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FIELD SEQUENTIAL LIQUID CRYSTAL
DISPLAY AND DRIVING METHOD THEREOF

This application claims the benefit of Taiwan application
Serial No. 95150045, filed Dec. 29, 2006, the subject matter
of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the [nvention

The invention relates in general to a liquid crystal display
(LCD), and more particularly to a field sequential LCD.

2. Description of the Related Art

A white light source, such as a white light emitting diode
(LED) or a cold cathode fluorescent lamp (CCFL), often
serves as a backlight source in conventional liquid crystal
displays. In addition, the conventional LCD further displays a
color image composed of red, green and blue colors using the
white backlight source in conjunction with a pixel structure
including red, green and blue sub-pixels. However, the con-
ventional LCD has several drawbacks.

FIG. 1 (Prior Art) is a chromaticity diagram showing a CIE
model of a conventional LCD, wherein C1 and C2 respec-
tively define a gamut of a NTSC (National Television System
Committee) television system standard and a gamut of the
conventional LCD. Because the green saturation, which may
be displayed by the conventional LCD using a white light
source in conjunction with a green color filter, is lower, the
conventional LCD has the drawback of the insufficient green
saturation.

Inaddition, the green saturation of the conventional LCD is
insufficient, so the gamut that may be displayed by the LCD
is substantially smaller than that of the NTSC television sys-
tem standard. Thus, the conventional LCD further has the
drawback of the narrower gamut.

SUMMARY OF THE INVENTION

The invention is directed to a field sequential liquid crystal
display (LCD) and a field sequential driving method, which
can effectively improve the insufficient green saturation and
the narrower display gamut of the conventional LCD.

According to a first aspect of the present invention, a field
sequential LCD including a control unit, a backlight unit and
adisplay unitis provided. The control unit receives pixel data,
which comprises red sub-pixel data, green sub-pixel data,
blue sub-pixel data and black sub-pixel data. The control unit
outputs the red and blue sub-pixel data during a first sub-
frame period of a frame period and outputs the green sub-
pixel data during a second sub-frame period of the frame
period. The backlight unit includes a white light source and a
green light source, which are driven by the control unit to
output white light and green light during the first and second
sub-frame periods, respectively. The white and green light
sources are disabled during the second and first sub-frame
periods. The display unit includes a plurality of pixel units
each including first, second and third sub-pixels. The first
sub-pixel includes a red color filter and displays a red data
frame according 1o the red sub-pixel data and the white light
during the first sub-frame period. The second sub-pixel
includes a blue color filter and displays a blue data frame
according to the blue sub-pixel data and the white light during
the first sub-frame period. The third sub-pixel includes a
green color filter and displays a green data frame according to
the green sub-pixel data and the green light during the second
sub-frame period. The control unit provides the black sub-
pixel data to the first and second sub-pixels during the second
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sub-frame period, and provides the black sub-pixel data to the
third sub-pixel during the first sub-frame period.

According to a second aspect of the present invention,
another field sequential LCD including a control unit, a back-
light unit and a display unit is provided. The control unit
receives pixel data, which comprises red sub-pixel data, green
sub-pixel data, blue sub-pixel data and black sub-pixel data,
outputs the red and blue sub-pixel data during a first sub-
frame period of a frame period, and outputs the green sub-
pixel data during a second sub-frame period of the frame
period. The backlight unit includes a white light source and a
green light source, which are driven by the control unit to
output white light and green light during the first and second
sub-frame periods, respectively. The white and green light
sources are disabled during the second and first sub-frame
periods. The display unit includes a plurality of pixel units
each including first, second and third sub-pixels. The first
sub-pixel includes a red color filter and displays a red data
frame according to the red sub-pixel data and the white light
during the first sub-frame period. The second sub-pixel
includes a blue color filter and displays a blue data frame
according to the blue sub-pixel data and the white light during
the first sub-frame period. The third sub-pixel displays a
green data frame according to the green sub-pixel data and the
green light during the second sub-frame period. The control
unit provides the black sub-pixel data to the first and second
sub-pixels during the second sub-frame period.

According to a third aspect of the present invention, a field
sequential driving method is provided. The method includes
the following steps. First, a liquid crystal display (LCD) is
provided. The LCD includes a backlight unit and a display
unit. The display unit includes several pixel units. Next, a
white light source of the backlight unit is enabled to output
white light during a first sub-frame period of a frame period of
the LCD. Then, red sub-pixel data is provided to drive a first
sub-pixel of the pixel unit during the first sub-frame period,
and the first sub-pixel displays a red data frame according to
thered sub-pixel data and the white light. Next, blue sub-pixel
data 1s provided to drive a second sub-pixel of the pixel unit
during the first sub-frame period, and the second sub-pixel
displays a blue data frame according to the blue sub-pixel data
and the white light. Then, a green light source of the backlight
unit 1s enabled to output green light during a second sub-
frame period of the frame period. Next, green sub-pixel data
is provided to drive a third sub-pixel of the pixel unit during
the second sub-frame period, and the third sub-pixel displays
a green data frame according to the green sub-pixel data and
the green light.

The invention will become apparent from the following
detailed description ofthe preferred but non-limiting embodi-
ments. The following description is made with reference to
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 (Prior Art) is a chromaticity diagram showing a CIE
model of a conventional LCD.

FIG. 2 is a block diagram showing a field sequential LCD
according to a first embodiment of the invention.

FIG. 3 is a structural top view showing a display unit 130 of
FIG. 2.

FIG. 4 is a top view showing a detailed structure of a pixel
unit 132 of FIG. 3.

FIG.5is atiming chart showing signals associated with the
field sequential LCD 200 of FIG. 2.
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FIG. 6 is a chromaticity diagram showing a CIE model of
the field sequential LCD 200 according to the first embodi-
ment of the invention.

FIG. 7 is a flow chart showing a field sequential driving
method according to the first embodiment of the invention.

FIG. 8 is a top view showing another detailed structure of
the pixel unit 132 of FIG. 3 according to a second embodi-
ment of the invention.

FIG. 9is atiming chart showing signals associated with the
field sequential LCD 200 of FIG. 5 according to a third
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION
First Embodiment

FIG. 2 is a block diagram showing a field sequential LCD
according to a first embodiment of the invention. FIG. 3 is a
structural top view showing a display unit 130 of FIG. 2. FIG.
4 is a top view showing a detailed structure ofa pixel unit 132
of FIG. 3. FIG. 5 is a timing chart showing signals associated
with a field sequential LCD 200 of FIG. 2. Referring to FIGS.
2 to 5, the field sequential LCD 200 includes a control unit
110, a backlight unit 120 and the display unit 130. The back-
light unit 120 is electrically connected to the display unit 130
and the control unit 110.

The control unit 110 receives pixel data SD, which includes
red sub-pixel data SDR, green sub-pixel data SDG, blue
sub-pixel data SDB and black sub-pixel data SDD. The con-
trol unit 110 outputs red, blue and black sub-pixel data SDR,
SDB and SDD during a first sub-frame period Fl(n) of a
frame period F(n) of the field sequential LCD 200, and out-
puts the green and black sub-pixel data SDG and SDD during
a second sub-frame period F2(n) of the frame period F(n),
wherein n is a natural number. The control unit 110 further
outputs driving signals SCW and SCG to drive the backlight
unit 120 to emit light. The enabled time periods of the driving
signals SCW and SCG are staggered, and are respectively
equal to the first and second sub-frame periods F1(n) and
F2(n). The frame period F(n) of this embodiment may be
16.67 ms, and the cycle times of the first and second sub-
frame periods F1(n) and F2(n) are equal to each other, and
equal to one half of the cycle time of the frame period F(n),
that is, 8.33 ms.

The backlight unit 120 includes a white light source (not
shown) and a green light source (not shown). In this embodi-
ment, the white and green light sources are respectively white
and green light emitting diode (LED) arrays (not shown). The
white and green diode arrays are respectively driven by the
driving signals SCW and SCG to output white light (not
shown) and green light (not shown) during the first and sec-
ond sub-frame periods F1(n) and F2(n), respectively. The
white and green diode arrays are respectively disabled during
the second and first sub-frame periods F2(n) and F1(n).

The display unit 130 includes a plurality of pixel units 132
each including sub-pixels 132qa, 1325 and 132¢. The sub-
pixel 132a includes a red color filter CR, and the sub-pixel
1325 includes a blue color filter CB. During the first sub-
frame period F1(n) of each frame period F(n), the white light
outputted from the backlight unit 120 passes through the
sub-pixels 1324 and 1325 to display a red data frame and a
blue data frame, respectively. The sub-pixel 132¢ includes a
green color filter CG. During the second sub-frame period
F2(n) of each frame period F(n), the green light outputted
from the backlight unit 120 passes through the sub-pixel 132¢
to display a green data frame. Consequently, the field sequen-
tial LCD 200 may display the red, green and blue data frames
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during the frame period F(n). Because the human eyes have
the persistence of vision, the user can watch the full-color
frame displayed.

The control unit 110 of this embodiment further outputs the
black sub-pixel data SDD to the sub-pixels 132a and 1325
during the second sub-frame period. and outputs the black
sub-pixel data SDD to the sub-pixel 132¢ during the first
sub-frame period so as to prevent the white light and the green
light outputted from the backlight unit 120 from passing
through the sub-pixels 132¢ to 132¢ incorrectly and thus
displaying the incorrect data frames.

FIG. 6 is a chromaticity diagram showing a CIE model of
the field sequential LCD 200 according to the first embodi-
ment of the invention. Referring to FIG. 6, the curve C3
defines a displaying gamut of the field sequential LCD 200 of
this embodiment. The field sequential LCD 200 of this
embodiment displays the green data frame using the green
light outputted from the green LED array in conjunction with
the green color filter CG. Compared with the conventional
LCD, the green light displayed using the white light outputted
from the white LED in conjunction with the green color filter
CG has the better color saturation, and the green CIE coordi-
nates thereof are (0.17,0.7), for example.

Thus, the green light displayed by the field sequential LCD
200 of this embodiment and the green light with the NTSC
specification have the saturation values substantially
approaching each other. Consequently, the LCD 200 of this
embodiment may effectively improve the drawback of the
insufficient green saturation that may be displayed by the
conventional LCD, substantially has the better color satura-
tion of the green light that may be displayed, and advanta-
geously makes the green component of the displayed frame of
the LCD 200 more garish.

In addition, the displaying gamut of the field sequential
LCD 200 of this embodiment may also be enhanced with the
enhancement of the color saturation of the green light that
may be displayed so that the displaying gamut of the field
sequential LCD 200 of this embodiment substantially
approaches the gamut specified by the NTSC. Consequently,
the field sequential LCD 200 of this embodiment further has
the advantage of the wider displaying gamut.

FIG. 7 is a flow chart showing a field sequential driving
method according to the first embodiment of the invention.
First, as shown in step 702, the field sequential LCD 200
including the display unit 130 and the backlight unit 120 is
provided. The display unit 130 includes multiple pixel units
132. Next, as shown in step 704, a white LED array of the
backlight unit 120 is enabled to output the white light during
the first sub-frame period F1(n) of the frame period F(n).
Then, as shown in step 706, the red sub-pixel data SDR is
provided to drive the sub-pixel 132a of the pixel unit 132. The
sub-pixel 132a displays the red data frame according to the
red sub-pixel data SDR and the white light. Next, in step 708,
the blue sub-pixel data SDB is provided to drive the sub-pixel
1325 of the pixel unit 132 during the first sub-frame period
F1(n) of the frame period F(n). The sub-pixel 1325 displays
the blue data frame according to the blue sub-pixel data SDB
and the white light.

Then, in step 710, the green LED array of the backlight unit
120 is enabled to output the green light during the second
sub-frame period F2(n) of the frame period F(n). Thereafter,
as shown in step 712, the green sub-pixel data SDG is pro-
vided to drive the sub-pixel 132¢ of the pixel unit 132 during
the second sub-frame period F2(n). The sub-pixel 132¢ dis-
plays the green data frame according to the green sub-pixel
data SDG and the green light.
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The steps 704 to 708 of the field sequential driving method
of this embodiment further include providing the black sub-
pixel data SDD to drive the sub-pixel 132¢ of the pixel unit
132 during the first sub-frame period F1(n) so that the sub-
pixel 132¢ displays the black frame to prevent the white light
from passing through the sub-pixel 132¢ to generate the green
light and thus influence the effects of displaying the blue and
red data frames. The steps 710 and 712 of the field sequential
driving method of the embodiment further include providing
the black sub-pixel data SDD to drive the sub-pixels 132a and
1325 of the pixel unit 132 during the second sub-frame period
F2(n) to prevent the green light from passing through the
sub-pixels 132a and 1325 to generate the red and blue light to
influence the effect of displaying the green data frame.

The field sequential LCD of this invention has the back-
light unit including the white light source and the green light
source, and the pixel structure including the red, blue and
green sub-pixels. The white and green light sources are
enabled during the first and second sub-frame periods of the
frame period of the LCD. The red and blue sub-pixels respec-
tively receive the red and blue sub-pixel data during the first
sub-frame period to display the red and blue field sequential
frames, and the green sub-pixel receives the green sub-pixel
data to display the green field sequential frame during the
second sub-frame period. Consequently, the field sequential
LCD of'this embodiment may enhance the color saturation of
the green light using the green light outputted from the green
light source in conjunction with the green sub-pixel. Conse-
quently, the field sequential LCD of this embodiment can
effectively improve the insufficient green saturation and the
insufficient frame gamut that may be displayed by the con-
ventional LCD, and thus has the higher green saturation and
the wider frame gamut that may be displayed.

Second Embodiment

FIG. 8 is a top view showing another detailed structure of
the pixel unit 132 of FIG. 3 according to a second embodi-
ment of the invention. The field sequential LCD of this
embodiment is different from the field sequential LCD 200 of
the first embodiment in that the field sequential LCD of this
embodiment replaces the green color filter CG with the white
filter CT of the pixel unit 132. That is, the field sequential
LCD 200 of this embodiment displays the green frame using
the white filter CT in conjunction with the green light output-
ted from the green LED array.

The color saturation of the green light that may be dis-
played using the white filter CT in conjunction with the green
light outputted from the green LED array substantially
approaches the green light saturation that may be displayed
by the field sequential LCD of'the first embodiment. Thus, the
field sequential LCD of this embodiment may also effectively
improve the drawbacks of the insufficient green saturation
and the insufficient frame gamut that may be displayed by the
conventional LCD, and thus has the advantages of the higher
green saturation and the wider frame gamut.

In this embodiment, the condition in which the white filter
CT replaces the green color filter CG is illustrated. However,
the same effect may also be achieved at the position of the
white filter CT without using any filter.

Third Embodiment

FIG. 9is atiming chart showing signals associated with the
field sequential LCD 200 of FIG. 5 according to a third
embodiment of the invention. The field sequential LCD of
this embodiment differs from the field sequential LCD of the
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second embodiment in that the control unit 110 converts the
red, green and blue sub-pixel data SDR, SDG and SDB into
red compensated sub-pixel data SDR', green compensated
sub-pixel data SDG', blue compensated sub-pixel data SDB'
and white compensated sub-pixel data SDW' according to the
image data processing method disclosed in U.S. Pat. Nos.
5,929,843, 6,724,934 or 6,536,904.

The control unit 110 of this embodiment further differs
from the control unit of the first embodiment in that the red,
blue and white compensated sub-pixel data SDR', SDB' and
SDW" are respectively outputted to the sub-pixels 132q, 1325
and 132¢ of the pixel unit 132 during the first sub-frame
period F1(n) so that the red, blue and white data frames may
be displayed, but thered, green and black sub-pixel data SDR,
SDB and SDD are not outputted to drive the sub-pixels 1324,
1325 and 132¢, respectively.

The control unit 110 of this embodiment outputs the green
compensated sub-pixel data SDG' to the sub-pixel 132¢ of the
pixel unit 132 during the second sub-frame period F2(n) to
display the green data frame, and further outputs the black
sub-pixel data SDD' to the sub-pixels 132a and 1325 of the
pixel unit 132 during the second sub-frame period F2(n) so
that the black data frame may be displayed.

The difference between the field sequential driving method
of this embodiment and those of the first and second embodi-
ments is that the field sequential driving method of this
embodiment does not provide the black sub-pixel data SDD
to the sub-pixel 132¢ in the steps 704 to 708, but provides the
white compensated sub-pixel data SDW' to the sub-pixel
132¢ of the pixel unit 132 to display the white data frame.

The field sequential LCD of this embodiment displays the
color frames including the red, green, blue and white data
frames using the backlight unit including the white and green
light sources in conjunction with the pixel structure including
the red, white and blue sub-pixels. The field sequential LCD
of this embodiment may also enhance the color saturation of
the green light through the green light outputted from the
green light source in conjunction with the white sub-pixel.
Consequently, the field sequential LCD of this embodiment
may also effectively improve the drawbacks of the insuffi-
cient green saturation and the insufficient frame gamut that
may be displayed by the conventional LCD, and thus has the
advantages of the higher green saturation and the wider frame
gamut that can be displayed.

While the invention has been described by way of
examples and in terms of preferred embodiments, it is to be
understood that the invention is not limited thereto. On the
contrary, it is intended to cover various modifications and
similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and
similar arrangements and procedures.

What is claimed is:

1. A field sequential liquid crystal display (LCD), compris-

ing:

a control unit for receiving pixel data, which comprises red
sub-pixel data, green sub-pixel data, blue sub-pixel data
and black sub-pixel data, wherein the control unit out-
puts the red and blue sub-pixel data during a first sub-
frame period of a frame period and outputs the green
sub-pixel data during a second sub-frame period of the
frame period;

a backlight unit comprising a white light emitting diode
(LED)and a green LED, which are driven by the control
unit to output white light and green light during the first
and second sub-frame periods, respectively, wherein the
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white and green LEDs are disabled during the second
and first sub-frame periods, respectively; and

a display unit comprising a plurality of pixel units, each of
which comprises:

a first sub-pixel, which comprises a red color filter and
displays a red data frame according to the red sub-pixel
data and the white light during the first sub-frame
period;

a second sub-pixel, which comprises a blue color filter and
displays a blue data frame according to the blue sub-
pixel data and the white light during the first sub-frame
period; and

a third sub-pixel, which comprises a green color filter and
displays a green data frame according to the green sub-
pixel data and the green light during the second sub-
frame period;

wherein the control unit provides the black sub-pixel data
to the first and second sub-pixels during the second
sub-frame period, and provides the black sub-pixel data
to the third sub-pixel during the first sub-frame period;

during the first sub-frame period, the control unit concur-
rently outputs the red, the blue and the black sub-pixel
data to the first, the second and the third sub-pixels,
respectively; and

during the second sub-frame period, the control unit con-
currently outputs the black, the black and the green
sub-pixel data to the first, the second and the third sub-
pixels, respectively.

2. A field sequential liquid crystal display (LCD), compris-

ing:

a control unit for receiving pixel data, which comprises red
sub-pixel data, green sub-pixel data, blue sub-pixel data
and black sub-pixel data, outputting the red and blue
sub-pixel data during a first sub-frame period of a frame
period, and outputting the green sub-pixel data during a
second sub-frame period of the frame period;

a backlight unit comprising a white LED and a green LED,
which are driven by the control unit to output white light
and green light during the first and second sub-frame
periods, respectively, wherein the white and green LEDs
are disabled during the second and first sub-frame peri-
ods, respectively; and

a display unit comprising a plurality of pixel units, each of
which comprises:

a first sub-pixel, which comprises a red color filter and
displays a red data frame according to the red sub-pixel
data and the white light during the first sub-frame
period;

asecond sub-pixel, which comprises a blue color filter and
displays a blue data frame according to the blue sub-
pixel data and the white light during the first sub-frame
period; and

a third sub-pixel for displaying a green data frame accord-
ing to the green sub-pixel data and the green light during
the second sub-frame period;

wherein the control unit provides the black sub-pixel data
to the first and second sub-pixels during the second
sub-frame period,

during the first sub-frame period, the control unit concur-
rently outputs the red, the blue, and the black sub-pixel
data to the first, the second and the third sub-pixels,
respectively; and
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during the second sub-frame period, the control unit con-
currently outputs the black, the black and the green
sub-pixel data to the first, the second and the third sub-
pixels, respectively.
3. The LCD according to claim 2, wherein the control unit
provides the black sub-pixel data to the third sub-pixel during
the first sub-frame period.
4. The LCD according to claim 2, wherein the pixel data
further comprises white sub-pixel data, and the control unit
outputs the white sub-pixel data to the third sub-pixel during
the first sub-frame period.
5. The LCD according to claim 4, wherein the third sub-
pixel further receives the white sub-pixel data during the first
sub-frame period and outputs a white data frame according to
the white sub-pixel data and the white light.
6. The LCD according to claim 2, wherein the third sub-
pixel comprises a white filter.
7. A field sequential driving method applicable to a liquid
crystal display (LCD) having a display unit and a backlight
unit, the display unit having a plurality of pixel units, the
method comprising the steps of:
enabling a white LED of the backlight unit to output white
light during a first sub-frame period of a frame period;

providing red sub-pixel data to drive a first sub-pixel of the
pixel units during the first sub-frame period, the first
sub-pixel displaying a red data frame according to the
red sub-pixel data and the white light;

providing blue sub-pixel data to drive a second sub-pixel of

the pixel units during the first sub-frame period, the
second sub-pixel displaying a blue data frame according
to the blue sub-pixel data and the white light;

enabling a green LED of the backlight unit to output green

light during a second sub-frame period of the frame
period; and

providing green sub-pixel data to drive a third sub-pixel of

the pixel units during the second sub-frame period, the

third sub-pixel displaying a green data frame according

to the green sub-pixel data and the green light;
wherein:

during the first sub-frame period, the control unit concur-

rently outputs the red, the blue, and the white sub-pixel
data to the first, the second and the third sub-pixels,
respectively; and

during the second sub-frame period, the control unit con-

currently outputs the black, the black and the green
sub-pixel data to the first, the second and the third sub-
pixels, respectively.

8. The method according to claim 7, further comprising the
step of:

providing black sub-pixel data to drive the first and second

sub-pixels during the second sub-frame period.

9. The method according to claim 7, further comprising the
step of:

providing the black sub-pixel data to drive the third sub-

pixel during the first sub-frame period.

10. The method according to claim 7, further comprising
the step of:

providing white sub-pixel data to drive the third sub-pixel

during the first sub-frame period, the third sub-pixel
outputting a white data frame according to the white
sub-pixel data and the white light.
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