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DATA LINE DRIVING CIRCUIT, DATA LINE
DRIVER AND DISPLAY DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of Taiwanese
Application No. 104135203, filed on Oct. 27, 2015.

FIELD

[0002] The disclosure relates to a driving circuit, and more
particularly to a data line driving circuit, a data line driver
and a display device including the same.

BACKGROUND

[0003] In recent years, in order to reduce cost for driving
circuits of a display panel, techniques for directly forming a
scan line driving circuit (i.e., gate drivers) on a display panel
substrate using a thin film transistor process have been
implemented. However, reliable techniques for directly
forming a data line driving circuit (i.e., data drivers) on the
display panel substrate have not been successfully devel-
oped, so manufacturing cost for a display device cannot be
further reduced. The main issue resides in that digital-to-
analog (DAC) converters and buffers (implemented using
operational amplifiers) which are included in the data line
driving circuit of a conventional display device are analog
circuits. Using thin film transistors (TFTs), whose charac-
teristics are not sufficiently uniform, to implement such
analog circuits directly on the display panel substrate may
result in high cost.

SUMMARY

[0004] Therefore, an object of the disclosure is to provide
a data line driving circuit that may resolve the above-
mentioned issue.

[0005] According to a first aspect of this disclosure, the
data line driving circuit for a display device having a
plurality of data lines is provided to include a plurality of
data line drivers to be respectively coupled to the data lines.
Each of said data line drivers includes a register unit, a pulse
width modulation (PWM) unit and a charge-discharge unit.
[0006] The register unit is to store video data having a
pixel value. The PWM unit is coupled to the register unit for
receiving the video data therefrom, and generates a PWM
signal having a pulse width positively correlated with the
pixel value of the video data. The charge-discharge unit is
coupled to the PWM unit for receiving the PWM signal
therefrom, is to be coupled to a respective one of the data
lines, and generates a data voltage on the respective one of
the data lines by performing charge-discharge operation on
the respective one of the data lines according to the PWM
signal. A magnitude of voltage variation on the respective
one of the data lines is positively correlated with the pulse
width of the PWM signal during the charge-discharge opera-
tion.

[0007] According to a second aspect of this disclosure, a
data line driver to be coupled to a data line of a display
device is provided to include a register unit, a pulse width
modulation (PWM) unit and a charge-discharge unit.
[0008] The register unit is to store video data having a
pixel value. The PWM unit is coupled to the register unit for
receiving the video data therefrom, and generates a PWM
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signal having a pulse width positively correlated with the
pixel value of the video data. The charge-discharge unit is
coupled to the PWM unit for receiving the PWM signal
therefrom, is to be coupled to the data line, and generates a
data voltage on the data line by performing charge-discharge
operation on the data line according to the PWM signal, a
magnitude of voltage variation on the data line being posi-
tively correlated with the pulse width of the PWM signal
during the charge-discharge operation.

[0009] According to a second aspect of this disclosure,
display device is provided to include a plurality of scan
lines, a plurality of data lines, a plurality of pixel units, a
scan line driving circuit and a data line driving circuit.
[0010] The scan lines are disposed in parallel along a row
direction. The data lines are disposed in parallel along a
column direction transverse to the row direction, and coop-
erate with the scan lines to define a pixel array. The pixel
units are disposed within the pixel array. The scan line
driving circuit is coupled to the scan lines, and drives the
scan lines in a scanning manner. The data line driving circuit
includes a plurality of data line drivers respectively coupled
to said data lines. Each of the data line drivers includes a
register unit, a pulse width modulation (PWM) unit and a
charge-discharge unit.

[0011] The register unit is to store video data having a
pixel value. The PWM unit is coupled to the register unit for
receiving the video data therefrom, and generates a PWM
signal having a pulse width positively correlated with the
pixel value of the video data. The charge-discharge unit is
coupled to the PWM unit for receiving the PWM signal
therefrom, is coupled to a respective one of the data lines,
and generates a data voltage on the respective one of the data
lines by performing charge-discharge operation on the
respective one of said data lines according to the PWM
signal, a magnitude of voltage variation on the respective
one of said data lines being positively correlated with the
pulse width of the PWM signal during the charge-discharge
operation.

[0012] This disclosure uses digital circuits to replace some
conventional analog circuits used in conventional data line
driving circuits, so the data line driving circuit thus provided
may be directly formed on a non-conducting substrate of a
display panel using thin film transistors, thereby reducing
cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Other features and advantages of the disclosure
will become apparent in the following detailed description
of the embodiments with reference to the accompanying
drawings, of which:

[0014] FIG. 1 is a schematic block diagram illustrating a
first embodiment of a display device according to the
disclosure;

[0015] FIG. 2 is a schematic block diagram illustrating a
pulse width modulation (PWM) unit of the first embodi-
ment;

[0016] FIG. 3 is a schematic circuit diagram illustrating a
4-bit counter;

[0017] FIG. 4 shows a timing diagram for the 4-bit coun-
ter;

[0018] FIG. 5 is a schematic circuit diagram illustrating a

comparator of the first embodiment;
[0019] FIG. 6 is a schematic circuit block diagram illus-
trating a charge-discharge unit of the first embodiment;



US 2017/0116906 A1l

[0020] FIG. 7 is a schematic block diagram illustrating a
first arrangement for the charge-discharge unit;

[0021] FIG. 8 is a schematic block diagram illustrating a
second arrangement for the charge-discharge unit;

[0022] FIG. 9 is a schematic circuit diagram illustrating a
resistor device of the first embodiment;

[0023] FIG. 10 is a timing diagram illustrating a relation-
ship between a PWM signal and a precharging signal;
[0024] FIG. 11 is a simulation result for charging of a
parasitic capacitor of a data line;

[0025] FIG. 12 is a simulation result for discharging of the
parasitic capacitor of the data line;

[0026] FIG. 13 is a simulation result for charging the
parasitic capacitor of the data line;

[0027] FIG. 14 is a schematic circuit block diagram illus-
trating a modification of the first embodiment where
switches are implemented using complementary transistors;
[0028] FIG. 15 is a schematic block diagram illustrating a
second embodiment of the display device according to the
disclosure;

[0029] FIG. 16 is a schematic block diagram illustrating a
third embodiment of the display device according to the
disclosure;

[0030] FIG. 17 is a schematic block diagram illustrating a
PWM unit of the third embodiment;

[0031] FIG. 18 is a schematic circuit diagram illustrating
a parallel-to-serial converter of the third embodiment;
[0032] FIG. 19 is a timing diagram illustrating examples
of the PWM signal for the third embodiment;

[0033] FIG. 20 is a schematic block diagram illustrating a
fourth embodiment of the display device according to the
disclosure; and

[0034] FIG. 21 is a schematic circuit block diagram illus-
trating a variation of the charge-discharge unit.

DETAILED DESCRIPTION

[0035] Before the disclosure is described in greater detail,
it should be noted that where considered appropriate, refer-
ence numerals or terminal portions of reference numerals
have been repeated among the figures to indicate corre-
sponding or analogous elements, which may optionally have
similar characteristics.

[0036] Referring to FIG. 1, the first embodiment of a
display device according to this disclosure is shown to
include a timing controller 1, a plurality of scan lines (SL),
a plurality of data lines (DL), a plurality of pixel units 10, a
scan line driving circuit 11 and a data line driving circuit 2.
[0037] The scan lines (SL) are disposed parallel to each
other along a row direction on a display panel substrate
which is a non-conducting substrate made by, for example,
glass or plastic. The data lines (DL) are disposed parallel to
each other along a column direction transverse to the row
direction on the non-conducting substrate, and cooperate
with the scan lines (SL) to define a pixel array within which
the pixel units 10 are disposed. The scan line driving circuit
11 is coupled to the scan lines (SL), and drives the scan lines
(SL) in a scanning manner.

[0038] The data line driving circuit 2 includes a plurality
of data line drivers 3 respectively coupled to the data lines
(DL). Each data line driver 3 includes a register unit 4, a
pulse width modulation (PWM) unit 5 and a charge-dis-
charge unit 6.

[0039] The register unit 4 stores video data having a pixel
value, and includes a shift register module 41 and latch
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modules 42, 43. The video data may be outputted from the
latch module 43 when the latch module 43 is enabled by the
timing controller 1.

[0040] The PWM unit 5 is coupled to the register unit 4 for
receiving the video data therefrom, and generates a PWM
signal having a pulse width positively correlated with the
pixel value of the video data.

[0041] Referring to FIG. 2, the PWM unit 5 includes a
counter 51 to generate a counter signal that indicates a
counting number, and a comparator 52. FIGS. 3 and 4
respectively show a block diagram of a 4-bit counter 51 and
an exemplary timing diagram of the same. In this embodi-
ment, the counter 51 includes four JK flip-flops, and the
counter signal generated thereby has four bits (Q,, Q,, Q.
and Q, with Q, being the least significant bit (LSB) and Q,
being the most significant bit (MSB)) to indicate the count-
ing number (Q,Q.Q,Q,). However, the counter 51 of this
disclosure is not limited to the 4-bit counter.

[0042] Referring back to FIG. 2, the comparator 52 is
coupled to the latch module 43 and the counter 51 for
respectively receiving the video data and the counter signal
therefrom, generates the PWM signal, and determines the
pulse width of the PWM signal by comparing the counting
number and the pixel value. In one example where the pixel
value has four bits “DdDcDbDa” in order from the MSB to
the LSB being “0110”, an output of the comparator 52 is at
a high voltage level when the counter 51 starts counting the
counting number (Q,Q.Q,Q,) from “0000” according to a
clock signal received thereby, and is transitioned to a low
voltage level when the counting number (Q,Q.Q,Q.,)
becomes “01107, thereby completing generation of the
PWM signal. FIG. 5 shows an implementation of the com-
parator 52 using a logic circuit, which includes a plurality of
XNOR gates 520, a NAND gate 521 and a JK flip-flop 522,
but the disclosure is not limited thereto.

[0043] Referring back to FIG. 1, the charge-discharge unit
6 is coupled to the PWM unit 5 for receiving the PWM
signal therefrom, is coupled to a respective one of the data
lines (DL), and generates an analog data voltage on the
respective data line (DL) by performing charge-discharge
operation on the respective data line (DL) according to the
PWM signal. The charge-discharge unit 6 is configured such
that a magnitude of voltage variation on the respective data
line (DL) is positively correlated with the pulse width of the
PWM signal during the charge-discharge operation. Refer-
ring to FIG. 6, the charge-discharge unit 6 includes a
precharging device 61 and a charging-discharging device 62.
FIG. 7 shows a first arrangement for the charge-discharge
unit 6, where the precharging device 61 and the charging-
discharging device 62 are respectively coupled to two dif-
ferent ends of the respective data line (DL). FIG. 8 shows a
second arrangement for the charge-discharge unit 6, where
the precharging device 61 and the charging-discharging
device 62 are coupled to the same end of the respective data
line (DL), and layout area may thus be saved.

[0044] Referring to FIG. 6 again, the precharging device
61 is coupled to the respective data line (DL, which is
represented as a combination of a parasitic resistor (Rd) and
a parasitic capacitor (Cd)), and presets a voltage of the
respective data line (DL) (i.e., a data line voltage) to have a
reference voltage level. When a display panel of the display
device is a liquid crystal display (LCD) panel that uses
polarity inversion, the reference voltage level may be an
intermediate voltage level between a predetermined high
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voltage level and a predetermined low voltage level that are
respectively used for different polarities, as shown in FIG. 6,
where the predetermined high voltage level is 10V, the
predetermined low voltage level is 0V, and the reference
voltage level is 5V. In FIG. 6, the precharging device 61
includes a first switch (S1) that has a first terminal to receive
a reference voltage having the reference voltage level (+5V),
a second terminal coupled to the respective data line (DL),
and a control terminal receiving a precharging signal to
make or break electrical connection between the first and
second terminals of the first switch (S1).

[0045] The charging-discharging device 62 is coupled to
the PWM unit 5 (see FIG. 1) for receiving the PWM signal
therefrom, is coupled to the respective data line (DL), and
performs the charge-discharge operation on the respective
data line (DL), (i.e., on the parasitic capacitor (Cd)) accord-
ing to the PWM signal after the precharging device 61
presets the data line voltage (i.e., the voltage across the
parasitic capacitor (Cd)) to have the reference voltage level
(+5V), such that the data line voltage changes (either rises
or drops) from the reference voltage level (+5V) by the
magnitude of the voltage variation which is positively
correlated with the pulse width of the PWM signal. In this
embodiment, the charging-discharging device 62 includes a
voltage selecting device 63, a second switch (S2) and a
resistor device (R). It is noted that the resistor device (R)
may be either directly formed on the non-conducting sub-
strate using a thin film process or fabricated within an IC
chip using a silicon-wafer semiconductor process, or may
even be omitted in some embodiments.

[0046] The voltage selecting device 63 receives a first
voltage having a first voltage level (+10V), and a second
voltage having a second voltage level (+0V) lower than the
first voltage level (+10V), has an output terminal, and
selectively outputs one of the first and second voltages at the
output terminal thereof.

[0047] The second switch (S2) has a first terminal, a
second terminal, and a control terminal receiving the PWM
signal such that the second switch (S2) makes or breaks
electrical connection between the first and second terminals
thereof according to the PWM signal.

[0048] The resistor device (R) is characterized as a resis-
tor, and is coupled to the second switch (S2) in series
between the output terminal of the voltage selecting device
63 and the respective data line (DL). Referring to FIG. 9, in
this embodiment, the resistor device (R) includes a capacitor
(C) and a third switch (S3) coupled in parallel, and a fourth
switch (S4). The capacitor (C) and the third switch (S3) has
a first common node coupled to the second terminal of the
second switch (S2, see FIG. 6), and a second common node.
The fourth switch (S4) is coupled between the second
common node of the capacitor (C) and the third switch (S3)
and the respective data line (DL, see FIG. 6). In this
embodiment, conduction/non-conduction of the third switch
(S3) is complementary to that of the fourth switch (S4).
Since the capacitor (C) and the third and fourth switches (S3,
S4) that may be implemented using digital switches are
capable of being directly formed on the non-conducting
substrate using a thin film process for the display panel, the
entire charging-discharging unit 6 that may be implemented
with digital-circuit architecture may be directly formed on
the non-conducting substrate using the thin film process for
the display panel.
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[0049] Referring to FIG. 6, in one implementation where
the display panel is an LCD panel, the precharging device 61
may preset the data line voltage to the reference voltage
level (i.e., the intermediate voltage level, +5V), and then the
charging-discharging device 62 may charge the parasitic
capacitor (Cd) such that the data line voltage rises from the
intermediate voltage level (+5V) toward the predetermined
high voltage level (+10V), and reaches a desired data
voltage during one frame period. During the next frame
period, the precharging device 61 may preset the data line
voltage to 5V again, and then the charging-discharging
device 62 may discharge the parasitic capacitor (Cd) such
that the data line voltage drops from the intermediate voltage
level (+5V) toward the predetermined low voltage level
(+0V), and reaches a desired data voltage, thereby comple-
menting a cycle of polarity inversion. However, in one
implementation where the display panel is, for example, an
organic light emitting diode (OLED) panel for which polar-
ity inversion is not required, the reference voltage level may
be set as the predetermined low voltage level, and the
charging-discharging device 62 may only perform charging
operation such that the data line voltage rises from the
predetermined low voltage level toward the predetermined
high voltage level, or only perform discharging operation
such that the data line voltage drops from the predetermined
high voltage level toward the predetermined low voltage
level, and finally reaches a desired data voltage.

[0050] FIG. 10 shows a timing diagram for the PWM
signal and the precharging signal (received by the first
switch (S1), see FIG. 6). Referring to FIG. 6 and FIG. 11 that
shows a simulation result for charging of the parasitic
capacitor (Cd) of the respective data line (DL), when the
precharging signal goes high, the first switch (S1) conducts
such that the data line voltage is preset to 5V, followed by
a selecting signal causing the voltage selecting device 63 to
output 10V. Then, when the PWM signal goes high, the
second switch (S2) conducts such that the data line voltage
is charged from 5V toward 10V, and reaches the desired data
voltage. Note that FIG. 11 is exemplified using a maximum
pulse width for the PWM signal, during which the data line
voltage is charged to 10V, but this disclosure is not limited
thereto, and a shorter pulse width may result in lower
resultant data line voltage, i.e., lower than 10V. As a result,
the charge-discharge unit 6 converts the digital PWM signal
into a desired analog data voltage. FIG. 12 shows a simu-
lation result for discharging of the parasitic capacitor (Cd) of
the respective data line (DL). Further referring to FIG. 6,
when the precharging signal goes high, the first switch (S1)
conducts such that the data line voltage is preset to 5V,
followed by the selecting signal causing the voltage select-
ing device 63 to output OV. Then, when the PWM signal
goes high, the second switch (S2) conducts such that the data
line voltage is discharged from 5V toward OV. FIG. 13
shows a simulation result for charging of the parasitic
capacitor (Cd) of the respective data line (DL), where the
pulse width is 200 ns, i.e., the respective data line (DL) is
charged for 200 ns after the data line voltage is preset to 5V
and the selecting signal causes the voltage selecting device
63 to output 10V.

[0051] In this embodiment, each of the first and second
switches (S1, S2) is an N-type transistor, but this disclosure
is not limited thereto. Referring to FIG. 14, each of the first
and second switches (S1, S2) is implemented using comple-
mentary transistors. The first switch (S1) is controlled using



US 2017/0116906 A1l

the precharging signal and a signal complementary to the
precharging signal. The second switch (S2) is controlled
using the PWM signal and a signal complementary to the
PWM signal. Each of the data line drivers 3 (see FIG. 1) is
directly formed on the non-conducting substrate using the
thin film process for the display panel, but the disclosure is
not limited thereto. In one embodiment, for each data line
driver 3, the register unit 4 and the PWM unit 5 may be
fabricated within an IC chip using a silicon-wafer semicon-
ductor process, and the charge-discharge unit 6 may be
directly formed on the non-conducting substrate using the
thin film process for the display panel. In one embodiment,
for each data line driver 3, the register unit 4 may be
fabricated within an IC chip using a silicon-wafer semicon-
ductor process, while the PWM unit 5 and the charge-
discharge unit 6 may be directly formed on the non-con-
ducting substrate using the thin film process for the display
panel.

[0052] Referring to FIG. 21, a variation of the charging-
discharging device 62 is shown to include a voltage selecting
device 63, a level shifter and a second switch (S2) that is
directly formed on the non-conducting substrate. The volt-
age selecting device 63, which may be formed either in an
external IC chip or directly on the non-conducting substrate,
receives a first signal having a voltage level varying between
the predetermined low voltage level (+0V) and the interme-
diate voltage level (+5V), and a second voltage having a
voltage level varying between the intermediate voltage level
(+5V) and the predetermined high voltage level (+10V), has
an output terminal, and selectively outputs one of the first
and second signals at the output terminal thereof. The level
shifter is directly formed on the non-conducting substrate,
receives the PWM signal, and converts voltage level of the
PWM signal for use by the second switch (S2). The second
switch (S2) has a first terminal coupled to the output
terminal of the voltage selecting device 63, a second termi-
nal coupled to the respective data line (DL), and a control
terminal receiving the PWM signal such that the second
switch (S2) makes or breaks electrical connection between
the first and second terminals thereof according to the PWM
signal. In one implementation, the first signal repeatedly
increases from the predetermined low voltage level (+0V) to
the intermediate voltage level (+5V), and the second signal
repeatedly increases from the intermediate voltage level
(+5V) to the predetermined high voltage level (+10V). In
one implementation, waveforms of the first and second
signals may be generated according to a gamma curve. The
first and second signals cooperate with the PWM signal to
determine the desired data voltage. Referring to FIG. 15, the
second embodiment of a display device of the disclosure
differs from the first embodiment (see FIG. 1) in that: only
one counter 51 is used for multiple data line drivers 3 in the
second embodiment. In other words, the counter 51 is not
included in the PWM unit 5 of each data line driver 3, but
is included in the data line driving circuit 2 to generate a
counter signal that indicates a counting number for multiple
data line drivers 3. The PWM unit 5 of each data line driver
3 includes a comparator 52 coupled to the register unit 4 for
receiving the video data therefrom, is coupled to the counter
51 for receiving the counter signal therefrom, generates the
PWM signal, and determines the pulse width of the PWM
signal by comparing the counting number indicated by the
counter signal and the pixel value of the video data.
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[0053] Referring to FIG. 16, the third embodiment of a
display device of the disclosure differs from the first embodi-
ment (see FIG. 1) in that: the register unit 4 of each data line
driver 3 includes a capacitor module 44 and a level shifter
module (LS) in the third embodiment. The capacitor module
44 stores the video data having a set of bits that represent the
pixel value, and includes a set of capacitors to respectively
store the bits of the video data. The level shifter module (LS)
is coupled to the capacitor module 44 for receiving the video
data therefrom, and converts voltage level of each of the bits
of the video data for use by the PWM unit 5.

[0054] Referring to FIG. 17, the PWM unit 5 includes a
pulse generator 53 and a parallel-to-serial converter 54. The
pulse generator 53 generates a set of pulse signals that have
pulse widths different from each other. The pulse widths of
the pulse signals in order from the longest one to the shortest
one respectively correspond to the bits of the video data in
order from the MSB to the LSB. In this embodiment, for
each pair of adjacent bits of the set of bits of the video data,
the pulse width that corresponds to the more significant bit
is twice the pulse width that corresponds to the less signifi-
cant bit, but this disclosure is not limited thereto. The
parallel-to-serial converter 54 is coupled to the pulse gen-
erator 53 for receiving therefrom the set of pulse signals, is
coupled to the level shifter module (LS) for receiving
therefrom each of the bits of the video data that is converted
by the level shifter module (LS) in parallel format, and
generates the

[0055] PWM signal by performing AND operation on
each of the bits of the video data and a corresponding one of
the pulse signals and performing parallel-to-serial conver-
sion.

[0056] Referring to FIG. 18, the parallel-to-serial con-
verter 54 may include a set of converter switches (M5-M0)
that respectively correspond to the bits (b5-b0) of the video
data. Each of the converter switches (M5-M0) has a first
terminal coupled to the level shifter module (LS, see FIG.
17) for receiving therefrom a respective one of the bits
(b5-b0) of the video data, a second terminal, and a control
terminal coupled to the pulse generator 53 (see FIG. 17) for
receiving one of the pulse signals (p5-p0) that has the pulse
width corresponding to the respective one of the bits (b5-b0)
of the video data.

[0057] The second terminals of the converter switches
(M5-M0) are coupled together to output the PWM signal.
[0058] FIG. 19 is a timing diagram illustrating examples
of the PWM signal thus generated using the third embodi-
ment when the bits of the video data are respectively
“011010” and “101010” in order from the MSB to the LSB.
A sum of the pulse widths determines the final data line
voltage (i.e., the data voltage).

[0059] Referring to FIG. 20, the fourth embodiment of a
display device according to the disclosure differs from the
third embodiment (see FIG. 16) in that: in the fourth
embodiment, only one pulse generator 53 is used for mul-
tiple data line drivers 3. In other words, the pulse generator
53 is not included in the PWM unit 5 of each data line driver
3, but is included in the data line driving circuit 2 to generate
a set of pulse signals that have pulse widths different from
each other. Similarly, the pulse widths of the pulse signals in
order from the longest one to the shortest one respectively
correspond to the bits of the video data in order from the
MSB to the LSB. The PWM unit 5 includes a parallel-to-
serial converter 54 coupled to the pulse generator 53 for



US 2017/0116906 A1l

receiving therefrom the set of pulse signals, coupled to the
level shifter module (LS) for receiving therefrom each of the
bits of the video data that is converted by the level shifter
module (LS) in parallel format. The parallel-to-serial con-
verter 54 generates the PWM signal by performing AND
operation on each of the bits of the video data and a
corresponding one of the pulse signals and performing
parallel-to-serial conversion.

[0060] In summary, the disclosure may have the following
advantages:
[0061] 1. The PWM unit 5 generates the PWM signal with

the pulse width(s) corresponding to the video data, so as to
control the charge-discharge operation of the charge-dis-
charge unit 6 on the parasitic capacitor (Cd) of the respective
data line (DL), thereby reaching the desired analog data
voltage. In other words, this disclosure controls input of
different desired analog data voltages by adjusting the pulse
width(s) of the PWM signal in time domain. In this disclo-
sure, the PWM unit 5 and the charge-discharge unit 6, which
belong to digital circuits, may be used to replace conven-
tional digital-to-analog converters that belong to analog
circuits, and thus the data line driving circuit 2 may be
directly formed on the non-conducting substrate with thin
film transistors using thin film process.

[0062] 2. The capacitor module 44 may be used to replace
conventional latches to store digital video data, thereby
reducing power consumption and saving chip area.

[0063] 3. The level shifter module (L.S) may be used to
amplify voltage levels of the video data stored in the
capacitor module 44, thereby achieving lower interface
voltages required for external inputs of the video data.
[0064] In the description above, for the purposes of expla-
nation, numerous specific details have been set forth in order
to provide a thorough understanding of the embodiment(s).
It will be apparent, however, to one skilled in the art, that one
or more other embodiments may be practiced without some
of these specific details. It should also be appreciated that
reference throughout this specification to “one embodi-
ment,” “an embodiment,” an embodiment with an indication
of an ordinal number and so forth means that a particular
feature, structure, or characteristic may be included in the
practice of the disclosure. It should be further appreciated
that in the description, various features are sometimes
grouped together in a single embodiment, figure, or descrip-
tion thereof for the purpose of streamlining the disclosure
and aiding in the understanding of various inventive aspects.
[0065] While the disclosure has been described in con-
nection with what is (are) considered the exemplary embodi-
ment(s), it is understood that this disclosure is not limited to
the disclosed embodiment(s) but is intended to cover various
arrangements included within the spirit and scope of the
broadest interpretation so as to encompass all such modifi-
cations and equivalent arrangements.

What is claimed is:

1. A data line driving circuit for a display device having
a plurality of data lines, said data line driving circuit
comprising:

a plurality of data line drivers to be respectively coupled
to the data lines, each of said data line drivers includ-
ing:

a register unit to store video data having a pixel value;
a pulse width modulation (PWM) unit coupled to said
register unit for receiving the video data therefrom,
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and generating a PWM signal having a pulse width
positively correlated with the pixel value of the video
data; and

a charge-discharge unit coupled to said PWM unit for
receiving the PWM signal therefrom, to be coupled
to a respective one of the data lines, and generating
a data voltage on the respective one of the data lines
by performing charge-discharge operation on the
respective one of the data lines according to the
PWM signal, a magnitude of voltage variation on the
respective one of the data lines being positively
correlated with the pulse width of the PWM signal
during the charge-discharge operation.

2. The data line driving circuit of claim 1, wherein said

PWM unit includes:

a counter to generate a counter signal that indicates a
counting number; and

a comparator coupled to said register unit and said counter
for respectively receiving the video data and the coun-
ter signal therefrom, generating the PWM signal, and
determining the pulse width of the PWM signal by
comparing the counting number and the pixel value.

3. The data line driving circuit of claim 1, further com-

prising a counter to generate a counter signal that indicates
a counting number, wherein said PWM unit includes a
comparator coupled to said register unit and said counter for
respectively receiving the video data and the counter signal
therefrom, generating the PWM signal, and determining the
pulse width of the PWM signal by comparing the counting
number and the pixel value.

4. The data line driving circuit of claim 1, wherein said

charge-discharge unit includes:

a precharging device to be coupled to the respective one
of the data lines, and to preset a voltage of the respec-
tive one of the data lines to have a reference voltage
level,

a charging-discharging device coupled to said PWM unit
for receiving the PWM signal therefrom, to be coupled
to the respective one of the data lines, and to perform
the charge-discharge operation on the respective one of
the data lines according to the PWM signal after said
precharging device presets the voltage of the respective
one of the data lines to have the reference voltage level,
such that the voltage of the respective one of the data
lines changes from the reference voltage level by the
magnitude of the voltage variation which is positively
correlated with the pulse width of the PWM signal.

5. The data line driving circuit of claim 4, wherein:

said precharging device includes a first switch that has a
first terminal to receive a voltage having the reference
voltage level, and a second terminal to be coupled to
the respective one of the data lines, and that makes or
breaks electrical connection between said first and
second terminals thereof;,

said charging-discharging device includes:

a voltage selecting device that is to receive a first
voltage having a first voltage level, and a second
voltage having a second voltage level lower than the
first voltage level, that has an output terminal, and
that selectively outputs one of the first and second
voltage at said output terminal thereof;

a second switch that has a first terminal, a second
terminal, and a control terminal receiving the PWM
signal such that said second switch makes or breaks
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electrical connection between said first and second
terminals thereof according to the PWM signal; and

a resistor device coupled to said second switch in series
to form a series connection that couples said output
terminal of said voltage selecting device to the
respective one of the data lines.

6. The data line driving circuit of claim 5, wherein said
resistor device is coupled between said output terminal of
said voltage selecting device and said first terminal of said
second switch, and said second terminal of said second
switch is coupled to the respective one of the data lines, said
second switch being directly formed on a non-conducting
substrate using a thin film process for a display panel.

7. The data line driving circuit of claim 6, wherein said
charging-discharging device further includes a level shifter
directly formed on a non-conducting substrate using a thin
film process for a display panel, receiving the PWM signal,
and configured to convert voltage level of the PWM signal
for use by said second switch.

8. The data line driving circuit of claim 5, wherein said
resistor device includes:

a capacitor and a third switch coupled in parallel to form

a parallel connection; and

a fourth switch coupled to said parallel connection in
series;

wherein conduction and non-conduction of said third
switch are complementary to those of said fourth
switch.

9. The data line driving circuit of claim 5, wherein each

of said first and second switches is an N-type transistor.

10. The data line driving circuit of claim 5, wherein each
of said first and second switches is implemented using
complementary transistors, said first switch is controlled
using a first pair of complementary signals consisting of the
PWM signal and a signal complementary to the PWM
signal, and said second switch is controlled using a second
pair of complementary signals.

11. The data line driving circuit of claim 1, wherein said
register unit includes:

a capacitor module to store the video data having a set of

bits that represent the pixel value; and

a level shifter module coupled to said capacitor module to
receive the video data therefrom, and converting, for
each of the bits of the video data, voltage level for use
by said PWM unit.

12. The data line driving circuit of claim 11, wherein said

PWM unit includes:

a pulse generator generating a set of pulse signals that
have pulse widths different from each other, the pulse
widths of the pulse signals in order from the longest one
to the shortest one respectively corresponding to the
bits of the video data in order from the most significant
bit to the least significant bit; and

a parallel-to-serial converter coupled to said pulse gen-
erator for receiving therefrom the set of pulse signals,
coupled to said level shifter module for receiving
therefrom each of the bits of the video data that is
converted by said level shifter module in parallel
format, and generating the PWM signal by performing
AND operation on each of the bits of the video data and
a corresponding one of the pulse signals and perform-
ing parallel-to-serial conversion.

13. The data line driving circuit of claim 12, for each pair

of'adjacent bits of the set of bits of the video data, the pulse
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width that corresponds to the more significant bit is twice the
pulse width that corresponds to the less significant bit.

14. The data line driving circuit of claim 12, wherein said
parallel-to-serial converter includes:

a set of converter switches respectively corresponding to
the bits of the video data, each of said converter
switches having a first terminal coupled to said level
shifter module for receiving therefrom a respective one
of the bits of the video data, a second terminal, and a
control terminal coupled to said pulse generator for
receiving one of the pulse signals that has the pulse
width corresponding to the respective one of the bits of
the video data;

wherein said second terminals of said converter switches
are coupled together to output the PWM signal.

15. The data line driving circuit of claim 1, wherein the

video data has a set of bits that represents the pixel value;
said data line driving circuit further comprising a pulse
generator to generate a set of pulse signals that have
pulse widths different from each other, the pulse widths
of the pulse signals in order from the longest one to the
shortest one respectively corresponding to the bits of
the video data in order from the most significant bit to

the least significant bit;

wherein said PWM unit includes a parallel-to-serial con-
verter coupled to said pulse generator for receiving
therefrom the set of pulse signals therefrom, coupled to
said register unit for receiving therefrom each of the
bits of the video data, and generating the PWM signal
by performing AND operation on each of the bits of the
video data and a corresponding one of the pulse signal
and performing parallel-to-serial conversion.

16. The data line driving circuit of claim 1, wherein each
of said data line drivers is directly formed on a non-
conducting substrate using a thin film process for a display
panel.

17. The data line driving circuit of claim 1, wherein, for
each of said data line drivers, said register unit and said
PWM unit are fabricated using a silicon-wafer semiconduc-
tor process, and said charge-discharge unit is directly formed
on a non-conducting substrate using a thin film process for
a display panel.

18. The data line driving circuit of claim 1, wherein, for
each of said data line drivers, said register unit is fabricated
using a silicon-watfer semiconductor process, and said PWM
unit and said charge-discharge unit are both directly formed
on a non-conducting substrate using a thin film process for
a display panel.

19. A data line driver to be coupled to a data line of a
display device, said data line driver comprising:

a register unit to store video data having a pixel value;

a pulse width modulation (PWM) unit coupled to said
register unit for receiving the video data therefrom, and
generating a PWM signal having a pulse width posi-
tively correlated with the pixel value of the video data;
and

a charge-discharge unit coupled to said PWM unit for
receiving the PWM signal therefrom, to be coupled to
the data line, and generating a data voltage on the data
line by performing charge-discharge operation on the
data line according to the PWM signal, a magnitude of
voltage variation on the data line being positively
correlated with the pulse width of the PWM signal
during the charge-discharge operation.
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20. A display device, comprising:

a plurality of scan lines disposed in parallel along a row
direction;

a plurality of data lines disposed in parallel along a
column direction transverse to the row direction, and
cooperating with said scan lines to define a pixel array;

a plurality of pixel units disposed within said pixel array;

a scan line driving circuit coupled to said scan lines, and
driving said scan lines in a scanning manner; and

a data line driving circuit including:

aplurality of data line drivers respectively coupled to said
data lines, each of said data line drivers including:

a register unit to store video data having a pixel value;

a pulse width modulation (PWM) unit coupled to said
register unit for receiving the video data therefrom,
and generating a PWM signal having a pulse width
positively correlated with the pixel value of the video
data; and

a charge-discharge unit coupled to said PWM unit for
receiving the PWM signal therefrom, coupled to a
respective one of said data lines, and generating a
data voltage on the respective one of said data lines
by performing charge-discharge operation on the
respective one of said data lines according to the
PWM signal, a magnitude of voltage variation on the
respective one of said data lines being positively
correlated with the pulse width of the PWM signal
during the charge-discharge operation.
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