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TECHNICAL FIELD OF THE INVENTION

This invention relates to spatial light modula-
tors used for image display systems, and more
particularly to loading spatial light modulators with
image data.

BACKGROUND OF THE INVENTION

Video display systems based on spatial light
modulators (SLMs) are increasingly being used as
an alternative to display systems using cathode ray
tubes (CRTs). SLM systems provide high resolution
displays without the bulk and power consumption
of CRT systems.

Digital micro-mirror devices (DMDs) are a type
of SLM, and may be used for either direct-view or
projection display applications. A DMD has an ar-
ray of micro-mechanical pixel elements, each hav-
ing a tiny mirror that is individually addressable by
an electronic signal. Depending on the state of its
addressing signal, each mirror element tilts so that
it either does or does not reflect light to the image
plane. Other SLMs operate on similar principles,
with an array of pixel elements that may emit or
reflect light simultaneously with other pixel ele-
ments, such that a complete image is generated by
addressing pixel elements rather than by scanning
a screen. Another example of an SLM is a liquid
crystal display (LCD) having individually driven
pixel elements. Typically, displaying each frame of
pixel data is accomplished by loading memory
cells so that pixel elements can be simultaneously
addressed.

To achieve intermediate levels of illumination,
between white (on) and black (off), pulse-width
modulation (PWM) techniques are used. The basic
PWM scheme involves first determining the rate at
which images are to be presented to the viewer.
This establishes a frame rate and a corresponding
frame period. For example, in a standard television
system, images are transmitted at 30 frames per
second, and each frame lasts for approximately
33.3 milliseconds. Then, the intensity resolution for
each pixel element is established. In a simple ex-
ample, and assuming n bits of resolution, the frame
time is divided into 2"-1 equal time slices. For a
33.3 millisecond frame period and n-bit intensity
values, the time slice is 33.3/2"-1 milliseconds.

Having established these times, for each pixel
of each frame, pixel intensities are quantized, such
that black is 0 time slices, the intensity level repre-
sented by the LSB is 1 time slice, and maximum
brightness is 2"-1 time slices. Each pixel's quan-
tized intensity determines its on-time during a
frame period. Thus, during a frame period, each
pixel with a quantized value of more than 0 is on
for the number of time slices that correspond to its
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intensity. The viewer's eye integrates the pixel
brightness so that the image appears the same as
if it were generated with analog levels of light.

For addressing SLMs, PWM calls for the data
to be formatted into "bit-planes”, each bit-plane
corresponding to a bit weight of the intensity value.
Thus, if intensity is represented by an n-bit value,
each frame of data has n bit-planes. Each bit-plane
has a 0 or 1 value for each pixel element. In the
simple PWM example described in the preceding
paragraphs, during a frame, each bit-plane is sepa-
rately loaded and the pixel elements addressed
according to their associated bit-plane values. For
example, the bit-plane representing the LSBs of
each pixel is displayed for 1 time slice, whereas
the bit-plane representing the MSBs is displayed
for 2n/2 time slices. Because a time slice is only
33.3/255 milliseconds, the SLM must be capable of
loading the LSB bit-plane within that time. The time
for loading the LSB bit-plane is the "peak data
rate".

A high peak data rate puts high throughput
demands on the design of SLMs. To minimize the
peak data rate, modifications to the above-de-
scribed loading scheme have been devised. These
loading schemes are acceptable only to the extent
that they minimize visual artifacts in the displayed
image.

One such modification uses a specially config-
ured SLM, whose pixel elements are grouped into
reset groups that are separately loaded and ad-
dressed. This reduces the amount of data to be
loaded during any one time, and permits the LSB
data for each reset group to be displayed at a
different time during the frame period This configu-
ration is described in European Patent Application
No. 94,100,308.9 (Atty Dkt No. TI-17333), assigned
to Texas Instruments Incorporated.

SUMMARY OF THE INVENTION

One aspect of the invention is a method of
pulse-width modulating frames of data used by a
spatial light modulator having individually addres-
sable pixel elements. The display period for each
frame of data is divided into a number of time
slices. Each frame of data is formatted into bit-
planes, with each bit-plane having one bit of data
for each pixel element and representing a bit-
weight of the intensity value to be displayed by
that pixel element. Each bit-plane has a display
time corresponding to a number of time slices. The
bit-planes are then sub-formatted into reset groups,
each reset group having data for a group of pixel
elements to be addressed at a different time from
other pixel elements. The display times of reset
groups from bit-planes of one or more of the more
significant bit weights are segmented into two or
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more segments, which permits those display times
to be distributed throughout the frame period. The
loading of memory cells associated with the pixel
elements is then performed in three phases. First,
front-frame loading loads about half of the seg-
ments, such that, for all reset groups, segments
having the same bit weight are loaded at substan-
tially the same time. Then, mid-frame loading loads
the reset groups of bit-planes of one or more of the
less significant bits. Finally, end-frame loading
loads the remaining segments, such that for all
reset groups, segments having the same bit-weight
are loaded at substantially the same time.

A technical advantage of the invention is that
successfully implements data loading for split reset
configurations. It provides good picture quality,
both when the image is in motion and when it is
still, by combining features of different data loading
methods. The method does not require increased
bandwidth or result in lower light efficiency, as
compared to other split reset addressing methods.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 and 2 are block diagrams of image
display systems, each having an SLM that is ad-
dressed with a split-reset PWM data loading meth-
od in accordance with the invention.

Figure 3 illustrates the SLM of Figures 1 and 2,
configured for split-reset addressing.

Figure 4 illustrates an example of a data load-
ing sequence in accordance with the invention.

Figure 5 further illustrates the loading of the
less significant bits of the sequence of Figure 4.

Figure 6 illustrates another example of a data
loading sequence in accordance with the invention.

DETAILED DESCRIPTION OF THE INVENTION

Overview of SLM Display Systems Using PWM

A comprehensive description of a DMD-based
digital display system is set out in U.S. Patent No.
5,079,544, entitled "Standard Independent Digitized
Video System", and in European Patent Application
94,116,984.9 (Atty Dkt No. TI-17855), entitled "Digi-
tal Television System”, and in European Patent
Application No. 94,117,199.3 (Atty Dkt No, TI-
17671), entitled "DMD Display System". Each of
these patents and patent applications is assigned
to Texas Instruments Incorporated, and each is
incorporated by reference herein. An overview of
such systems is discussed below in connection
with Figures 1 and 2.

Figure 1 is a block diagram of a projection
display system 10, which uses an SLM 15 fo
generate real-time images from a analog video
signal, such as a broadcast television signal. Figure
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2 is a block diagram of a similar system 20, in
which the input signal already represents digital
data. In both Figures 1 and 2, only those compo-
nents significant to main-screen pixel data process-
ing are shown. Other components, such as might
be used for processing synchronization and audio
signals or secondary screen features, such as
closed captioning, are not shown.

Signal interface unit 11 receives an analog
video signal and separates video, synchronization,
and audio signals. It delivers the video signal fo
A/D converter 12a and Y/C separator 12b, which
convert the data into pixel-data samples and which
separate the Iluminance ("Y") data from the
chrominance ("C") data, respectively. In Figure 1,
the signal is converted to digital data before Y/C
separation, but in other embodiments, Y/C separa-
tion could be performed before A/D conversion,
using analog filters.

Processor system 13 prepares the data for
display, by performing various pixel data process-
ing tasks. Processor system 13 includes whatever
processing memory is useful for such tasks, such
as field and line buffers. The tasks performed by
processor system 13 may include linearization (to
compensate for gamma correction), colorspace
conversion, and line generation. The order in which
these tasks are performed may vary.

Display memory 14 receives processed pixel
data from processor system 13. It formats the data,
on input or on output, into "bit-plane” format, and
delivers the bit-planes to SLM 16 one at a time.
The bit-plane format permits each pixel element of
SLM 15 to be turned on or off in response to the
value of 1 bit of data at a time. In a typical display
system 10, display memory 14 is a "double buffer"
memory, which means that it has a capacity for at
least two display frames. The buffer for one display
frame can be read out to SLM 15 while the buffer
another display frame is being written. The two
buffers are controlled in a "ping-pong" manner so
that data is continuously available to SLM 15.

As discussed in the Background, the data from
display memory is delivered in bit-planes to SLM
15. Although this description is in terms of a DMD-
type of SLM 15, other types of SLMs could be
substituted into display system 10 and used for the
invention described herein. For example, SLM 15
could be an LCD-type SLM. Details of a suitable
SLM 15 are set out in U.S. Patent No. 4,956,619,
entitled "Spatial Light Modulator™, which is as-
signed to Texas Instruments Incorporated, and in-
corporated by reference herein. Essentially, DMD
15 uses the data from display memory 14 to ad-
dress its pixel elements. The "on" or "off' state of
each pixel element in the array of DMD 15 forms
an image.
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U.S. Patent No. 5,278,652, entitled "DMD Ar-
chitecture and Timing for Use in a Pulse-Width
Modulated Display System", describes a method of
formatting video data for use with a DMD-based
display system and a method of addressing them
for PWM displays. This patent application is as-
signed to Texas Instruments Incorporated, and is
incorporated herein by reference. Some of the
techniques discussed therein include clearing
blocks of pixel elements, using exira "off' times to
load data, and of breaking up the time in which the
more significant bits are displayed into smaller
segments. These techniques could be used for any
SLM using PWM.

Display optics unit 16 has optical components
for receiving the image from SLM 15 and for illu-
minating an image plane such as a display screen.
For color displays, the bit-planes for each color
could be sequenced and synchronized to a color
wheel that is part of display optics unit 16. Or, the
data for different colors could be concurrently dis-
played on three SLMs and combined by display
optics unit 16. Master timing unit 17 provides var-
ious system control functions.

Split Reset Addressing

Figure 3 illustrates the pixel element array of
SLM 15, configured for split-reset addressing. Only
a small number of pixel elements 31 and their
related memory cells 32 are explicitly shown, but
as indicated, SLM 15 has additional rows and col-
umns of pixel elements 31 and memory cells 32. A
typical SLM 15 has hundreds or thousands of such
pixel elements 31.

In the example of Figure 3, sets of four pixel
elements 31 share a memory cell 32. As explained
below, this divides SLM 15 into four reset groups
of pixel elements 31. The data for these reset
groups is formatted into reset group data. Thus,
where p is the number of pixels and q is the
number of reset groups, a bit-plane having p num-
ber of bits is formatted into a reset group having
p/q bits of data. The reset groups are divided
"horizontally" in the sense that every fourth line of
pixel elements 31 belongs to a different reset
group.

European Application No. 94,100,308.9 (Atty
Dkt No. TI-17333), entitled "Pixel Control Circuitry
for Spatial Light Modulator”, assigned to Texas
Instruments Incorporated and incorporated by ref-
erence herein, describes split-reset data loading
and addressing for a DMD. These concepts are
applicable to SLMs in general.

Figure 3 illustrates how a single memory cell
32 serves multiple pixel elements 31. Pixel ele-
ments 31 are operated in a bistable mode. The
switching of their states from on to off is controlled
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by loading their memory cells 32 with a bit of data
and applying a voltage indicated by that bit fo
address electrodes connected to the pixel elements
via address lines 33. Then, the state of the pixel
element 31 is swiiched, in accordance with the
voltage applied to each, by means of a reset signal
via reset lines 34. In other words, for each set of
four pixel elements 31, either 1 or a 0 data value is
delivered to their memory cell 32, and applied to
these pixel elements 31 as a "+" or "-" voltage.
Signals on the reset lines 34 determine which pixel
element 31 in that set will change state.

One aspect of split-reset addressing is that
only a subset of the entire SLM array is loaded at
one time. In other words, instead of loading an
entire bit-plane of data at once, the loading for
reset groups of that bit-plane's data occurs at dif-
ferent times within the frame period. A reset signal
determines which pixel element 31 associated with
a memory cell 32 will be turned on or off.

The pixel elements 31 are grouped into sets of
four pixel elements 31, each from a different reset
group. Each set is in communication with a mem-
ory cell 32. In the horizontal split reset example,
pixel elements 31 from each of the first four lines,
each belonging to a different reset group, share the
same memory cell 32. The pixel elements 31 from
each of the next four lines would also share mem-
ory cells 32. The number of pixel elements 31
associated with a single memory cell 32 is referred
to as the "fanout" of that memory cell 32. The
fanout could be some other number. A greater
fanout results in the use of fewer memory cells 32
and a reduced amount of data loading within each
reset period, but requires more resets per frame.

In each set of four pixel elements 31, four reset
lines 34 control the times when the pixel elements
31 change state. Each pixel element 31 in this set
is connected to a different reset line 34. This
permits each pixel element 31 in a set to change
its state at a different time from that of the other
pixel elements 31 in that set. It also permits an
entire reset group to be controlled by a common
signal on its reset lines 34.

Once all memory cells 32 for the pixel ele-
ments 31 of a particular reset group have been
loaded, the reset lines 34 provide a reset signal to
cause the states of those pixel elements 31 to
change in accordance with the data in their asso-
ciated memory cells 32. In other words, the pixel
elements 31 retfain their current state as the data
supplied to them changes, and until receiving a
reset signal.

PWM addressing sequences for split-reset
SLM's are devised in accordance with various heu-
ristic rules. One rule is that the data for no more
than one reset group can be loaded at the same
time. In other words, the loading of different reset
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groups must not conflict. Other "optional™ rules are
described in Atty Dkt No. TI-17333, assigned fo
Texas Instruments Incorporated and incorporated
by reference herein.

One aspect of the invention is the recognition
that when split-reset loading is used for PWM,
certain loading sequences cause visual artifacts,
which can be avoided by modifications to the load-
ing sequence. Moreover, certain artifacts are re-
lated to the type of image being displayed.

A first type of artifact occurs during still images
and is seen as a contouring of particular levels in
the image as a function of rapid eye motion, mo-
tion of the SLM, or interruptions such as caused by
hand waving in front of the face. This artifact is
avoided by dividing the display times of the bit-
planes of the more significant bits into smaller
segments. For example, for a frame period having
255 time slices and 8-bit pixel values, the MSB, bit
7, is represented by an on or off time of 128 time
slices. The MSB bit-plane data for each reset
group is loaded at different times but displayed for
this 128 time-slice duration. These 128 time slices
can be divided into segments. Typically, the seg-
ments are of equal duration, but this is not neces-
sary. The loading for the segments is distributed
throughout the frame period. This loading method
is referred to as an "interleaving method". The bit-
planes selected for segmentation could be any one
or more of the bit-planes other than that of the
LSB.

A second type of artifact occurs during motion
images, where the viewer tracks the object under-
going motion. This artifact is avoided by localizing
as much illumination as possible into an instanta-
neous burst. Subject to the rule that no two reset
groups can be loaded at once, data for the same
bit-weights of all reset groups are loaded near
together in time. This addressing method is re-
ferred to as a "alignment method".

Figures 4 - 6 illustrate how aspects of both
interleaving and aligning can be combined to result
in a data loading sequence that minimizes visual
artifacts for both still and motion images. In each of
the following methods, 8-bit pixel values are as-
sumed, so as to provide 256 levels of brightness
resolution. Also, for purposes of simplicity, only 4
reset groups are assumed. However, the same
concepts are applicable to pixel values with a dif-
ferent resolution, as well as to SLMs having fewer
or more reset groups.

Temporally Correlated MSB Addressing

Figures 4 and 5 illustrate one example of a
method of loading data formatted for PWM on a
split-reset SLM. This method combines features of
both interleaving and aligning. Bit-plane segments
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(for bits 5 - 7) or unsegmented bit-planes (for bits 0
- 4) are loaded in the basic sequence illustrated in
Figure 4. Each reset group is loaded in this same
sequence, with the exception being the unsegmen-
ted bit-planes (bits 0 - 4), whose loading sequence
is illustrated in Figure 5. Figures 4 and 5 are
intended to illustrate loading sequences as op-
posed to display timing -- an example of both
loading sequence and display timing is illustrated
in Appendix A.

Consistent with the interleaving method, the
more significant bits (bits 5 - 7) are split into
segments, which are distributed throughout the
frame period. However, consistent with the align-
ment method, the distribution of the more signifi-
cant bit segments is time-ordered rather than ran-
dom. The time-ordering calls for loading the more
significant bits in a regular sequence such that
segments of the same bit weight are displayed at
nearly the same time for all reset groups. The bit-
planes for the less significant bits are loaded dur-
ing the middle of the frame period.

More specifically, the more significant bits, bits
7 - 5, are broken into segments. Bit 7 has 14
segments, bit 6 has 8, and bit 5 has 4. Each
segment is 16 time slices long, except for two
segments of bit 7, one immediately before and one
immediately after the less significant bits. As ex-
plained below, these two segments may be used
as "buffer segments" when there is a large number
of reset groups. If the number of reset groups is
small, the buffer segments may not be required
and all segments of a bit-plane could be a constant
size. The less significant bits, bits 4 - 0, are not
broken into segments. Bit 4 has 16 LSB periods,
bit 3 has 8, bit 2 has 4, bit 1 has 2, and bit 0 has 1.

The loading of each frame of data has three
phases -- front-frame loading, mid-frame loading,
and end-frame loading. During front-frame loading,
the segments for bits 5 - 7 are loaded in a regular
sequence. By "regular" is meant that each reset
group is loaded in the same sequence. During mid-
frame loading, bits 0 - 4 are loaded. The loading
sequence of bits 0 - 4 varies among the reset
groups so as to avoid conflicts. During end-frame
loading, all segments of bits 5 - 7 remaining in the
frame are loaded in a regular pattern.

During loading, for each next reset group, the
loading of corresponding segments or unsegmen-
ted bit-planes is staggered by at least one time
slice. Although the result is a slight "skew" from
each reset-group to the next, the staggering satis-
fies the rule that no two reset groups can be
loaded at the same time. Typically, it is desirable
to minimize the skew to only one time slice, but as
explained below, avoiding conflicts when loading
less significant bits may require a greater skew.
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Figure 5 illustrates an example of the mid-
frame loading of the less significant bits, which
varies among reset groups. In the example of Fig-
ure 5, there are four reset groups, designated as
RG(1), RG(2), RG(3) and RG(4). In general, the
smaller the number of reset groups, the simpler it
is to avoid loading conflicts.

Figures 4 and 5 also illustrate the relationship
between the number of loads per frame and the
number of time slices per frame. The number of
loads per frame cannot exceed the number of time
slices of a frame. The number of loads per frame is
the number of segments and unsegmented bit-
planes, times the number of reset groups. In the
example of Figures 4 and 5, for each reset group,
there are 14+8+4 (26) segments of bits 7 - 5 and
5 bit-planes for bits 4 - 0. Thus, there are 26 +5 =
31 loads per frame per reset group. With 4 reset
groups, the number of loads per frame is 31"4 =
128. This is an acceptable segmentation scheme
because 128 is less than 255, the number of time
slices.

Appendix A illustrates how the loading se-
quence of Figures 4 and 5 may be adapted for
SLMs having a larger number of reset groups. As
the number of reset groups increases, the number
of time slices required to load data per frame
increases. For example, an SLM having 16 reset
groups and following the segmentation scheme of
Figures 4 and 5, requires 31 * 16 = 496 loads per
frame. This may be accomplished by dividing the
frame into 510 time slices instead of 255. Each
segment of bits 7 - 5 and each bit-plane for bits 4 -
0 is displayed for twice as many time slices. For
example, the LSB bit-plane is displayed for two
time slices rather than one.

Also, as illustrated by Appendix A, as the num-
ber of reset groups increases, the number of loads
for the less significant bits may increase past the
time slices that they are allocated. For example, an
SLM that has 16 reset groups and follows the
sequence of Figure 4, requires 5 * 16 = 80 loads
to load bits 4 - 0. However, where there are 510
time slices per frame, the mid-frame loading of bits
4 - 0 is allocated a total of only 62 time slices. To
accommodate the increased number of mid-frame
loads, the staggering of the reset group load times
is increased. During mid-frame loading, the loading
for the first bit-plane is delayed by 3 times slices
from one reset group to the next. As a resul, the
size of the "buffer segment” immediately preced-
ing this bit-plane "grows" by 3 time slices from
one reset group to the next. To re-align the reset
groups after mid-frame loading, the "buffer seg-
ment" immediately following the last mid-frame bit-
plane "shrinks" by 3 time slices for each next reset

group.
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Figure 6 illustrates another method of split-
reset PWM addressing. Like Figures 4 and 5, Fig-
ure 6 illustrates a sequence that combines features
of both interleaving and aligning. However, in the
method of Figure 6, bits 3 and 4 as well as bits 7 -
5, are segmented. Thus, bits 3 - 7 are treated as
the more significant bits.

The segments of bits 3 - 7 are loaded in a
regular sequence such that segments of the same
bit weight are loaded at nearly the same time for all
reset groups. The bit-planes for bits 2 - 0 are
loaded at the middle of the frame period. The rule
that no two reset groups can be loaded at once is
satisfied by staggering the loading at least one
time slice.

As in the method of Figures 4 and 5, the
segments immediately before and after the mid-
frame loading of the less significant bits may be
used as "buffer segments" when the number of
reset groups is too large to avoid conflicts without
them. However, for the same reason, the segments
immediately before and after the bit 3 segments
may also be used as "buffer segments". As ex-
plained above, this means that the size of these
segments may grow and shrink from reset group fo
reset group, which permits loading of the less
significant bits to be staggered an extra amount.

The method of Figures 4 and 5 and the meth-
od of Figure 6 have several common features. Bit-
planes of the more significant bits are segmented.
To the extent possible, bit segments are temporally
aligned. However, as the bit-weight of the segment
decreases and the number of reset groups in-
creases, it becomes more difficult to align the data
and still avoid loading conflicts. Thus, the bit-
planes of less significant bits are concentrated in
mid-frame and are "scrambled" rather than tem-
porally aligned. Also, "buffer segments" are used
fo permit increased staggering so that number of
reset groups does not prohibit some degree of
alignment of the mid-frame bits or segments of bit-
planes of less significant bits.

Ordering of Reset Groups

Another aspect of the invention is that the
order in which reset groups are addressed has an
effect on whether artifact occur. For example, in a
horizontal split reset configuration, where n reset
groups are arranged as every nth line of a display,
certain reset group patterns can reduce the per-
ception of strobing. In particular, a "by 3" pattern is
desirable.

For an SLM having 16 horizontal reset groups,
such that every 16th line is in the same reset
group, an example of a "by 3" ordering pattern is
as follows:

147101303691215258 11 14.
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In other words, all rows of the 1st reset group are
loaded then all rows of the 4th reset group, in a
series of every third reset group. Then beginning
with the Oth reset group, every third reset group is
loaded. Finally a third series of every third reset
group, beginning with the 2d reset group, is load-
ed. In general, the reset groups are loaded in n
series of every nth reset group, and the sequence
can be begin with any reset group.

Other Embodiments

Although the invention has been described with
reference to specific embodiments, this description
is not meant to be construed in a limiting sense.
Various modifications of the disclosed embodi-
ments, as well as alternative embodiments, will be
apparent to persons skilled in the art. It is, there-
fore, contemplated that the appended claims will
cover all modifications that fall within the true
scope of the invention.

Claims

1. A method of loading frames of data to a spatial
light modulator, comprising the steps of:
dividing the display period for each said
frame of data into a number of time slices;
formatting each frame of data into bit-

planes;

sub-formatting said bit-planes into reset
groups;

segmenting info segments the display

times of reset groups of bit-planes of one or
more of the more significant bit weights;

front-frame loading said segments at the
beginning of said frame period, such that, for
all reset groups, segments having the same bit
weight are loaded at substantially the same
fime;

mid-frame loading the reset groups of bit-
planes of one or more of the less significant
bits at the middle of said frame period; and

end-frame loading the remaining of said
segments at the end of said frame period,
such that for all reset groups, segments having
the same bit-weight are loaded at substantially
the same time.

2. The method of Claim 1, further comprising
providing each bit-plane having one bit of data
for each of said pixel elements, and each bit-
plane representing a bit-weight of the intensity
value to be displayed by that pixel element,
and each bit-plane having a display time cor-
responding to a number of said time slices;
and each reset group having data for a group
of pixel elements to be loaded at a different
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10.

11.

12,

13.

12

time from other pixel elements.

The method of Claim 1 or Claim 2, further
comprising, separating the loading for each
said reset group by one of said time slices to
perform said front-frame and said end-frame
loading steps.

The method of any preceding Claim, further
comprising providing each of said time slices
has a duration of the display time of the least
significant bit of said intensity values.

The method of any of Claims 1 to 3, further
comprising performing each of said time slices
has a duration of twice the display time of the
least significant bit of said intensity values.

The method of my of Claims 1 to 5, further
comprising performing said segmenting step
such that the number of segments is the num-
ber of said time slices less the number of
loads of said bit-planes of said less significant
bits.

The method of any of Claims 1 to 6, further
comprising performing said front-frame loading
step by using one of said segments as a buffer
segment, which varies in size among reset
groups so as to permit substantial alignment
during said mid-frame loading.

The method of any preceding Claim, further
comprising providing all segments of the same
bit-plane having the same number of time
slices.

The method of my preceding Claim, further
comprising providing all segments of the same
reset groups having the same number of time
slices.

The method of any preceding Claim, further
comprising carrying out said front-frame load-
ing and said end-frame loading in the same
sequence for all of said reset groups.

The method of any preceding Claim, further
comprising carrying out said mid-frame loading
in a different sequence for different of said
reset groups.

The method of any preceding Claim, further
comprising providing said more significant bits
are bits greater than bit 2.

The method of Claim 12, further comprising
performing said front-frame loading step by
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using one of said segments as a buffer seg-
ment, which varies in size among reset groups
so as to permit substantial alignment of bit 3.

The method of any of Claims 1 to 9, further
comprising performing said front-frame load-
ing, mid-frame loading, and end-frame loading
sequenced in the n series of every nth reset

group.

An apparatus for loading frames of data o a
spatial light modulator, comprising:

dividing means for dividing the display pe-
riod for each said frame of data into a number
of time slices;

formatting means for formatting each
frame of data into bit-planes;

sub-formatting means for formatting said
bit-planes into reset groups;

segmenting means for segmenting into
segments the display times of reset groups of
bit-planes of one or more of the more signifi-
cant bit weights;

front-frame loading means for loading said
segments at the beginning of said frame pe-
riod, such that, for all reset groups, segments
having the same bit weight are loaded at sub-
stantially the same time;

mid-frame means for loading the reset
groups of bit-planes of one or more of the less
significant bits at the middle of said frame
period; and

end-frame loading the remaining of said
segments at the end of said frame period,
such that for all reset groups, segments having
the same bit-weight are loaded at substantially
the same time.
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