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BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to liquid crystal light
valves (LCLVs), and more particularly to a method
and associated system for increasing the rate at
which the liquid crystal responds to an electrical
input signal.

Description of the Related Art

Light valves which employ liquid crystals as an
electro-optic medium are used to spatially modu-
late an optical readout beam, under the control of
an input drive signal pattern. They can be used fo
greatly amplify the input pattern by controlling a
readout beam of much greater intensity, to convert
spatially modulated incoherent radiation to a coher-
ent readout laser beam with a similar spatial modu-
lation, for optical data processing, wavelength con-
version, or for other purposes that involve the con-
version of an input signal pattern to a correspond-
ing spatial modulation of a separate readout beam.

An earlier type of LCLV used a cadmium sul-
fide (CdS) photoconductor medium. This type of
device is described, for example, in Grinberg et al.,
"A New Real-Time Non-Coherent to Coherent Light
Image Invertor - The Hybrid Field Effect Liquid
Crystal Light Valve", Optical Engineering, 14, 217
(1975).

A principal limitation of the CdS-based light
valve is its slow response time, yielding image-after
effects. A second generation silicon-photoconduc-
tor-based LCLV was next developed which retained
the advantages of the CdS-based light valve, but
had a considerably faster response time. The sili-
con-based device is described in an article by
Efron et al, "The Silicon-Liquid Crystal Light
Valve", Journal of Applied Physics, 57(4), pages
1356-68 (1985). This article also summarizes some
of the prior light valve efforts.

While improving the response time of the
photoconductor, the silicon-based LCLV still exhib-
its a slower than desirable speed of operation due
to the finite time required for the liquid crystals to
respond to changes in the applied voltage across
the liquid crystal layer. The liquid crystal electro-
optic response time increases approximately with
the square of the thickness of the liquid crystal cell
resident in the light valve, and becomes particularly
noticeable when the cell thickness exceeds 4
microns. However, there are separate consider-
ations that favor the use of thicker liquid crystal
layers, despite their slower electro-optic response.
One is that the light throughput decreases dramati-
cally when the liquid crystal cell thickness is re-
duced below 4 microns. Also, the switching ratio
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(effective voltage) required to drive a liquid crystal
cell the device is switched between two intermedi-
ate (gray scale) fransmission levels. The fastest
response times generally occur when the LCLV is
driven to fully on or to fully off from any other
tfransmission level. The response times for switch-
ing between all possible gray scale levels are im-
portant in order to achieve high quality video-rate
performance; changes in light throughput levels
should occur in not more than two frames at 60Hz
operation, or the video will appear fuzzy. While this
switching speed can normally be achieved with a
liquid crystal cell thickness of less than 4 microns,
a poor video image will result for the majority of
switching situations for this liquid crystal at thic-
knesses greater than 4 microns because the liquid
crystal response will most often require more than
two frames. Thus, a tradeoff has been required in
the past between the high quality video imaging
associated with a fast liquid crystal response time,
and the increased light throughput and low switch-
ing ratio associated with thicker liquid crystal layers
that also exhibit slower response times.

SUMMARY OF THE INVENTION

The present invention seeks to provide a meth-
od and associated LCLV system that significantly
increases the response rate of the liquid crystal
layer to changes in a gray scale video input for
liquid crystal layers thicker than 4 microns, and yet
preserves their desirable light throughput and
switching ratio characteristics.

These goals are achieved by modifying the
drive signal for an LCLV to impose an electronic
compensating signal during the initial portion of
each ftransition between different gray scale levels.
The compensating signals force the LCLV to a
more rapid response to gray scale level shifts than
would be the case with the unmodified drive signal.

In a preferred embodiment, in which the LCLV
drive signal is a video signal that represents a
plurality of sequential video frames, the compen-
sating signal in imposed for only the first frame
following a fransition between different video levels.
The compensating signal is selected as a function
of the video signal's absolute magnitude. It can
also be selected by delaying each frame of the
video signal, determining the difference if any be-
tween the video signals for the current frame and
for the previous frame, and selecting the com-
pensating signal as a function of this difference as
well as of the absolute signal value. The desired
compensating signals for different frame-to-frame
video signal differentials are stored in a lookup
table, from which they are retrieved when the ab-
solute video signal values and/or the differential
between successive frames has been determined.
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The drive signal is normally provided as a
pixelized signal that actuates respective regions of
the unpixelized LCLV, and is modified by the elec-
fronic compensating signals on a pixel-by-pixel ba-
sis. The compensating signals preferably boost the
drive signal substantially to its maximum level for
fransitions from a lower to a higher drive level, and
lower the drive signal substantially to its minimum
level for transitions from a higher to a lower level
drive. The invention is applicable to photoactivated
LCLVs by using the modified drive signal to modu-
late an optical input to the LCLV; to active matrix
LCLVs by applying the drive signal directly to the
active matrix and also to other types of LCLVs. It is
particularly useful for liquid crystal layers with a
thickness in excess of 4 microns, or with slow
liquid crystal materials, and when a constant bias
voltage must be applied to the entire liquid crystal
layer.

Further features and advantages of the inven-
tion will be apparent to those skilled in the art from
the following detailed description, taken together
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph, described above, that relates
light throughput and switching ratio to the thick-
ness of a liquid crystal cell;

FIGs. 2 and 3 are diagrams, not to scale, re-
spectively of a photoactivated LCLV and an ac-
tive matrix LCLV operated in accordance with
the invention;

FIG. 4 is a block diagram of a circuit that can be
used to generate the compensating signals used
to modify the liquid crystal drive signal;

FIG. 5 is a hypothetical video signal trace illus-
frating the principles of the invention;

FIGs. 6a and 6b are oscilloscope traces showing
applied drive voltages to a liquid crystal cell and
the cell's response in the absence of the com-
pensating signals used by the invention, for both
increases and reductions in the drive signal lev-
el;

FIGs. 7a and 7b are graphs similar to FIGs. 6a
and 6b of a liquid crystals cell's response to
changing drive signals, but with the addition of
the invention's drive signal modification; and
FIG. 8 is a diagram that illustrates the reduction
in video frames required for a liquid crystal cell
fo respond to a change in gray scale drive level
achieved with the invention.

DETAILED DESCRIPTION OF THE INVENTION

A diagram of the invention as applied to a
photoactivated LCLV 6 is given in FIG. 2. A some-
what simplified form of a conventional LCLV is
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shown, but the invention is applicable to numerous
variations on the basic LCLV structure, so long as it
functions to improve the liquid crystal response
rate as described herein. The LCLV 6 includes a
transparent input substrate 8, generally glass, upon
which is formed a transparent back electrode layer
10 such as indium tin oxide (ITO) or P+ + semi-
conductor, and a layer of photoconductor material
12 such as silicon and cadmium sulfide. A light
blocking layer 14, such as SiO, or CdTe, prevents
light entering the readout side of the device from
entering the photoconductor, while a dielectric or
metal matrix mirror 16 on the readout side of the
light blocking layer 14 reflects a readout beam. A
liquid crystal layer 18 is sandwiched between align-
ment layers 20a and 20b on the readout side of the
mirror, with a counter-electrode layer 22 and a front
transparent substrate 24 formed in turn on the
readout side of the liquid crystal cell.

An AC voltage source 26 is connected across
the back electrode 10 and counter-electrode 22 to
establish a bias that sets an operating point for the
liquid crystal. In operation, an input image 28 from
an optical source such as cathode ray tube (CRT)
30, a scanning laser or the like is applied to the
input side of the LCLV, while a linearly polarized
readout beam 32 is transmitted through the liquid
crystal cell 18 and reflected back from the mirror
16 through a cross polarizer (not shown). The input
image 28 produces a corresponding spatial voltage
distribution across the liquid crystal cell, altering
the localized alignment of the liquid crystals in
accordance with the applied voltage pattern. This
results in a spatial modulation of the readout beam
32, permitting a fransfer of information from the
input image 28 to the readout beam.

The CRT 30 or other optical device provides
the input image 28 on a pixelized basis. The LCLV
input surface may be considered to be divided into
a corresponding pixel array, typically on the order
of 500x500 or 1,000x1,000 pixels, or more. Each
separate LCLV pixel is provided with an individual
illumination from the CRT 30, which may be the
same as or different from the illumination of adja-
cent pixels, and may change at a different rate
from adjacent pixels. The resistance of each pixel
in the photoconductor layer 12 varies negatively
with its degree of illumination by the CRT, such
that voltage in shifted from the photoconductor
layer 12 to the liquid crystal cell 18 at each pixel in
response to an increase in illumination. The addi-
tional voltage across the LCLV increases the light
throughput for that pixel, and thereby increases the
intensity of the processed readout beam 32 for the
same pixel.

The CRT 30 is typically driven by a video
signal at a 60 frame per second rate, with each
successive pair of frames corresponding to the
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image at a particular time. In accordance with the
invention, the video signal presented at a video
input terminal 34 is modified to alter the output
image 28 from the CRT so as to force a faster
response from the liquid crystal in the light valve.
For this purpose a modification circuit 36 is pro-
vided that receives its input from the video terminal
34, modifies it to enhance the liquid crystal re-
sponse time, and provides the modified video sig-
nal as a drive for the LCLV 6 via the CRT 30.

The invention is also applicable to other types
of LCLVs, such as the active matrix device 38
illustrated in FIG. 3. The active matrix LCLV has
several elements in common with the photoac-
tivated LCLV of FIG. 2, and these are indicated by
the same reference numerals. However, the back
electrode, photoconductor layer and light blocking
layer of the photoactivated device are replaced by
a conductive grid 40 that divides the back face of
the LCLV 38 into a pixel matrix with an activation
transistor for each pixel. A video signal is applied
directly to the grid 40 over a bus 42 that includes
either a separate input line for each pixel, or more
preferably input lines for each row and column in
the matrix; with the latter arrangement the applica-
tion of signals to the row and column lines is
corrdinated with the activation of the pixels in a
known manner to produce a scanning of the video
signal across the LCLV. A drive signal modification
circuit 36" is also used to modify the video drive
signal for the active matrix device. The drive for
other types of LCLVs, such as transmission-mode
photoactivated and active matrix devices, CCD
(charge coupled device) and electron-beam driven
devices, can be similarly modified to improve their
liquid crystal response times.

The invention operates by imposing a com-
pensating signal onto the initial portion of a new
video signal level, following a switch in gray scale
levels. The compensating signal is provided on a
pixel-by-pixel basis, with each pixel treated inde-
pendent of the others. In most video applications
the video level for a particular pixel will be held
substantially constant for at least several video
frames. It has been found that a significant in-
crease in the liquid crystal response rate, sufficient
to achieve a full response within the desired two
frames in most cases, can be achieved by applying
the compensating signal for only the first frame
following a fransition in gray scale video levels.
However, the invention is not limited to a single
frame compensating signal, and may if desired be
implemented with an compensating signal that ex-
tends for more than a single frame.

The compensating signal is preferably equal fo
the maximum, fully on signal level for gray scale
increases in the video input, and equal to the fully
off, minimum signal level for reductions in the gray
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scale video input. While such compensating signal
levels can be conveniently realized, the invention is
not limited fo any particular compensating signal
magnitude, and if desired different modified video
signal levels could be used for different magni-
tudes of gray scale transitions by appropriate pro-
gramming of the lookup table (52). In addition,
although the liquid crystal response to a transition
between a fully on or fully off level and a gray
scale level is normally faster than the fransition
between two gray scale levels (even if the gray
scale-to-gray scale differential is smaller), the in-
vention could also be applied if desired to transi-
tions between gray scale and fully on or fully off
levels.

FIG. 4 is a block diagram that illustrates one
embodiment of a modification circuit that can be
used to modify the input video signal at terminal 34
as called for by the invention. Numerous alternate
circuits could be designed to provide electronic
compensating functions; that illustrated in FIG. 4
can be implemented on the DIGIMAX® image pro-
cessing system supplied by Datacube Corporation.

The video input at terminal 34 is in analog
format, and is converted to a digital signal by
analog-to-digital converter 44; an eight-bit conver-
sion will generally be sufficient. Each video frame
is stored for one frame interval in a frame delay
store 46. When the next video frame arrives it is
subtracted from the first frame held in store 46 by
a frame subtract element 48 on a pixel-by-pixel
basis; at the same time the second frame is loaded
into a second frame delay store 50 to set up the
subsequent cycle. The output of the frame subtract
element 48 is fed to a lookup table 52, which
outputs a desired modification for the video signal.
This output is a function of the polarity, and if
desired also the size, of the pixel-by-pixel frame
difference signal from the frame subtract element
48. The lookup table output signal is then added in
a frame adder 54 on a pixel-by-pixel basis to the
second frame signal held in the frame delay 50 fo
generate the desired compensating video signal
that, after conversion back to analog format in a
digital-to-analog converter 56, is applied to the
CRT 30 (for a photoactivated LCLV), or directly to
the LCLV 38 (for an active matrix device). This
analog signal provides the extra drive that is used
fo significantly reduce the fall and rise times of the
liquid crystals.

The lookup table 52 may store modification
signals based upon the pixel-by-pixel differences
between successive frames, the absolute value of
the second frame pixels, or both. For this purpose
the second frame signal can also be fed via line 58
to the lookup table, which is then programmed to
accept both inputs and to generate the optimum
compensation signal. For example, assume that the
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system is programmed to generate a compensat-
ing signal equal to 100% of the fully on level for
frame-to-frame increase in the gray scale level, and
a fully off 0% signal for frame-to-frame reduction in
the gray scale level. In this case the table will
obtain the polarity of the gray scale change from
the frame subtract element 48, and the absolute
value of the second frame from line 58. The modi-
fication signal to be added to the delayed second
frame is then selected from the lookup table as that
signal value necessary o boost the second frame
level to 100% (for an increase in gray scale level),
or to reduce it o 0% (for a reduction in gray scale
level). If there is a concern that such a compensat-
ing will be too large in the case of a relatively small
gray scale differential, smaller modifications may
be programmed into the lookup table for such
cases. If such an approach is taken, the com-
pensating value will also generally be a function of
the difference between the second frame level and
either 100% (for a gray scale increase) or 0% (for
a gray scale reduction).

Several gray scale transitions and possible
compensating signals that can be generated for
each are illustrated in FIG. 5. Assume that the
video signal is initially at a 40% gray scale level
(line 60), and that it increases during a subsequent
frame to 70% (line 62). For the first frame (or
additional frames if desired) following the transition,
a compensating signal 64 at a 100% video level is
applied. After the compensating signal has termi-
nated, the particular pixel being observed reverts to
the 70% level until the next change in video level,
which is illustrated as a drop to the 50% level (line
66). The liquid crystal response to this reduction in
the gray scale level is hastened by applying a new
compensating signal 68 down to the 0% level dur-
ing the next succeeding frame. The video signal is
then assumed to remain at 50% for several frames,
after which it increases to the 60% level (line 70). If
it is believed that a 100% compensating signal will
produce an overshoot in the liquid crystal response
fo greater than 60%, a somewhat less than fully on
compensating signal 72 can be employed for this
case.

The video signal is next shown as dropping
down to 20% (line 74), with another 0% signal 76
during the first frame at this level. Finally, another
10% reduction down to the 10% level (line 78) is
illustrated. Although this reduction equates to the
same absolute magnitude of gray scale differential
as the prior fransition from 50% to 60%, for which
a reduced compensating signal 72 was assumed fo
be employed, the new gray scale level of 10% is
close enough to the 0% level that a full 0% signal
80 can still be employed.

The results obtained with a 5.3 micron test cell
that employed a negative dielectric anisotropy, low
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viscosity liquid crystal, for an increase in the nor-
malized average light throughout from 25% to 75%
and then back down to 25% without the input
signal modification of the invention, are illustrated
in FIGs. 6a and 6b; corresponding results obtained
with the addition of the compensating signal are
illustrated in FIGs. 7a and 7b. In each case the test
cell was addressed with pulses at a 60Hz repetition
rate. The unmodified drive pulses are shown in
FIG. 6a, while the resulting light throughput that
corresponds to the liquid crystal response is shown
in FIG. 6b. 5.89 RMS peak voltage pulses 82 were
initially applied to produce the 25% light through-
put, and then increased to a 7.245 RMS peak
voltage level 84. The liquid crystal response along
curve 86 required 7 frames, or about 117ms, to
complete--this would produce a poor gray scale
quality. When the operation was reversed, with the
voltage peaks reduced from the 75% level 84 back
fo the 25% level 82, another significantly long
response time along curve 88 was required for the
liquid crystal to react.

In FIG. 7a the voltage was again increased
from the 25% to the 75% level, but a 100% com-
pensating pulse 90 was inserted for the first frame
following the transition. The result, shown in trans-
mission curve 92, was a reduction in the liquid
crystal response time from seven frames down to
two frames. When the voltage was dropped back to
the 25% level a 0% compensating pulse 94 (i.e., a
skipped pulse) was inserted for the first frame
following the ftransition, and the response time was
again significantly improved as shown by the light
transmission curve 96.

Liquid crystal cells with three different thic-
knesses were used to demonstrate the improve-
ment in response time for thicknesses greater than
4 microns. The cells were formed between a pair of
1.25cm thick optical flats, with 600 Angstrom thick
indium tin oxide electrodes, a liquid crystal align-
ment layer and SiO, spacer pads used to maintain
the cell gap thickness. Voltage waveforms were
applied to the test cells to simulate the output of a
photoactivated light valve. Cell thicknesses of 3.6,
4.4 and 5.3 microns were tested, with bias voltages
of 3.45, 3.40 and 3.15 volts RMS respectively at
10kHz. The peak-to-bias voltage ratio for the 3.6
micron cell was 1.85 for 25% light throughput, 2.19
for 50%, 2.66 for 75% and 4.50 for 100%; with the
3.6 micron cell the peak-to-bias voltage ratio was
1.75 at 25% light throughput, 1.97 at 50%, 2.21 at
75% and 2.90 at 100%; for the 5.3 micron cell it
was 1.87 for 25% light throughput, 2.09 for 50%,
2.30 for 75% and 2.75 for 100%. At the beginning
of each 16.67ms frame the voltage rose rapidly fo
the peak level for the given throughput, and then
decayed back to the bias level. The decay times
ranged from 4.5ms for the 4.4 micron cell at 25%



9 EP 0 608 556 A1

light throughput, to 12ms for the 3.6 micron cell at
100%.

FIG. 8 compares the gray scale response times
for the three cell thicknesses, in terms of the num-
ber of voltage level fransitions that resulted in a full
liquid crystal response in not more than two
frames, with and without the compensating signal.
Little improvement was gained by the compensat-
ing signal for the 3.6 micron cell, which was al-
ready quite fast. However, the response times of
the 4.4 and 5.3 micron cells were improved by a
factor of about 3. Whereas two or fewer pulses
were required to complete the liquid crystal re-
sponse in only about 25% of the voltage transitions
without the compensating signals, 75% or more of
the responses were completed in two pulses or
less when the compensating signals were added. In
each case the voltage transitions were between the
various combinations of 0%, 25%, 50%, 75% and
100% light throughput.

The invention has thus been shown to produce
a significant improvement in the liquid crystal re-
sponse time, with an accompanying enhancement
of the gray scale video quality. While several illus-
trative embodiments of the invention have been
shown and described, numerous variations and al-
ternate embodiments will occur to those skilled in
the art. Such variations and alternate embodiments
are contemplated, and can be made without de-
parting from the spirit and scope of the invention
as defined in the appended claims.

Claims

1. A method of increasing the response rate of a
liquid crystal light valve (LVLV), (6; 38) com-
prising the steps:

providing a drive signal for said LCLV (6;
38) with a magnitude that varies over time
between different successive levels (60, 62, 66,
70, 74, 78; 82, 84),

modifying said drive signal (60, 62, 66, 70,
74, 78; 82, 84) by imposing thereon com-
pensating signals (64, 68, 72, 76, 80; 90, 94)
for the initial portions of transitions between
different drive signal levels (60, 62, 66, 70, 74,
78; 82, 84), said compensating signals (64, 68,
72, 76, 80; 90, 94) driving said LCLV (6; 38) to
a more rapid response to drive signal level
shifts that the LCLV (6; 38) would exhibit with-
out said compensating signals (64, 68, 72, 76,
80; 90, 94), and

applying said modified signal to provide a
modulating input to said LCLV (6; 38).

2. The method of claim 1, characterized in that
said drive signal (60, 62, 66, 70, 74, 78; 82, 84)
comprises a video signal that represents plu-
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rality of sequential video frames, and said
compensating signal (64, 68, 72, 76, 80; 90,
94) is imposed on the first frame of said video
signal on a pixel-by-pixel basis following a
transition between different video signal levels.

The method of claim 2, characterized in that
said compensating signal (64, 68, 72, 76, 80;
90, 94) is imposed for only the first frame of
said video signal following a fransition between
different video signal levels.

The method of claim 2, characterized in that
said compensating signal (64, 68, 72, 76, 80;
90, 94) is imposed only for transitions between
different gray scale video signal levels.

The method of any of claims 2 - 4, character-
ized in that the compensating signal (64, 68,
72, 76, 80; 90, 94) for a particular video signal
transition is determined by delaying (46, 50)
the video signal, determining (48) the differ-
ence if any between the video signals for the
current frame and for the previous frame, and
selecting (52) the compensating signal (64, 68,
72, 76, 80; 90, 94) as a function of said dif-
ference.

The method of any of claims 2 - 6, character-
ized in that the compensating signal (64, 68,
72, 76, 80; 90, 94) is selected as a function of
the video signal's absolute magnitude.

The method of any of claims 1 - 6, character-
ized in that compensating signals (64, 68, 72,
76, 80; 90, 94) corresponding to different drive
signal transitions (60, 62, 66, 70, 74, 78; 82,
84) are stored in a lookup table (52), and the
compensating signal for a particular transition
is selected from said lookup table (52).

The method of any of claims 1 - 7, character-
ized in that said drive signal (60, 62, 66, 70,
74, 78; 82, 84) is provided as a pixelized signal
for actuating respective regions of said LCLV
(6; 38), and is modified by imposing thereon
said compensating signals (64, 68, 72, 76, 80;
90, 94) on a pixel-by-pixel basis.

The method of any of claims 1 - 8, character-
ized in that said drive signal (60, 62, 66, 70,
74, 78; 82, 84) has a maximum signal level,
and said compensating signals (64, 68, 72, 76,
80; 90, 94) boost the drive signal (60, 62, 66,
70, 74, 78; 82, 84) substantially to said maxi-
mum level for transitions from a lower to a
higher drive signal level.
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The method of any of claims 1 - 9, character-
ized in that said drive signal (60, 62, 66, 70,
74, 78; 82, 84) has a minimum signal level,
and said compensating signals (64, 68, 72, 76,
80; 90, 94) lower the drive signal substantially
to said minimum level for transitions from a
higher to a lower drive signal level.

The method of any of claims 1 - 10, character-
ized in that said LCLV (6; 38) is photoactivated,
and said modified drive signal is applied to
modulate an optical input to said LCLV (6; 38).

The method of any of claims 1 - 10, character-
ized in that said LCLV (6; 38) includes an
active pixel matrix (40) for modulating said
LCLV (6; 38) in response to an electrical mod-
ulating signal applied to said active matrix, and
said modified drive signal is applied o modu-
late said active matrix.

A method of increasing the gray scale re-
sponse rate of a liquid crystal layer (18) to an
input video signal (60, 62, 66, 70, 74, 78; 82,
84), the video signal (60, 62, 66, 70, 74, 78; 82,
84) representing a series of successive video
frames, comprising:

modifying said video signal (60, 62, 66, 70,
74, 78; 82, 84) by imposing thereon a com-
pensating signal (64, 68, 72, 76, 80; 90, 94)
during a new frame that has a new gray scale
video signal level different from the gray scale
video signal of the immediately preceding
frame, said compensating signal (64, 68, 72,
76, 80; 90, 94) providing a harder drive urging
the liquid crystal layer (18) to conform to the
new video signal level faster than the drive
provided by the video signal (60, 62, 66, 70,
74, 78; 82, 84) without said compensating sig-
nal, and

applying said modified video signal to pro-
vide a modulating input to said liquid crystal
layer (18).

The method of claim 13, characterized in that
said compensating signal (64, 68, 72, 76, 80;
90, 94) is imposed for only the first frame after
a change in the gray scale level of said video
signal (60, 62, 66, 70, 74, 78; 82, 84).

The method of claim 13 or claim 14, character-
ized in that said compensating signal (64, 68,
72, 76, 80; 90, 94) is selected by delaying (46,
50) each frame of the video signal, (60, 62, 66,
70, 74, 78; 82, 84) determining (48) the dif-
ference if any between the video signal for the
delayed frame and the immediately following
frame, and selecting (52) the compensating
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signal (64, 68, 72, 76, 80; 90, 94) for said
immediately following frame as a function of
said difference.

The method of any of claims 13 - 15, char-
acterized in that the compensating signal (64,
68, 72, 76, 80; 90, 94) is selected as a function
of the absolute magnitude of the video signal.

The method of any of claims 13 - 16, char-
acterized in that said video signal (60, 62, 66,
70, 74, 78; 82, 84) has maximum and minimum
signal levels, and said compensating signals
(64, 68, 72, 76, 80; 90, 94) boost and lower the
video signal (60, 62, 66, 70, 74, 78; 82, 84)
substantially to said maximum and minimum
levels for frame-to-frame increases and reduc-
tions in the video signal level, respectively.

A fast response liquid crystal
(LCLV) system, comprising:

an LCLV (6; 38) that includes a liquid
crystal layer (18) and responds to changes in
an input video signal (60, 62, 66, 70, 74, 78;
82, 84) by modifying the optical properties of
said liquid crystal layer (18), the video signal
(60, 62, 66, 70, 74, 78; 82, 84) comprising a
series of successive video frames,

means (36, 36") for modifying said video
signal (60, 62, 66, 70, 74, 78; 82, 84) by
imposing thereon a compensating signal (64,
68, 72, 76, 80; 90, 94) that, in response 10 a
change in the gray scale level of said video
signal (60, 62, 66, 70, 74, 78; 82, 84) for two
successive frames, provides an additional drive
to force a faster response by the liquid crystal
layer (18) than its response to the drive pro-
vided by the unmodified video signal (60, 62,
66, 70, 74, 78; 82, 84), and

means (56) for applying said modified vid-
eo signal to provide a modulating input to said
LCLV (6; 38).

light valve

The LCLV system of claim 18, characterized in
that said video signal modifying means (36,
36') provides said additional drive only for the
second of said successive frames and not for
any succeeding frames until another change in
the video signal's gray scale level occurs.

The LCLV system of claim 18 or claim 19,
characterized in that said modifying means
(36, 36") comprise means (46, 50) for delaying
the frames of said video signal (60, 62, 66, 70,
74, 78; 82, 84), means (48) for comparing each
delayed frame with the following frame to iden-
tify differences between the two frames, and
means (52) for selecting said compensating
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signal as a function of said difference.

The LCLV system of any of claims 18 - 20,
further characterized by means (52, 58) re-
sponsive to the absolute magnitude of the vid-
eo signal (60, 62, 66, 70, 74, 78; 82, 84) for
selecting said compensating signal (64, 68, 72,
76, 80; 90, 94).

The LCLV system of claim 21, characterized
by said compensating signal selecting means
(52, 58) further comprising a lookup table (52)
storing the compensating signal levels (64, 68,
72, 76, 80; 90, 94) that correspond to said
video signal magnitudes.

The LCLV system of any of claims 18 - 22,
characterized by said modifying means (36,
36") further comprising means (54) for sum-
ming said compensating signal (64, 68, 72, 76,
80; 90, 94) with the video signal (60, 62, 66,
70, 74, 78; 82, 84) for the following frame.

The LCLV system of any of claims 18 - 23,
characterized in that said video signal (60, 62,
66, 70, 74, 78; 82, 84) comprises a pixelized
signal for modifying the optical properties of
respective pixels of said liquid crystal layer
(18), and said modifying means (36, 36') im-
poses said compensating signal (64, 68, 72,
76, 80; 90, 94) on said video signal (60, 62, 66,
70, 74, 78; 82, 84) on a pixelized basis.

The LCLV system of any of claims 18 - 24,
characterized in that said LCLV includes a
photoconductor layer (12) for modulating a
voltage (26) accross said liquid crystal layer
(18) in response to an optical scanning signal
(28), and said means (30, 36) for applying the
modified video signal to modulate the LCLV
includes an optical scanning means (30) that
responds to said modified video signal by opti-
cally scanning said photoconductor layer (12).

The LCLV system of any of claims 18 - 24,
characterized in that said LCLV (6; 38) in-
cludes an active pixel matrix (40) for modulat-
ing a voltage across said liquid crystal layer
(18), and said means (36') for applying the
modified video signal to modulate the LCLV
(38) comprises means for applying the modi-
fied video signal to said active matrix (40).

The LCLV system of any of claims 18 - 26,
characterized in that said liquid crystal layer
(18) is at least about 4 microns thick.
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28. The LCLV system of any of claims 18 - 27,

characterized in that said liquid crystal layer
(18) is any thickness that is too thick to allow
the liquid crystal material to fully modulate in
less than one frame period when activated with
standard, uncompensated drive signals (60, 62,
66, 70, 74, 78; 82, 84).
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