the training packets TRP.

FIG. 7 is a schematic timing diagram illustrating that the
source drivers depicted in FIG. 6 pull down voltage levels of
signal output terminals of the timing controller according to
an embodiment of the invention. With reference to FIG. 7,
in this embodiment, the timing controller 210 transmits the
training packets TRP, the control packets CLP, or the color
data packets DAP by the differential signal. Therefore, the
voltage levels of the signal output terminals (e.g., the signal
output terminals O,~Oy) oscillate along a reference voltage
V. In most cases, the reference voltage V is far greater
than the ground voltage.

When the timing controller 210 does not detect any source
driver (e.g., any of the source drivers 220_1~220_6) that
does not lock the clock of the timing controller 210, the
timing controller 210 outputs the control packets CLP or the
color data packets DAP to the source drivers 220_1~220_6.
If the source drivers (e.g., the source drivers 220_1~220_6)
cannot correctly receive the control packets CLP or the color
data packets DAP (i.e., the clock of the timing controller 210
is not locked, which is shown as a logic low level), the
source drivers (e.g., the source drivers 220_1~220_6) pull
down the voltage levels of the signal output terminals (e.g.,
the signal output terminals O,~Oy) of the timing controller
210 to the ground voltage (shown as the logic high level) for
the first period of time (i.e., in the period T2). The period T2
is greater than or equal to the time required for pulling down
the voltage levels of the signal output terminals (e.g., the
signal output terminals O, ~Oy) of the timing controller 210
to the ground voltage. In an embodiment, the period T2 is
greater than or substantially equal to 350 nano-seconds.
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When the timing controller 210 detects that the voltage
levels of one or more of the signal output terminals (e.g., the
signal output terminals O,~Oy) of the timing controller 210
are lower than or equal to a threshold voltage V,,,, the
timing controller 210 determines one or more of the source
drivers (e.g., the source drivers 220_1~220_6) do not lock
the clock of the timing controller 210. Here, the threshold
voltage V ., can be less than or substantially equal to 0.4V.
When the source drivers (e.g., the source drivers
220_1~220_6) stop pulling down the voltage levels of the
signal output terminals (e.g., the signal output terminals
0,~0y) of the timing controller 210, i.e., when the voltage
levels of the corresponding signal output terminals (e.g., the
signal output terminals O,~Oy) are greater than the thresh-
old voltage V4, the timing controller 210 outputs the
training packets TRP to the source drivers (e.g., the source
drivers 220_1~220_6) for the second period of time (i.e., in
the period T3). The period T3 is greater than or equal to the
time required by the source drivers (e.g., the source drivers
220_1~220_6) for locking the clock of the timing controller
210. According to an embodiment of the invention, the
period T3 is greater than or substantially equal to 1500 times
a packet time, and the packet time is a time frame required
for transmitting the training packets TRP, the control packets
CLP, or the color data packets DAP.

If the data rate is 600M bps, and each packet size is 20
bits, then the period T3=50 ps (i.e., 1500x20/600M). If the
data rate is 200M bps, and each packet size is 20 bits, then
the period T3=150 ps (i.e., 1500x20/200M).

FIG. 8A and FIG. 8B are schematic circuit diagrams
illustrating the output of the timing controller depicted in
FIG. 6 at a logic high level and a logic low level according
to an embodiment of the invention. With reference to FIG.
8A and FIG. 8B, in this embodiment, the timing controller
210 includes a differential signal generating circuit 211, and
the source driver 220 includes a first switch (e.g., a transistor
M7 herein), a second switch (e.g., a transistor M8 herein), a
terminal resistor TR1, and a signal receiving unit 211. The
differential signal generating circuit 211 includes transistors
M1~M6, and the timing controller 210 outputs the differ-
ential signal via the signal output terminal O, (i.e., the first
signal output terminal) and the signal output terminal O,
(i.e., the second signal output terminal).

The drain of the transistor M1 is coupled to a system
voltage VDD, and the source of the transistor M1 is coupled
to the drains of the transistors M2 and M4. The source of the
transistor M2 is coupled to the drain of the transistor M3.
The source of the transistor M4 is coupled to the drain of the
transistor M5. The drain of the transistor M6 is coupled to
the sources of the transistors M3 and M5, and the source of
the transistor M6 is coupled to a ground point. The drain
(i.e., the first end) of the transistor M7 is coupled to the
signal output terminal O, the source (i.e., the second end)
of the transistor M7 is coupled to the ground point, and the
gate (i.e., the control end) of the transistor M7 receives a
lock signal LK. The drain (i.e., the first end) of the transistor
M8 is coupled to the signal output terminal O,, the source
(i.e., the second end) of the transistor M8 is coupled to the
ground point, and the gate (i.e., the control end) of the
transistor M8 receives the lock signal LK. The lock signal
LK can be generated by the signal receiving unit 221 or by
other detection circuits in the source driver 220 based on the
state of the received packets. The terminal resistor TR1 is
coupled between the signal output terminal O, and the signal
output terminal O,. Moreover, the waveform of the lock
signal LK can be referred to the waveform of source drivers



US RE48,678 E

9

pulling down the voltage level of the signal output terminal
of the timing controller depicted in FIG. 7.

Since the source driver 220 is assumed to lock the clock
of the timing controller 210, the source driver 220 does not
pull down the voltage levels of the signal output terminals
O, and O,. At this time, the lock signal LK is disabled, such
that the transistors M7 and M8 are not turned on.

With reference to FIG. 8 A, when the timing controller 210
outputs the differential signal indicating the logic high level,
the transistors M1, M2, M5, and M6 are turned on, while the
transistors M3 and M4 are not. The current flows to the
ground point through the turned-on transistors M1 and M2,
the terminal resistor TR1, and the turned-on transistors M5
and M6. Here, the current I, (i.e., the first current) flowing
from the signal output terminal O, the current I, (i.e., the
second current) flowing to the signal output terminal O,, and
the current I (i.e., the third current) flowing to the ground
point through the turned-on transistor M6 are substantially
identical. Here, since the voltage V| is greater than the
voltage V,, the signal receiving unit 221 detects the positive
voltage difference and thus determines the timing controller
210 logically outputs the logic high level.

With reference to FIG. 8B, when the timing controller 210
outputs the differential signal indicating logic low level, the
transistors M1, M3, M4, and M6 are turned on, while the
transistors M2 and M5 are not. The current flows to the
ground point through the turned-on transistors M1 and M4,
the terminal resistor TR1, and the turned-on transistors M3
and M6. Here, the current I, (i.e., the first current) flowing
to the signal output terminal O,, the current I, (i.e., the
second current) flowing from the signal output terminal O,,
and the current I; (i.e., the third current) flowing to the
ground point through the turned-on transistor M6 are sub-
stantially identical. Here, since the voltage V, is greater than
the voltage V,, the signal receiving unit 221 detects the
negative voltage difference and thus determines the timing
controller 210 logically outputs the logic low level.

FIG. 9 is a schematic diagram illustrating circuit opera-
tions when the source drivers depicted in FIG. 6 pull down
voltage levels of the signal output terminals of the timing
controller according to an embodiment of the invention. As
indicated in FIG. 9, it is assumed the source driver 220 does
not lock the clock of the timing controller 210, and thus the
source driver 220 pulls down the voltage levels of the signal
output terminals O, and O,. At this time, the lock signal LK
is enabled, such that the transistors M7 and M8 are turned
on.

Here, the timing controller 210 logically outputs the logic
high level, for instance; therefore, the transistors M1, M2,
M5, and M6 are turned on, while the transistors M3 and M4
are not. However, the current flows to the ground point
through the turned-on transistors M1 and M2, the terminal
resistor TR1, and the turned-on transistors M7 and MS8.
Accordingly, the voltages V, and V, are pulled down to the
ground voltage, such that the common mode voltage (i.e.,
the average of the voltages V, and V,) of the differential
signal is pulled down to the ground voltage. Besides, the
current I, flowing to the signal output terminal O, and the
current I flowing to the ground point through the turned-on
transistor M6 are substantially zero.

Similarly, when the timing controller 210 logically out-
puts the logic low level, and the voltage levels of the signal
output terminals O, and O, are pulled down, the common
mode voltage of the differential signal is also pulled down to
the ground voltage. Additionally, the current I, flowing to
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the signal output terminal O, and the current I; flowing to the
ground point through the turned-on transistor M6 are sub-
stantially zero.

In view of the foregoing, the timing controller 210 can
detect the common mode voltage of the differential signal.
When the common mode voltage is the ground voltage, the
timing controller 210 determines that the voltage levels of
the first signal output terminal O, and the second signal
output terminal O, are pulled down to the ground voltage.
The timing controller 210 can also detect the currents I, and
1, at the signal output terminals O, and O,. When one of the
currents [, and I, is substantially zero, the timing controller
210 determines that the voltage levels of the signal output
terminals O, and O, are pulled down to the ground voltage.
Moreover, the timing controller 210 can detect the current I,
flowing to the ground point through the turned-on transistor
M6 (i.e., the current I output to the ground point by the
differential signal generating circuit 211). When the current
15 is substantially zero, the timing controller 210 determines
that the voltage levels of the signal output terminals O, and
O, are pulled down to the ground voltage.

FIG. 10 is a flowchart illustrating an operating method of
a display according to an embodiment of the invention. With
reference to FIG. 10, the display of this embodiment
includes a timing controller and a plurality of source drivers.
The timing controller outputs a plurality of training packets
to the source drivers (step S1010). When the source drivers
lock a clock of the timing controller according to the training
packets, the timing controller outputs a plurality of control
packets and a plurality of color data packets to the source
drivers (step S1020). Here, the training packets, the control
packets, and the color data packets are serially transmitted to
the source drivers. The source drivers respectively output a
plurality of pixel voltages corresponding to the color data
packets according to the control packets (step S1030). The
above-mentioned order of performing said steps is exem-
plary and should not be construed as a limitation to the
invention. The detailed steps can be referred to as those
described above with respect to the displays 100 and 200 and
thus are not reiterated herein.

To sum up, in the display and the operating method
thereof described in the embodiments of the invention, the
timing controller and the source drivers are synchronously
operated due to the training packets. Hence, the timing
controller and the source drivers are synchronously operated
in no need of the clock signals, and the hardware costs of the
timing controller and the source drivers can be lowered
down. Further, the source drivers pull down the voltage
levels of the signal output terminals when the source drivers
do not lock the clock of the timing controller, so as to reduce
pins of output signals and lower down the hardware costs of
the timing controller and the source drivers.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the disclosed embodiments without departing from the scope
or spirit of the disclosure. In view of the foregoing, it is
intended that the disclosure covers modifications and varia-
tions of this disclosure provided they fall within the scope of
the following claims and their equivalents.

What is claimed is:

1. A display comprising:

a display panel;

a timing controller having a plurality of signal output
terminals; and

a plurality of source drivers coupled to the timing con-
troller and the display panel,
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wherein the timing controller outputs a plurality of train-
ing packets to the source drivers, when the source
drivers lock a clock of the timing controller based on
the training packets, the timing controller outputs a first
start signal packet, a plurality of control packets, a
second start signal packet, and a plurality of color data
packets in order to the source drivers, and the source
drivers [respectively output a plurality of pixel voltages
corresponding to the color data packets to] drive the
display panel based on the color data packets and the
[corresponding] control packets, the training packets,
the control packets, and the color data packets being
serially transmitted by a differential signal to the source
drivers via the signal output terminals, the differential
signal is outputted through a first signal output terminal
and a second signal output terminal of the signal output
terminals, the first start signal packet informs the
source drivers of starting transmission of the control
packets, the control packets set an operational mode or
parameters of the source drivers, the second start signal
packet informs the source drivers of starting transmis-
sion of the color data packets, and the color data
packets set [pixel] voltages [provided by the source
drivers] providing to the display panel,

when the clock of the timing controller is not locked, each
of the source drivers pulls down voltage levels of the
corresponding first signal output terminal and the cor-
responding second signal output terminal to a prede-
termined voltage for a first period of time at the same
time, and the predetermined voltage is lower than a
threshold voltage,

wherein the predetermined voltage is a ground voltage,
and each of the source drivers comprises:

a first switch, [a first end of the first switch being] coupled
[to] between the first signal output terminal[, a second
end of the first switch being coupled to] and the
predetermined voltage, [a control end of the first
switch] and receiving a lock signal; and

a second switch, [a first end of the second switch being]
coupled [to] between the second signal output termi-
nal[, a second end of the second switch being coupled
to] and the predetermined voltage, [a control end of the
second switch] and receiving the lock signal,

wherein the lock signal is enabled when the clock of the
timing controller is not locked, and the lock signal is
disabled when the clock of the timing controller is
locked.

2. The display as recited in claim 1, wherein the first

period of time is greater than or equal to 350 nano-seconds.

3. The display as recited in claim 1, wherein the timing
controller detects a common mode voltage of the differential
signal, and the timing controller determines that a voltage
level of the first signal output terminal and a voltage level of
the second signal output terminal are pulled down to the
predetermined voltage when the common mode voltage is
the predetermined voltage.

4. The display as recited in claim 1, wherein the timing
controller detects a first current and a second current at the
first signal output terminal and the second signal output
terminal, and the timing controller determines that a voltage
level of the first signal output terminal and a voltage level of
the second signal output terminal are pulled down to the
predetermined voltage when one of the first current and the
second current is zero.

5. The display as recited in claim 1, wherein the timing
controller detects a third current output to a ground point by
a differential signal generating circuit outputting the differ-
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ential signal, and the timing controller determines that a
voltage level of the first signal output terminal and a voltage
level of the second signal output terminal are pulled down to
the predetermined voltage when the third current is zero.

6. The display as recited in claim 1, wherein the timing
controller outputs the training packets to the source drivers
for a second period of time when one of the source drivers
does not lock the clock of the timing controller.

7. The display as recited in claim [1] 6, wherein the
second period of time is greater than or equal to 1500 times
a packet time, and the packet time is a time period required
for transmitting one of the training packets, the control
packets, or the color data packets.

8. The display as recited in claim 1, wherein each of the
control packets comprises two start bits, two end bits, and a
control code located between the start bits and the end bits.

9. The display as recited in claim 8, wherein the start bits
respectively correspond to a logic high level, and the end
bits respectively corresponding to a logic low level.

10. The display as recited in claim 1, wherein each of the
color data packets comprises two start bits, two end bits, and
a color data code located between the start bits and the end
bits.

11. The display as recited in claim 10, wherein the color
data code corresponds to two of red color data, green color
data, and blue color data.

12. The display as recited in claim 10, wherein the color
data code corresponds to one of red color data, green color
data, and blue color data.

13. The display as recited in claim 10, wherein the start
bits respectively correspond to a logic high level, and the
end bits respectively corresponding to a logic low level.

14. The display as recited in claim 1, wherein each of the
training packets comprises two start bits, two end bits, a first
clock code, and a second clock code, the first clock code is
located between the start bits and the second clock code, and
the second clock code is located between the first clock code
and the end bits.

15. The display as recited in claim 14, wherein the start
bits and a plurality of bits of the first clock code respectively
correspond to a logic high level, and the end bits and a
plurality of bits of the second clock code respectively
correspond to a logic low level.

16. The display as recited in claim 1, wherein the source
drivers lock the clock of the timing controller based on phase
comparison.

17. An operating method of a display, the display com-
prising a timing controller and a plurality of source drivers,
the operating method comprising:

outputting a plurality of training packets to the source

drivers by using the timing controller;

outputting a first start signal packet, a plurality of control

packets, a second start signal packet, and a plurality of
color data packets in order to the source drivers by
using the timing controller [when the source drivers
lock] ir response to a clock of the timing controller
being locked according to the training packets, wherein
the first start signal packet informs the source drivers of
starting transmission of the control packets, the control
packets set an operational mode or parameters of the
source drivers, the second start signal packet informs
the source drivers of starting transmission of the color
data packets, and the color data packets set [pixel]
voltages [provided by the source drivers] providing to
the display panel;

[respectively outputting a plurality of pixel voltages cor-

responding to the color data packets] driving the dis-
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play panel according to the color data packets and the
control packets by using the source drivers, wherein the
training packets, the control packets, and the color data
packets are serially transmitted by a differential signal
to the source drivers, and the differential signal is
outputted through a first signal output terminal and a
second signal output terminal; and

[when] ir response to the clock of the timing controller

[is] not being locked, each of the source drivers pulls
down voltage levels of the corresponding first signal
output terminal and the corresponding second signal
output terminal to a predetermined voltage for a first
period of time at the same time, and the predetermined
voltage is lower than a threshold voltage, wherein the
predetermined voltage is a ground voltage.

18. The operating method as recited in claim 17, wherein
the first period of time is greater than or equal to 350
nanoseconds.

19. The operating method as recited in claim 18, wherein
the timing controller outputs the training packets to the
source drivers for a second period of time when one of the
source drivers does not lock the clock of the timing con-
troller.

20. The operating method as recited in claim 19, wherein
the second period of time is greater than or equal to 1500
times a packet time, and the packet time is a time period
required for transmitting one of the training packets, the
control packets, or the color data packets.
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