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LIQUID CRYSTAL DISPLAY PANEL
MODULES

BACKGROUND OF THE INVENTION

[0001] 1.Field of the Invention

[0002] The present invention relates to a technique in the
field of liquid crystal display panels, more particularly, to a
liquid crystal display panel modules.

[0003] 2. Description of Related Art

[0004] As shown in FIG. 1, a schematic view illustrating a
conventional liquid crystal display (LCD) panel module
which comprises an LCD display panel 11, a plurality of gate
drivers 121, 122, 123, a plurality of source drivers 131, 132,
133, 134, a gamma reference voltage generator 14 and a
timing controller 15. The LCD display panel 11 comprises a
plurality of display areas 111,112,113, 114, 115, 116 each of
which has ared display sub-area 117, a green display sub-area
118 and a blue display sub-area 119 arranged longitudinally
in sequence, wherein each of the display sub-areas 117, 118,
119 has a thin film transistor 1171 connected to the gate
drivers 121, 122, 123 through gate lines 1211 and connected
to the source drivers 131, 132,133, 134 through source lines
1311.

[0005] The gamma reference voltage generator 14 is
employed for providing a set of color gamma reference volt-
age to the source drivers 131, 132, 133, 134. For example, the
gamma reference voltage generator 14, based on ared gamma
curve, provides a set of red gamma reference voltage to the
source drivers 131, 132,133, 134. The timing controller 15 is
provided for controlling the operations of the gate drivers
121,122,123, of the source drivers 131, 132, 133, 134, and of
the gamma reference voltage generator 14.

[0006] As the timing controller 15 actuates the gate drivers
121, 122, 123, the thin film transistors 1171, which corre-
spond to the gate drivers 121, 122, 123, in the display panel 11
will be turned on. Whereas when the timing controller 15
stops the gate drivers 121, 122, 123, above-mentioned thin
film transistors 1171 will be turned off. Taking an example, in
case the timing controller 15 actuates the gate driver 121, all
the thin film transistors 1171 in the display areas 111, 112,
113, 114 of the display panel 11 will be turned on.

[0007] When the timing controller 15 actuates the source
drivers 131, 132, 133, 134, the source drivers 131, 132, 133,
134 will convey display data to corresponding display sub-
areas 117, 118, 119 in the display panel 11. For instance,
when the timing controller 15 actuates the source driver 134
and the gate driver 121, all the thin film transistors 1171 in the
display area 114 of the display panel 11 will be turned on; and
that the source driver 134 outputs display data to correspond-
ing display sub-areas 117, 118, 119 in the display area 114.
[0008] In the above-mentioned conventional panel mod-
ules, the source drivers 131, 132, 133, 134 can only provide
one set of gamma reference voltage. That is to say, in terms of
the display sub-areas 117, 118, 119 in the display panel 11,
the shown gamma voltage takes a basis from a gamma refer-
ence voltage. This, however, makes impossible for an optimal
modulation to the shown red, green and blue gamma curves.
Suppose it is desirable to provide the source drivers 131, 132,
133, 134 with red, green and blue gamma reference voltages,
respectively, such that the display sub-areas 117, 118, 119
may have a better color presentation, it is necessary to have
triple interior gamma reference circuits in the source drivers
131, 132, 133, 134 of the conventional panel module. Under
such circumstances, the circuits in the interior of the source
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drivers 131, 132, 133, 134 will become multiple, making a
higher cost for manufacturing the source drivers 131, 132,
133, 134.

SUMMARY OF THE INVENTION

[0009] An object of the present invention is to provide a
liquid crystal display panel module so as to output display
data of particular colors, such that without a need to increase
circuits in generating gamma reference voltage, settings to
adjust gamma reference voltage based on various colors can
be achieved.

[0010] Another object of the present invention is to provide
an LCD panel module so as to improve the displaying char-
acteristic of a multi-color gamma voltage, making more flex-
ible for adjustment of the multi-color gamma voltage.
[0011] Still another object of the present invention is to
provide an LCD panel module so as to enhance charge to the
thin-film transistors by the source drivers.

[0012] A further object of the present invention is to pro-
vide an LCD panel module, so that through changing input
locations of the source drivers and of the gate drivers, settings
onmulti-color gamma reference voltage can be accomplished
independently without a need to change circuit design of the
source drivers and of the gate drivers.

[0013] A still further object of the present invention is to
provide a source driver so as to output single-color display
data groups, such that settings on gamma reference voltage
can be respectively adjusted based on a variety of colors,
without a need to additionally design a gamma reference
voltage generation circuit.

[0014] Still another object for the present invention is to
provide a timing controller so as to output single-color dis-
play data groups, such that settings on gamma reference volt-
age can be respectively performed based on a variety of
colors, without a need to additionally design a gamma refer-
ence voltage generation circuit.

[0015] To achieve the above-mentioned objectives, the
present invention provides an LCD display panel module
which comprises a display panel, a plurality of source drivers,
aplurality of gate drivers, a gamma reference voltage genera-
tor, and a timing controller. The display panel comprises a
plurality of display areas each of which has a plurality of
display sub-areas. The source drivers are electrically con-
nected with the display panel and are located at a first side of
the display panel, wherein the source drivers output single-
color display data groups to corresponding display sub-areas
in the display panel; and wherein all the signals in each
single-color display data group are of the same color display
dataand correspond to the display sub-areas of the same color
in the display panel. The gate drivers are electrically con-
nected with the display panel and are located at a second side
ofthe display panel, where the first side is perpendicular to the
second side. The gamma reference voltage generator is elec-
trically connected with the source drivers. The timing con-
troller is electrically connected with the source drivers, the
gate drivers, and the gamma reference voltage generator, and
controls operation of the gate drivers, of the source drivers
and of the gamma reference voltage generator, such that a set
of gamma reference voltage corresponding to each single-
color display data group can be supplied to the source drivers
from the gamma reference voltage generator.

[0016] The display sub-areas can be arrayed randomly. In
an embodiment of the present invention, however, the display
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sub-areas can be arrayed at one direction, either longitudi-
nally or laterally, with no limitation to the direction.

[0017] To achieve the above-mentioned objects, the present
invention provides a source driver which is used in an LCD
panel module having a display panel with a plurality of dis-
play areas. The source driver comprises a receiver unit, a latch
register unit, a multiplexer unit, and an output buffer unit. The
receiver unit is electrically connected with the timing control-
ler, and receives multi-color display data groups from the
timing controller. The latch register unit is electrically con-
nected with the receiver unit, and registers the multi-color
display data groups. The multiplexer unit is electrically con-
nected with the latch register unit, and changes the sort and
arrangement of the multi-color display data groups so as to
produce single-color display data groups. The output buffer
unit electrically connects the multiplexer unit with the display
sub-areas, and registers the single-color display data groups
which are then transmitted to corresponding display sub-
areas in the display panel.

[0018] To achieve the above-mentioned objects, the present
invention provides a timing controller which is used in an
LCD panel module, in which the LCD panel module has a
plurality of source drivers. The timing controller comprises a
receiver unit, a data latch logic circuit, a data process logic
circuit, and an output unit. The receiver unit receives multi-
color display data groups. The data latch logic circuit is elec-
trically connected with the receiver unit, and registers the
multi-color display data groups. The data process logic circuit
is electrically connected with the data latch logic circuit, and
changes the sort and arrangement of the multi-color display
data groups so as to produce single-color display data groups.
The output unit electrically connects the data process logic
circuit with the source drivers, and transmits single-color
display data to the source drivers.

[0019] In an aspect of the present invention, at least one
gatedriver controls, longitudinally. the display sub-areas; and
at least one source driver provides, laterally, single-color
display data groups which correspond to the set of gamma
reference voltage, to the display sub-areas.

[0020] In another aspect of the present invention, the gate
drivers have an amount of output channels more than those of
the source drivers.

[0021] Instill another aspect of the present invention, there
1s a thin-film transistor in each of the display sub-areas, and
the source drivers charge the thin-film transistors in a way of
dual-side input.

[0022] In a further aspect of the present invention, at least
one gate driver controls, laterally, the display sub-areas; and
at least one source driver provides, longitudinally, single-
color display data groups to the display sub-areas.

[0023] Inanaspect of the present invention, the LCD panel
module further comprises a storing device which is electri-
cally connected with the timing controller. The storing device
receives multi-color display data groups from the timing con-
troller, and that the timing controller, by using the storing
device, changes the sort and arrangement of the multi-color
display data groups so as to transmit single-color display data
groups to the source drivers.

[0024] 1In another aspect of the present invention, the stor-
ing device is a Synchronous DRAM (SDRAM).

[0025] In still another aspect of the present invention, the
source drivers and the gate drivers are located at a longitudi-
nal side and a lateral side of the display panel, respectively. In
yet another aspect of the present invention, the source drivers
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and the gate drivers are located at a lateral side and a longi-
tudinal side of the display panel, respectively.

[0026] In a further aspect of the present invention, the
source driver comprises a receiver unit, a latch register unit, a
multiplexer unit, and an output buffer unit. The receiver unit
is electrically connected with the timing controller, and
receives multi-color display data groups from the timing con-
troller. The latch register unit is electrically connected with
the receiver unit, and registers the multi-color display data
groups. The multiplexer unit is electrically connected with
the latch register unit, and changes the sort and arrangement
of the multi-color display data groups so as to produce single-
color display data groups. The output buffer unit electrically
connects the multiplexer unit with the display sub-areas, and
registers the single-color display data groups which are then
transmitted to corresponding sub-areas in the display panel.

[0027] Ina still further aspect of the present invention, the
source driver further comprises a data register unit, a shift
register, a converter unit, and a level shift unit. The data
register unit electrically connects the receiver unit with the
latch register unit. The shift register unit electrically connects
the data register unit with the latch register unit. The converter
unit is electrically connected with the output buffer unit. The
level shift unit electrically connects the multiplexer unit with
the converter unit.

[0028] In a preferred aspect of the present invention, the
display panel further comprises a plurality of gate lines which
are connected with the gate drivers and the display sub-areas;
and the latch register unit stores the data of the amount as the
data stored in the display sub-areas connected with the gate
lines.

[0029] Inan object of the present invention, the multiplexer
unit resides in a 3:1 multiplexer, namely, one output is
selected from three input sources, whereas in other aspect of
the invention, the multiplexer can be of another kind of mul-
tiplexer.

[0030] Ina still further aspect of the present invention, the
timing controller comprises a receiver unit, a data latch logic
circuit, a data process logic circuit, and an output unit. The
receiver unit receives multi-color display data groups; the
data latch logic circuit is electrically connected with the
receiver unit, and registers the multi-color display data
groups. The data process logic circuit is electrically con-
nected with the data latch logic circuit, and changes the sort
and arrangement of the multi-color display data groups so as
to produce single-color display data groups. The output unit
electrically connects the data process logic circuit with the
source drivers, and transmits single-color display data groups
to the source drivers, and thereafter the source drivers trans-
mits the single-color display data groups to corresponding
display sub-areas in the display panel.

[0031] Ina still another aspect of the present invention, the
timing controller further comprises a driver timing generator
unit for producing timing signals to the source drivers and to
the gate drivers.

[0032] In an aspect of the present invention, the display
panel further comprises a plurality of gate lines which are
connected with the gate drivers and the display sub-areas; and
that the data latch logic circuit stores the data of the amount as
the data being stored in the display sub-areas which are con-
nected with the gate lines.

[0033] In a further aspect of the present invention, the
receiver unit or the output unit supports a reduced swing
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differential signal interface, a transistor-transistor logic inter-
face, or a low voltage differential signal interface.

[0034] Other objects, advantages, and novel features of the
present invention will become more apparent from the fol-
lowing detailed description when taken in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 is a schematic view illustrating a conven-
tional LCD panel module;

[0036] FIG.2 is afunction block diagram for an LCD panel
module according to a first embodiment of the present inven-
tion;

[0037] FIG. 3A is a schematic view illustrating operation
timing for the first embodiment of the present invention;
[0038] FIG. 3B is a schematic view illustrating output sig-
nals from gate drivers according to the first embodiment of the
present invention;

[0039] FIG. 4A is a schematic view illustrating an LCD
panel module according to a second embodiment of the
present invention;

[0040] FIG. 4B is a function block diagram illustrating a
source driver for the second embodiment ofthe present inven-
tion;

[0041] FIG. 5A is a schematic view illustrating operation
timing for the second embodiment of the present invention;
[0042] FIG. 5B is a schematic view illustrating output sig-
nal timing of gate drivers according to the second embodi-
ment of the present invention;

[0043] FIG. 6A a schematic view illustrating an LCD panel
module according to a third embodiment of the present inven-
tion; and

[0044] FIG. 6B is a function block diagram illustrating a
timing controller for the third embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0045] FIG.2 is a function block diagram for an LCD panel
module according to the first embodiment of the present
invention, wherein the LCD panel module comprises an LCD
display panel 21, a plurality of gate drivers 231, 232, 233,
234, a plurality of source drivers 221, 222, 223, a gamma
reference voltage generator 24, a timing controller 25, and a
storage device 26. The LCD display panel 21 comprises a
plurality of display areas 211,212,213, 214,215,216 each of
which has a red display sub-area 217, a green display sub-area
218 and a blue display sub-area 219, respectively, wherein
each of the display sub-areas 217, 218, 219 has a thin film
transistor 2171 connected to the gate drivers 231, 232, 233,
234 through gate lines 2211 and connected to the source
drivers 221, 222, 223 through source lines 2311. The layout of
the thin film transistor 2171, gate lines 2211, and source lines
2311 may vary due to variable considerations, however, the
present embodiment merely offers an example of the layouts.
[0046] The timing controller 25 is electrically connected
with the source drivers 221, 222, 223, the gate drivers 231,
232,233,234, the gamma reference voltage generator 24, and
the storage device 26, respectively. The gamma reference
voltage generator 24 is electrically connected with the source
drivers 221, 222, 223. The display panel 21 is electrically
connected with the gate drivers 231, 232, 233, 234 and the
source drivers 221, 222, 223, respectively.
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[0047] Notice may be taken to the present embodiment,
where the locations for arranging the source drivers 221, 222,
223 and the gate drivers 231, 232, 233, 234 are different from
the locations for arranging conventional driving circuits. That
is to say, conventionally, the gate drivers are arranged beside
the display panel longitudinally; and the source drivers are
arranged beside the display panel laterally, so that the action
of the thin film transistors 2171 in the display sub-areas 217,
218, 219 of the display areas 211,212, 213,214,215, 216 can
be controlled laterally via the conventional gate drivers; and
that display data groups of multiple colors mixed with red,
green and blue can be provided longitudinally to the display
sub-areas via the conventional source drivers.

[0048] In contrast, for the present embodiment, the gate
drivers 231, 232, 233. 234 are arranged laterally beside the
display panel 21, and that the source drivers 221, 222, 223 are
arranged longitudinally beside the display panel 21. In addi-
tion, the gate drivers 231, 232, 233, 234 has an amount of
output channels more than those of the source drivers 221,
222,223, thereby the action of the thin film transistors 2171 in
the display sub-areas 217, 218, 219 of the display areas 211,
212,213,214, 215, 216 can be controlled longitudinally; and
that multiple-color display data groups can be provided to the
display sub-areas of the lateral display areas via the source
drivers 221, 222, 223. Taking an example, the gate driver 234
can control the action of the thin film transistors 2171 in the
display areas 214, 215, 216 (longitudinal display areas); and
that the source driver 221 can provide a group of display data
to the display sub-areas 217, 218, 219 of the display areas
211, 212, 213, 214 (lateral display areas).

[0049] Inthe present embodiment, the timing controller 25
controls to receive display data groups mixed with a variety of
colors, such as red, green and blue, from an external device
(not shown, can be a display card or a processor). Thereafter,
the received display data groups are registered in a storing
device 26. The timing controller 25 then changes the sort and
arrangement of the multi-color display data groups mixed
with red, green and blue so as to produce single-color display
data groups distinguished from red, green and blue, and the
single-color display data groups are transmitted to the source
drivers 221, 222, 223.

[0050] Since the source drivers 221, 222, 223 received the
single-color display data groups, the source drivers 221, 222,
223 output a single color (i.e. red, green or blue selected in
cycle or randomly) at every time section when the source
drivers 221, 222, 223 output display data to the display panel
21. The single-color display data groups are then transmitted
to the display panel 21 correspondingly at the display sub-
areas 217/218/219 which is in responsive to the single-color
display data. By using this characteristic, the timing control-
ler 25 can control additionally the gamma reference voltage
generator 24 such that a set of gamma reference voltage
relevant to the output single-color can be supplied to the
source drivers 221, 222, 223, so that the source drivers 221,
222, 223 can correct the gamma reference voltage for the
single-color display data groups. In other words, the display
data of various red, green and blue may have different gamma
reference voltage for producing a variety of gamma curves,
and as such, an optimal gamma correction can be achieved.
[0051] Therefore, a driving circuit formation provided
from the present embodiment can perform various setting
values of gamma curves on red, green and blue colors. Ref-
erences in this respect may be made in FIGS. 3A and 3B for
explanations, wherein FIG. 3A is a schematic view illustrat-
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ing operation timing for the present embodiment, and FIG.
3B is a schematic view illustrating output signals from gate
drivers according to the present embodiment.

[0052] As shownin FIGS. 3A and 3B, for the display areas
214,215, 216 at the first time section, the timing controller 25
uses the storing device 26 to change the sort and arrangement
of the display data groups mixed with multi-colors received
from the external device (Original DE Vertical), i.e. the sort
and arrangement for Original DE Vertical so as to produce a
group of single-color display data (Modified DE Vertical), 1.e.
Modified DE Horizontal.

[0053] When the timing controller 25 controls the gate
drivers 231, 232, 233, 234 to transmit the signals GO_RM_M-
G1_B,,p4sficq - - - for actuating the thin film transistors 2171 1n
the display sub-area 217 of the display areas 211, 212, 213,
214, 215, 216, red-color display data is first output to the
source drivers 221, 222, 223. The timing controller 25 also
controls the gamma reference voltage generator 24 such that
a set of gamma reference voltage relevant to the red-color
display data can be supplied to the source drivers 221, 222,
223, so that the source drivers 221, 222, 223 can output the
red-color display data to the red-color display sub-area 217 of
the display areas 211, 212, 213, 214, 215, 216 after a gamma
correction based on a received gamma reference voltage.
[0054] Likewise, the timing controller 25, at a subsequent
time section, controls the gate drivers 231, 232, 233, 234 to
actuate the thin film transistors 2171 in the display sub-area
218 of the display areas 211, 212, 213, 214, 215, 216. The
timing controller 25 then outputs green-color display data to
the source drivers 221, 222, 223, and controls the gamma
reference voltage generator 24 such that a set of gamma
reference voltage relevant to the green-color display data can
be supplied to the source drivers 221, 222, 223, so that the
source drivers 221, 222, 223 can output the green-color dis-
play data to the green-color display sub-area 118 of the dis-
play areas 211, 212, 213, 214, 215, 216 after a gamma cor-
rection based on a received gamma reference voltage.
[0055] Similarly, the timing controller 25, at a further time
section, proceeds with a gamma correction for the blue-color
display data, and controls the gate drivers 231, 232, 233, 234
to actuate the thin film transistors 2171 in the display sub-area
219 of the display areas 211, 212, 213, 214, 215, 216. The
timing controller 25 then outputs blue-color display data to
the source drivers 221, 222, 223, and controls the gamma
reference voltage generator 24 such that a set of gamma
reference voltage relevant to the blue-color display data can
be supplied to the source drivers 221, 222, 223, so that the
source drivers 221,222,223 can output the blue-color display
data to the blue-color display sub-area 219 of the display
areas 211, 212, 213, 214, 215, 216 after a gamma correction
based on a received gamma reference voltage.

[0056] Table 1 and Table 2 show, respectively, a timing
sequence for the conventional LCD display panel module and
a timing sequence for the LCD display module according to
the present embodiment. In comparison, VESA Standard
1360x768, at 60 Hz, is exemplified.

TABLE 1

1360 RGB x 768, 60 Hz

Horizontal (Hor) Total Time 1792 Pixels

Hor Active Time 1360 Pixels

Hor Frequency 47.712 KHz
21 ps/line
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TABLE 1-continued

1360 RGB x 768, 60 Hz

Vertical (Ver) Total Time 795 Lines
Ver Active Time 768 Lines
Ver Frequency 60.015 Hz

16.7 ms/frame
Pixel Frequency 85.5 MHz

TABLE 2
768 RGB x 1360, 60 Hz
Horizontal (Hor) Total Time 795 Pixels
Hor Active Time 768 Pixels
Hor Frequency 107.51 KHz
9.3 ps/line

Vertical (Ver) Total Time 1792 Lines
Ver Active Time 1360 Lines
Ver Frequency 60.015 Hz

16.7 ms/frame
Pixel Frequency 85.5 MHz

[0057] As shown in Table 1 and Table 2, it is understood
that the time required for the source drivers 221, 222, 223 to
charge the thin film transistors 2171 in the display sub-areas
217, 218, 219 can be shortened from the original 21 psto 9.3
us. In addition, if an abnormal situation occurs at an insuffi-
cient charging rate to the thin film transistors 2171, a measure
of “dual-side input” can be performed through the source
drivers 221, 222, 223 50 as to raise efficiency of charge up to
a double amount equivalent to having charged for a double
time, i.e. 18.6 us. In contrast to an operation frequency 47.712
kHz for conventional gate drivers, the gate drivers 231, 232,
233, 234 according to the present embodiment can be
increased to 107.51 kHz.

[0058] 1t is therefore noted that according to the present
embodiment, by changing the terminal input locations of the
source drivers and of the gate drivers, and using the storing
device for the timing controller to register the multi-color
display data groups so as to change the sort and arrangement
thereof, such that the single-color display data groups can be
output to the source drivers. Further, the gamma reference
voltage generator can be actuated such that a set of gamma
reference voltage relevant to the single-color display data
groups can be supplied to the source drivers, so that the source
drivers can correct the gamma reference voltage for the
single-color display data groups, and that the single-color
display data groups can be transmitted to the display panel
correspondingly at the display sub-areas 217, 218, 219. As
such, although the internal circuits of the source drivers and
the structure of the display panel are not to be altered, various
settings of gamma curves can still be performed based on
different colors.

[0059] The second embodiment of the present invention
will be described with reference to FIGS. 4A and 4B, in which
FIG. 4A is a schematic view illustrating an LCD panel mod-
ule. The LCD panel module comprises a display panel 41, a
plurality of gate drivers 421, 422, 423, a plurality of source
drivers 431, 432, 433, 434, a gamma reference voltage gen-
erator 44, and a timing controller 45. The display panel 41
comprises aplurality of display areas 411,412, 413, 414, 415,
416 each of which has a red display sub-area 417, a green
display sub-area 418 and a blue display sub-area 419, wherein
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each of the display sub-areas 417, 418, 419 has a thin film
transistor 4171 connected to the gate drivers 421, 422, 423
through source lines 4311 and connected to the source drivers
431,432, 433, 434 through gate lines 4211. The layout of the
thin film transistor 4171, gate lines 4211, and source lines
4311 may vary due to variable considerations, however, the
present embodiment merely offers an example of the layouts.
[0060] The timing controller 45 is electrically connected
with the gate drivers 421, 422, 423, the source drivers 431,
432,433,434, and the gamma reference voltage generator 44.
The gamma reference voltage generator 44 is electrically
connected with the source drivers 431, 432, 433, 434. The
gate drivers 421, 422, 423 and the source drivers 431, 432,
433, 434 are electrically connected with the display areas
411,412, 413, 414, 415, 416 of the display panel 41, respec-
tively.

[0061] Notice may also be taken to the present embodi-
ment, where the source drivers 431, 432, 433, 434 are
arranged laterally beside the display panel 41; while the gate
drivers 421, 422, 423 are arranged longitudinally beside the
display panel 41.

[0062] Further, explanation is given to FIG. 4B illustrating
the function block diagram for the source drivers. As shown,
the source drivers 431, 432, 433, 434 each comprises a
receiver unit 4311, a data register unit 4312, a shift register
unit 4313, a latch register unit 4314, a multiplexer unit 4315,
a level shift unit 4316, a converter unit 4317, and an output
buffer unit 4318. The receiver unit 4311 is electrically con-
nected with the timing controller 45; the data register unit
4312 is electrically connected with the receiver unit 4311; the
shift register unit 4313 is electrically connected with the data
register unit 4312; the latch register unit 4314 electrically
connects the data register unit 4312 with the shift register unit
4313; the multiplexer unit 4315 is electrically connected with
the latch register unit 4314; the level shift unit 4316 is elec-
trically connected with the multiplexer unit 4315; the con-
verter unit 4317 is electrically connected with the level shift
unit 4316; and the output buffer unit 4318 electrically con-
nects the converter unit 4317 with the display sub-areas 417,
418, 419.

[0063] A communication interface supported by the
receiver unit 4311 is determined by a communication inter-
face supported by an output unit (not shown) of the timing
controller 45 corresponding to the receiver unit 4311. A com-
munication interface supported by a receiver unit 4311 how-
ever. isidentical to the communication interface supported by
the output unit. In the present embodiment, the receiver unit
4311 supports a reduced swing differential signal interface,
for example, produced by National Semiconductor. The
receiver unit 4311 provides communication between the
source drivers 431, 432, 433, 434 and the timing controller
45, where the receiver unit 4311, through reduced swing
differential signal lines (D00p-D23N), receives the multi-
color display data output groups from the timing controller
45, and then transmits the display data groups to the data
register unit 4312 for temporary storage.

[0064] The data register unit 4312 consists of a plurality of
flip-flops (not shown) and of logic gates (not shown) so as to
receive and register the multi-color display data groups out-
put from the receiver unit 4311 and to transmit the multi-color
display data groups to the latch register unit 4314. In the
present embodiment, the amount of display data group output
from the data register unit 4312 in one time section equals to
the amount of data stored in the display sub-areas 417, 418,
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419 connected, through a gate line4211, with the display
panel 41. An example may be made to a display panel having
a resolution of 1024*768, the amount of display data group
transmitted at the previous time section was 1024*3 (red,
green, blue three colors). In other embodiments, the amount
of display data group transmitted at every time section may be
different from one another.

[0065] Further, the shift register unit 4313, based on the
differential timing signal transmitted from the timing control-
ler 45, carries out a process of shifting, storage, signal con-
version, and delay on the differential timing signal, and then
outputs a set of the processed timing signal to the latch reg-
ister unit 4314.

[0066] Thelatch register unit 4314, in compliance with the
timing signal transmitted from the shift register unit 4313,
registers or delays the display data groups transmitted from
the data register unit 4312, and then transmits the display data
groups to the multiplexer unit 4315. According to the present
embodiment, the latch register unit 4314 can store an amount
of display data that the display sub-areas 417 418, 419 can
store, where the former is connected with the latter through
two gate lines 4211. As such, the latch register unit 4314 can
provide space for storing the display data groups transmitted
from the data register unit 4312 in between two different time
sections, i.e. the previous time section and the present time
section.

[0067] The multiplexer 4315, based on a timing signal (not
shown) transmitted from the timing controller 45, changes the
sort and arrangement of the multi-color display data groups
transmitted from the latch register unit 4314, so that the
display data groups mixed with red, green and blue can be
divided into single-color display data groups which then are
output to the level shift unit 4316.

[0068] To facilitate transmitting the display data groups to
the display sub-areas 417, 418, 419, the level shift unit 4316
adjusts the voltage level of the single-color display data
groups transmitted from the multiplexer 4315, and transmits
the adjusted display data groups to the converter unit 4317,
where the converter unit 4317 converts the received single-
color display data groups from a digital format into an analog
format which is then transmitted to the output buffer unit
4318 for temporal storage, and thereafter to the display sub-
areas 417, 418, 419 through the source lines 4311 of the
display panel 41.

[0069] The timing controller 45, in compliance with the
timing sequence of the single-color display data groups trans-
mitted from the source drivers 431, 432, 433, 434, controls
operation of the gamma reference voltage generator 44, such
that a set of gamma reference voltage relevant to the presently
output display data can be supplied to the source drivers 431,
432, 433, 434, so that the source drivers can proceed with a
gamma correction in accordance with the received gamma
reference voltage, and that the single-color display data then
are transmitted to the display sub-areas 417/418/419 corre-
spondingly at the display areas 411, 412, 413, 414, 415, 416.

[0070] FIGS. 5A and 5B are schematic views illustrating,
respectively, operation timing and output signal timing of
gate drivers according to the second embodiment. As shown,
the display data groups transmitted to the source lines have
been modified on sort and arrangement through the source
drivers, and divided into single-color display data groups of
various colors (Modified DE Horizontal). In contrast to the
conventional display data groups transmitted to the source
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lines, which are multi-color display data groups mixed with
red, green and blue (Original DE Horizontal).

[0071] Table 3 shows a timing sequence for the LCD dis-
play module according to the present embodiment, wherein
VESA Standard 1360x768, at 60 Hz, is exemplified.

TABLE 3

1360 RGB x 768, 60 Hz

Horizontal (Hor) Total Time 1792 Pixels
Hor Active Time 1360 Pixels
Hor Frequency 143.136 KHz

7 ws/line
Vertical (Ver) Total Time 2331 Lines
Ver Active Time 2304 Lines
Ver Frequency 60.015 Hz

16.7 ms/frame

Pixel Frequency 85.5 MHz

[0072] As shown in Table 3, it is understood that the time
required for the source drivers 431, 432, 433, 434 to charge
the thin film transistors 4171 in the display sub-areas 417,
418, 419 can be shortened as much as to one third down to 7
ps. In addition, if an abnormal situation occurs at an insuffi-
cient charging rate to the thin film transistors 4171, a measure
of “dual-side input” can be performed through the source
drivers 431, 432, 433, 434 so as to raise the efficiency of
charge. In contrast to an operation frequency 47.712 kHz for
conventional gate drivers, as shown in Table 1, the gate drivers
421, 422, 423 according to the present embodiment can be
increased thrice up to 143.136 kHz.

[0073] Tt is therefore noted that the present embodiment
provides a design for the source drivers so as to modify the
sort and arrangement of the multi-color display data groups
transmitted from the timing controller, such that the single-
color display data groups can be output to the single-color
display sub-areas 417/418/419 of the display panel, and that
various settings of gamma curves can be performed based on
different colors.

[0074] Thethird embodiment of the present invention, pro-
viding a timing controller for outputting single-color display
data groups to the source drivers, will be described with
reference to FIGS. 6A and 6B. FIG. 6A is a schematic view
illustrating an LCD panel module, which comprises a display
panel 61, a plurality of gate drivers 621, 622, 623, a plurality
of source drivers 631, 632, 633, 634, a gamma reference
voltage generator 64, and a timing controller 65. The display
panel 61 comprises a plurality of display areas 611, 612, 613,
614,615, 616 each of which has a red display sub-area 617, a
green display sub-area 618 and a blue display sub-area 619,
wherein each of the display sub-areas 617, 618, 619 has a thin
film transistor 6171 connected to the gate drivers 621, 622,
623 through source lines 6311 and connected to the source
drivers 631, 632, 633, 634 through gate lines 6211. The layout
of the thin film transistor 6171, gate lines 6211, and source
lines 6311 may vary due to variable considerations, however,
the present embodiment merely offers an example of the
layouts.

[0075] The timing controller 65 is electrically connected
with the gate drivers 621, 622, 623, the source drivers 631,
632, 633, 634, and the gamma reference voltage generator 64.
The gamma reference voltage generator 64 is electrically
connected with the source drivers 631, 632, 633, 634. The
gate drivers 621, 622, 623 and the source drivers 631, 632,
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633, 634 are electrically connected with the display areas
611, 612, 613, 614, 615, 616 of the display panel 61, respec-
tively.

[0076] Notice may also be taken to the present embodi-
ment, where the source drivers 631, 632, 633, 634 are
arranged laterally beside the display panel 61; while the gate
drivers 621, 622, 623 are arranged longitudinally beside the
display panel 61.

[0077] Further, explanation is given to FIG. 6B illustrating
a function block diagram for the timing controller 65. As
shown, the timing controller 65 comprises a receiver unit 651,
a data latch logic circuit 652, a data process logic circuit 653,
an output unit 654, and a driver timing generator unit 655. The
data latch logic circuit 652 is electrically connected with the
receiver unit 651; the data process logic circuit 653 is elec-
trically connected with the data latch logic circuit 652; the
output unit 654 is electrically connected with and among the
data process logic circuit 653, the source drivers 631, 632,
633, 634 and the gate drivers 621, 622, 623; and the driver
timing generator unit 655 is electrically connected with and
among the receiver unit 651, the source drivers 631, 632, 633,
634 and the gate drivers 621, 622, 623.

[0078] A communication interface supported by the
receiver unit 651 is determined by a communication interface
supported by a unit disposed in the external device connected
with the receiver unit 651. The communication interface sup-
ported by the receiver unit 651, however, is identical to the
communication interface supported by the unit disposed in
the external device. In the present embodiment, the receiver
unit 651 supports a low voltage differential signal interface,
and receives multi-color display data groups from the exter-
nal device, through a differential timing line (RXCP/N) and
differential channel lines (RX0P/N, RX1P/N, RX2P/N and
RX3P/N), and converts the display data groups into a logic
format; and thereafter transmits an internal timing signal
(ICK), an internal data enabling signal (IDE) and the multi-
color display data groups (Data) to the data latch logic circuit
652.

[0079] The datalatch logic circuit 652 registers the internal
timing signal (ICK), the internal data enabling signal (IDE)
and the multi-color display data groups (Data), which were
received from the receiver unit 651, and then transmits the
same to the data process logic circuit 633 for further process.
According to the present embodiment, the data latch logic
circuit 652 can store an amount of display data that the display
sub-areas 617, 618, 619 can store, where the former is con-
nected with the latter through two gate lines 6211. As such,
the data latch logic circuit 652 can provide space for storing
the display data groups transmitted from the receiver unit in
between two different time sections, i.e. the previous time
section and the present time section.

[0080] After the data process logic circuit 653 has received
the multi-color display data groups from the data latch logic
circuit 652, the sort and arrangement of the multi-color dis-
play data groups are modified so as to distinguish display data
groups of various colors into single-color display data groups,
and to transmit the display data groups to the output unit 654.
[0081] The output unit 654 transmits the single-color dis-
play data groups, which are transmitted from the data process
logic circuit 653, to the source drivers 631, 632, 633, 634,
where the source drivers 631, 632, 633, 634 further outputs
the single-color display data groups to the display sub-areas
617/618/619 which have the same color as that of the single-
color display groups, in the display areas 611, 612, 613, 614,
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615, 616. A communication interface supported by the output
unit 654 is determined by a communication interface sup-
ported by a unit (not shown) which is disposed in the source
drivers 631, 632, 633, 634, or in the gate drivers 621, 622,
623, and is electrically connected with the output unit 654.
The communication interface supported by the output unit
654 is the same interface as that of the unit disposed in the
source drivers 631, 632, 633, 634, or in the gate drivers 621,
622, 623. In the present embodiment, the output unit 654
supports a reduced swing differential signal interface.
[0082] Further, the driver timing generator unit 655
receives, from the receiver unit 651, the internal timing signal
and the internal data enabling signal so as to produce a timing
controlling signal, and to output the same to, and control the
operation of, the gate drivers 621, 622, 623 and the source
drivers 631, 632, 633, 634.

[0083] Therefore, the timing controller 65 transmits dis-
play data groups which are of a single color to the source
drivers 631, 632, 633, 634, and controls the operation of a
gamma reference voltage generator 64, such that a set of
gamma reference voltage relevant to the color of the display
data groups can be supplied to the source drivers 631, 632,
633, 634, so that the source drivers 631, 632, 633, 634 can
proceed with a gamma correction based on the received
gamma reference voltage. The single-color display data
groups are then transmitted to the display sub-areas 617, 618,
619, which correspond to the single-color display data
groups, in the display areas 611, 612, 613, 614, 615, 616.
[0084] Still further, since the timing sequence for the LCD
display module according to the present embodiment is iden-
tical with the timing sequence for the LCD display module
according to the second embodiment, as shown in Table 3,
there is no need to repeat the same redundantly.

[0085] Tt is understood that the present embodiment pro-
vides adesign for the timing controller so as to modify the sort
and arrangement of the multi-color display data groups mixed
with a variety of colors, which are received from the external
device, so that single-color display data groups can be
obtained. Thereafter, the single-color display data groups are
transmitted to the source drivers, through which the single-
color display data groups are transmitted to the display sub-
areas in the display panel, such that various settings of gamma
curves can be performed based on different colors.

[0086] According to the present invention, the display data
groups transmitted, at one time section, to the display sub-
areas in the display panel are of a single color, so that the
gamma reference voltage generator, based on the single color,
produces a set of gamma reference voltage for the source
drivers as agamma correction, such that an optimal correction
effectiveness can be obtained.

[0087] Although the present invention has been explained
in relation to its preferred embodiments, it is to be understood
that many other possible modifications and variations can be
made without departing from the scope of the invention as
hereinafter claimed.

What is claimed is:

1. An LCD display panel module, comprising:

a display panel, including a plurality of display areas each
of which has a plurality of display sub-areas;

aplurality of source drivers, electrically connected with the
display panel and located at a first side of the display
panel, and for outputting single-color display data
groups to corresponding display sub-areas in the display
panel, wherein all the signals in each single-color dis-
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play data group are of the same color display data and
correspond to the display sub-areas of the same color in
the display panel;

a plurality of gate drivers, electrically connected with the
display panel, and located at a second side of the display
panel;

a gamma reference voltage generator, electrically con-
nected with the source drivers; and

a timing controller, electrically connected with the source
drivers, the gate drivers, and the gamma reference volt-
age generator, and for controlling operation of the gate
drivers, of the source drivers, and of the gamma refer-
ence voltage generator, such that a set of gamma refer-
ence voltage corresponding to each single-color display
data group can be supplied to the source drivers from the
gamma reference voltage generator.

2. The LCD display panel module as claimed in claim 1,
wherein the first side of the display panel is alongitudinal side
and the second side of the display panel is a lateral side, and
the first side is perpendicular to the second side.

3. The LCD display panel module as claimed in claim 2,
wherein at least one gate driver controls longitudinally the
display sub-areas; and at least one source driver provides
laterally the single-color display data groups corresponding
to the set of gamma reference voltage to the display sub-areas.

4. The LCD display panel module as claimed in claim 2,
wherein the gate drivers have an amount of output channels
more than those of the source drivers.

5. The LCD display panel module as claimed in claim 2,
wherein each of the display sub-area comprises a thin-film
transistor, and the source drivers charge the thin-film transis-
tors in a way of dual-side input.

6. The LCD display panel module as claimed in claim 2,
further comprising a storing device electrically connected
with the timing controller, wherein the storing device receives
multi-color display data groups from the timing controller;
and wherein the timing controller, by using the storing device,
changes the sort and arrangement of the multi-color display
data groups so as to transmit single-color display data groups
to the source drivers.

7. The LCD display panel module as claimed in claim 6,
wherein the storing device is a Synchronous DRAM.

8. The LCD display panel module as claimed in claim 1,
wherein the first side of the display panel is a lateral side and
the second side of the display panel is a longitudinal side, and
the first side is perpendicular to the second side.

9. The LCD display panel module as claimed in claim 8,
wherein at least one gate driver controls laterally the display
sub-areas; and at least one source driver provides longitudi-
nally the single-color display data groups to the display sub-
areas.

10. The LCD display panel module as claimed in claim 8,
wherein the source driver comprises:

a receiver unit, electrically connected with the timing con-
troller, and for receiving multi-color display data groups
from the timing controller;

a latch register unit, electrically connected with the
receiver unit, and for registering the multi-color display
data groups;

a multiplexer unit, electrically connected with the latch
register unit, and for changing the sort and arrangement
of the multi-color display data groups so as to produce
single-color display data groups; and
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an output buffer unit, electrically connecting the multi-
plexer unit with the display sub-areas, and for buffering
the single-color display data groups which are then
transmitted to corresponding sub-areas in the display
panel.

11. The LCD display panel module as claimed in claim 10,

wherein the source driver further comprises:

adata register unit, electrically connecting the receiver unit
with the latch register unit;

ashift register unit, electrically connecting the data register
unit with the latch register unit;

a converter unit, electrically connected with the output
buffer unit; and

a level shift unit, electrically connecting the multiplexer
unit with the converter unit.

12. The LCD display panel module as claimed in claim 10,
wherein the receiver unit supports a reduced swing differen-
tial signal interface, a transistor-transistor logic interface, or a
low voltage differential signal interface.

13. The LCD display panel module as claimed in claim 10,
wherein the display panel further comprises a plurality of gate
lines connected with the gate drivers and the display sub-
areas; and wherein the data latch logic circuit stores the
amount of the data as the amount of the data stored in the
display sub-areas connected with the gate lines.

14. The LCD display panel module as claimed in claim 10,
wherein the multiplexer unit is a 3:1 multiplexer.

15. The LCD display panel module as claimed in claim §,
wherein the timing controller comprises:

a receiver unit for receiving a plurality of multi-color dis-

play data groups;

a data latch logic circuit, electrically connected with the
receiver unit, and for registering the multi-color display
data groups;

a data process logic circuit, electrically connected with the
data latch logic circuit, and for changing the sort and
arrangement of the multi-color display data groups so as
to produce a plurality of single-color display data
groups; and

an output unit, electrically connecting the data process
logic circuit with the source drivers, and for transmitting
the single-color display data groups to the source driv-
ers, and thereafter the source drivers transmitting the
single-color display data groups to the corresponding
display sub-areas in the display panel.

16. The LCD display panel module as claimed in claim 15,

wherein the timing controller further comprises a driver tim-
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ing generator unit for producing a plurality of timing signals
to the source drivers and the gate drivers.

17. The LCD display panel module as claimed in claim 15,
wherein the receiver unit or the output unit supports a reduced
swing differential signal interface, a transistor-transistor
logic interface, or a low voltage differential signal interface.

18. The LCD display panel module as claimed in claim 15,
wherein the display panel further comprises a plurality of gate
lines which are connected with the gate drivers and the dis-
play sub-areas; and wherein the data latch logic circuit stores
the amount of the data as the amount of the data stored in the
display sub-areas which are connected with the gate lines.

19. The LCD display panel module as claimed in claim 1,
wherein the source driver comprising:

a receiver unit, electrically connected with the timing con-
troller, and for receiving from the timing controller
multi-color display data groups;

a latch register unit, electrically connected with the
receiver unit, and for registering the multi-color display
data groups;

a multiplexer unit, electrically connected with the latch
register unit, and for changing the sort and arrangement
of the multi-color display data groups so as to produce
single-color display data groups; and

an output buffer unit, electrically connecting the multi-
plexer unit with the display sub-areas, and for register-
ing the single-color display data groups which are then
transmitted to corresponding sub-areas in the display
panel.

20. The LCD display panel module as claimed in claim 1,

wherein, the timing controller comprising:

a receiver unit for receiving multi-color display data
groups;

a data latch logic circuit, electrically connected with the
receiver unit, and for registering the multi-color display
data groups;

a data process logic circuit, electrically connected with the
data latch logic circuit, and for changing the sort and
arrangement of the multi-color display data groups so as
to produce single-color display data groups; and

an output unit, electrically connecting the data process
logic circuit with the source drivers, and for transmitting
the single-color display data groups to the source
drivers.
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