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7) ABSTRACT

The electrical scan which applies data for one of the red,
green and blue colors of a liquid crystal display (LCD) to the
pixels of each row of the display and the optical scan of the
panel with the color stripe of that color are synchronized to
ensure sufficient time for the switching of the pixel from one
color value to another. Synchronizing the electrical and
optical scans creates a better color rendition of the displayed
image without any inter-color mixing artifacts. Arrays or
groups of photosensors are positioned laterally adjacent the
active portion of the panel and each array is covered by a
filter which passes light of only one of the three colors (red,
green and blue) used in the display. The color stripes
providing the optical scan are scrolled simultaneously over
both the active portion of the panel and the arrays of sensors,
with the electrical signals from the sensors providing an
indication of the positions of the leading and trailing edges
of each color stripe at each instant, and thus the instanta-
neous velocity of each stripe. The signals from the sensors
are provided to a control circuit which determines the order
in which the rows of pixels are addressed and for which of
the colors to provide data in each addressed location in order
to maintain the critical switching time in spite of variations
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SYNCHRONIZING OPTICAL SCAN AND
ELECTRICAL ADDRESSING OF A
SINGLE-PANEL, SCROLLING COLOR LCD
SYSTEM

TECHNICAL FIELD

[0001] The present invention relates generally to color
liquid crystal displays (LCD) wherein red, green and blue
color stripes are sequentially scanned over a panel made up
of a multiplicity of pixels arranged in rows and, more
particularly, to methods and apparatus for creating a better
color rendition of the displayed image without any inter-
color mixing artifacts by synchronizing the optical scan and
the electrical addressing scan.

BACKGROUND AND SUMMARY OF THE
INVENTION

[0002] Single-panel, color LCD systems are commonly
driven by signals generated in response to an optical scan,
produced by the successive scrolling of differently colored
stripes, usually red, green and blue, over the pixels making
up the panel, and an electrical scan, representing addresses
of the rows of pixels with the signal corresponding to the
color of the light impinging on the row. The optical scan is
often generated by a set of three scanning prisms, although
rotating color wheels and other means have also been
employed. Although the prisms are intended to rotate at a
constant angular velocity, the stripes produced on the surface
of the panel do not necessarily move with constant linear
velocity. However, the electrical address scan signal is
generated, and moves through the rows of the panel in a
linear manner. This means that the electrical scan and the
optical scan, i.e., the leading edge of the color stripe for
which data is provided by the electrical scan, may not be
separated by a time interval sufficient to permit the pixels to
switch in intensity, thereby producing inter-color mixing
artifacts.

[0003] Typically, a given row of the panel is addressed
with data corresponding to one color, followed by scanning
the panel with the stripe of that color. The same row, with a
first, fixed offset, is then addressed with data corresponding
to the second color, followed by scanning the panel with the
stripe of the second color. The same row, with a second,
fixed offset, is then addressed with data corresponding to the
third color, followed by scanning the panel with the stripe of
the third color. The next row is then addressed with data
corresponding to the first color, and so on. In order to
minimize the aforementioned variations in the time period
between the electrical and optical scans, thereby reducing
the color errors resulting from inter-color mixing artifacts,
the two fixed offsets correspond to the size of the optical
stripes (in row distances) as if they were to be measured at
the center of the panel. A manual adjustment of the relative
rotation phases of the three prisms is then made to minimize
the color errors visually with a set of red, green and blue test
patterns. However, due to the potential mismatch of the
electrical and optical scans, i.e., variations in the time period
between the electrical address signal at a particular location
on the panel and impingement of the leading edge of the
color stripe at that location, the system remains susceptible
to color errors.

[0004] The present invention is directed to overcoming
one or more of the problems or disadvantages associated
with the relevant technology.
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[0005] The present invention provides a method of estab-
lishing a delay of at least a minimum duration between the
electrical addressing of the panel locations with the data for
the next color stripe to be scrolled across the panel and the
leading edge of that color stripe impinging upon the
addressed location; preferred apparatus for implementing
the method is also disclosed and forms a part of the
invention. The fixed delay is selected to allow sufficient time
for pixel switching from one color value to another, and will
vary depending upon the frame rates of the system and the
liquid crystal response time. For purposes of the present
discussion, the minimum duration of the delay is 2.5 ms. The
fixed delay is achieved by three arrays of photosensors, each
with a filter rendering it sensitive to one of the color stripes
which are scrolled across the panel. The photosensor arrays
are integrated on the display panel itself, e.g., in three,
laterally adjacent, vertical areas along the right side of the
panel.

[0006] As each horizontal color stripe is scrolled vertically
down the panel surface, the-sensor array for each color will
gencrate signals indicating the row location of the leading
and/or lagging edges of the respective color stripe at any
instant in time. The signals from each sensor array are fed to
a control circuit which can adjust-the location of the next
electrically addressed row for the respective color. The
control circuit is adapted to determine the best choice of
which row to address next and with which color data
information based on the relative speeds of the color stripes
as they are scrolled across the panel. That is, rather than
following a fixed sequence of row addressing for each color
(i.e., row N is addressed with red data, then green data, then
blue data, row N+1 is addressed with red, then green, then
blue, row N+2 is addressed with red, etc.) the control circuit
may instruct the addressing in a different order, responsive
to changes in the relative speeds of scanning of the color
stripes, to ensure at least a minimum time delay between
addressing and scanning. By “synchronizing” the addressing
and scanning functions, the invention creates a better color
rendition of the displayed image free of inter-color mixing
artifacts.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] In the accompanying drawings, like reference
numerals indicate corresponding parts throughout, wherein:

[0008] FIG.1is a graph illustrating a typical scan of panel
location with respect to time of the trailing edge of one color
(red) stripe, the electrical addressing of the panel with the
data for the next color (green), and the leading edge of the
green color stripe in a prior art system, i.e., a system which
does not employ the present invention;

[0009] FIG. 2 is a diagrammatic representation of a LCD
panel equipped with a preferred form of apparatus of the
invention;

[0010] FIG. 3 is another view of the panel of FIG. 2
showing color stripes being scrolled from top to bottom, and
also includes a block diagram portion illustrating implemen-
tation of the invention; and

[0011] FIG. 4 is a graph of the same parameters as that of
FIG. 1 when implementing the invention.

DETAILED DESCRIPTION

[0012] Optical scans of LCD panels with successive color
stripes (red, green and blue) are generated by a set of three
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scanning prisms. Although the prisms rotate at an essentially
constant angular velocity, the stripes produced on the surface
of the panel do not necessarily move at a constant linear
velocity. This means that the distances between stripes (from
the trailing edge of one stripe to the leading edge of the next)
may change as the stripes are scrolled across the surface of
the panel as the relative velocity of the stripes varies. The
electrical addressing of the rows of the panel with data
relating to the next color to be scanned proceeds at a
constant, linear velocity irrespective of the velocities of the
color stripes. To effectively display an image on the panel,
the electrical address must be applied to a row at least a
certain minimum time prior to the color stripe impinging
upon that row in order to allow sufficient time for the pixels
on the panel to switch from one color value to another.

[0013] In current addressing schemes for an LCD panel,
successive rows are addressed with color data in a fixed,
repeated sequence with no synchronization between electri-
cal addressing and optical scan. That is, the rows are
addressed as follows:

[0014] 1. Address row at location N with data corre-
sponding to the red data for that row.

[0015] 2. Address row at location N+offset *1 with
data corresponding to the green data for that row.

[0016] 3. Address row at location N+*1+*2 with data
corresponding to the blue data for that row.

[0017] 4. Address row at location N+1 with data
corresponding to the red data for that row.

[0018] 5. Address row at location N+1+*1 with data
corresponding to the green data for that row.

[0019] 6. Address row at location N+1+*1+%2 with
data corresponding to the blue data for that row. And

so on. The order of colors may, of course, be other
than RGB.

[0020] In practice, the optical scans of successive color
stripes may be offset in time by different amounts as the
relative speed of their scans across the surface of the panel
varies. This effect is illustrated in the graph of FIG. 1. The
solid line 10, representing the address signals which are
generated at constant velocity, is a straight line. The dashed
lines 12 and 14 indicated the trailing edge of the red color
stripe (End of Red) and the leading edge of the green stripe
(Start of Green), respectively, are not linear due to variations
in the velocity of movement of the respective stripes. That,
is, line 12 indicates where the trailing edge of the red optical
stripe is located on the panel, and line 14 indicates where the
leading edge of the green optical stripe is located. Because
the time period between electrical addressing of a panel
location and optical scanning of that location varies with
variations in velocity of optical scanning, the amount of time
available for the pixels on the panel to switch from one color
value to another may be insufficient to avoid inter-color
mixing. In the example of FIG. 1, a critical switching time
of 1.0 ms is shown; i.e., the green electrical data is imposed
only 1 ms prior to the leading edge of the green color stripe
impinging on that particular row. At other locations on the
panel this may be a much longer time, allowing the pixel to
settle to the green data value well in advance of the green
optical stripe arriving at that location.
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[0021] In order to minimize any inter-color mixing arti-
facts, it is necessary to wait until the red optical stripe has
passed over a particular row before electrically addressing
that row with the green data. If it is determined that a
minimum delay of 2.5 ms between the electrical addressing
and the optical scan is required to allow for a full pixel
switching time, it is apparent that the trailing edge of the red
color stripe and the imposition of the electrical address at a
particular location on the panel must precede the leading
edge of the green stripe at that location by at least 2.5 ms.
While this might be accomplished by providing much longer
delays between trailing and leading edges of successive
stripes, ensuring that the electrical address would be
imposed at least 2.5 ms before the leading edge of the next
color stripe in spite of variations in velocity of the stripes
with addressing at a linear velocity, the delays involved
would be unacceptable in a color LCD system. An attempt
is typically made to minimize such errors by adjusting the
two fixed offsets (*1 and 2 above) 1o correspond to the size
of the optical stripes (in row distances) as if they were
measured at the center of the panel. A manual adjustment of
the relative rotation phases of the three prisms is then made
to minimize the color errors visually with a set of red, green
and blue test patterns.

[0022] The approach of the present invention to this
problem is illustrated in FIGS. 2 and 3. Active portion 16
comprises the rows and columns of pixels of a conventional
color LCD panel by which the visual display is generated.
Vertical strips 18, 20 and 22 at the right side of the active
portion 16 represent a sensing portion of the panel com-
prised of three groups or arrays of photosensors each cov-
ered by a color filter. The filters are such that the filter in strip
18 passes only red light, the filter in strip 20 only green light
and the filter in strip 22 only blue light. Thus, the photo-
sensors in strips 18, 20 and 22 receive, and generate signal
only in response to, red, green and blue light, respectively,
as the color stripes are scrolled across the surface of the
panel, including both active portion 16 and, the sensing
portion, i.e., strips 18, 20 and 22. In the case of LCOS
(Liquid Crystal on Silicon) technology, where the display
panel is made in a standard silicon CMOS process, it is quite
feasible to integrate such photosensors on the display panel
itself. Strips 18, 20 and 22 are positioned in side-by-side
relation along the right side of active portion 16 and have a
combined width which is preferably less than half the width
of active portion 16. It should be noted that it is not the width
per se which is important, but rather the sensor’s sensitivity
to the amount of light that it can capture.

[0023] FIG. 3 illustrates the color stripes being scrolled
downwardly over the panel surface. The complete red stripe
24 is visible in the Figure from leading edge 26 to trailing
edge 28. Leading edge 30 of green stripe 32 is visible, but
the trailing edge of this stripe has not yet reached the panel
in the position shown. Likewise, trailing edge 34 of blue
stripe 36 is shown, but the leading edge has already passed
the bottom of the panel. Shaded area 38 indicates the portion
of strip 18 which is covered by red stripe 24 and thus the
photosensors in strip 18 which are generating signals in
response to the optical scan at the illustrated position of the
stripes. Shaded areas 40 and 42 indicate the portions of strips
20 and 22, respectively, which are covered by green and blue
stripes 32 and 36, respectively. Thus, each group of sensors
will output signals corresponding to row locations where the
leading and trailing edges of each of the three color stripes
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are positioned at each instant. The output signals from the
photosensors in each vertical strip are connected to a control
circuit represented by block 44. This circuit generates output
signals commensurate with the velocities of movement of
the color stripes across the surface of the display panel.
These signals are provided to electrical addressing block 46.

[0024] Functional Description

[0025] The signals from the photosensors in strips 18, 20
and 22 indicate to control circuit 44 the instantaneous
position and velocity of the color stripes. The function of
control circuit 44 is to process these signals to determine the
best choice of which row should be addressed next and with
which color data information in order to keep the addressing
at least the predetermined time interval (2.5 ms) ahead of the
color stripe. That is, if the input signals to control circuit 44
indicate that the red color stripe is moving faster that the
green and blue stripes then it must instruct addressing block
46 to address the corresponding rows with the red color data
on a more immediate basis. In effect, the electrical address-
ing is responsive in time to the optical scan since the control
circuit functions to synchronize the two scans.

[0026] In the example of the red stripe advancing faster at
a particular location on the panel than the green and blue
stripes, the electrical addressing will be guided by control
circuit 44 to address more than one consecutive row of data
for the red color before addressing the rows located for
impingement of the green and blue stripes. In this case, the
sequence of row addressing may be:

[0027] 1. Address row at location N with data corre-
sponding to the red data for that row.

[0028] 2. Address row at location N+1 with data
corresponding to the red data for that row.

[0029] 3. Address row at location N+*1 with data
corresponding to the green data for that row.

[0030] 4. Address row at location N+*14*2 with data
corresponding to the blue data for that row.

[0031] 5. Address row at location N+2 with data
corresponding to the red data for that row.

[0032] 6. Address row at location N+3 with data
corresponding to the red data for that row.

[0033] 7. Address row at location N+1+*1 with data
corresponding to the green data for that row.

[0034] 8. Address row at location N+1+%1+%2 with
data corresponding to the blue data for that row and
SO on.

[0035] FIG. 4 provides a graphical illustration of the scans
of the trailing (48) and leading (50) edges of the red and
green stripes, respectively, and the electrical addressing of
the rows with the green color data with implementation of
the present invention. The graph corresponds to the plot of
the same parameters in FIG. 1. However, instead of the
addressing (solid) line 52 being straight, indicating a con-
stant velocity, as in FIG. 1, it is essentially parallel with
dashed line 50, representing the leading edge of the green
color stripe. This means that the addressing of the rows with
the green color data remains in preceding relation to
impingement of the green stripe by at least the critical
switching time, in this example, 2.5 ms.

Dec. 18, 2003

[0036] The addressing order will change in response to
changes in the position, color and velocity of the stripe on
the panel. The invention ensures that the data for a row gets
addressed in a synchronized fashion with the optical scan on
the panel, providing the required critical switching time for
the pixels to change from one color value to another. This
allows a more uniform pixel switching time at all location on
the panel. In addition, the use of photosensors to determine
the location of the stripes at all times eliminates the need to
manually adjust the prisms. This is beneficial since any
changes in the system due to movement in the optics or
mechanical wear or slip in the prism motors will be com-
pensated for by the synchronized electrical addressing, thus
avoiding any color errors in the displayed image.

[0037] Other aspects and features of the present invention
can be obtained from a study of the drawings, the disclosure,
and the appended claims.

1. The method of driving single-panel, scrolling, color
liquid ecrystal displays comprising an array of pixels
arranged in a plurality of rows, wherein stripes of a plurality
of different colors are consecutively scrolled in a predeter-
mined direction across the surface of said panel with the
trailing and leading edges of successive stripes in spaced
relation to provide an optical scan, the leading edge of each
of said stripes being preceded by an electrical addressing
scan representing an addressing of discrete locations on said
panel with the data for the following one of said colors, said
method comprising:

a) providing electrical signals commensurate with a con-
tinuous indication of the location on said panel of the
leading and trailing edges of each of said stripes which
are present on said panel; and

b) generating said clectrical addressing scan at a time
preceding by a predetermined interval said leading
edge of said following color stripe, said predetermined
interval being sufficient to allow full switching time of
the individual pixels of said display from one color
value to another.

2. The method of claim 1 wherein said electrical signals

are generated by photosensors.

3. The method of claim 2 wherein said photosensors are
arranged in a number of groups corresponding to the number
of said plurality of different colors, each of said groups being
responsive to a respective one of said colors.

4. The method of claim 3 wherein said panel is divided
into a first portion comprising said pixels and forming an
active display, and a second portion comprising said groups
of photosensors.

5. The method of claim 4 wherein said panel is made in
a standard silicon CMOS process with both said pixels and
said photosensors integrated on said panel.

6. The method of driving a single-panel, color LCD to
improve color rendition of the displayed image without
inter-color mixing artifacts comprising:

synchronizing electrical addressing of the rows of pixels
making up said panel with data for a predetermined
color with the optical scan of said panel with a light
stripe of said predetermined color, thereby providing a
predetermined time delay between said electrical
addressing and said optical scan for each of said rows.
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7. The method of claim 6 wherein said synchronizing
includes continuous monitoring of at least one of the veloc-
ity and position of said light stripe for each of said colors.

8. The method of claim 7 wherein said velocity and/or
position monitoring is implemented by photosensors which
are traversed by said optical scan with said light stripes.

9. The method of claim 7 wherein said synchronizing
further includes controlling the sequence of location and
color data of said electrical addressing in response to said
light stripe velocity.

10. The method of claim 7 wherein said predetermined
time delay is established at no less than the minimum critical
switching time of said pixels from one color value to
another.

11. Apparatus for controlling the timing of electrical
addressing signals provided to the rows of pixels in a LCD
panel relative to successive optical scans by light stripes of
a plurality of different colors which are scrolled across the
surface of said panel, said apparatus comprising:

a) a plurality of groups of photosensors corresponding in
number to said plurality of different colors, each of said
groups generating electrical signals in response to
impingement thereon of a corresponding one of said
colors, said groups being positioned to receive said
optical scans as the latter are scrolled across said panel,
whereby said electrical signals are indicative of at least
one of the velocity and position of said optical scans;

b) a control circuit to which said electrical signals are
provided as input signals, said control circuit generat-
ing control signals commensurate with the velocities
and/or positions of each of said optical scans as indi-
cated by said input signals;

¢) an addressing circuit adapted to generate electrical
scans each directed to a particular one of said rows with
color data for one of said colors in response to said
control signals, the order of addressing said rows and
the selection of the color for which data is provided
being selected by said control circuit to maintain a
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critical switching time between said electrical scan
providing color data for one of said colors and the
optical scan for that color, said switching time being
sufficient for said pixels to change from one color value
to another.

12. The apparatus of claim 11 wherein each of said groups
of photosensors is covered by a filter which passes only light
of one of said plurality of colors.

13. The apparatus of claim 12 wherein said photosensors
are integrated on the surface of said LCD panel.

14. The apparatus of claim 13 wherein the number of said
plurality of colors is three, namely, red, green and blue.

15. The apparatus of claim 14 wherein said groups of
photosensors are arranged in side-by-side relation in strips
extending along one or both side edges of said panel.

16. A color LCD panel comprising:

a) an active portion comprising a plurality of horizontal
rows of individual pixels, each responsive to an elec-
trical scan carrying data for one of a plurality of colors
and an optical scan which is scrolled in a vertical
direction over said rows of pixels; and

b) a sensing portion comprising a plurality of arrays of
photosensors, corresponding in number to said plurality
of colors, positioned laterally adjacent one side of said
active portion to receive said optical scan simulta-
neously with said active portion, and to produce an
electrical signal in response to impingement thereon of
said optical scan.

17. The LCD panel of claim 16 wherein the number of

said plurality of colors and of arrays is three.

18. The LCD panel of claim 17 and further including three
color filters, one positioned in covering relation to each of
said arrays, each of said filters passing light of a respective
one of said colors.

19. The LCD panel of claim 18 wherein said pixels and
photosensors are integrated on said panel, the latter being
made in a standard CMOS process technology.

* * * #® *®
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