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(54) Colour display

(57) A colour sequential display method and appa-
ratus that reduces or eliminates colour breakup. In a giv-
en frame (21) an illumination source (4) provides a first
illumination colour, e.g. green, in a first subframe (31), a
second illumination colour e.g. red, in a third subframe
(33), and both the first and second illumination colours
simultaneously in a second subframe (32) to provide a

third mixed illumination colour. Also in the given frame
(21) the pixel is driven either: (a) during the first subframe
(31) to display the first colour; or (b) during the third sub-
frame (33) to display the second colour; or (c) at least
during the second subframe (32) to display the third col-
our. Colour breakup of the mixed colour is thereby re-
duced, or if choice (c) is carried out only during the second
subframe (32), will tend to be eliminated.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to colour sequen-
tial display devices or systems, and drivers therefor, and
to driving or addressing methods for such display devices
or systems.

BACKGROUND

[0002] Colour sequential display devices exploit the
eye’s response time by presenting different primary col-
ours in rapid succession at a given pixel to give the per-
ception of a single display colour represented by the dif-
ferent primaries for the given pixel. This is in contrast to
e.g. colour display devices with different coloured sub-
pixels for each pixel where a perception of a single display
colour for the given pixel is provided by simultaneous
presentation of the different primaries by the respective
sub-pixels of the pixel.
[0003] A known problem with colour sequential display
devices is that of colour breakup. If the speed of eye
movement during the colour sequence is sufficiently high
compared to the frame rate at which the different colours
in the sequence are being presented then the eye move-
ment causes sufficient separation of the different primary
colours on the retina for the viewer to perceive breakup
of colour in the image, i.e. the different primary colours
separate out in the perceived image. The problem of col-
our breakup is particularly marked in display applications
where rapid eye movement is to be expected, for example
in the case of head-up displays.
[0004] Various approaches to compensating for or re-
ducing colour breakup have been disclosed. Many in-
volve shifting the colour information to compensate for
eye movement, as disclosed for example in US patent
no. 5,684,498.

SUMMARY OF THE INVENTION

[0005] In a first aspect, the present invention provides
a colour sequential display method, the method compris-
ing, in a given frame: an illumination source providing
illumination to a display panel, wherein the provided illu-
mination, for each of a first subframe, a second subframe
and a third subframe of the frame each occupying a sep-
arate respective temporal part of the frame but not nec-
essarily in that order, comprises: (i) substantially only a
first illumination colour in the first subframe; (ii) substan-
tially only a second illumination colour in the third sub-
frame; and (iii) both the first illumination colour and the
second illumination colour provided simultaneously in the
second subframe to provide a third illumination colour,
the third illumination colour being an illumination colour
provided by mixing of the first and second illumination
colours; and the method further comprising, in the given
frame: driving a given pixel either: (a) during the first sub-

frame to display a first output colour corresponding to the
first illumination colour; or (b) during the third subframe
to display a second output colour corresponding to the
second illumination colour; or (c) at least during the sec-
ond subframe to display a third output colour correspond-
ing to the third illumination colour.
[0006] The step (c) of driving the given pixel at least
during the second subframe to display the third output
colour corresponding to the third illumination colour may
comprise driving the given pixel substantially only during
the second subframe to display the third output colour
corresponding to the third illumination colour.
[0007] The first illumination colour may be green, and
the second illumination colour may be red, in which case
the third mixed illumination colour would be provided by
mixing the green and the red.
[0008] The first illumination colour, the second illumi-
nation colour, and the third mixed illumination colour may
be the only illumination colours provided by the illumina-
tion source, and the first, second and third output colours
may be the only colours output by the display. Another
possibility is that further illumination colours with further
corresponding output colours may be provided in further
subframes of the frame.
[0009] The method may be for only or mainly display-
ing symbols.
[0010] In a further aspect, the present invention pro-
vides an illumination driver for driving an illumination
source of a colour sequential display device; the illumi-
nation driver arranged to, in a given frame in which a first
subframe, a second subframe and a third subframe of
the frame each occupy a separate respective temporal
part of the frame but are not necessarily in that order,
drive the illumination source to provide: (i) substantially
only a first illumination colour in the first subframe; (ii)
substantially only a second illumination colour in the third
subframe; and (iii) both the first illumination colour and
the second illumination colour provided simultaneously
in the second subframe to provide a third illumination
colour, the third illumination colour being an illumination
colour provided by mixing of the first and second illumi-
nation colours.
[0011] In a further aspect, the present invention pro-
vides a pixel driver for driving pixels of a colour sequential
display device; the pixel driver arranged to, in a given
frame in which a first subframe, a second subframe and
a third subframe of the frame each occupy a separate
respective temporal part of the frame but are not neces-
sarily in that order, drive a given pixel either: (a) during
the first subframe to display a first output colour that cor-
responds to a first illumination colour; or (b) during the
third subframe to display a second output colour that cor-
responds to a second illumination colour; or (c) at least
during the second subframe to display a third output col-
our, the third output colour corresponding to a third illu-
mination colour that is a mixture of the first illumination
colour of the second illumination colour.
[0012] In a further aspect, the present invention pro-
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vides a display driver for a colour sequential display de-
vice, the display driver comprising an illumination driver
and a pixel driver; the illumination driver arranged to, in
a given frame in which a first subframe, a second sub-
frame and a third subframe of the frame each occupy a
separate respective temporal part of the frame but are
not necessarily in that order, drive the illumination source
to provide: (i) substantially only a first illumination colour
in the first subframe; (ii) substantially only a second illu-
mination colour in the third subframe; and (iii) both the
first illumination colour and the second illumination colour
provided simultaneously in the second subframe to pro-
vide a third illumination colour, the third illumination col-
our being an illumination colour provided by mixing of the
first and second illumination colours; the pixel driver ar-
ranged to, in the given frame, drive the given pixel either:
(a) during the first subframe to display a first output colour
corresponding to the first illumination colour; or (b) during
the third subframe to display a second output colour cor-
responding to the second illumination colour; or (c) at
least during the second subframe to display a third output
colour, the third output colour corresponding to the third
illumination colour.
[0013] In the above driver aspects of the invention, the
choice (c) of driving the given pixel at least during the
second subframe to display the third output colour may
comprise driving the given pixel substantially only during
the second subframe to display the third output colour.
[0014] In the above driver aspects of the invention, the
first illumination colour may be green, and the second
illumination colour may be red, in which case the third
mixed illumination colour is provided by mixing the green
and the red.
[0015] In the above driver aspects of the invention, the
first illumination colour, the second illumination colour,
and the third mixed illumination colour may be the only
illumination colours and the first, second and third output
colours may be the only output colours. Another possi-
bility is further illumination colours with further corre-
sponding output colours may be provided in further sub-
frames of the frame.
[0016] In the above driver aspects of the invention, the
driver may be for driving a display that only or mainly
displays symbols.
[0017] In a further aspect, the present invention pro-
vides a colour sequential display device, comprising:an
illumination driver according to any of the above illumi-
nation driver aspects; an illumination source; a pixel driv-
er according to any of the above pixel driver aspects; and
a display panel; wherein: the illumination source is driven
by the illumination driver; the display panel is driven by
the pixel driver; and the display panel is illuminated by
the illumination source.
[0018] In a further aspect, the present invention pro-
vides a colour sequential display method and apparatus
in which in a given frame an illumination source provides
a first illumination colour, e.g. green, in a first subframe,
a second illumination colour e.g. red, in a third subframe,

and both the first and second illumination colours simul-
taneously in a second subframe to provide a third mixed
illumination colour. Also in the given frame the pixel is
driven either: (a) during the first subframe to display the
first colour; or (b) during the third subframe to display the
second colour; or (c) at least during the second subframe
to display the third colour.
[0019] Colour breakup of the mixed colour thereby
tends to be reduced, or if choice (c) is carried out only
during the second subframe, colour breakup tends to be
eliminated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Figure 1 is a schematic diagram of a colour sequen-
tial display device;

Figure 2 is a schematic illustration of an embodiment
of a driving scheme;

Figure 3 is a hypothetical driving scheme of a hypo-
thetical comparison device;

Figure 4 is a schematic illustration of a further em-
bodiment of a driving scheme; and

Figure 5 is a flowchart showing certain process steps
of an embodiment of a method of operating a colour
sequential display device.

DETAILED DESCRIPTION

[0021] Figure 1 is a schematic diagram of a first em-
bodiment of a colour sequential display device 1. The
display device 1 comprises a display panel 2, and an
illumination source 4 for illuminating the display panel 2.
[0022] In this embodiment the display panel 2 is an
active matrix addressed liquid crystal display panel. The
display panel 2 has a row and column array of pixels 6.
Only a few of the pixels 6 are shown for simplicity. In
itself, the display panel 2 is in effect a monochrome dis-
play panel. The display device 1 further comprises a pixel
driver circuit 8. The pixel driver circuit 8 is connected to
the pixels 6.
[0023] In this embodiment the illumination source 4 is
a projection lamp with a colour wheel. In operation the
projection lamp and colour wheel together provide col-
oured light 10 for illuminating the display panel 2. The
display device 1 further comprises an illumination driver
circuit 12. The illumination driver circuit 12 is connected
to the illumination source 4.
[0024] The display device 1 further comprises a display
controller 14 that in operation receives display data 16.
The display controller 14 is connected to the pixel driver
circuit 8 and the illumination driver circuit 12.
[0025] The display device 1 is operated as follows. Col-
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oured light 10 from the illumination source 4 enters the
display panel 2 and is modulated according to the trans-
mission characteristics of the pixels 6. Each pixel 6 is
provided with its respective display setting by an address-
ing scheme implemented by the pixel driver circuit 8 in
which rows of pixels 6 are driven one at a time, and each
pixel within that row is provided with its own setting by
different display data being applied to each column of
pixels. Each addressing of all the rows, with correspond-
ing application of display data to each column during each
addressing of a row, constitutes a first colour subframe
period during which a first colour of coloured light 10 is
provided by the illumination source 4. Then a following
addressing of all the rows, with corresponding application
of display data to each column during each addressing
of a row, constitutes a second colour subframe period
during which a second colour of coloured light 10 is pro-
vided. Then a following addressing of all the rows, with
corresponding application of display data to each column
during each addressing of a row, constitutes a third colour
subframe period during which a third colour of coloured
light 10 is provided. The first, second and third sequen-
tially applied colour subframe periods together provide a
full frame period. The provision by the illumination source
of the different colours of the coloured light 10 during the
respective colour subframe periods is implemented by
colour drive signals from the illumination driver circuit 12.
[0026] The display data 16 is provided to the display
controller 14 from an external source. The display data
16 is typically provided on a frame-by-frame basis. The
display controller 14 controls the operation of the pixel
driver circuit 8 and the illumination driver circuit 12, in-
cluding for example providing timing pulses, and for-
wards the display data to the pixel driver circuit 8.
[0027] Other details of the display device 1, except
where otherwise stated below in relation to the provision
of novel colour arrangements, are implemented in con-
ventional fashion, which is well known to the skilled per-
son in the field of colour sequential display devices.
[0028] As will be described in more detail with refer-
ence to Figure 2, in this embodiment, the provision of
novel colour arrangements comprises the illumination
source being provided such as to provide two basic illu-
mination colours, namely green and red, and these col-
ours being provided temporally such as to provide three
discrete display output colours, namely green, red and
yellow, and a novel driving scheme for the display panel
2 and the illumination source 4 is also provided.
[0029] Figure 2 is a schematic illustration of the driving
scheme, of this embodiment, for the display panel 2 and
illumination source 4. Three representative frames,
namely a first frame 21, a second frame 22 and a third
frame 23, are shown for a single pixel 6, by way of ex-
ample, against a time axis indicated by reference numer-
al 24. In this embodiment each frame is of 16 msec du-
ration. Each frame 21, 22, 23 is further shown divided
into its first, second and third colour subframe. Each col-
our subframe is of equal duration. More particularly, the

first frame 21 is divided into its first colour subframe 31,
its second colour subframe 32 and its third colour sub-
frame 33; the second frame 22 is divided into its first
colour subframe 41, its second colour subframe 42 and
its third colour subframe 33; and the third frame 23 is
divided into its first colour subframe 51, its second colour
subframe 52 and its third colour subframe 53.
[0030] In this driving scheme, driving operation is ap-
plied to the illumination source 4 under control of the il-
lumination driver circuit 12. This driving operation pro-
vides separate temporal control of the two basic illumi-
nation colours, namely green and red, of the illumination
source 4. In overview, the driving operation drives the
two basic illumination colours of the illumination source
4 differently (on a temporal basis) within each frame, i.e.
the green illumination is driven differently to the red illu-
mination, however, this driving operation is repeated in
the same form for each frame, i.e. from one frame to the
next.
[0031] Figure 2 shows a schematic plot (indicated by
reference numeral 70) of the driving operation applied to
the illumination source 4 in this embodiment. The driving
operation 70 comprises separate respective plots for the
two basic illumination colours of the illumination source
4, namely a schematic plot (indicated by reference nu-
meral 71) of the driving of the green illumination of the
illumination source 4 and a schematic plot (indicated by
reference numeral 72) of the driving of the red illumination
of the illumination source 4. The green illumination 71 is
provided, i.e. is "ON", during the duration of the first and
second colour subframe of each frame, and is not pro-
vided, i.e. is "OFF", during the duration of the third colour
subframe of each frame e.g. in the case of the first frame
21, the green illumination 71 is provided, i.e. is "ON" dur-
ing the duration of the first colour subframe 31 and the
second colour subframe 32, and is not provided, i.e. is
"OFF", during the duration of the third colour subframe
33. The red illumination 72 is provided differently to the
green illumination 71. In more detail, the red illumination
72 is provided, i.e. is "ON", during the duration of the
second and third colour subframe of each frame, and is
not provided, i.e. is "OFF", during the duration of the first
colour subframe of each frame e.g. in the case of the first
frame 21, the red illumination 72 is provided, i.e. is "ON"
during the duration of the second colour subframe 32 and
the third colour subframe 33, and is not provided, i.e. is
"OFF", during the duration of the first colour subframe
31. Overall, therefore, the driving operation 70 provides
only green illumination in the first colour subframe of each
frame, both green and red illumination simultaneously in
the second colour subframe of each frame, and only red
illumination in the third colour subframe of each framed.
The simultaneous provision of both green and red illumi-
nation in the second colour subframe of each frame pro-
vides therefore in effect yellow illumination. Thus for each
frame, the first, second and third colour subframes re-
spectively provide three colours of illumination, namely
green, yellow and red, which correspondingly provide the
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three above mentioned discrete display output colours.
[0032] Also in this driving scheme, in a given frame,
display data for only one of the discrete display output
colours, namely green, red and yellow, is provided. De-
pending on which discrete output colour is to be displayed
by the pixel in the given frame, the relevant display data
value is provided in the appropriate colour subframe. Fig-
ure 2 further shows an example schematic plot (indicated
by reference numeral 80) of display data provision. In
this embodiment, if the pixel 6 is to display green output
in a given frame, then the relevant display data value is
applied during the first colour subframe of the relevant
frame. In Figure 2 this is shown by way of example for
the first frame 21, hence the first colour subframe 31 of
the first frame 21 has a non-zero display data value,
whereas the display data values for the second colour
subframe 32 and the third colour subframe 33 are both
zero. Correspondingly, if the pixel 6 is to display red out-
put in a given frame, then the relevant display data value
is applied during the third colour subframe of the relevant
frame. In Figure 2 this is shown by way of example for
the second frame 22, hence the third colour subframe 43
of the second frame 22 has a non-zero display data value,
whereas the display data values for the first colour sub-
frame 41 and the second colour subframe 42 are both
zero. Correspondingly, if the pixel 6 is to display yellow
output in a given frame, then the relevant display data
value is applied during the second colour subframe of
the relevant frame. In Figure 2 this is shown by way of
example for the third frame 23, hence the second colour
subframe 52 of the third frame 23 has a non-zero display
data value, whereas the display data values for the first
colour subframe 51 and the third colour subframe 53 are
both zero.
[0033] Thus in operation, the display device 1 can dis-
play three separate output colours from only a two-col-
oured illumination source. The three separate output col-
ours are separately displayable from a single pixel using
the colour sequential process. However, the third or extra
colour (in this embodiment yellow) is produced from si-
multaneous mixing of the two basic illumination source
colours in a dedicated additional colour subframe that is
provided for this purpose. Thus there is no colour breakup
of the yellow display output colour. Thus, advantageously
a colour sequential display device is provided (with its
attendant advantages e.g. no need for colour sub-pixels),
in which three output colours are provided despite having
only two basic illumination colours (with attendant advan-
tages e.g. cost and space saving), and yet no colour
breakup occurs in the "mixed" colour.
[0034] The surprising advantages of the above de-
scribed device may further be appreciated by considering
a hypothetical comparison device which represents the
device that would result were a conventional colour se-
quential display device with three basic illumination col-
ours (green, red, blue) that are time sequentially mixed
to provide extra colours to be simplified to a device with
only two basic illumination colours (e.g. green and red)

arranged to provide three separate output colours of
green, red and yellow (=mixture of green and red), but
with the simplified device maintaining use of the conven-
tional colour sequence process for colour mixing. In such
a hypothetical case, the resulting device would have a
driving scheme as shown in Figure 3.
[0035] Three representative frames, namely a first
frame 121, a second frame 122 and a third frame 123,
are shown for a single pixel, by way of example, against
a time axis indicated by reference numeral 124. Each
frame is divided into a first (131, 141, 151) and a second
(132, 142, 152) colour subframe.
[0036] Figure 3 shows a schematic plot (indicated by
reference numeral 170) of the driving operation that
would be applied to an illumination source in this hypo-
thetical comparison device. The driving operation 170
comprises separate respective plots for the two basic
illumination colours of the illumination source, namely a
schematic plot (indicated by reference numeral 171) of
the driving of the green illumination of the illumination
source 4 and a schematic plot (indicated by reference
numeral 172) of the driving of the red illumination of the
illumination source. The green illumination 71 is provid-
ed, i.e. is "ON", during the duration of the first colour
subframe of each frame, and is not provided, i.e. is "OFF",
during the duration of the second colour subframe of each
frame e.g. in the case of the first frame 121, the green
illumination 171 is provided, i.e. is "ON" during the dura-
tion of the first colour subframe 131, and is not provided,
i.e. is "OFF", during the duration of the second colour
subframe 132. The red illumination 172 is not provided,
i.e. is "OFF", during the duration of the first colour sub-
frame of each frame, and is provided i.e. is "ON", during
the duration of the second colour subframe of each frame
e.g. in the case of the first frame 121, the red illumination
172 is not provided, i.e. is "OFF", during the duration of
the first colour subframe 131 and is provided, i.e. is "ON"
during the duration of the second colour subframe 132.
Overall, therefore, the driving operation 70 provides only
green illumination in the first colour subframe of each
frame, and only red illumination in the second colour sub-
frame of each framed. There is no simultaneous provision
of both green and red illumination in a separate dedicated
additional colour subframe, rather, in order to produce
yellow, the red and green would be mixed using the time
sequence approach as is explained in more detail in the
next paragraph.
[0037] Depending on which output colour were to be
displayed by the pixel in the given frame, the relevant
display data value would be provided in the appropriate
colour subframe. Figure 3 shows an example schematic
plot (indicated by reference numeral 180) of display data
provision. If the pixel were to display green output in a
given frame, then the relevant display data value would
be applied during the first colour subframe of the relevant
frame. In Figure 3 this is shown by way of example for
the first frame 21, hence the first colour subframe 131 of
the first frame 121 has a non-zero display data value,
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whereas the display data value for the second colour
subframe 132 is zero. If the pixel 6 were to display red
output in a given frame, then the relevant display data
value would be applied during the second colour sub-
frame of the relevant frame. In Figure 3 this is shown by
way of example for the second frame 122, hence the
second colour subframe 142 of the second frame 122
has a non-zero display data value, whereas the display
data value for the first colour subframe 141 is zero. If the
pixel were to display yellow output in a given frame, then
the relevant display data value is applied during both the
first and second colour subframe of the relevant frame.
In Figure 3 this is shown by way of example for the third
frame 123, hence both the first colour subframe 151 and
the second colour subframe 152 of the third frame 123
have non-zero display data values so that first the green
illumination will be provided then the red illumination,
these being perceived as yellow by the viewer under the
time sequential mixing approach. Hence such yellow dis-
play would suffer from colour breakup.
[0038] Returning now to discussion of the display de-
vice 1 embodiment as shown in Figures 1 and 2, one
application where this device is particularly advanta-
geous is where the display is used for displaying symbols,
particularly where the display is used for displaying main-
ly, or entirely, symbols. In such an application, the pres-
ence of just three colours may be sufficient, yet by pro-
viding the above described device, high light and power
efficiency can be achieved in a device that does not suffer
from colour breakup. For example, only two illumination
colour sources are required to produce three display col-
ours none of which suffer from colour breakup. Also, by
avoiding the use the use of blue illumination, the disad-
vantages of the low light/high power requirement for blue
is avoided.
[0039] In the above embodiment, there are two illumi-
nation colour sources and these produce three display
colours, none of which suffer from colour breakup. How-
ever, in other embodiments, more than two colour sourc-
es may be provided, resulting in more than three display
colours, none of which suffer from colour breakup. One
such embodiment will now be described with reference
to Figure 4.
[0040] In this further embodiment, the display device
1 is as shown in Figure 1 and as described with reference
thereto above, except that in this further embodiment the
illumination source provides three separate basic illumi-
nation colours, namely green, red and blue, and conse-
quently the display device provides seven separate out-
put colours, namely green, red, blue, cyan, yellow, ma-
genta, and white .
[0041] Figure 4 is a schematic illustration of the driving
scheme of this further embodiment. A single represent-
ative frame 221 is shown for a single pixel 6, by way of
example, against a time axis indicated by reference nu-
meral 224. In this embodiment each frame is of 40 msec
duration. Each frame is divided into seven colour sub-
frames. Each colour subframe is of equal duration. In this

example, the frame 221 is divided into its first colour sub-
frame 231, its second colour subframe 232, its third col-
our subframe 233; its fourth colour subframe 234, its fifth
colour subframe 235, its sixth colour subframe 236 and
its seventh colour subframe 237.
[0042] In particular, Figure 4 shows a schematic plot
(indicated by reference numeral 270) of the driving op-
eration applied to the illumination source 4 in this further
embodiment. The driving operation 270 comprises sep-
arate respective plots for the three basic illumination col-
ours of the illumination source 4, namely a schematic
plot (indicated by reference numeral 271) of the driving
of the green illumination of the illumination source 4, a
schematic plot (indicated by reference numeral 272) of
the driving of the red illumination of the illumination
source 4, and a schematic plot (indicated by reference
numeral 273) of the driving of the blued illumination of
the illumination source 4. The green illumination 271 is
provided, i.e. is "ON", during the duration of the first, sec-
ond, third and fifth second colour subframes of each
frame, and is not provided, i.e. is "OFF", during the du-
ration of the other colour subframes of the frame, i.e. the
fourth, sixth and seventh colour subframes of each frame.
The red illumination 272 is provided differently to the
green illumination 71. In more detail, the red illumination
272 is provided, i.e. is "ON", during the duration of the
third, fourth, fifth and sixth colour subframes of each
frame, and is not provided, i.e. is "OFF", during the du-
ration of the other colour subframes of the frame, i.e. the
first, second and seventh colour subframes of each
frame. The blue illumination 273 is provided, i.e. is "ON",
during the duration of the first, fifth, sixth and seventh
colour subframes of each frame, and is not provided, i.e.
is "OFF", during the duration of the other colour sub-
frames of the frame, i.e. the second, third and fourth col-
our subframes of each frame.
[0043] Overall, therefore, the driving operation 270
provides green and blue illumination simultaneously in
the first colour subframe of each frame, only green illu-
mination in the second colour subframe of each frame,
green and red illumination simultaneously in the third col-
our subframe of each framed, only red illumination in the
fourth colour subframe, green and red and blue illumina-
tion simultaneously in the fifth colour subframe, red and
blue illumination simultaneously in the sixth colour sub-
frame, and only blue illumination in the seventh colour
subframe. The simultaneous provision of both green and
blue illumination in the first colour subframe of each frame
provides in effect cyan illumination in that subframe. The
simultaneous provision of both green and red illumination
in the third colour subframe of each frame provides in
effect yellow illumination in that subframe. The simulta-
neous provision of both green and red and blue illumina-
tion in the fifth colour subframe of each frame provides
in effect white illumination in that subframe. The simul-
taneous provision of both red and blue illumination in the
sixth colour subframe of each frame provides in effect
magenta illumination in that subframe. Thus for each
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frame, the first, second, third, fourth, fifth, sixth and sev-
enth colour subframes respectively provide seven col-
ours of illumination, namely cyan (=green + blue), green,
yellow (=green + red), red, white (=green + red + blue),
magenta (=red + blue), and blue, which correspondingly
provide the above mentioned seven discrete display out-
put colours.
[0044] As in the case of the driving scheme described
earlier above with reference to Figure 2, in a given frame,
display data for only one of the discrete display output
colours, (here cyan, green, yellow, red, white, magenta,
and blue) is provided. Depending on which discrete out-
put colour is to be displayed by the pixel in the given
frame, the relevant display data value is provided in the
appropriate colour subframe, i.e. data for cyan is provid-
ed in the first colour subframe, data for green is provided
in the second colour subframe, data for yellow is provided
in the third colour subframe, data for red is provided in
the fourth colour subframe, data for white is provided in
the fifth colour subframe, data for magenta is provided
in the sixth colour subframe, or data for blue is provided
in the seventh colour subframe.
[0045] Thus in operation, the display device 1 of this
further embodiment can display seven separate output
colours from only a three-coloured illumination source.
The seven separate output colours are separately dis-
playable from a single pixel using the colour sequential
process. However, the four output colours that are made
by adding two or three of the illumination source colours
are produced from simultaneous mixing of the two or
three basic illumination source colours in respective ded-
icated additional colour subframes that are provided for
this purpose. Thus there is no colour breakup for these
four additive output colours. Thus, advantageously a col-
our sequential display device is provided (with its attend-
ant advantages e.g. no need for colour sub-pixels), in
which seven output colours are provided despite having
only three basic illumination colours (with attendant ad-
vantages e.g. cost and space saving), and yet no colour
breakup occurs in the "mixed" colours. These, and other,
advantages, may in particular applications make accept-
able a trade-off with reduced speed of operation that
would tend to be possible compared to the earlier de-
scribed two illumination colour embodiment, that may
therefore cause a degree of visible flicker. Another pos-
sibility is to use higher data rates.
[0046] Thus, as described above, various embodi-
ments of a method of operating a colour sequential dis-
play device are described. For further understanding,
Figure 5 is in the form of a flowchart and shows certain
process steps of this method, in particular for the driving
scheme shown in, and described above with reference
to, Figure 2 (i.e. a two illumination source colours/three
display output colours embodiment). The method is de-
scribed in terms of a given pixel, but the same steps are
applied to other (usually all) pixels of the display.
[0047] At step s2, it is determined which output colour
the pixel is to display in the next frame.

[0048] If at step s2 it is determined that the colour to
be displayed is a first output colour, then the process
moves to step s4. At step s4, the first colour is output i.e.
displayed by the pixel by driving the pixel during a first
subframe (of the frame) in which the illumination source
provides only the first illumination colour.
[0049] If at step s2 it is instead determined that the
colour to be displayed is the second output colour, then
the process moves instead to step s6. At step s6, the
second colour is output i.e. displayed by the pixel by driv-
ing the pixel during a third subframe (of the frame) in
which the illumination source provides only the second
illumination colour.
[0050] If at step s2 it is instead determined that the
colour to be displayed is the third output colour, then the
process moves instead to step s8. At step s8, the third
colour is output i.e. displayed by the pixel by driving the
pixel during a second subframe (of the frame) in which
the illumination source provides both the first and second
illumination colours simultaneously.
[0051] After whichever of steps s4, s6 and s8 is per-
formed, the process returns to step s2, i.e. the next frame
is performed (after any delay for other pixels, or e.g. rows
of pixels, to be driven) in the same way as the above
described frame, and so on.
[0052] In the description of the above embodiments it
has been assumed that the eventual output colours as
displayed by the display are exactly the same as the var-
ious individual and mixed illumination source colours pro-
vided by the illumination source. However, this need not
be the case, for example the display construction as a
whole may include colour filtering, refraction etc. effects
that result in the output colours not being of exactly the
same wavelength profile as the illumination source col-
ours. It will be appreciated by the skilled person that in
the above described embodiments the various output col-
ours may therefore correspond to the respective illumi-
nation source individual or mixed colours, i.e. be sub-
stantially the same, but not necessarily of exact wave-
length match, particularly when the illumination source
colours themselves are not individually monochromatic.
[0053] The various colours and colour combinations
used in the above described embodiments are not the
only possible ones. For example, although in the embod-
iment described above with reference to Figure 2 the two
illumination source colours are green and red, with re-
sulting output colours of green, red and yellow, never-
theless in other embodiments, other colours may be used
in e.g. for example another possibility for a two illumina-
tion source colours/three display output colours embod-
iment is to use red and blue as the two illumination source
colours.
[0054] The order within a frame in which the various
illumination source colours are driven (and correspond-
ing data provided) in the above described embodiments
are not the only possible ones, and in other embodiments
any other order may be used. For example, the sub-
frames when green and red illuminations are provided in
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the figure 2 embodiment may be swapped. A further pos-
sibility is that the mixed colour does not need to be pro-
vided in the second of the three subframes, e.g. the mixed
colour could instead be provided in the third subframe
by having e.g. the green illumination source on for the
second and third subframes only, and the red illumination
source on for the first and third subframes only. Of course,
similar variations, of which there are many possible per-
mutations, are possible with embodiments with more col-
ours, such as the embodiment described with reference
to Figure 4.
[0055] The number of display output colours described
for the above embodiments are not the only possibilities.
For example, the three illumination colour embodiment
of Figure 4 provides seven output colours by having ded-
icated subframes for each of the possible combinations
of those three illumination source colours. However, in
other embodiments, only some of those possible combi-
nations may be used, e.g. in the Figure 4 embodiment,
the white subframe may be omitted and instead the dis-
play only provide six colours overall making use of six
subframes per frame.
[0056] In the above described embodiments the differ-
ent illumination colours provided by the illumination
source are provided by use of a colour wheel a (and a
multi-wavelength light source). However, this need not
be the case, and in other embodiments any other appro-
priate form of providing different colours time sequentially
may be used. For example, different colour light sources
may be switched on and off or otherwise controllably
shuttered.
[0057] In the above described embodiment the display
panel is an active matrix liquid crystal display panel. How-
ever, this need not be the case, and in other embodiments
any other suitable display panel may be used, for exam-
ple a micromirror display device. Also, the display panel
may be reflective or transmissive. Furthermore, the dis-
play panel may be in a compact form where the illumi-
nation source is integrated in a flat panel form with the
display panel, or may be a projection display type display
panel, or indeed may be any other suitable type of display
panel.
[0058] The exemplary frame lengths used in the above
described embodiments are not essential, and on the
contrary any appropriate frame lengths may be used.
Preferably, to avoid flicker, the total frame time should
be less than visual system integration time.
[0059] In the above described embodiments the re-
spective subframes of a given pixel are of equal length.
However, this need not be the case, and in other embod-
iments one or more of the respective subframes of a given
pixel may be of different length to one or more other sub-
frames in the frame. Also, in the above described em-
bodiments the brightness level of the illumination of a
given colour provided by the illumination source is the
same for each illumination source colour. However, this
need not be the case, and in other embodiments, the
brightness level of the illumination of one or more of the

illumination source colours provided by the illumination
source may be different to that of one or more of the other
illumination source colours. By selection or control, either
in a predetermined design sense, or in a user controllable
sense, of either or both of the two variable discussed in
this paragraph, the relative brightness of different display
output colours may be controlled.
[0060] In Figures 2 and 4, and the descriptions thereof,
for simplicity it is assumed the illumination sources are
driven, and data is applied, for each subframe (where
the relevant data or colour driving is taking place), for
exactly the duration of the subframe i.e. from the start of
the subframe (but not before it) to the end of the subframe
(but not after it). However, this need not be the case, and
in practise and/or in other embodiments, such driving
may start shortly before or shortly after the start of a sub-
frame, and/or such driving may end shortly before or
shortly after the end of a subframe. In other words, it is
sufficient that for a substantial part of any given subframe
only the relevant colour data and colour illumination(s)
are driven, even if there is not perfect cutin and/or cut-off.
[0061] In the above embodiments various functional
parts of the display device are separately provided, and
arranged in connection to each other, as shown in, and
described with reference to, Figure 1. However, such di-
vision and connection is not the only possibility, for ex-
ample in other embodiments the functions of both the
pixel driver circuit and the illumination driver circuit may
be carried out by a single driver circuit, and the functions
of the display controller may be included in such a com-
bined driver, or in the case of separate drivers may in-
cluded in part in each such separate driver, and so on.
Likewise, the above described functions may be imple-
mented by modules or circuits of any appropriate form,
for example by adapting conventional apparatus and/or
providing additional modules or circuits. The apparatus
may be in the form of hardware, firmware, or software,
or a combination of these. The apparatus may comprise
one or more processors, for implementing instructions
and using data stored in a storage medium such as a
computer disk or PROM. More generally, it will be appre-
ciated that many arrangements of display device driving
circuits and so on exist in addition to the particular ex-
ample given in Figure 1, and accordingly the skilled per-
son will choose any appropriate arrangement according
to the particular requirements under consideration.
[0062] In further embodiments, the driving circuits are
arranged such that the display device can at certain times
be operated in the above described modes, and at other
times can be driven in conventional colour sequential dis-
play mode where e.g. a wider range of output colours are
provided by performing conventional time-mixing of col-
ours within a frame to provide a desired output colour.
These latter output colours would suffer from colour
breakup when moving relative to the eye. Nevertheless,
there may be applications where for some of the time a
reduced colour choice is acceptable but colour breakup
is to be avoided, whereas at other times more colour
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choice is required but colour breakup is less of concern.
For example, at certain times eye movement of the user
may be expected and at other times eye movement may
not be expected.
[0063] In further embodiments, the maximum bright-
ness of a mixed colour is increased by driving the pixel
throughout all the subframes where any of the colours
providing the mixed colour are provided by the illumina-
tion source. This will then provide a compromise between
increased brightness whilst reducing although not elim-
inating colour breakup. This approach may be applied at
all times for a given device. In other embodiments this
approach may be applied in a given device at certain
times, but not at other times, i.e. for some frames but not
all frames. This particular increased brightness driving
may, for example, be implemented only in alarm situa-
tions where noticing a displayed image, especially a sym-
bol, is particularly important. Also, this particular in-
creased brightness driving may be performed for just one
of the output colours e.g. a colour provided by simulta-
neous application of two illumination source colours.

Claims

1. A colour sequential display method, the method
comprising, in a given frame (121):

an illumination source (4) providing illumination
(10) to a display panel (2), wherein the provided
illumination, for each of a first subframe (31), a
second subframe (32) and a third subframe (33)
of the frame (21) each occupying a separate re-
spective temporal part of the frame but not nec-
essarily in that order, comprises:

(i) substantially only a first illumination col-
our in the first subframe (31);
(ii) substantially only a second illumination
colour in the third subframe (33); and
(iii) both the first illumination colour and the
second illumination colour provided simul-
taneously in the second subframe (32) to
provide a third illumination colour, the third
illumination colour being an illumination col-
our provided by mixing of the first and sec-
ond illumination colours;
and the method further comprising, in the
given frame:

driving a given pixel (6) either:

(a) during the first subframe (31) to
display a first output colour corre-
sponding to the first illumination
colour; or
(b) during the third subframe (33)
to display a second output colour

corresponding to the second illumi-
nation colour; or
(c) at least during the second sub-
frame (32) to display a third output
colour corresponding to the third il-
lumination colour.

2. A method according to claim 1, wherein the step (c)
of driving the given pixel (6) at least during the sec-
ond subframe (32) to display the third output colour
corresponding to the third illumination colour com-
prises driving the given pixel (6) substantially only
during the second subframe (32) to display the third
output colour corresponding to the third illumination
colour.

3. A method according to claim 1 or 2, wherein the first
illumination colour is green, the second illumination
colour is red, and the third mixed illumination colour
is provided by mixing the green and the red.

4. A method according to any of claims 1 to 3, wherein
the first illumination colour, the second illumination
colour, and the third mixed illumination colour are
the only illumination colours provided by the illumi-
nation source, and the first, second and third output
colours are the only colours output by the display.

5. A method according to any of claims 1 to 5, wherein
further illumination colours with further correspond-
ing output colours are provided in further subframes
of the frame.

6. A method according to any of claims 1 to 4, wherein
the method is for only or mainly displaying symbols.

7. An illumination driver for driving an illumination
source of a colour sequential display device;
the illumination driver (12) arranged to, in a given
frame (21) in which a first subframe (31), a second
subframe (32) and a third subframe (33) of the frame
(21) each occupy a separate respective temporal
part of the frame (21) but are not necessarily in that
order, drive the illumination source (4) to provide:

(i) substantially only a first illumination colour in
the first subframe (31);
(ii) substantially only a second illumination col-
our in the third subframe (33); and
(iii) both the first illumination colour and the sec-
ond illumination colour provided simultaneously
in the second subframe (32) to provide a third
illumination colour, the third illumination colour
being an illumination colour provided by mixing
of the first and second illumination colours.

8. A pixel driver for driving pixels of a colour sequential
display device;
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the pixel driver (8) arranged to, in a given frame (21)
in which a first subframe (31), a second subframe
(32) and a third subframe (33) of the frame (21) each
occupy a separate respective temporal part of the
frame (21) but are not necessarily in that order, drive
a given pixel (6) either:

(a) during the first subframe (21) to display a first
output colour that corresponds to a first illumi-
nation colour; or
(b) during the third subframe (33) to display a
second output colour that corresponds to a sec-
ond illumination colour; or
(c) at least during the second subframe (32) to
display a third output colour, the third output col-
our corresponding to a third illumination colour
that is a mixture of the first illumination colour of
the second illumination colour.

9. A display driver for a colour sequential display de-
vice, the display driver comprising an illumination
driver (12) and a pixel driver (8);
the illumination driver (12) arranged to, in a given
frame (21) in which a first subframe (31), a second
subframe (32) and a third subframe (33) of the frame
(21) each occupy a separate respective temporal
part of the frame but are not necessarily in that order,
drive the illumination source (4) to provide:

(i) substantially only a first illumination colour in
the first subframe (31);
(ii) substantially only a second illumination col-
our in the third subframe (33); and
(iii) both the first illumination colour and the sec-
ond illumination colour provided simultaneously
in the second subframe (32) to provide a third
illumination colour, the third illumination colour
being an illumination colour provided by mixing
of the first and second illumination colours;

the pixel driver (8) arranged to, in the given frame
(21), drive a given pixel (6) either:

(a) during the first subframe (31) to display a first
output colour corresponding to the first illumina-
tion colour; or
(b) during the third subframe (33) to display a
second output colour corresponding to the sec-
ond illumination colour; or
(c) at least during the second subframe (32) to
display a third output colour, the third output col-
our corresponding to the third illumination col-
our.

10. A driver according to claim 8 or 9, wherein the choice
(c) of driving the given pixel (6) at least during the
second subframe (32) to display the third output col-
our comprises driving the given pixel (6) substantially

only during the second subframe (32) to display the
third output colour.

11. A driver according to any of claims 7 to 10, wherein
the first illumination colour is green, the second illu-
mination colour is red, and the third mixed illumina-
tion colour is provided by mixing the green and the
red.

12. A driver according to any of claims 7 to 11, wherein
the first illumination colour, the second illumination
colour, and the third mixed illumination colour are
the only illumination colours and the first, second and
third output colours are the only output colours.

13. A driver according to any of claims 7 to 12, wherein
further illumination colours with further correspond-
ing output colours are provided in further subframes
of the frame.

14. A driver according to any of claims 7 to 13, wherein
the driver is for driving a display that only or mainly
displays symbols.

15. A colour sequential display device, comprising:

an illumination driver (12) according to any of
claims 9 to 14;
an illumination source (4);
a pixel driver (8) according to any of claims 9 to
14; and
a display panel (2); wherein:

the illumination source (4) is driven by the
illumination driver (12);
the display panel (2) is driven by the pixel
driver (8); and
the display panel (2) is illuminated by the
illumination source (4).
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