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1
COLOR SEQUENTIAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a color sequential liquid
crystal display (LCD) device, and more particularly, to acolor
sequential LCD device that saves a frame buffer of a timing
control circuit by use of a system side memory.

2. Description of the Prior Art

Generally, color mixing methods for a liquid crystal dis-
play (LCD) can be divided into two categories: a time-domain
color mixing method and a space-domain color mixing
method. Compared to the space-domain color mixing
method, the time-domain method takes advantages of visual
persistence of human eyes to display a particular color by
quickly switching monochrome fields such as red (R), green
(G) and blue (B). Thus, there is no need to use traditional color
filters, resulting in advantages of lower production costs,
higher light transmittance and so on.

For a color sequential LCD device that adopts the time-
domain method, since an image frame with full-color infor-
mation needs to be separated into monochrome fields before
color mixing, a data sorting circuit has to be added into a
timing controller of the LCD to sort the frame data coming
from a system side such as a display card, for example, so as
to output the monochrome fields to the LCD panel according
to apredetermined color sequence. In addition, please referto
FIG. 1, which shows operation of a conventional data sorting
circuit 10. As shown in FIG. 1, the timing controller requires
memory space with at least one frame size for temporarily
storing the sorted filed data, so that the monochrome fields,
such as R-G-B, can be serially outputted to the LCD panel for
display.

However, in an actual design, the prior art may utilize two
frame buffers for alternatively storing frame data outputted
from the system side. In this case, as shown in FIG. 2, one
frame buffer is utilized for storing the frame data coming
from the system side while the other is utilized for outputting
the sorted field data to the LCD panel, so as to increase data
processing efficiency. Related memory accessing technique
is well-know by those skilled in the art, and is not narrated
herein.

As mentioned above, the frame data with full-color infor-
mation coming from the system side has to be sorted into the
monochrome fields such as R-G-B, for example, in the color
sequential LCD device. Thus, only after the whole frame data
is completely transmitted by the system side, the correspond-
ing monochrome fields can then be outputted to the LCD
panel by the timing controller according to the predetermined
color sequence. As a result, the prior art requires the memory
space with at least one frame size for temporarily storing the
sorted field data, and has disadvantages of poor efficiency.

SUMMARY OF THE INVENTION

It is therefore an objective of the present invention to pro-
vide a color sequential liquid crystal display (LCD) device
and related image display method.

According to the present invention, a color sequential lig-
uid crystal display (LCD) device is disclosed. The color
sequential LCD device includes an LCD panel, a backlight
module, an image processing circuit and a timing control
circuit. The image processing circuit is utilized for perform-
ing image processing on an image data to generate a frame
data with full-color information and for sorting the frame data
to generate a plurality of field data according to a predeter-
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mined color sequence. The timing control circuit is coupled to
the image processing circuit, the LCD panel and the backlight
module, and includes a timing controller and a backlight
controller. The timing controller is utilized for outputting the
field data generated by the image processing circuit to the
LCDpanel. The backlight controller is utilized for controlling
the backlight module to switch on back lights corresponding
to the field data outputted by the timing controller.

According to the present invention, an image display
method for a color sequential liquid crystal display (LCD)
device is disclosed. The image display method includes steps
of performing image processing on an image data to generate
a frame data with full-color information and sorting the frame
data to generate a plurality of field data according to a prede-
termined color sequence in an image processing circuit, out-
putting the plurality of field data to an LCD panel via a timing
control circuit, and controlling a backlight module to switch
on back lights corresponding to the field data outputted by the
timing control circuit.

According to the present invention, a color sequential liq-
uid crystal display (LCD) device is disclosed. The color
sequential LCD device includes an LCD panel, an image
processing circuit, a decoder and a timing control circuit. The
image processing circuit is utilized for performing image
processing on an image data to generate a frame data with
full-color information and outputting a plurality of times of
the frame data by frequency multiplication. The decoder is
coupled to the image processing circuit, and is utilized for
decoding each output of the frame data to generate a plurality
of field data according to a predetermined color sequence.
The timing control circuit is coupled to the decoder and the
LCD panel, and is utilized for generating driving signals of
the LCD panel according to the field data outputted by the
decoder to control the LCD panel to sequentially display the
field data.

According to the present invention, an image display
method for a color sequential liquid crystal display (LCD)
device is disclosed. The image display method includes steps
of performing image processing on an image data to generate
a frame data with full-color information and outputting a
plurality of times of the frame data by frequency multiplica-
tion, decoding each output of the frame data to generate a
plurality of field data according to a predetermined color
sequence, and generating driving signals of an LCD panel
according to the plurality of field data to control the LCD
panel to sequentially display the plurality of field data.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows operation of a conventional data sorting
circuit.

FIG.2 is a schematic diagram of a traditional color sequen-
tial LCD device.

FIG. 3 is a schematic diagram of a color sequential LCD
device according to an embodiment of the present invention.

FIG. 4 shows the data transmission interface of FIG. 3 that
serially transmits monochrome fields to the timing control
circuit.

FIG. 5 shows signal timing of the timing control circuit of
FIG. 3.
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FIG. 6 is a schematic diagram of a color sequential LCD
device according to a preferred embodiment of the present
invention.

FIG. 7 shows signal timing of the timing control circuit of
FIG. 6.

FIG. 8 is a schematic diagram of a color sequential LCD
device according to an embodiment of the present invention.

FIG. 9 shows operation of the decoder of FIG. 8 according
to an embodiment of the present invention.

FIG. 10 and FIG. 11 are also schematic diagrams of a color
sequential LCD device according to an embodiment of the
present invention.

FIG. 12 and FIG. 13 are schematic diagrams of an image
display process for a color sequential LCD device according
to an embodiment of the present invention, respectively.

DETAILED DESCRIPTION

Please refer to FIG. 3. FIG. 3 is a schematic diagram of a
color sequential liquid crystal display (LCD) device 30
according to an embodiment of the present invention. The
color sequential LCD device 30 includes an LCD panel 31, a
backlight module 32, an image processing circuit 33 and a
timing control circuit 34. The image processing circuit 33 is
arranged at a system side such as a display card, for example,
and is utilized for performing image processing on an image
data to generate a frame data with full-color information. The
image processing circuit 33 further includes a data sorting
unit 332 and a frame memory 334. The data sorting unit 332
is utilized for sorting the frame data to generate a plurality of
field data such asred (R), green (G) and blue (B), for example.
The frame memory 334 is coupled to the data sorting unit 332,
and is utilized for temporarily storing the sorted field data.
Thus, the image processing circuit 33 can output the plurality
of field data in series according to a predetermined color
sequence, wherein the predetermined color sequence can be
R-G-B, R-G-B-G, R-G-B-W(White), R-G-B-W-Y(Yellow)
and R-G-B-C(Cyan)-Y-M(Magenta) and is not limited
herein.

The timing control circuit 34 is coupled to the image pro-
cessing circuit 33, the LCD panel 31 and the backlight mod-
ule 32, and is utilized for controlling the LCD panel 31 and the
backlight module 32 to sequentially display the field data
outputted by the image processing circuit 33, so as to achieve
color mixing on time domain. Preferably, the timing control
circuit 34 includes a timing controller 342 and a backlight
controller 344. The timing controller 342 is utilized for gen-
erating driving signals of the LCD panel 31 according to the
field data outputted by the image processing circuit 33. The
backlight controller 344 is utilized for generating backlight
control signals to control the backlight module 32 to switch
on corresponding back lights according to display time of the
field data outputted by the timing controller 342. In addition,
the color sequential LCD device 30 further includes a data
transmission interface Tx/Rx, coupled to the image process-
ing circuit 33 and the timing control circuit 34, for serially
transmitting the plurality of field data to the timing control
circuit 34 by a maximum bandwidth according to the prede-
termined color sequence. The data transmission interface
Tx/Rx can be a Low-Voltage Differential Signaling (LVDS)
interface or a Display Port (DP) transmission interface, and is
not limited herein.

Therefore, in the color sequential LCD device 30 of the
present invention, the frame data is sorted in the image pro-
cessing circuit 33 (i.e. the system side), so that the mono-
chrome fields such as R-G-B can be outputted to the timing
control circuit 34 according to the predetermined color
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sequence. In such a situation, the timing control circuit 34 can
control the LCD panel 31 and the backlight module 32 to
sequentially display the field data outputted by the image
processing circuit 33, so as to achieve the color mixing on
time domain.

In other words, the embodiment of the present invention
utilizes the frame memory of the system side for sorting the
frame data and serially outputs the sorted field data to the
timing control circuit, so that not only complexity of the
hardware system can be simplified but also the memory usage
of the timing control circuit can be reduced, leading to lower
production cost.

Please refer to FIG. 4, which shows the data transmission
interface of FIG. 3 that serially transmits three monochrome
fields to the timing control circuit. In FIG. 4, assume the data
transmission interface can simultaneously transmit 3N bits to
the timing control circuit, since the frame data is already
sorted in the system side and temporarily stored in the system
memory, the embodiment of the present invention can serially
transmits the monochrome fields to the timing control circuit
by use of the 3N bits at the same time, as shown in upper half
of FIG. 4. That is to say, compared to traditional structures
that individually use N bits to transmit the three monochrome
field data, as shown in lower half of FIG. 4, the data quantity
that the field data can be transferred per unit time is three
times increased in the embodiment of the present invention.

Besides, assume the data transmission interface has a band-
width of 3x8 bits and the image processing circuit 33 merely
uses 6 bits to denote each pixel of the monochrome fields, the
data transmission interface can thus transmits 4 pixels of the
field data at the same time, so as to optimize the bandwidth
usage of the data transmission interface. Such variation also
belongs to the scope of the present invention.

Please further refer to FIG. 3. The timing control circuit 34
can further includes a field memory 35, for buffering the field
data outputted by the image processing circuit 33. Preferably,
the field memory 35 is implemented by memory space with a
size of two monochrome fields. In this case, half of the field
memory is utilized for storing the field data outputted by the
image processing circuit 33 while the other half is utilized for
outputting the field data that is completely received, so as to
increase memory accessing efficiency. Related memory
accessing technique is well-know by those skilled in the art,
and is not narrated herein. Thus, the timing control circuit 34
can sequentially output the field data that is completely
received to the LCD panel, and controls the backlight module
to switch on the back lights of corresponding colors, so as to
achieve color mixing on time domain.

As for signal timing of the timing control circuit 34, please
referto FIG. 5. In FIG. 5, the timing control circuit 34 sequen-
tially outputs the completely received field data to the LCD
panel 31, and the backlight module 32 switches on the back
lights of the corresponding colors, so as to display a full-color
image by color mixing on time domain.

Therefore, compared with the traditional structures, the
embodiment of the present invention not only can save
memory usage of the timing control circuit (at least reduce to
two-third of the traditional structures), but also can simplify
the complexity of the hardware system to lower the produc-
tion cost.

On the other hand, please refer to FIG. 6. FIG. 6 is a
schematic diagram of a color sequential LCD device 60
according to a preferred embodiment of the present invention.
Compared to FIG. 3, the color sequential LCD device 60 can
further save usage of the field memory, and can directly
output the field data outputted form the system side to the
LCD panel 61. In this embodiment, the color sequential LCD
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device 60 utilizes a scanning backlight module rather than the
conventional backlight module. In such a situation, the LCD
panel 61 can further include a plurality of scanning blocks
(not shown in FIG. 6), for example, and the backlight module
62 can sequentially switch on the back lights corresponding
to the plurality of scanning blocks according to the time the
filed data being outputted to the plurality of scanning blocks.
As a result, when the field data is read out from the system
side memory, it can be directly outputted to the LCD panel 61
via the timing control circuit 64, so as to save the usage of the
memory.

For example, please refer to FIG. 7, which shows signal
timing of the timing control circuit 64 of FIG. 6. As shown in
FIG. 7, BLK1~BLKn denote scanning blocks of the LCD
panel, respectively. When the field data corresponding to the
scanning block BLK1 is completely outputted to the LCD
panel, the back lights of the scanning block BLK1 are imme-
diately switched on, and the timing control circuit keeps
outputting the field data corresponding to the scanning block
BLK2 to the LCD panel. The field data corresponding to the
remaining scanning blocks are outputted in a same manner
until the timing control circuit completes data output of the
last scanning block BLKn and starts to output the next field
data. That is to say, by using the scanning backlight module,
the backlight switch operation would not affect the data trans-
mission of the field data. Thus, the timing controller can
directly output the field data outputted from the system side to
the LCD panel, and thus can save the use of the field memory.

Please refer to FIG. 12. FIG. 12 is a schematic diagram of
an image display process 120 for a color sequential LCD
device according to an embodiment of the present invention.
The image display process 120 is an operation process of the
color sequential LCD device 30 and 60, and includes the
following steps:

Step 1200: Start.

Step 1210: Perform image processing on an image data to
generate a frame data with full-color information and sort the
frame data to generate a plurality of field data according to a
predetermined color sequence in an image processing circuit.

Step 1220: Output the plurality of field data to an LCD
panel via a timing control circuit.

Step 1230: Control a backlight module to switch on back
lights corresponding to the field data outputted by the timing
control circuit.

Step 1240: End.

Detailed operation of the image display process 120 is
already described in the embodiments of the color sequential
LCD device 30 and 60, and is not narrated again herein.

Moreover, for saving the frame memory required by the
timing control circuit, the color sequential LCD device can
also be implemented by other hardware structures in the
present invention. Please refer to FIG. 8. FIG. 8 is a schematic
diagram of a color sequential LCD device 80 according to an
embodiment of the present invention. The color sequential
LCD device 80 includes an LCD panel 81, an image process-
ing circuit 82, a data transmission interface Tx/Rx, a decoder
83 and a timing control circuit 84. The image processing
circuit 82 is arranged at a system terminal such as a display
card, for example, and is utilized for performing image pro-
cessing on an image data to generate a frame data with full-
color information and outputting a plurality of times of the
frame data by frequency multiplication. The data transmis-
sion interface Tx/Rx is coupled to the image processing cir-
cuit 82, and is utilized for transmitting each output of the
frame data. The decoder 83 is coupled to the data transmission
interface Tx/Rx, and is utilized for decoding each output of
the frame data to generate a plurality of monochrome fields
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such as R-G-B, for example, according to a predetermined
color sequence. Preferably, the number of the plurality of field
data is equal to that of the plurality of times the frame data
being outputted. The timing control circuit 84 is coupled to
the decoder 83 and the LCD panel 81, and is utilized for
controlling the LCD panel 81 and the backlight module 85 to
sequentially display the monochrome fields outputted by the
decoder 83, so as to achieve color mixing on time domain.

That is to say, the embodiment of the present invention
utilizes the image processing circuit 82 for outputting a plu-
rality of identical frame data by frequency multiplication, and
decodes the plurality of identical frame data by the decoder 83
to generate the monochrome fields such as R-G-B according
to the predetermined color sequence. As a result, the timing
control circuit 84 can control the LCD panel 81 and the
backlight module 85 to sequentially display the monochrome
fields outputted by the decoder 83, so as to achieve color
mixing on time domain. Therefore, the embodiment of the
present invention not only can save usage of the frame
memory inside the timing control circuit, but also can signifi-
cantly reduce design complexity of the LCD device since
behaviors of the image processing circuit and ways to trans-
mitting the frame data need not to be modified particularly.

For example, please refer to FIG. 9, which shows operation
of'the decoder 83 of FIG. 8 according to an embodiment of the
present invention. Assume the color sequential LCD device
80 is about to display the monochrome fields by the prede-
termined color sequence such as R-G-B, compared to the
traditional structures that transmit the frame data by an opera-
tion frequency of 60 Hertz, the embodiment of the present
invention transmits three identical frame data to the decoder
83 by an operation frequency of 180 Hertz, so that the decoder
83 can successively decode the three frame data to generate
red field data, green field data and blue field data, as shown in
FIG. 9.

Itis noted that the above embodiments of the present inven-
tion are merely exemplary illustrations of the present inven-
tion and that those skilled in the art can certainly make modi-
fications according to practical demands, which are not
limited herein. For example, the color sequential LCD device
can also display the monochrome fields by a predetermined
color sequence such as R-G-B-G, or by inserting black color
fields to enhance quality of motion pictures.

Besides, please refer to FIG. 10. FIG. 10 is a schematic
diagram of a color sequential LCD device 90 according to an
embodiment of the present invention. Compared to FIG. 8,
the color sequential LCD device 90 further includes a register
96, coupled between the decoder 93 and the timing control
circuit 94, for buffering the field data outputted by the decoder
93 to reduce operation frequency of the timing control circuit.
For example, assume the register 96 includes six register
blocks R1~Ré6 for individually registering a pixel data, the
pixel data outputted by the decoder 93 can thus be registered
into the register blocks R1~R3 and then transmitted to the
timing control circuit 94 at the same, while the following
pixel data can be sequentially registered into the block R4~R6
by like manners. Detailed operation of the color sequential
LCD device 90 is similar to that of the color sequential LCD
device 80, and is not described again herein.

Please further refer to FIG. 11. FIG. 11 is a schematic
diagram of a color sequential LCD device 70 according to an
embodiment of the present invention. Compared to FIG. 8,
the color sequential LCD device 70 is realized by arranging
the decoder 73 at the system side. In this case, the data
transmission interface Tx/Rx is utilized for transmitting the
field data generated by the decoder 73 to the timing control
circuit 74, so as to control the LCD panel 71 to display
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corresponding images. Detailed operation of the color
sequential LCD device 70 is also similar to that of the color
sequential LCD device 80, and is not described again herein.

Please refer to FIG. 13. FIG. 13 is a schematic diagram of
an image display process 130 for a color sequential LCD
device according to an embodiment of the present invention.
The image display process 130 is an operation process of the
color sequential LCD device 70, 80 and 90, and includes the
following steps:

Step 1300: Start.

Step 1310: Perform image processing on an image data to
generate a frame data with full-color information and output
a plurality of times of the frame data by frequency multipli-
cation.

Step 1320: Decode each output of the frame data to gener-
ate a plurality of field data according to a predetermined color
sequence.

Step 1330: Generate driving signals of an LCD panel
according to the plurality of field data to control the LCD
panel to sequentially display the plurality of field data.

Step 1340: End.

Detailed operation of the image display process 130 is
already described in the embodiments of the color sequential
LCD device 70, 80 and 90, and is not narrated again herein.

In short, the embodiment of the present invention generates
multiple identical frame data by frequency multiplication and
decodes the multiple identical frame data to output the mono-
chrome fields according to the predetermined color sequence,
so as to save usage of the frame memory inside the timing
control circuit. In addition, since behaviors of the image
processing circuit and ways to transmitting the frame data
need not to be modified in the embodiment of the present
invention, design complexity of the color sequential LCD
device can be reduced significantly.

As mentioned above, the present invention provides vari-
ous improved structures of the color sequential LCD device
for saving usage of frame memory inside the timing control
circuit, so that the production cost can be reduced.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.

What is claimed is:

1. A color sequential liquid crystal display (LCD) device
comprising:

an LCD panel,;

a backlight module;

an image processing circuit for performing image process-

ing on an image data to generate a frame data with
full-color information and for sorting the frame data to
generate a plurality of field data according to a predeter-
mined color sequence; and

a timing control circuit, coupled to the image processing

circuit, the LCD panel and the backlight module, com-

prising:

atiming controller for outputting the field data generated
by the image processing circuit to the LCD panel; and

a backlight controller for controlling the backlight mod-
ule to switch on back lights corresponding to the field
data outputted by the timing controller.

2. The color sequential LCD device of claim 1, wherein the
image processing circuit comprises:

adata sorting unit for sorting the frame data to generate the

plurality of field data; and

a frame memory, coupled to the data sorting unit, for tem-

porarily storing the sorted field data.

3. The color sequential LCD device of claim 1, wherein the
timing control circuit further comprises:

5

10

40

45

65

8

a field memory for buffering the field data generated by the
image processing circuit, wherein capacity of the field
memory is not more than twice the size of the field data.

4. The color sequential LCD device of claim 3, wherein the
backlight controller controls the backlight module to switch
on the back lights with a corresponding color when the field
data is completely outputted to the LCD panel.

5. The color sequential LCD device of claim 1, wherein the
LCD panel comprises a plurality of scanning blocks, and the
backlight controller controls the backlight module to sequen-
tially switch on the back lights corresponding to the plurality
of scanning blocks according to time the field data being
outputted to the plurality of scanning blocks.

6. The color sequential LCD device of claim 5, wherein the
backlight module is a scanning backlight module.

7. The color sequential LCD device of claim 1 further
comprising a data transmission interface, coupled between
the image processing circuit and the timing control circuit, for
transmitting the plurality of field data to the timing control
circuit according to the predetermined color sequence.

8. The color sequential LCD device of claim 7, wherein the
data transmission interface transmits the plurality of field data
in series with a maximum bandwidth.

9. The color sequential LCD device of claim 7, wherein the
data transmission interface is selected from a data transmis-
sion interface group, the data transmission interface group
comprising a Low-Voltage Differential Signaling (LVDS)
interface and a Display Port (DP) transmission interface.

10. The color sequential LCD device of claim 1, wherein
the predetermined color sequence is selected from a prede-
termined color sequence group, the predetermined color
sequence group comprising R(Red)-G(Green)-B(Blue),
R-G-B-G, R-G-B-W(White), R-G-B-W-Y (Yellow) and R-G-
B-C(Cyan)-Y-M(Magenta).

11. The color sequential LCD device of claim 1, wherein
the image processing circuit is selected from an image pro-
cessing circuit group, the image processing circuit group
comprising a display card and a video board.

12. An image display method for a color sequential liquid
crystal display (LCD) device, the image display method com-
prising:

performing image processing on an image data to generate
a frame data with full-color information and sorting the
frame data to generate a plurality of field data according
to a predetermined color sequence in an image process-
ing circuit;

outputting the plurality of field data to an LCD panel via a
timing control circuit; and

controlling a backlight module to switch on back lights
corresponding to the field data outputted by the timing
control circuit.

13. The image display method of claim 12, wherein the

timing control circuit further comprises:

a field memory for buffering the field data outputted by the
image processing circuit, wherein capacity of the field
memory is not more than twice the size of the field data.

14. The image display method of claim 13, wherein con-
trolling the backlight module to switch on the back lights
corresponding to the field data outputted by the timing control
circuit comprises:

controlling the backlight module to switch on the back
lights with a corresponding color when the field data is
completely outputted to the LCD panel.

15. The image display method of claim 12, wherein the

LCD panel comprises a plurality of scanning blocks.
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16. The image display method of claim 15, wherein con-
trolling the backlight module to switch on the back lights
corresponding to the field data outputted by the timing control
circuit comprises:

controlling the backlight module to sequentially switch on

the back lights corresponding to the plurality of scan-
ning blocks according to time the filed data being out-
putted to the plurality of scanning blocks.

17. The image display method of claim 12 further compris-
ing:

transmitting the plurality of field data to the timing control

circuit via a data transmission interface.

10
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18. The image display method of claim 17, wherein the
data transmission interface transmits the plurality of field data
in series with a maximum bandwidth.

19. The image display method of claim 12, wherein the
predetermined color sequence is selected from a predeter-
mined color sequence group, the predetermined color
sequence group comprising R(Red)-G(Green)-B(Blue),
R-G-B-G, R-G-B-W(White), R-G-B-W-Y (Yellow) and R-G-
B-C(Cyan)-Y-M(Magenta).
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