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(57) ABSTRACT

A method of displaying a color image for a field sequential
liquid crystal display device is provided. The method
includes dividing a liquid crystal panel into n numbers of
driving areas and turning on each of light sources Red,
Green and Blue sequentially for every divided driving area.
Furthermore, the method includes providing a time interval
between driving sections of a previous light source and a
next light source.
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METHOD OF COLOR IMAGE DISPLAY FOR A
FIELD SEQUENTIAL LIQUID CRYSTAL DISPLAY
DEVICE

[0001] This application claims the benefit of Korean
Patent Application No. 2000-66450, filed on Nov. 9, 2000 in
Korea, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an active-matrix
liquid crystal display (AM LCD) device, and more particu-
larly, to a field sequential liquid crystal display device and
a method of color image display for the field sequential
liquid crystal display device. Although the present invention
1s suitable for a wide scope of applications, it is particularly
suitable for improving a field sequential liquid crystal dis-
play device leading to an increase of instantancous lumi-
nance of specific color and a decrease of response time of a
liquid crystal, for example.

[0004] 2. Discussion of the Related Art

[0005] Until now, the cathode-ray tube (CRT) has been
generally used for display systems. However, flat panel
displays are increasingly beginning to be used because of
their small depth dimensions, desirably low weight, and low
power consumption. Presently, thin film transistor-liquid
crystal displays (TFT-LCDs) have been developed with a
high resolution and small depth dimensions.

[0006] Generally, a liquid crystal display (LCD) device
includes an upper substrate, a lower substrate, and a liquid
crystal layer interposed between the upper and lower sub-
strates. The upper and lower substrates respectively have
electrodes opposing to each other. When an electric field is
applied between the electrodes of the upper substrate and the
electrodes of the lower substrate, molecules of the liquid
crystal are aligned according to the electric field. By con-
trolling the electric field, the liquid crystal display device
provides varying transmittance of the light of incident to the
display images.

[0007] Currently, an active-matrix liquid crystal display
(AM LCD) device is the most popular because of its high
resolution and superiority in displaying moving images. A
typical active-matrix liquid crystal display has a plurality of
switching elements and pixel electrodes, which are arranged
in an array matrix on the lower substrate. Therefore, the
lower substrate of the active-matrix liquid crystal display is
alternatively referred to as an array substrate.

[0008] The structure of a conventional active-matrix lig-
uid crystal display will be described hereinafter with refer-
ence to FIG. 1, which illustrates a cross-section of a pixel
region. The active-matrix liquid crystal display 10 consists
of a liquid crystal panel 15 and back light 50. The liquid
crystal panel 15 includes a color filter substrate (an upper
substrate) 20 and an array substrate (a lower substrate) 40
which face each other across a liquid crystal layer 30. A
color filter layer 22, which includes a black matrix 225 for
excluding a leakage of light and sub-color-filters 22a, con-
sisting of red (R), green (G), and blue (B), is formed on the
color filter substrate 20. A common electrode 24 is formed
on the color filter layer 22 as one of electrodes for applying
a voltage to the liquid crystal layer 30. A thin film transistor,
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for functioning as a switching element, and a pixel region
are formed on the array substrate 40 facing the color filter
substrate 20. A pixel electrode 42, electrically connected to
the thin film transistor and functioning as another electrode
in applying a voltage to the liquid crystal layer 30, is formed
on the array substrate 40. The back light 50 is disposed under
the array substrate 40 to irradiate light to the liquid crystal
panel 15. This liquid crystal display device uses optical
anisotropy and polarization properties of liquid crystal mol-
ecules for displaying a desired image. That is, applving a
voltage to the liquid crystal molecules having a thin and long
structure and a pretilt angle changes an alignment direction
of the liquid crystal molecules. Thereafter, incident light
from the back light is polarized due to the optical anisotropy
of the liquid crystal molecules. And lastly, the polarized light
is modulated by passing through the color filter layer and
thus color images are displayed. The thin film transistor
includes a gate electrode and a source and a drain electrodes
(not shown).

[0009] But the conventional active-matrix liquid crystal
display device has some problems. First, the material used
for the color filter is expensive and the methods for manu-
facturing the color filter require more material to be con-
sumed in the manufacturing process, resulting in an increase
in the manufacturing cost. Second, the maximum value of a
transmissivity of a material used for the color filter is 33%,
so that a brighter back light needs to be used in order to
display a color image effectively, which results in the
increase of the power consumption. Last, when the color
filter is thick, properties of color are fine, but the transmis-
sivity is decreased. On the other hand, when the color filter
is thin the transmissivity can be raised but, the color prop-
erties will become poor. Therefore, a manufacturing process
having great precision is required for the color filter, which
results in a decrease in production yield and an increase in
the rate of inferior goods.

[0010] Many studies and experiments have been con-
ducted recently, and a field sequential liquid crystal display
device, able to display a full color without the color filter, is
suggested as an alternative. The field sequential liquid
crystal display devices display a color image by turning on
light sources Red, Green and Blue sequentially during a
frame, whereas the conventional active-matrix liquid crystal
display devices display the color image by a white light
source of the back light that is constantly turned on. The field
sequential liquid crystal display device has not been popular
until recently because of poor response time. However,
development of new liquid crystal modes such as Ferroelec-
tric Liquid Crystal (FLC), Optical Compensated Birefrin-
gent (OCB) and Twisted Nematic (TN) having a high
response time of the liquid crystal can result in more wide
spread use of the field sequential liquid crystal. In addition,
the Optical Compensated Birefringent (OCB) mode is gen-
erally used for the field sequential liquid crystal display
device. Both surfaces of an upper and a lower substrates are
rubbed in a same direction and thereafter a voltage is applied
to form a band-structure of the liquid crystal in OCB mode.
Because the movement of liquid crystal molecules becomes
faster when the voltage is applied to the liquid crystal, the
response time of the liquid crystal becomes fast-within about
5 m/sec. Accordingly, the liquid crystal cell of the OCB
mode is suitable for the field sequential liquid crystal display
device because of its high response time leaving no residual
image on a screen.
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[0011] FIG. 2 is a cross-sectional view illustrating the
schematic cross section of the conventional field sequential
liquid crystal display device. The conventional field sequen-
tial liquid crystal display device 60 includes an upper
substrate 64 (referred to as a color filter substrate), a lower
substrate 66 (referred to as an array substrate), a liquid
crystal layer 70 interposed the upper and lower substrates
and a back light 72 consisting of three light sources Red,
Green and Blue to irradiate light to the liquid crystal panel
62. A black matrix 61 is formed between the common
electrode 65 and a transparent substrate 1 of the upper
substrate 64 in order to intercept light in a region other than
a region of the common electrode 67. A thin film transistor
functioning as a switching element and electrically con-
nected to the pixel electrode is formed on the lower substrate
66. The thin film transistor consists of a gate electrode and
a source electrode and a drain electrode (not shown). The
major difference of the field sequential liquid crystal display
device 60 with the previous conventional liquid crystal
display is that the field sequential liquid crystal display
device does not need the color filters and has the back light
having three light sources selectively turned on and off. The
light sources Red, Green and Blue are driven respectively by
an inverter (not shown) and each of light sources Red, Green
and Blue is turned on and off one hundred and eighty times
per second, and thus a color image is displayed using a
residual image effect of eyes caused by the mixture of three
colors, red, green and blue. Even though the light source is
turned on and off one hundred and eighty time per second,
to the naked eye the light source appears to be kept on. For
example, if the light source Red is turned on and then the
light source Blue is turned on, a mixed color violet is seen
owing to the residual image effect. Whereas a total lumi-
nance of the conventional active-matrix liquid crystal dis-
play device is low owing to the low transmissivity of the
color filter, the field sequential liquid crystal display device
overcomes this problem because it does not have a color
filter. In addition, the field sequential liquid crystal display
device is suitable for a large scale liquid crystal display
device because it can display a full-color using three color
light sources, whereby it can display an image of high
luminance and high resolution. Even though the conven-
tional active-matrix liquid crystal display device is inferior
to CRT (Cathode Ray Tube) in terms of price or clearness,
the field sequential liquid crystal display device can settle
this problems.

[0012] FIG. 3A is a cross-sectional view illustrating a
wave guide type back light of the field sequential liquid
crystal display device; FIG. 3B is a cross-sectional views
illustrating a directly underlaid type back light of the field
sequential liquid crystal display device. The wave guide type
back light has light sources Red, Green and Blue disposed
in a row at one edge or both edges of the liquid crystal panel
62 and diffuses light using a light guide panel and reflector.
The wave guide type back light 74 may use a Cold Cathode
Fluorescent Lamp (CCFL) as a light source and is suitable
for notebook computers or the like because of its low weight
and power consumption. The directly underlaid type back
light 76 has light sources Red, Green and Blue 75 disposed
in a repeated sequence of Red, Green and Blue under a
scattering film 77 and irradiates light directly to the whole
surface of the liquid crystal panel 62. The directly underlaid
type back light is usually used for the image display device
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where the luminance is important and has a high power
consumption because of its relatively big thickness and high
ratio of diffusion.

[0013] FIG. 4A is a plane view showing a part of an array
substrate. A plurality of horizontal gate bus lines 78 and
vertical data bus lines 80 crossing gate bus lines are formed
on the array substrate, and a thin film transistor is formed at
every intersection of gate bus lines and data bus lines. A
pixel electrode 79 electrically connected to the thin film
transistor is formed on the array substrate. The conventional
field sequential liquid crystal display device is driven by
applying an image signal data to the data line 80 and
scanning an electric pulse to the gate line 78. A line
sequential driving method is used for the field sequential
liquid crystal display device in order to improve a quality of
an image, where a gate scan input driver applies a gate pulse
voltage to one of gate lines at a time and applies the gate
pulse voltage sequentially to the next gate line. One frame
is completed when the gate pulse voltage is applied to all
gate lines. That is, if the gate pulse voltage is applied to nth
gate line 78, all of thin film transistors connected to the nth
gate line 78 are turned on, and the image signal of the data
line 80 is accumulated in liquid cells and in storage capaci-
tors through the thin film transistor that have been turned on.
Accordingly, liquid crystal molecules are realigned accord-
ing to the image signal data accumulated in the liquid crystal
cell and an image signal voltage, and then a desired image
is displayed after the light from the back light passes through
the liquid crystal cell.

[0014] FIG. 4B is a time chart showing a driving method
of the conventional field sequential liquid crystal display
device. The driving sequence of the conventional field
sequential liquid crystal display device is as follows. After
all thin film transistors for one of the light sources are turned
on sequentially, the liquid crystal molecules become aligned
according to the applied voltage, and then the next one of
light sources is turned on. And the same process is repeated
for other remaining light sources. Each of light sources Red,
Green and Blue is driven one time respectively for a frame.
The driving process of each of the light sources must be
completed respectively within one period of sub-frame, i.e.
“f. Taking one of light sources for example, a period of a
sub-frame consists of a scanning time, a response time of the
liquid crystal and a flashing time of the back light, and this
relation can numerically be expressed as follow:

Vaf=lrprH cHpL

where fis a frame frequency, trg (92) is a scanning time for
all thin film transistors of sub-frame, t; - (94) is a response
time of the assigned liquid crystal and t5; (96) is a flash time
of the back light. If the frame frequency trpr (92) is
increased, whereas the flash time ty; (96) is kept constant,
the response time t; . (94) decreases because the time period
of one sub-frame is fixed. If the response time t; .~ (94) is
decreased, and thus an actual response time of the liquid
crystal becomes longer than the assigned response time of
the liquid crystal, the back light is driven before the proper
alignment of the liquid crystal occur, causing screen color to
not be uniform.

[0015] FIG. 5 is a schematic diagram illustrating a
sequence of color image display for one frame in the
conventional field sequential liquid crystal display device.
The one frame period of the field sequential liquid crystal
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display device is Yo second, and the sub-frame period for
each of the light sources Red, Green and Blue is one-third
of the one frame period, i.e., %/iso second (5.5 msec). The
actual lighting time of each of light sources Red, Green and
Blue for a sub-frame becomes shorter than “iso second
because color interference may happen when light sources
Red, Green and Blue are driven as on-state continuously. As
shown in the figure, a sequence for color image display for
the field sequential liquid crystal display device is as follow.
One frame “F” is divided into three sub-frames S1, S2 and
S3 for each of the light sources Red, Green and Blue, and
each of the light sources is sequentially turned on and off in
order to display a color image by irradiating light to the
liquid crystal panel (62).

[0016] FIG. 6 is a schematic diagram illustrating a
sequence of color image display for one frame in the
conventional field sequential digital light processing (DLP)
device used for a projector, for example. The field sequential
digital light processing device uses four light sources Red,
Green, Blue and White. Because the field sequential digital
light processing device irradiates light using a principle of
reflection of mirror, it has a high efliciency of use of light
and can display an image of higher luminance than a
transmissive type of liquid crystal display device irradiating
light from behind the liquid crystal panel. Because every
control is accomplished digitally, and the device has a single
plate structure, it is suitable for minimization of products.
The field sequential digital light processing device controls
arefraction ratio using an non-light emitting element instead
of the liquid crystal. As shown in the figure, one frame “F”
is divided into four sub-frames Sa, Sh, Sc and Sd for each
of light sources Red, Green, Blue and White. Each of light
sources is sequentially turned on and off in order to display
a color image by irradiating light to the digital light pro-
cessing panel (82). One frame period of the field sequential
digital light processing device is Yeo second, and the sub-
frame period for each of the light sources Red, Green, Blue
and White is one-fourth of the one frame period, i.e., Y240
second.

SUMMARY OF THE INVENTION

[0017] Accordingly, the present invention is directed to a
field sequential liquid crystal display device and a method of
color image display for a field sequential liquid crystal
display device that substantially obviates one or more of
problems due to limitations and disadvantages of the related
art.

[0018] An object of the present invention is to provide a
field sequential liquid crystal display device having an
image signal processor.

[0019] Another object of the present invention is to pro-
vide a color image display method for a field sequential
liquid crystal display device including an image signal
processor in which each of light sources Red, Green and
Blue is driven sequentially for every divided area of a screen
in order to compensate for low response time of a liquid
crystal and accomplish fast driving of the field sequential
liquid crystal display device.

[0020] Additional features and advantages of the inven-
tion will be set forth in the description which follows and in
part will be apparent from the description, or may be learned
by practice of the invention. The objectives and other
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advantages of the invention will be realized and attained by
the structure particularly pointed out in the written descrip-
tion and claims hereof as well as the appended drawings.

[0021] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a field sequential liquid
crystal display device comprises a liquid crystal panel
having an upper substrate, a lower substrate and a liquid
crystal layer disposed therebetween, a back light disposed
under the liquid crystal panel and irradiating a light to the
liquid crystal panel and having 3 different light sources Red,
Green and Blue sequentially driven; and an image signal
processor controlling a lighting speed of each of light
sources Red, Green and Blue. The liquid crystal mode is
Optically Compensated Birefringence (OCB) mode. Each of
light sources Red, Green and Blue of the back light is
disposed at a down edge of the liquid crystal panel or at
directly under of liquid crystal panel in a repeated sequence
of Red, Green and Blue. The back light further includes a
fourth light source and a color of the fourth light source is
within a color range from Green to Blue.

[0022] 1In another aspect, a method of color image display
for a field sequential liquid crystal display device including
an image signal processor, comprises steps of dividing a
frame into four sub-frames having a period of one-fourth of
one frame period, driving each of light sources Red, Green
and Blue sequentially at a first, a second and a third
sub-frame, and driving a light source combination with three
or fewer colors of Red, Green and Blue at a fourth sub-
frame, The possible combination turned on at the fourth
sub-frame is one of combinations consisting of all off, R, G,
B, G+B, R+B, R+G, and all on. A one frame period is Yo
second and a lighting time of the light source at each
sub-frame is shorter than Y240 second.

[0023] 1In another aspect, a method of color image display
for a field sequential liquid crystal display device including
an image signal processor, comprises steps of dividing a
frame into four sub-frames having a period of one-fourth of
one frame period, driving each of light sources Red, Green
and Blue sequentially at a first, a second and a third
sub-frame, driving a light source combination with three or
fewer colors of Red, Green and Blue at a fourth sub-frame,
classifying each component R, G and B of a color image
input signal using a gray level having 256 levels, deciding
a maximum luminance value of the field sequential liquid
crystal display device using the gray level, obtaining an
average luminance value of each of component R, G and B
from the image input signal, turning on one of light sources
Red, Green and Blue having a larger average luminance
value than the maximum luminance value at the fourth
sub-frame, and converting the input luminance value of
component R, G and B and an input luminance value of the
fourth sub-frame using the image signal processor. The
possible combination turned on at the fourth sub-frame is
one of combinations consisting of all off, R, Q B, G+B, R+B,
R+G, and all on. The light source which is to be turned on
at the fourth sub-frame is decided on the basis of a maximum
luminance value of R, G and B. The one frame period is %o
second and a lighting time of the light source at each
sub-frame is shorter than Y240 second.

[0024] In another aspect, a method of color image display
for a field sequential liquid crystal display device including
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an image signal processor, comprises steps of dividing a
liquid crystal panel into n number of driving areas, turning
on each of light sources Red, Green and Blue sequentially
for every divided driving area, and having a time interval
between driving sections of a previous light source and a
next light source. The time interval is formed from a second
divided driving area. If an Optically Compensated Birefrin-
gence (OCB) mode is selected for a liquid crystal, the time
interval may be 0.5 msec~1 msec. The number n for divided
driving area is dependent on a degree of a resolution of a
liquid crystal display device and response time of the liquid
crystal. Lighting time of a back light is also dependent on the
degree of resolution of the liquid crystal display device and
response time of the liquid crystal.

[0025] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion. In the drawings:

[0027] FIG. 1 is a cross-sectional view showing a cross
section of a pixel of a conventional liquid crystal display
device;

[0028] FIG. 2 is a cross-sectional view showing a cross
section of a pixel of a conventional field sequential liquid
crystal display device;

[0029] FIG. 3A is a view showing a structure of wave
guide mode back light of field sequential liquid crystal
display device;

[0030] FIG. 3B is view showing a structure of directly
underlaid mode back light of a conventional field sequential
liquid crystal display device;

[0031] FIG. 4A is a plane view showing a part of a
conventional array substrate.

[0032] FIG. 4B is a time chart showing a driving method
of a conventional field sequential liquid crystal display
device.

[0033] FIG. 5 is a schematic diagram illustrating a
sequence of color image display for one frame in a conven-
tional field sequential liquid crystal display device.

[0034] FIG. 6 is a schematic diagram illustrating a
sequence of color image display for one frame in a conven-
tional field sequential digital light processing (DLP) device
used for a projector, for example.

[0035] FIG. 7 is a schematic diagram illustrating a field
sequential liquid crystal display device according to the
present invention;

[0036] FIG. 8 is a schematic diagram illustrating a
sequence of color image display for one frame in the field
sequential liquid crystal display device according to the
present invention;
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[0037] FIG. 9 is a flow chart illustrating a method for
color image display for the field sequential liquid crystal
display device according to the present invention;

[0038] FIG. 10 is a plan view showing divided driving
areas of the field sequential liquid crystal display device
according to the present invention;

[0039] FIG. 11 is a schematic diagram illustrating a driv-
ing method for divided driving areas for the field sequential
liquid crystal display device according to the present inven-
tion;

[0040] FIG. 12 is a schematic diagram showing color
coordinates of a color gamut of the field sequential liquid
crystal display device according to the present invention;

[0041] FIGS. 13A and 13B are schematic diagram illus-
trating a projector system, for example, among field sequen-
tial liquid crystal display devices according to the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0042] Reference will now be made in detail to the pre-
ferred embodiment of the present invention, which is illus-
trated in the accompanying drawings.

[0043] FIG. 7 is a schematic diagram illustrating a field
sequential liquid crystal display device according to the
present invention. The field sequential liquid crystal display
device according to the present invention includes a liquid
crystal panel 100 having an upper substrate and a lower
substrate and liquid crystal layer disposed therebetween, a
back light 110 having three light sources Red, Green and
Blue and irradiating light to the liquid crystal panel 100, and
an image signal processor 120 controlling a lighting spec of
light sources Red, Green and Blue of the back light 110. The
liquid crystal panel 100 and the back light 110 have a same
structure as that of the conventional field sequential liquid
crystal display device described before with respect to FIG.
2. One of Ferroelectric Liquid Crystal (FLC) mode, Opit-
cally Compensated Birefringent (OCB) mode and Twisted
Nematic (TN) mode, for example, having a high response
time is used for a liquid crystal mode. In addition, a
non-light emitting element, instead of the liquid crystal, may
be used in Digital Light Processing (DLP) devices as
described with respect to FIG. 6.

[0044] A method and an algorithm for controlling the
lighting speed of the back light 110 using the image signal
processor will be described hereinafter with reference to
FIGS. 8 and 9. FIG. 8 is a schematic diagram illustrating
a sequence of color image display for one frame in the field
sequential liquid crystal display device according to the
present invention. When image signals having information
on the respective components R, G and B are inputted into
the field sequential liquid crystal display device, the image
signal processor converts the lighting speeds of light sources
Red, Green and Blue of the back light for every frame. As
shown in the figure, one frame “F” is divided into four
sub-frames having a period of one-fourth of one frame
period. Each of light sources Red, Green and Blue 110¢,
1105 and 110c¢ is turned on sequentially at the first, the
second and the third sub-frame “SF1”, “SF2” and “SF3” and
a combination of light sources of three or fewer colors of R,
G and B is turned on at the fourth sub-frame in order to
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display a color image. The light source turned on at the
fourth sub-frame is defined as a light source “X”110d in the
figure.

[0045] In detail, when a luminance of the component R is
read high from the image signal, the luminance of the
component R may be increased by turning on the light
source Red at the fourth sub-frame “SF4”. If one color of
Cyan, Magenta and Yellow, which are complementary col-
ors of R, G and B, is particularly stressed among the image
signal, the luminance of the stressed color may be increased
by turning on two light sources among light sources Red,
Green and Blue at the fourth sub-frame “SF4”. In addition,
the maximum luminance of a white color may be increased
by turning on all light sources Red, Green and Blue at the
same time at the fourth sub-frame. Accordingly, because the
luminance of the stressed color may be increased and
diverse colors may be displayed using the fourth sub-frame
according to the present invention, the present invention can
provide a liquid crystal display device having high qualities
of image and can be used for devices requiring high quality
images, for example, TV.

[0046] FIG. 9 is a flow chart illustrating a method for
color image display for the field sequential liquid crystal
display device according to the present invention, and more
particularly, a method for deciding a light source which is to
be turned on at the fourth sub-frame. The luminance of each
component R, G and B in color image signal is expressed
with a gray level having 256 levels. When the luminance of
each component R, G and B has a value of gray level 127,
it is set as a maximum luminance. As shown in the figure,
when the image signal for a full screen is inputted, an
average luminance value Ra, Ga and Ba of each of compo-
nents R, G and B is calculated in ST1(step 1). Each of
average luminance values Ra, Ga and Ba will be selected
when it is bigger than the gray level 128. The light source
which is to be turned on at the fourth sub-frame is decided
in ST2 (step 2). The possible combination turned on at the
fourth sub-frame is one of combinations consisting of all off,
R, G, B, G+B, R+B, R+G, and all on. Input values for each
sub-frame are converted in ST3 (step 3) by the image signal
processor. That is, when the average luminance value Ra, Ga
and Ba is bigger than the gray level 128, the light source
corresponding to the component having a larger average
luminance will be turned on at the fourth sub-frame. If all of
the average luminance values Ra, Ga and Ba have values
lower than the gray level 128, all light sources Red, Green
and Blue are turned off at the fourth sub-frame. In addition,
if only the average luminance value Ra has a value larger
than the gray level 128, the image signal expressed as
“(R,G,B)=(200,100,100)” may be converted to “(R,G,B,X)=
(72,100,100,128)”, where “X” is the light source which is to
be turned on at the fourth sub-frame. Because only the light
source Red is to be turned on at the fourth sub-frame in this
example, the gray level of the component R becomes
“72+128=200". This can be applied to light sources Green
and Blue in same way when average luminance value Ga or
Ba is larger than the gray level 128. If all average luminance
values Ra, Ga and Ba are bigger than the gray level 128
(2Ra, 2Ga, 2Ba>255), the image signal expressed as “(R,
G,B)=(200,250,130)” may be converted to “(R,G,B,X)=(72,
122,2,128)” and in this case all light sources Red, Green and
Blue are turned on at the fourth sub-frame. Here, the
brightness of the back light can be varied as well as the input
value of the fourth sub-frame in “ST3”. For example, if the
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light source Red is to be turned on at the fourth sub-frame
and the luminance of the light source Red is changed from
the gray level 128 into the gray level 110, the image signal
expressed as “(R,G,B)=(200,50,50)" can be converted to
“(R,G,B,X)=(90,50,50,110)" as well as “(R,G,B,X)=(72,50,
50,128). In addition, a selection condition that the average
luminance value should be larger than the gray level 128 can
be changed, and although the algorithm in the example of
FIG. 9 is made on the basis of an average luminance of the
full screen, the selection of the color to be displayed in the
fourth sub-frame can be made on the basis of the maximum
luminance of the full screen. The steps “ST2” and “ST3” are
controlled by the image signal processor. (shown in FIG. 7).
The back light for the present invention is selected from the
wave guide mode or the directly-underlaid mode described
in FIGS. 3A and 3B, and the on-and-offs of light sources
can be controlled by the image signal processor. Even
though the algorithm of FIG. 9 is one of embodiments
suggested in order to explain the present invention, various
algorithms having different conditions can be made in the
method of color image display for the present invention
without departing from the spirit or scope of the invention.

[0047] FIG. 10 is a plan view showing divided driving
areas of the field sequential liquid crystal display device
according to the present invention. The liquid crystal panel
200 may be divided into n number of divided driving areas
“N1”, “N2”, . .., “Nn”. The number of driving areas n is
dependent on the degree of resolution of the liquid crystal
display device and response time of the liquid crystal. The
driving speed and the luminance of the liquid crystal display
device according to the present invention can be increased
by dividing a driving area and turning on each of light
sources Red, Green and Blue for every divided driving area,
whereas in the conventional field sequential liquid crystal
display device, each of light sources is turned on one time
for a frame as described in FIG. 4B. In addition, the one
frame is divided into four sub-frames having a period of
one-fourth of one frame period. Both the number of divided
driving areas for liquid crystal panel and the number of light
sources Red, Green and Blue of the back light do not need
to be the same, and the number of divided driving areas for
light sources Red, Green and Blue of the back light may
actually be designed with a fewer number.

[0048] FIG. 11 is a schematic diagram illustrating a driv-
ing method for divided driving areas for a field sequential
liquid crystal display device according to the present inven-
tion. As shown in the figure, the back light is turned on after
the response of thin film transistor T and liquid crystal at
every divided driving area. A period of a sub-frame consists
of a scanning time, a response time of the liquid crystal and
a flashing time of the back light. This relation can numeri-
cally be expressed as follow:

Yaf (220)=t1pp(222)+1 (224)+tg; (226)

where f is a frame frequency, tpy is a scanning time for all
thin film transistors of sub-frame, t; .. is a response time of
the assigned liquid crystal, and t;; is a flash time of the back
light. The scanning time of thin film transistors of each light
source for all the divided driving areas is tppr (221). When
the back light is turned on in a sequence of R, G, B and X,
each of light sources is turned on in a sequence as follows:

R of NI,Rof N2,...,Rof Nn, Gof N1, G of N2,
...,GofNn, Bof N1,BofN2,...,B of Nn, X of
N1, X of N2, ..., X of Nn.
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[0049] The light source X is a light source which is made
from the combination of light sources of three or fewer
colors of R, G and B and is to be turned on at the fourth
sub-frame. The second divided driving area N2 is decided by
the degree of resolution of a screen and response time of the
liquid crystal. A time interval ty (300) between driving
sections of a previous light source and a next light source is
also dependent on the degree of resolution of the screen and
the response time of the liquid crystal. This time interval t,
(300) is formed between driving sections of light sources of
divided driving areas from N2 to Nn, but not in the first
divided driving area N1. The time interval t;, (300) is formed
in order to remove an effect of a leakage of light generated
when the back light is flashed before the liquid crystal for
next light source is aligned, and the value of the time interval
tp (300) is dependent on the response time of the liquid
crystal. For example, when Optically Compensated Bire-
fringent (OCB) mode is selected for the liquid crystal the
time interval t, (300) may be 0.5~1 msec. Because four light
sources Red, Green, Blue and X are used in the present
invention, it is possible to accomplish a higher luminance.
And because it is possible to compensate a retarded response
time of the liquid crystal and thus protect the leakage of light
by driving the liquid crystal display device according to
divided driving areas, the present invention can provide a
liquid crystal display device having an image of higher
qualities.

[0050] FIG. 12 is a schematic diagram showing a color
coordinates of a color gamut of the field sequential liquid
crystal display device according to the present invention. If
only light sources Red, Green and Blue are used for the
liquid crystal display device, a color range that can be
actually displayed is narrower than a color range that a
human observer can perceive. But if a light source display-
ing a fourth color is added, a color gamut that can be
displayed is able to be broadened. As shown in the figure,
four dots (R, G, B and C') mean positions of color coordi-
nates of light sources Red, Green, Blue and C'. A color
coordinate region I is formed with light sources Red, Green
and Blue and a color coordinate region II is formed with the
fourth color C' added. Because the color coordinate region
11 cannot be made with only three light sources Red, Green
and Blue, the color gamut that can be displayed becomes
broadest when the color C' is close to the color Cyan, which
is between a color of Green and Blue. That is, if four light
sources Red, Green, Blue and C' are used, and the light
source C' is turned on at the fourth sub-frame, the color
gamut that is to be displayed can be broadened. The field
sequential liquid crystal display device according to the
FIG. 12 has a same structure as that of the field sequential
liquid crystal display device according to the FIG. 7, but the
present embodiment according to the FIG. 12 has four light
sources for four colors.

[0051] A display device including light sources Red,
Green and Blue and being sequentially driven according to
the present invention will be taken for an example in the
following. FIGS. 13A and 13B are schematic diagram
illustrating a projector system, for example, among field
sequential liquid crystal display devices according to the
present invention. The projector system is one of color
image display devices which enlarges and then projects
various moving images or stationary images transmitted
from such electronic goods as video player, television set
and computer, and is expected to be broadly used for
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domestic uses, for example, at various meetings or playing
movies in the small theater. FIG. 13A shows a reflective
type projector system and this field sequential reflective
projector system 310 comprises an image generator 312,
light sources Red, Green and Blue 314 sequentially driven
and for irradiating light to the image generator 312, a
dichroic mirror 316 for gathering and transmitting a light
from light sources 314 to the image generator 312, alens 317
for enlarging and controlling an image formed at the image
generator 312, and a screen 318 to which the image of the
image generator 312 is projected through the lens 317. A
reflective type liquid crystal display device and Digital Light
Processing (DLP) devices, for example, may be used for the
image generator 312 of the reflective type projector system.
Though the reflective type liquid crystal display device is an
image display device displaying an image using external
light without the back light, the liquid crystal display device
used for the reflective type projector system displays an
image using light sources Red, Green and Blue. Because the
Digital Light Processing (DLP) device is an image display
device displaying an image using the principle of reflection
of a mirror, the efficiency of use of light is high.

[0052] FIG. 13B shows a transmissive type projector
system and this field sequential transmissive projector sys-
tem 320 comprises an image generator 322, light sources
Red, Green and Blue 324 sequentially driven for irradiating
light to the image generator 322, a dichroic mirror 326
gathering and transmitting a light from light sources 324 to
the image generator 322, a lens 328 for enlarging and
controlling an image formed at the image generator 322, and
a screen 330 to which the image of the image generator 322
is projected through the lens 328. A transmissive liquid
crystal display device, i.e., a conventional liquid crystal
display device, may be used for the image generator of the
transmissive type projector system. Though the light sources
Red, Green and Blue are disposed in a triangular form in
FIGS. 13A and 13B, they can be disposed in a different
configuration, as can be recognized by one of ordinary skill
in the art.

[0053] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the field
sequential liquid crystal display device and the method of
color image display of the present invention without depart-
ing from the spirit or scope of the invention. Thus, it is
intended that the present invention cover the modifications
and variations of this invention provided they come within
the scope of the appended claims and their equivalents.

1-17. (canceled)

18. A method of color image display for a field sequential
liquid crystal display device including an image signal
processor, comprising:

dividing a liquid crystal panel into n numbers of driving
areas;

turning on each of light sources Red, Green and Blue
sequentially for every divided driving area; and

providing a time interval between driving sections of a
previous light source and a next light source, wherein
the time interval is formed from a second divided
driving area.
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19. (canceled)

20. The method according to claim 18, wherein if an
Optically Compensated Birefringence (OCB) mode is
selected for a liquid crystal, the time interval is in the range
of about 0.5 msec~1 msec.

21. The method according to claim 18, wherein the
number n of divided driving areas is dependent on a degree
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of a resolution of a liquid crystal display device and a
response time of the liquid crystal.

22. The method according to claim 18, wherein a lighting
time of a back light is dependent on a degree of resolution
of the liquid crystal display device and a response time of the
liquid crystal.
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