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(54) Display device with high frame rate capability

(57) A display device arranged to display an image
according to input data (I) according to a color sequential
scheme. A display panel (DP), e.g. a TFT LCD panel,
with a matrix of pixels (GP1, GP2) controlled by a control
circuit (CC). The control circuit (CC) comprises separate
first and second data lines (DL1, DL2) connected to re-
spective first and second sets of pixels (GP1, GP2). Sep-
arate gate lines (G_L, G_R) may be provided to the two
sets of pixels (GP1, GP2). The control circuit (CC) con-

trols the first and second data lines (DL1, DL2) so as to
separately refresh the two sets of pixels (GP1, GP2).
Especially, the two sets of pixels (GP1, GP2) may be
simultaneously refreshed, e.g. simultaneous refreshing
of pairs of even number horizontal pixel lines (L2, L4,
L1080) and odd number horizontal pixel lines (L1, L3,
L1079). This can save 50% of scanning time, and thus
increase frame rate capacity of the display device and
further reduce color breakup and image flicker.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the field of dis-
play devices, more specifically, the invention relates to
a Liquid Crystal Display (LCD) display and a method for
driving an LCD display which allows a capability of han-
dling high frame rates.

BACKGROUND OF THE INVENTION

[0002] A display device operating according to Field
Sequential Color (FSC) technology only needs one pixel,
"RGB" sub-pixels do not exist in FSC. This means that
the number of source data lines in the FSC approach is
reduced by 1/3 as compared to a conventional "RGB"
TFT panel. However, with display devices operating ac-
cording to FSC principle, an image quality problem is
associated with the sequential display of the primary
colors, often red, green, and blue. The problem is called
"color breakup". This artefact, also referred to as the rain-
bow effect or color flash effect, is induced by the fact that
in a sequential-color system the different color compo-
nents of an image do not necessarily fall on the same
location on the retina.
[0003] Color breakup can be largely alleviated by in-
creasing the refresh rate from 60 Hz to about 540 Hz or
even more. However, with conventional Thin Film Tran-
sistor (TFT) LCD panels, required frame rates of at least
540 Hz are not yet feasible.
[0004] This problem by FSC display devices is even
more pronounced, in case the display device is arranged
for displaying 3D images, where typically a double frame
rate is required compared to normal 2D images, namely
temporally adjacent frames intended for respective left
eye and right eye of the viewer. To avoid serious left-right
cross-talk, and thus a poor 3D effect, the refresh speed
requirement of the display is thus even higher for 3D im-
age reproduction.

SUMMARY OF THE INVENTION

[0005] In line with the above description, a high frame
rate capability is generally desirable for FSC display de-
vices in order to produce high quality images. Thus, it
would be advantageous to provide a FSC display device
capable of providing a refresh rate higher than possible
with known techniques.
[0006] In a first aspect, the invention provides a display
device arranged to receive input data and to display an
image accordingly, the display device comprising

- a display panel comprising a matrix of pixels ar-
ranged for being driven according to a color sequen-
tial scheme, and

- a control circuit arranged to control the pixels accord-
ing to the input data, wherein the control circuit com-

prises separate first and second data lines connect-
ed to respective first and second sets of pixels, and
wherein the control circuit is arranged to control the
first and second data lines so as to separately refresh
the first and second sets of pixels.

[0007] By providing a cell structure of the display de-
vice with separate data lines to two groups of pixels, it is
possible to apply a scanning scheme which ensures a
simultaneous scanning of the two pixel groups. Effective-
ly, this means that the charging time is reduced by 50%,
and thus a doubling of the refresh rate of the pixels can
be obtained compared to prior art techniques. This ena-
bles an increased frame rate capability of the FSC display
device, e.g. TFT based LCD devices, and allows im-
proved image quality with reduced color breakup and im-
age flicker effects.
[0008] It is to be understood that the input data may
be in any known form of image data, either conventional
two dimensional (2D) image data or three dimensional
(3D) image data. In case of 3D images based on pres-
entation of sequential left-right images, the increased
frame rate capability of the display device will result in
presentation of 3D images with reduced left-right cross-
talk, and thus improve the 3D image effect.
[0009] In preferred embodiments, the control circuit is
arranged to control the first and second data lines simul-
taneously so as to simultaneously refresh the first and
second sets of pixels. With simultaneous refreshing of
both groups of pixels, which is possible with the display
device of the invention, the maximum increase in refresh
speed is obtained. However, it is to be understood that
a small delay between the refreshing of the first and sec-
ond sets of pixels may be used, if desired.
[0010] The separate first and second data lines of the
display panel may be connected to respective even hor-
izontal lines of pixels and odd horizontal lines of pixels.
Thus, in this embodiment, two groups of pixels are
formed: even horizontal lines (i.e. line numbers 2, 4, 6...)
in one group, and odd horizontal lines (i.e. line numbers
1, 3, 5...) in another group. This allows different possibil-
ities of scanning schemes where these two groups of
pixels are refreshed simultaneously. Especially, the dis-
play panel may comprise separate first and second gate
line groups for the respective even horizontal lines of
pixels and odd horizontal lines of pixels. Simultaneous
scanning includes the use of different write timings /
speeds for odd and even lines. A timing difference be-
tween odd and even line scanning may be used for black
or grey line insertion which may be faster in nature than
average video content scanning. Thus, although the gen-
eral frame rate of the display will not change, the scanning
scheme may be so that even lines are refreshed at a
different speed (timing) than the odd lines.
[0011] The control circuit may be arranged to control
scanning of horizontal lines of pixels according to one of
the scanning schemes:
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1) scanning odd horizontal lines of pixels from top to
bottom and simultaneously scanning even horizontal
lines of pixels from bottom to top, or
2) scanning even horizontal lines of pixels from top
to bottom and simultaneously scanning odd horizon-
tal lines of pixels from bottom to top.

[0012] Alternatively, the control circuit may be ar-
ranged to control scanning of horizontal lines of pixels
according to one of the scanning schemes:

1) scanning even horizontal lines of pixels and si-
multaneously scanning odd horizontal lines of pixels
being adjacent to said even horizontal lines of pixels
from top to bottom, or
2) scanning even horizontal lines of pixels and si-
multaneously scanning odd horizontal lines of pixels
being adjacent to said even horizontal lines of pixels
from bottom to top.

[0013] According to another embodiment, the display
panel comprises separate first and second gate line
groups for the respective pairs of even horizontal lines
of pixels and pairs of odd horizontal lines of pixels. Es-
pecially, the control circuit may be arranged to simulta-
neously scan pairs of even horizontal lines of pixels and
pairs of odd horizontal lines of pixels from top to bottom
or from bottom to top. Such scanning scheme with simul-
taneous refreshing of two neighbor horizontal lines may
be preferred, in case correct motion portrayal is consid-
ered important. In the above embodiments, it is to be
understood of course that equivalent embodiments can
be formed with scanning schemes where "horizontal
lines of pixels" is simply replaced by "vertical lines of pix-
els".
[0014] The display device may be arranged to receive
input data comprising 3D image information and to dis-
play an image with 3D image attributes accordingly. Es-
pecially, said 3D image attributes are provided by the
display being arranged to display temporally separate
images intended for viewing by respective left eye and
right eye of a viewer. As mentioned, the high frame rate
capability of the display device allows sequential 3D im-
age presentation with reduces cross-talk and thus im-
proved 3D effect.
[0015] The display panel may comprise an LCD panel,
and especially, the LCD panel may be implemented as
a TFT panel.
[0016] The control circuit may be arranged to refresh
horizontal lines of pixels at a refresh rate of at least 400
Hz. However, it is to be understood that lower rates can
be used, if desired, e.g. 100 Hz or lower, and alternatively,
higher refresh rates may also be used, e.g. in the range
400-600 Hz, 600-1000 Hz or even higher, depending on
the selected display panel technology.
[0017] The display device may be a TV set, a computer
monitor, or any handheld device, e.g. a mobile device
with a display functionality, such as a tablet computer or

a mobile phone. As mentioned, the invention can be used
for display devices capable of presenting 2D as well as
for 3D images with a high image quality. In embodiments
where the invention is combined with blink and back light
scanning, 3D cross-talk may be further reduced.
[0018] It is to be understood, that the display device
can be implemented in several ways. The display device
may have the display panel and the control circuit placed
within one common housing, however the control circuit
may alternatively be placed in a separate unit and func-
tionally connected to the display panel. The display panel
may have different sizes and number of pixels. E.g. small
display devices for mobile equipment may be 1" to 12",
while monitors or TV sets may be such as 24" to 85", or
even larger. Especially, the display panel may have a
matrix of 1080 by 1920 pixels or an even higher resolu-
tion, thus enabling reproduction of full HD images. The
invention is also applicable for display of RGBW, RGBY,
or multi primary color pixels.
[0019] In a second aspect, the invention provides a
method for refreshing pixels of a matrix of pixels arranged
for displaying an image according to a color sequential
scheme, the method comprising

- providing separate first and second data lines con-
nected to respective first and second sets of pixels,
and

- controlling the first and second data lines so as to
separately refresh the first and second sets of pixels.

[0020] It is appreciated that the same advantages and
embodiments of the first aspect apply as well for the sec-
ond aspect. In general the first and second aspects may
be combined and coupled in any way possible within the
scope of the invention. These and other aspects, features
and/or advantages of the invention will be apparent from
and elucidated with reference to the embodiments de-
scribed hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Embodiments of the invention will be described,
by way of example only, with reference to the drawings,
in which

Figure 1 shows a block diagram of a display device
embodiment,
Figure 2 illustrates data line and gate line configura-
tion of a full HD embodiment,
Figure 3 illustrates one possible scanning scheme
for the embodiment of Figure 2,
Figure 4 illustrates horizontal scanning timing for the
scanning scheme of Figure 3 compared to prior art,
Figure 5 illustrates another scanning scheme for the
embodiment of Figure 2,
Figure 6 illustrates horizontal scanning timing for the
scanning scheme of Figure 5 compared to prior art,
Figure 7 illustrates data line and gate line configura-
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tion of another full HD embodiment,
Figure 8, illustrates horizontal scanning timing for
the scanning scheme of Figure 7 compared to prior
art, and
Figure 9 illustrates a block diagram of a method em-
bodiment.

DESCRIPTION OF EMBODIMENTS

[0022] FIG. 1 illustrates in block diagram form a simple
display device embodiment taking an image input signal
I and displays an image accordingly. The display device
has a display panel DP with a matrix of pixels arranged
for operation according to a FSC principle. A control cir-
cuit CC with separate data lines DL1, DL2 are connected
to respective groups of pixels GP1, GP2. For a full HD
display panel e.g. two data lines can be provided for each
vertical line of pixels. The control circuit CC is arranged
to separately refresh the two groups of pixels GP1, GP2,
and especially the control circuit CC may operate accord-
ing to a scanning scheme where at least one pixels in
both of the two groups of pixels GP1, GP2 are refreshed
simultaneously. Hereby, the total refresh time is reduced
if is assumed that the charging time for each pixel is main-
tained, and thus frame rate capacity of the display device
is double compared to prior art technique. In principle,
the pixels may be divided.
[0023] FIG. 2 illustrates one concept for data line DL
and gate line G_L, G_R configuration of a display device
embodiment, e.g. a TFT based LCD display device ar-
ranged to operate according to an FSC principle. As
seen, there are two separate data lines D1, D2 for each
vertical line of pixels P1, and two gate lines G_L, G_R
each connected to half of the horizontal lines of pixels.
One gate line G_L is connected to odd horizontal lines
of pixels L1, L3, L1079, while the other gate line G_R is
connected to even horizontal lines of pixels L2, L4,
L1080. Charging of even line pixels L2, L4, L1080 and
odd line pixels L1, L3, L1079 is done simultaneously by
the respective even and odd gates line drivers G_R, G_
L. In this way full addressing of a display panel can be
done in half of the normal time.
[0024] In case of a Full HD panel, the total number of
data lines DL is 1920 x 2 = 3840 lines, a reduction of 33%
as compared to the number of data lines in conventional
"RGB" TFT panels. The number of gate lines will remain
the same, i.e. 1080 lines in case of a FHD display, how-
ever, split up in two groups for even and odd lines (2*
540 lines). Writing an even L2, L4, L1080 and corre-
sponding odd line L1, L3, L1079 simultaneously means
that the display addressing is done in half the time ena-
bling the double refresh rate of 480 Hz compared to a
conventional 240 Hz case.
[0025] The electrical capacity of each data path for
each data line DL is in this case per definition 50% of
conventional (each data line drives 540 pixels), the elec-
trical resistance, given the same data line design, is
equal, therefore the timing in the display for charging the

TFT cell is halved. Thus, from an electrical point of view
doubling the timing would also be possible.
[0026] With the introduction of two separate gate drive
groups, each for 540 lines, there is the possibility to de-
viate from conventional top-down scanning, and the con-
figuration concept of FIG. 2 allows several scanning
schemes, since the two groups of pixels can be sepa-
rately addressed.
[0027] FIG. 3 illustrates one possible scanning scheme
for the embodiment of FIG. 2, namely scanning of odd
lines pixels L1, L3, L1079 from top to bottom and simul-
taneously scanning of even lines pixels L2, L4, L1080
from bottom to top. Such scanning scheme is beneficial
for reducing image flicker which could be visible in FSC
systems, especially at lower refresh rates.
[0028] FIG. 4 illustrates a timing diagram showing tim-
ing for the scanning scheme of FIG. 3 as well as the
scanning timing for a conventional display device, indi-
cated as "PRIOR ART". Where conventional scanning of
all 1080 lines takes time T, simultaneous scanning of two
lines, i.e. one even number horizontal line and one odd
number horizontal line, the total scanning of the 1080
lines is completed in half the time T, i.e. T/2. The charging
time for each line is the same in both cases.
[0029] FIG. 5 illustrates another possible scanning
scheme for the embodiment of FIG. 2, namely simulta-
neous scanning of a pair of neighbor horizontal lines, i.e.
one pair being L1 and L2, the next pair being L3 and L4,
and scanning is performed from top to bottom. This scan-
ning scheme may be preferred since it preserves a more
correct motion portrayal.
[0030] FIG. 6 illustrates a timing diagram showing tim-
ing for the scanning scheme of FIG. 5, again compared
to scanning in a conventional display device, indicated
as "PRIOR ART". As before, where scanning takes time
T for all 1080 lines according to a conventional scanning
scheme, the same charging time will result in a total of
half the scanning time T/2 since simultaneous scanning
of two lines is performed.
[0031] FIG. 7 illustrates another concept for data line
and gate line configuration, namely with separate data
lines DL and one gate line G for an even and odd pair
L1, L2 and L3, L4 horizontal screen line. As in FIG. 2, a
double number of datalines D1, D2 is used per vertical
pixel line P1, thus making a total of 3840 data lines DL
for a full HD display panel.
[0032] FIG. 8 illustrates a timing diagram showing tim-
ing for the configuration of FIG. 7 compared to a conven-
tional display device. Again, scanning of two lines simul-
taneously, here pairs of one even and one odd horizontal
line allows completion of a scanning in time T/2 compared
to time T for a conventional scanning scheme.
[0033] FIG. 9 illustrates steps of a method embodi-
ment, i.e. a method for refreshing pixels of a matrix of
pixels arranged for displaying an image according to a
color sequential scheme. In one step P_DL1, a first data
line connected to a first set of pixels is provided, an in
another step P_DL2, a second data line connected to a
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second set of pixels is provided. Then, two steps R_SG1,
R_SG2 are simultaneously performed: controlling the
first data line to refresh a first group of pixels R_SG1,
and controlling the second data line to refresh a second
group of pixels R_SG2.
[0034] To sum up, the invention provides a display de-
vice arranged to display an image according to input data
I according to a color sequential scheme. A display panel
DP, e.g. a TFT LCD panel, with a matrix of pixels GP1,
GP2 controlled by a control circuit CC. The control circuit
CC comprises separate first and second data lines DL1,
DL2 connected to respective first and second sets of pix-
els GP1, GP2. Separate gate lines G_L, G_R may be
provided to the two sets of pixels GP1, GP2. The control
circuit CC controls the first and second data lines DL1,
DL2 so as to separately refresh the two sets of pixels
GP1, GP2. Especially, the two sets of pixels GP1, GP2
may be simultaneously refreshed, e.g. simultaneous re-
freshing of pairs of even number horizontal pixel lines
L2, L4, L1080 and odd number horizontal pixel lines L1,
L3, L1079. This can save 50% of scanning time, and thus
increase frame rate capacity of the display device and
further reduce color breakup and image flicker.
[0035] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations to the disclosed embodiments can be understood
and effected by those skilled in the art in practicing the
claimed invention, from a study of the drawings, the dis-
closure, and the appended claims. In the claims, the word
"comprising" does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a
plurality. A single processor or other unit may fulfill the
functions of several items recited in the claims. The mere
fact that certain measures are recited in mutually different
dependent claims does not indicate that a combination
of these measured cannot be used to advantage. A com-
puter program may be stored/distributed on a suitable
medium, such as an optical storage medium or a solid-
state medium supplied together with or as part of other
hardware, but may also be distributed in other forms,
such as via the Internet or other wired or wireless tele-
communication systems. Any reference signs in the
claims should not be construed as limiting the scope.

Claims

1. A display device arranged to receive input (I) data
and to display an image accordingly, the display de-
vice comprising

- a display panel (DP) comprising a matrix of
pixels (GP1, GP2) arranged for being driven ac-
cording to a color sequential scheme, and
- a control circuit (CC) arranged to control the

pixels (GP1, GP2) according to the input data
(I), wherein the control circuit (CC) comprises
separate first and second data lines (DL1, DL2)
connected to respective first and second sets of
pixels (GP1, GP2), and wherein the control cir-
cuit (CC) is arranged to control the first and sec-
ond data lines (DL1, DL2) so as to separately
refresh the first and second sets of pixels (GP1,
GP2).

2. Display device according to claim 1, wherein the con-
trol circuit (CC) is arranged to control the first and
second data lines (DL1, DL2) simultaneously so as
to simultaneously refresh the first and second sets
of pixels (GP1, GP2).

3. Display device according to claim 1, wherein the sep-
arate first and second data lines (DL1, DL2) of the
display panel are connected to respective even hor-
izontal lines (L1, L4, L1080) of pixels and odd hori-
zontal lines of pixels (L1, L3, L1079).

4. Display device according to claim 3, wherein the dis-
play panel comprises separate first and second gate
line groups (G_L, G_R) for the respective even hor-
izontal lines of pixels (L2, L4, L1080) and odd hori-
zontal lines of pixels (L1, L3, L1079).

5. Display device according to claim 4, wherein the con-
trol circuit (CC) is arranged to control scanning of
horizontal lines of pixels according to a scanning
scheme being one of:

- scanning odd horizontal lines of pixels (L1, L3,
L1079) from top to bottom and simultaneously
scanning even horizontal lines of pixels (L2, L4,
L1080) from bottom to top, or
- scanning even horizontal lines of pixels (L2,
L4, L1080) from top to bottom and simultane-
ously scanning odd horizontal lines of pixels (L1,
L3, L1079) from bottom to top.

6. Display device according to claim 4, wherein the con-
trol circuit is arranged to control scanning of horizon-
tal lines of pixels according to a scanning scheme
being one of:

- scanning even horizontal lines of pixels (L2,
L4, L1080) and simultaneously scanning odd
horizontal lines of pixels (L1, L3, L1079) being
adjacent to said even horizontal lines of pixels
(L2, L4, L1080) from top to bottom, or
- scanning even horizontal lines of pixels (L2,
L4, L1080) and simultaneously scanning odd
horizontal lines of pixels (L1, L3, L1079) being
adjacent to said even horizontal lines of pixels
from bottom to top.
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7. Display device according to claim 3, wherein the dis-
play panel comprises separate first and second gate
line groups (G_L, G_R) for the respective pairs of
even horizontal lines of pixels (L2, L4, L1080) and
pairs of odd horizontal lines of pixels (L1, L3, L1079).

8. Display device according to claim 7, wherein the con-
trol circuit is arranged to simultaneously scan pairs
of even horizontal lines of pixels (L2, L4, L1080) and
pairs of odd horizontal lines of pixels (L1, L3, L1079)
from top to bottom or from bottom to top.

9. Display device according to claim 1, being arranged
to receive input data (I) comprising three dimensional
image information and to display an image with three
dimensional image attributes accordingly.

10. Display device according to claim 9, wherein said
three dimensional image attributes are provided by
the display being arranged to display temporally sep-
arate images intended for viewing by respective left
eye and right eye of a viewer.

11. Display device according to claim 1, wherein the dis-
play panel (DP) comprises a Liquid Crystal Display
panel.

12. Display device according to claim 3, wherein the Liq-
uid Crystal Display panel is implemented as a Thin
Film Transistor panel.

13. Display device according to claim 1, wherein the con-
trol circuit is arranged to refresh horizontal lines of
pixels at a refresh rate of at least 400 Hz.

14. Display device according to claim 1, being one of: a
TV set, a computer monitor, and a hand-held device.

15. Method for refreshing pixels of a matrix of pixels ar-
ranged for displaying an image according to a color
sequential scheme, the method comprising

- providing separate first and second data lines
connected to respective first and second sets of
pixels, and
- controlling the first and second data lines so
as to separately refresh the first and second sets
of pixels.
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