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CONTINUOUSLY VIEWABLE, DC 
FIELD-BALANCED, 

REFLECTIVE,FERROELECTRIC LIQUID 
CRYSTAL IMAGE GENERATOR 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to image 
generating systems including a re?ective type, ferroelectric 
liquid crystal (FLC) spatial light modulator (SLM). More 
speci?cally, the invention relates to an optics arrangement 
including an FLC compensator cell for alloWing the system 
to generate a substantially continuously vieWable image 
While DC-balancing the FLC material of both the SLM and 
the compensator cell. 

[0002] FLC materials may be used to provide a loW 
voltage, loW poWer re?ective spatial light modulator due to 
their sWitching stability and their high birefringence. HoW 
ever, a problem With FLC materials, and nematic liquid 
crystal materials, is that the liquid crystal material may 
degrade over time if the material is subjected to an unbal 
anced DC electric ?eld for an eXtended period of time. In 
order to prevent this degradation, liquid crystal spatial light 
modulators (SLMs) must be DC ?eld-balanced. 

[0003] Nematic liquid crystal materials respond to posi 
tive or negative voltages in a similar manner regardless of 
the sign of the voltage. Therefore, nematic liquid crystals are 
typically sWitched ON by applying either a positive or 
negative voltage through the liquid crystal material. Nematic 
liquid crystal materials are typically sWitched OFF by not 
applying any voltage through the material. Because nematic 
liquid crystal materials respond to voltages of either sign in 
a similar manner, DC balancing for nematic liquid crystal 
materials may be accomplished by simply applying an AC 
signal to create the voltage through the material. The use of 
an AC signal automatically DC balances the electric ?eld 
created through the liquid crystal material by regularly 
reversing the direction of the electric ?eld created through 
the liquid crystal material at the frequency of the AC signal. 

[0004] In the case of FLC materials, the materials are 
sWitched to one state (i.e. ON) by applying a particular 
voltage through the material (i.e. +5 VDC) and sWitched to 
the other state (i.e. OFF) by applying a different voltage 
through the material (i.e. —5 VDC). Because FLC materials 
respond differently to positive and negative voltages, they 
cannot be DC-balanced in situations Where it is desired to 
vary the ratio of ON time to OFF time arbitrarily. Therefore, 
DC ?eld-balancing for FLC SLMs is most often accom 
plished by displaying a frame of image data for a certain 
period of time, and then displaying a frame of the inverse 
image data for an equal period of time in order to obtain an 
average DC ?eld of Zero for each piXel making up the SLMs. 

[0005] In the case of an image generating system or 
display, the image produced by the SLM during the time in 
Which the frame is inverted for purposes of DC ?eld 
balancing may not typically be vieWed. If the system is 
vieWed during the inverted time Without correcting for the 
inversion of the image, the image Would be distorted. In the 
case in Which the image is inverted at a frequency faster than 
the critical ?icker rate of the human eye, the overall image 
Would be completely Washed out and all of the piXels Would 
appear to be half on. In the case in Which the image is 
inverted at a frequency sloWer than the critical clicker rate 
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of the human eye, the vieWer Would see the image sWitching 
betWeen the positive image and the inverted image. Neither 
of these situations Would provide a usable display. 

[0006] In one approach to solving this problem, the light 
source used to illuminated the SLM is sWitched off or 
directed aWay from the SLM during the time When the frame 
is inverted. This type of system is described in copending 
US. patent application Ser. No. 08-361,775, ?led Dec. 22, 
1994, entitled DC FIELD-BALANCING TECHNIQUE 
FOR AN ACTIVE MATRIX LIQUID CRYSTAL IMAGE 
GENERATOR, Which is incorporated herein by reference. 
HoWever, this approach substantially limits the brightness 
and efficiency of the system. In the case Where magnitude of 
the electric ?eld during the DC ?eld-balancing and the time 
When the frame is inverted is equal to the magnitude of the 
electric ?eld and the time When the frame is vieWed, only a 
maXimum of 50% of the light from a given light source may 
be utiliZed. This is illustrated in FIG. 1a Which is a timing 
diagram shoWing the relationship betWeen the sWitching on 
and off of the light source and the sWitching of the SLM 
image data. 

[0007] As shoWn in FIG. 1a, the light source is sWitched 
on for a period of time indicated by T1. During this time T1, 
the SLM is sWitched to form a desired image. In order to DC 
balance the SLM, the SLM is sWitched to form the inverse 
of the desired image during a time period T2. In order to 
prevent this inverse image from distorting the desired image, 
the light source is sWitched off during the time T2 as shoWn 
in FIG. 1a. 

[0008] In order to establish a convention to be used 
throughout this description, the operation of a given piXel 10 
of a re?ective type FLC SLM using the above mentioned 
approach of sWitching off the light source during the time the 
frame is inverted Will be described With reference to FIGS. 
lb-a'. FIG. 1b shoWs piXel 10 When it is in its bright state and 
FIG. 1c shoWs piXel 10 When it is in its dark state. As 
illustrated in both FIGS. 1b and 1c, a light source 12 directs 
light, indicated by arroW 14, into a polariZer 16. PolariZer 16 
is arranged to alloW, for eXample, horiZontally linearly 
poloriZed light, indicated by the reference letter H and by 
arroW 18, to pass through polariZer 16. HoWever, polariZer 
16 blocks any vertically linearly polariZed component of the 
light and thereby directs only horiZontally linearly polariZed 
light into piXel 10. This arrangement insures that only 
horiZontally linearly polariZed light is used to illuminate 
piXel 10. For purposes of clarity throughout this description, 
the various con?gurations Will be described using horiZon 
tally linearly polariZed light as the initial input light for each 
of the various con?gurations. 

[0009] As also illustrated in FIGS. 1b and 1c, piXel 10 
includes a re?ective backplane 22 and a layer of FLC 
material 24 Which is supported in front of re?ective back 
plane 22 and Which acts as the light modulating medium. 
The various components Would typically be positioned 
adjacent one another, hoWever, for illustrative purposes, the 
spacing betWeen the various components is provided. In this 
eXample, the FLC material has a thickness and a birefrin 
gence Which cause the material to act as a quarter Wave plate 
for a given Wavelength. In this eXample, the FLC material is 
typical of those readily available and has a birefringence of 
0.142. Therefore a thickness of 900 nm causes the SLM to 
act as a quarter Wave plate for a Wavelength of approxi 
mately 510 nm. 
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[0010] FLC material 22 has accompanying alignment lay 
ers (not shown) at the surfaces Which have a buff axis or 
alignment aXis that controls the alignment of the molecules 
of the FLC material. For this example of a re?ective mode 
SLM, the SLM is oriented such that the alignment aXis is 
rotated 22.5 degrees relative to the polarization of the 
horiZontally linearly polariZed light being directed into the 
SLM. The FLC also has a tilt angle of 22.5 degrees asso 
ciated With the average optic aXis of the molecules making 
up the FLC material. Therefore, When FLC material 24 of 
the piXel is sWitched to its ?rst state, in this case by applying 
a +5 VDC electric ?eld across the piXel, the optic aXis is 
rotated to a 45 degree angle relative to the horiZontally 
linearly polariZed light. This causes the piXel to act as a 
quarter Wave plate for horiZontally linearly polariZed light at 
510 nm. Alternatively, When the piXel is sWitched to its 
second state, in this case by applying a —5 VDC electric ?eld 
across the piXel, the optic aXis is rotated to a Zero degree 
angle relative to the horiZontally linearly polariZed light. 
This causes the piXel to have no effect on the horiZontally 
linearly polariZed light directed into the piXel. In other 
Words, the tilt angle is the angle that the FLC optic aXis is 
rotated one side or the other of the buff ads when the FLC 
material is sWitched to its ?rst and second states. 

[0011] NoW that the con?guration of the piXel for this 
eXample has been described, its effect on the light as it 
passes through the various elements Will be described. 
Initially, it Will be assumed the light is monochrome at the 
Wavelength at Which the SLM acts as a quarter Wave plate, 
in this case 510 nm. As illustrated in FIG. 1b, When the FLC 
material is sWitched to its ?rst state, Which Will be referred 
to hereinafter as itsAstate, FLC material 24 converts the 510 
nm Wavelength horiZontally linearly polariZed light directed 
into the piXel and indicated by arroW 18 into circularly 
polariZed light indicated by the reference letters C and arroW 
26. Re?ective backplane 22 re?ects this circularly polariZed 
light as indicated by arroW 28 and directing it back into FLC 
material 24. FLC material 24 again acts on the light con 
verting it from circularly polariZed light to vertically linearly 
polariZed light as indicated by reference letter V and arroW 
30. The vertically linearly polariZed light 30 is directed into 
an analyZer 32 Which is con?gured to pass vertically linearly 
polariZed light and block horiZontally polariZed light. Since 
analyZer 32 is arranged to pass vertically linearly polariZed 
light, this vertically linearly polariZed light indicated by 
arroW 30 passes through analyZer 32 to a vieWing area 
indicated by vieWer 34 causing the piXel to appear bright to 
the vieWer. 

[0012] Alternatively, as illustrated in FIG. 1c, FLC mate 
rial 24 has no effect on the horiZontally linearly polariZed 
light directed into the piXel When the piXel is in its second 
state, Which Will be referred to hereinafter as its B state. This 
is the case regardless of the Wavelength of the light. There 
fore, the horiZontally linearly polariZed light passes through 
FLC material 24 and is re?ected by re?ective backplane 22 
back into FLC material 24. Again, FLC material 24 has no 
effect on the horiZontally linearly polariZed light. And 
?nally, since analyZer 32 is arranged to block horiZontally 
linearly polariZed light, the horiZontally linearly polariZed 
light is prevented from passing through to vieWing area 34 
causing the piXel to appear dark. 

[0013] Although the polariZation state of the light is 
relatively straight forWard When the light is assumed to be at 
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a Wavelength at Which the SLM acts as a quarter Wave plate, 
it becomes more complicated When polychromatic light is 
used. This is because even if the birefringence An of the FLC 
Were constant, the retardance of the SLM in Waves Would 
vary With Wavelength; furthermore, the birefringence of the 
FLC material also varies as the Wavelength of the light 
varies. In display applications, this becomes very important 
due to the desire to provide color displays. FIG. 1a' illus 
trates the effects the SLM has on visible light ranging in 
Wavelength from 400 nm to 700 nm as a function of the 
Wavelength of the light assuming typical FLC birefringence 
dispersions. Solid line 36 corresponds to the ?rst case When 
the piXel is in its A state as illustrated in FIG. 1b and the 
dashed line 38 corresponds to the second case When the piXel 
is in its B state as illustrated in FIG. 1c. As is illustrated in 
FIG. 1d, the resulting output of this con?guration varies 
substantially depending on the Wavelength of the light as 
indicated by line 36. In fact, only a little more than 50% of 
the horiZontally linearly polariZed light at 400 nm that is 
directed into the SLM is converted to vertically linearly 
polariZed light using this con?guration. 

[0014] The above described con?guration makes use of 
crossed polariZers. That is, polariZer 16 blocks vertically 
linearly polariZed light and analyZer 32 blocks horiZontally 
linearly polariZed light. This means that polariZer 16 and 
analyZer 32 must be different elements. If both polariZer 16 
and analyZer 32 Were con?gured to pass the same polariZa 
tion of light, they Would be referred to as parallel polariZers 
and could be provided by the same element. 

[0015] In an alternative system con?guration, a polariZing 
beam splitter may be used to replace both the polariZer and 
the analyZer. FIGS. 16 and 1f illustrate such a system When 
piXel 10 is in its A and B states respectively. In this 
alternative system, light from light source 12 is directed into 
a polariZing beam splitter (PBS) 40 as indicated by arroW 42. 
PBS 40 is con?gured to re?ect horiZontally linearly polar 
iZed light as indicated by arroW 44 and pass vertically 
linearly polariZed light as indicated by arroW 46. The 
horiZontally linearly polariZed light indicated by arroW 44 is 
directed into SLM 24. 

[0016] When piXel 10 is in its Astate as illustrated in FIG. 
16, SLM 24 acts as a quarter Wave plate as described above 
converting the horiZontally linearly polariZed light to circu 
larly polariZed light and re?ective backplane 22 re?ects this 
light back into SLM 24. Again, SLM 24 converts this 
circularly polariZed light into vertically linearly polariZed 
light as described above for FIG. 1b and as indicated by 
arroW 48. Since PBS 40 is con?gured to pass vertically 
linearly polariZed light, this light passes through PBS 40 into 
vieWing area 34 causing piXel 10 to appear bright. 

[0017] When piXel 10 is in its B state as illustrated in FIG. 
1f, SLM 24 has no effect on the horiZontally linearly 
poloriZed light. Therefore, the horiZontally linearly polar 
iZed light that is directed into SLM 24 as indicated by arroW 
44 remains horiZontally linearly polariZed light as it passes 
through SLM 24, is re?ected by backplane 22, and again 
passes through SLM 24. HoWever, since PBS 40 is con?g 
ured to re?ect horiZontally linearly polariZed light, this light 
is re?ected back toWard light source 12 as indicated by 
arroW 50 causing piXel 10 to appear dark. 

[0018] As mentioned above, in the con?guration currently 
being described, the light source is turned off during the time 
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in Which the image is inverted for purposes of DC ?eld 
balancing the FLC material as illustrated in FIG. 1a. This 
substantially reduces the brightness or efficiency of the 
display. In order to overcome this problem of not being able 
to vieW the system during the DC ?eld-balancing frame 
inversion time, compensator cells have been proposed for 
transmissive SLMs such as those described in US. Pat. No. 
5,126,864. These compensator cells are intended to correct 
for the frame inversion during the time When the FLC piXel 
is being operated in its inverted state. FIG. 2a illustrates a 
transmissive mode system 200 Which includes an SLM 202, 
a compensator cell 204, a polariZer 206, and an analyZer 
208. 

[0019] As described above for the FLC material of the 
SLM of the previous con?guration, SLM 202 and compen 
sator cell 204 each include an FLC layer Which is sWitchable 
betWeen an A and a B state. This results in four possible 
combinations of states for the SLM and compensator cell. 
For purposes of consistency in comparing various con?gu 
rations described herein, these four cases Will be de?ned as 
folloWs: 

[0020] Case 1—compensator cell in B state, SLM 
piXel in A state 

[0021] Case 2—compensator cell in B state, SLM 
piXel in B state 

[0022] Case 3—compensator cell in A state, SLM 
piXel in B state 

[0023] Case 4—compensator cell in A state, SLM 
piXel in A state 

[0024] For this con?guration, Cases 1 and 2 correspond to 
the normal operation of the system during Which the com 
pensator cell is in its B state and the SLM piXels are sWitched 
betWeen their A and B states to respectively produce a bright 
or dark piXel. This is illustrated in the ?rst half of FIG. 2b 
Which is a timing diagram shoWing the states of the light 
source, the SLM, and the compensator cell. As shoWn in 
FIG. 2b, the light source remains ON throughout the opera 
tion of the system. During the ?rst half of the time illustrated 
in FIG. 2b, the piXels of the SLM are sWitched betWeen their 
A and B states to produce a desired image. Cases 3 and 4 
correspond to the time during Which the frame is inverted for 
purposes of DC ?eld balancing (i.e. the SLM piXel states 
must be reversed) and the compensator cell is sWitched to its 
Astate to compensate for the inversion. This is illustrated by 
the second half of the diagram of FIG. 2b. To properly DC 
?eld-balance the display as Well as alloW the display to be 
vieWed continuously, Case 1 and Case 3 must give the same 
results and Case 2 and Case 4 must give the same results. 
That is, for this con?guration, Cases 1 and 3 must both 
produce a bright piXel and Cases 2 and 4 must both produce 
a dark piXel. 

[0025] In this eXample of a transmissive mode system, 
both the FLC layer of the SLM piXel and the compensator 
cell are 1800 nm thick Which causes them to act as a half 

Wave plate for a Wavelength of 510 nm When in the ON state. 
In this con?guration, the polariZer and analyZer perform the 
functions performed by polariZer 16 and analyZer 32, or 
alternatively PBS 40, of the re?ective mode systems 
described above. PolariZer 206 is positioned optically in 
front of compensator cell 204 and the SLM piXel 202 such 
that it alloWs only horiZontally linearly polariZed light to 
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pass through it into compensator cell 204. Also, analyZer 
208 Which only alloWs vertically linearly polariZed light to 
pass through is positioned optically behind SLM 202. 

[0026] FIGS. 2c and 2d illustrate the net result the above 
described transmissive system con?guration has on light 
directed in to the system. FIG. 2c shoWs the results for Case 
1 and 2 during Which the compensator cell is in its B state 
and the SLM is sWitched betWeen its A state for Case 1 and 
its B state for Case 2. Case 1 is indicated by solid line 210 
and Case 2 is indicated by dashed line 212. FIG. 2a' shoWs 
the results for Case 3 and 4 during Which the compensator 
cell is in its A state and the SLM is sWitched betWeen its B 
state for Case 3 and its A state for Case 4. Case 3 is 
represented by solid line 214 and Case 4 is represented by 
dashed line 216. 

[0027] As clearly shoWn by FIGS. 2c and 2d, this trans 
missive con?guration produces identical results, that is a 
bright piXel, for Case 1 and 3 as indicated by lines 210 and 
214, respectively. It also produces identical results for Cases 
2 and 4 as indicated by lines 212 and 216, respectively. It 
should also be noted that this con?guration produces rela 
tively good results over the entire Wavelength range from 
400 nm to 700 nm. The Worst results are at 400 nm Where 

approximately 80% of the horiZontally linearly polariZed 
light is converted to vertically polariZed light. 

[0028] Although the compensator cell approach Works 
Well for a transmissive SLM as described above, applicant 
has found that this same general approach does not Work as 
Well for a re?ective type SLM. To illustrate this difference, 
and referring to FIG. 3a, a re?ective type display system 
300 including a re?ective type SLM 302 having a re?ective 
backplane 303, a compensator cell 304, a polariZer 306, and 
an analyZer 308 Will be described. Compensator cell 304 is 
positioned adjacent to SLM 302. As described above for 
FIGS 1b and 1c, polariZer 306 is positioned to direct only 
horiZontally linearly polariZed light into compensator cell 
304. Because the light passes through the SLM and the 
compensator cell tWice in a re?ective mode system, the FLC 
material of SLM 302 and compensator cell 304 are con?g 
ured to act as quarter Wave plates for a Wavelength of 510 
nm rather than half Wave plates as described above for the 
transmissive system of FIG. 2a. 

[0029] In this eXample, the FLC materials of both SLM 
302 and compensator cell 304 are 900 nm thick and both 
have a tilt angle of 22.5 degrees. The buff aXis of the SLM 
is aligned With the horiZontally linearly polariZed light 
directed into the system by polariZer 306. Also, the buff aXis 
of compensator cell 304 is positioned perpendicular to the 
buff aXis of SLM 302. FIGS. 3b and 3c illustrate the net 
result that system 300 has on light directed in to the system. 
FIG. 3b shoWs the results for Case 1 and 2 during Which the 
compensator cell is in its B state and the SLM is sWitched 
betWeen its Astate for Case 1 and its B state for Case 2. Case 
1 is indicated by solid line 310 and Case 2 is indicated by 
dashed line 312. FIG. 3c shoWs the results for Case 3 and 
4 during Which the compensator cell is in its A state and the 
SLM is sWitched betWeen its B state for Case 3 and its A 
state for Case 4. Case 3 is represented by solid line 314 and 
Case 4 is represented by dashed line 316. 

[0030] As clearly shoWn by FIGS. 3b and 3c, system 300 
produces identical results, that is, a bright piXel for Case 1 
and 3 as indicated by lines 310 and 314, respectively. It also 
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produces identical results for Cases 2 and 4 as indicated by 
lines 312 and 316, respectively. However, this con?guration 
does not produces very good results over the entire Wave 
length range from 400 nm to 700 nm. The Worst results are 
at 400 nm Where only approximately 5% of the horiZontally 
linearly polariZed light is converted to vertically polariZed 
light. At a Wavelength of about 500 nm about 50% of the 
horiZontally linearly polariZed light is converted to vertically 
linearly polariZed light. The best results are at 700 nm Where 
about 80% of the horiZontally linearly polariZed light is 
converted to vertically linearly polariZed light. Since the 
point to adding the compensator cell is to increase the 
ef?ciency or brightness of the system, this arrangement does 
not improve the ef?ciency or brightness for the loWer 
Wavelength range When compared to the system of FIG. 1b 
and 1c Which simply turns OFF the light source during the 
DC ?eld-balancing time. 

[0031] As can be clearly seen When comparing FIGS. 
3b-c to FIGS. 2c-d, the effects on the light caused by the 
various components of the re?ective con?guration of FIG. 
3a are very much different from the effects on the light 
caused by the transmissive con?guration of FIG. 2a. That is, 
the re?ective con?guration of FIG. 3a is not optically 
equivalent to the transmissive con?guration of FIG. 2a even 
though it may initially seem as though they should be 
optically equivalent. These tWo con?gurations are optically 
different from one another because the light must pass 
through the SLM and compensator cell tWice in the re?ec 
tive con?guration With the ?rst pass through the compen 
sator being before the tWo passes through the SLM and the 
second pass through the compensator cell being after the tWo 
passes through the SLM. 

[0032] Due to this difference in the transmissive and 
re?ective con?gurations, it has proved dif?cult to provide a 
re?ective type system Which is DC ?eld-balanced and is 
substantially continuously vieWable While providing 
improved efficiency or brightness compared to a system 
Which simply turns off the light source during the DC 
?eld-balancing portion of the frame. The present invention 
provides arrangements and methods for overcome this prob 
lem. 

SUMMARY OF THE INVENTION 

[0033] As Will be described in more detail hereinafter, a 
re?ection mode, spatial light modulating system and meth 
ods of operating the system are herein disclosed. The 
re?ection mode, ferroelectric liquid crystal spatial light 
modulating system, includes a light re?ecting type spatial 
light modulator. The spatial light modulator has a light 
re?ecting surface cooperating With a layer of ferroelectric 
liquid crystal light modulating medium sWitchable betWeen 
?rst and second states so as to act on light in different ?rst 
and second Ways, respectively. A sWitching arrangement 
sWitches the liquid crystal light modulating medium 
betWeen the ?rst and second states and an illumination 
arrangement produces a source of light. An optics arrange 
ment is optically coupled the spatial light modulator and the 
illumination arrangement such that light is directed from the 
source of light into the spatial light modulator for re?ection 
back out of the modulator and such that re?ected light is 
directed from the spatial light modulator into a predeter 
mined vieWing area. A compensator cell is also positioned in 
the optical path betWeen the light source and the vieWing 
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area. The compensator cell has a layer of ferroelectric liquid 
crystal light modulating medium sWitchable betWeen a pri 
mary and a secondary state so as to act on light in different 
primary and secondary Ways, respectively. 

[0034] In one embodiment, the optics arrangement 
includes a passive quarter Wave plate positioned in the 
optical path betWeen the light source and the spatial light 
modulator and in the optical path betWeen the spatial light 
modulator and the vieWing area. In this embodiment, the 
compensator cell is positioned in the optical path betWeen 
the light source and the spatial light modulator and in the 
optical path betWeen the spatial light modulator and the 
vieWing area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] The features of the present invention may best be 
understood by reference to the folloWing description of the 
presently preferred embodiments together With the accom 
panying draWings. 
[0036] FIG. 1a is a timing diagram illustrating the timing 
at Which a light source for a prior art DC-balanced display 
system is sWitched ON and OFF. 

[0037] FIGS 1b and 1c are diagrammatic cross sectional 
vieWs of a piXel of a prior art re?ective type SLM display 
system illustrating hoW the piXel acts on light When the piXel 
is in the ON and OFF states. 

[0038] FIG. 1a' is a graph illustrating the effects the 
system of FIG. 1b and 10 has on light after it passes through 
the system. 

[0039] FIGS 16 and 1f are diagrammatic cross sectional 
vieWs of a piXel of a prior art re?ective type SLM display 
system including a polariZing beam splitter. 

[0040] FIG. 2a is a diagrammatic cross sectional vieW of 
a prior art transmissive SLM display system. 

[0041] FIG. 2b is a timing diagram illustrating the timing 
at Which a light source for a prior art DC-balanced display 
system is sWitched ON and OFF. 

[0042] FIGS. 2c and 2d are graphs illustrating the effects 
the system of FIG. 221 has on light after it passes through the 
system. 

[0043] FIG. 3a is a diagrammatic cross sectional vieW of 
a prior art re?ective SLM display system. 

[0044] FIGS. 3b and 3c are graphs illustrating the effects 
the system of FIG. 3a has on light after it passes through the 
system. 

[0045] FIG. 4a is a diagrammatic cross sectional vieW of 
a ?rst embodiment of a re?ective SLM display system 
designed in accordance With the present invention. 

[0046] FIGS. 4b-c are graphs illustrating the effects the 
system of FIG. 4a has on light after it passes through the 
system. 

[0047] FIG. 5a is a diagrammatic cross sectional vieW of 
a second embodiment of a re?ective SLM display system 
designed in accordance With the present invention. 

[0048] FIGS 5b-c are graphs illustrating the effects the 
system of FIG. 5a has on light after it passes through the 
system. 



US 2002/0012081 A1 

[0049] FIG. 5 is a diagrammatic cross sectional vieW of a 
third embodiment of a re?ective SLM display system 
designed in accordance With the present invention. 

[0050] FIGS. 7a-b are diagrammatic cross sectional vieWs 
of a fourth embodiment of a re?ective SLM display system 
designed in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0051] An invention is described for providing methods 
and apparatus for producing a substantially continuously 
vieWable re?ective type SLM display system Which is DC 
?eld-balanced and Which is more ef?cient or brighter than 
Would be possible using a re?ective type SLM display 
system Which simply turns off the light source during the DC 
?eld balancing portion of each image frame. In the folloWing 
description, numerous speci?c details are set forth in order 
to provide a thorough understanding of the present inven 
tion. HoWever, based on the folloWing description, it Will be 
obvious to one skilled in the art that the present invention 
may be embodied in a Wide variety of speci?c con?gura 
tions. Also, Well knoWn processes for producing various 
components and certain Well knoWn optical effects of vari 
ous optical components Will not be described in detail in 
order not to unnecessarily obscure the present invention. 

[0052] Referring initially to FIG. 4a, the present invention 
Will be described With reference to a ?rst embodiment of the 
invention Which takes the form of a re?ective type SLM 
display system generally designated by reference numeral 
400. As illustrated in FIG. 4a, system 400 includes an SLM 
402 having a re?ective backplane 403, a compensator cell 
404, a polariZer 405, and an analyZer 406. Alternatively, in 
the same manner as described above, crossed polariZer 405 
and analyZer 406 may be replaced With a polariZing beam 
splitter. 

[0053] System 400 is con?gured in a manner similar to 
that described above for system 300 of FIG. 3a. That is, 
compensator cell 404 is positioned adjacent SLM 402. Also, 
polariZer 405 is positioned to direct only horiZontally lin 
early polariZed light into compensator cell 404. Similarly, 
analyZer 406 alloWs only vertically linearly polariZed light 
to pass through it and into the vieWing area after the light 
directed in to the system has passed through compensator 
cell 404 and SLM 402 and been re?ected back through SLM 
402 and compensator cell 404. HoWever, in accordance With 
the invention, system 400 also includes a static quarter Wave 
plate 408 positioned optically betWeen compensator cell 404 
and polariZer 405 and analyZer 406. 

[0054] As Would be understood by those skilled in the art, 
SLM 402 may be made up of an array of any number of 
individually controllable piXels Which are individually sWit 
chable betWeen tWo states. For purposes of consistency, it 
Will be assumed that each piXel is sWitched to its A state by 
applying a +5 VDC electric ?eld through the piXel and each 
piXel is sWitched to its B state by applying a —5 VDC electric 
?eld through the piXel. It should be understood that the 
present invention is not limited to these speci?c voltages and 
Would equally apply regardless of the voltages used to 
sWitch the pixels. 

[0055] System 400 further includes a light source 410 for 
directing light into the system in a manner similar to that 
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described above for FIGS 1b and 1c. With this con?guration, 
light source 410 directs light into polariZer 405 as indicated 
by arroW 412. PolariZer 405 blocks any vertically linearly 
polariZed portions of the light from passing through polar 
iZer 405 an alloWs only horiZontally linearly polariZed 
portions of the light to pass through polariZer 405 into static 
quarter Wave plate 408. This light passes through static 
quarter Wave plate 408, compensator cell 404, and SLM 402 
and is then re?ected by re?ective backplane 403 back 
through SLM 402, compensator cell 404, and static Wave 
plate 408 to analyZer 406 as illustrated in FIG. 4a. AnalyZer 
406 then blocks any horiZontally linearly polariZed portions 
of the light and alloWs only vertically linearly polariZed 
portions of the light to pass through it to a vieWing area 
indicated by vieWer 416. Since polariZer 405 blocks verti 
cally linearly polariZed light and analyZer 406 blocks hori 
Zontally linearly polariZed light, this type of system is 
referred to as using crossed polariZers. 

[0056] For this embodiment and as described above for 
system 300, because the light passes through the SLM and 
the compensator cell tWice in a re?ective mode system, the 
FLC material of SLM 402 and compensator cell 404 are 
con?gured to act as quarter Wave plates for a Wavelength of 
510 nm. In this con?guration, the FLC materials of both 
SLM 402 and compensator cell 404 are 900 nm thick and 
both have a tilt angle of 22.5 degrees. In this speci?c 
embodiment, the buff aXis of the SLM is positioned at a 22.5 
degree angle relative to the horiZontally linearly polariZed 
light directed into the system. Also, for this embodiment, the 
buff axis of compensator cell 404 is positioned perpendicu 
lar to the buff aXis of SLM 402. 

[0057] Although the buff aXis of the SLM is described as 
being positioned at 22.5 degrees relative to the horiZontally 
linearly polariZed light directed into the system, this is not 
a requirement. In fact, this con?guration Works equally as 
Well regardless of the orientation of the SLM buff aXis 
relative to the horiZontally linearly polariZed light directed 
into the system so long as the buff aXis of the compensator 
cell is oriented perpendicular to the buff aXis of the SLM. 
This freedom in orienting the buff aXis of the SLM relative 
to the horiZontally linearly polariZed light directed into the 
system makes this overall system easier to produce than 
other conventional systems because only the orientation of 
the SLM relative to the compensator cell must be precisely 
controlled. 

[0058] The orientation of the static quarter Wave plate 
relative to the horiZontally linearly polariZed light directed 
into the system is also important. Generally, static quarter 
Wave plate 408 has a primary aXis Which is oriented at a 45 
degree angle to the horiZontally linearly polariZed light 
directed into the quarter Wave plate. 

[0059] Although the tilt angles of SLM 402 and compen 
sator cell 404 are described as being 22.5 degrees, this is not 
a requirement. The con?guration described above for this 
embodiment Works regardless of the tilt angle of the FLC 
material of the SLM and the compensator cell, but Works 
best When the tilt angles of the tWo components are the same. 
Therefore, it should be understood that the present invention 
Would equally apply to systems using SLMs and compen 
sator cells having tilt angles other than 22.5 degrees. With 
this con?guration, the bright states obtained by the system 
remain bright regardless of the tilt angle used provided the 
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tilt angles match. However, the use of tilt angles in the range 
of 22.5 to 25.5 degrees provides optimum dark state eXtinc 
tion, With the choice of tilt angle at the loW end of the range 
providing best extinction over a narroW range of Wave 
lengths centered on the Wavelength for Which the SLM and 
compensator have quarter-Wave retardance and With the 
choice of tilt angle toWards the upper end of the range 
providing good extinction over a more eXtended range of 
Wavelength. Increasing the tilt angle past 25.5 degrees 
eventually reduces dark state extinction. 

[0060] NoW that the physical con?guration of system 400 
has been described, its effect on light directed into system 
400 Will be described. FIGS. 4b and 4c illustrate the net 
result that system 400 has on light directed in to the system. 
FIG. 4b shoWs the results for Case 1 and 2 during Which the 
compensator cell is in its B state and the SLM is sWitched 
betWeen the A state for Case 1 and the B state for Case 2. 
Case 1 is indicated by solid line 420 and Case 2 is indicated 
by dashed line 422. FIG. 4c shoWs the results for Case 3 and 
4 during Which the compensator cell is in its A state and the 
SLM is sWitched betWeen the B state for Case 3 and the A 
state for Case 4. Case 3 is represented by solid line 424 and 
Case 4 is represented by dashed line 426. Cases 1-4 corre 
spond to Cases 1-4 for the systems described above in the 
background. 

[0061] As illustrated in FIGS. 4b and 4c, because of 
quarter Wave plate 408 is included in the con?guration of 
system 400, Cases 1 and 3 result in a dark piXel rather than 
a bright piXel and Cases 2 and 4 result in a bright piXel rather 
than a dark piXel. This is the opposite of the results described 
in the background. HoWever, this inversion of the bright and 
the dark states may be compensated for in a variety of Ways 
such as reversing the A and the B states for the SLM (i.e. 
using a —5 VDC to sWitch the piXel to the A state and using 
a 5 VDC to sWitch the piXel to the B state). The important 
thing is that the results of Cases 1 and 3 are identical and the 
results of Cases 2 and 4 are identical. 

[0062] For system 400, static quarter Wave plate 408 is 
preferably a readily providable achromatic quarter Wave 
plate. The use of an achromatic static quarter Wave plate 
provides the best results over a broad color spectrum 
because it ?attens out the curves 422 of FIG. 4b and 426 of 
FIG. 4c representing the bright states obtained by Case 1 
and Case 2. This ?attening out of the curve improves the 
optical throughput of system 400 by increasing the amount 
of light Which passes through the system for a given piXel 
When the combination of that piXel and the other elements 
are sWitched to produce a bright state. 

[0063] In one embodiment of the invention Which reverses 
the bright and dark states described above for FIGS. 4a-c, 
parallel polariZers are used instead of crossed polariZers. 
FIG. 5a-c illustrate a system 500 Which utiliZes parallel 
polariZers. As described above for system 400, system 500 
includes a SLM 502, a re?ective backplane 503, a compen 
sator cell 504, a polariZer 505, a static quarter Wave plate 
508, and a light source 510. Light source 510 directs light 
into polariZer 505 Which blocks any vertically linearly 
polariZed light and alloWs only horiZontally linearly polar 
iZed light to pass through. This horiZontally linearly polar 
iZed light then passes through and is acted upon by static 
quarter Wave plate 508, compensator cell 504, SLM 502, and 
re?ective backplane 503 in the same Way as described above 
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for FIG. 4a. HoWever, in this embodiment, polariZer 505 
also acts as the analyZer for the system. This use of polariZer 
505 for both the polariZer and the analyZer is What makes 
this system a parallel polariZer system. 

[0064] In the con?guration of FIG. 5a, polariZer 505 acts 
as the analyZer by blocking any vertically linearly polariZed 
light and alloWing any horiZontally linearly polariZed light 
to pass into the vieWing area. This is the opposite of the 
polariZations of light blocked and passed by analyZer 406 in 
system 400. This has the effect of reversing the bright and 
dark states of the system and results in the net effects 
illustrated in FIGS. 5b and 5c. FIG. 5b shoWs the results for 
Case 1 and 2 during Which the compensator cell is in its B 
state and the SLM is sWitched betWeen the A state for Case 
1 and the B state for Case 2. Case 1 is indicated by solid line 
520 and Case 2 is indicated by dashed line 522. FIG. 5c 
shoWs the results for Case 3 and 4 during Which the 
compensator cell is in its A state and the SLM is sWitched 
betWeen the B state for Case 3 and the A state for Case 4. 
Case 3 is represented by solid line 524 and Case 4 is 
represented by dashed line 526. Cases 1-4 correspond to 
Cases 1-4 for the systems described above in the background 
and Cases 1-4 described above for FIG. 4. 

[0065] As clearly shoWn by FIGS. 5b and 5c, system 500 
produces identical results, that is, a bright piXel for Case 1 
and 3 as indicated by lines 520 and 524, respectively. It also 
produces identical results for Cases 2 and 4 as indicated by 
lines 522 and 526, respectively. This con?guration also 
produces very good results over the entire Wavelength range 
from 400 nm to 700 nm. In fact, as illustrated by lines 522 
and 526, this con?guration provides substantially uniform 
blockage of the entire range of Wavelengths of the light that 
is directed into the spatial light modulator. Also, in both 
Cases 1 and 3, a large portion of the horiZontally linearly 
polariZed light passes through the system for the entire range 
of 400 nm to 700 nm. Since the point to adding the 
compensator cell is to increase the ef?ciency or brightness of 
the system, this arrangement dramatically improves the 
ef?ciency or brightness of system 500 over the complete 
Wavelength range When compared to the system of FIG. 1b 
and 1c Which simply turns OFF the light source during the 
DC ?eld-balancing time. This also substantially improves 
the ef?ciency of the system compared to system 300 of FIG. 
3 described above Which does not include the static quarter 
Wave plate. Furthermore, since essentially no light from the 
light source passes through the system to the vieWing area 
When the elements are sWitched to produce a dark state as 
indicated by lines 522 and 526, this con?guration also 
provides an eXcellent contrast ratio. 

[0066] In another embodiment similar to system 400 of 
FIG. 4a, a birefringent element may be added to system 400 
in order to provide results very similar to the results obtained 
by system 500 of FIG. 5a. Using like reference numerals to 
represent like components, FIG. 6 illustrates a system 600 
including SLM 402, re?ective backplane 403, compensator 
cell 404, polariZer 405, analyZer 406, static quarter Wave 
plate 408, and light source 410. As described above for FIG. 
4, polariZer 405 and analyZer 406 are crossed polariZers. 
HoWever, in accordance With this embodiment of the inven 
tion, system 600 further includes an additional birefringent 
element 612 Which can be positioned betWeen SLM 402 and 
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compensator cell 404, as shown here, or alternately, can be 
positioned betWeen compensator cell 404 and static quarter 
Wave plate 408. 

[0067] In this embodiment, birefringent element 612 is a 
commercially available polycarbonate ?lm having a retar 
dance of approximately one half of the Wavelength of the 
light for Which the system is optimized, for example a 
Wavelength of 510 nm. Alternatively, birefringent element 
612 may be any birefringent material capable of providing 
the desired retardance such as poly vinyl alcohol or any 
other optically clear birefringent material. 

[0068] In this embodiment, the buff axes of SLM 402 and 
compensator cell 404 are parallel to one another and bire 
fringent element 612 has a primary axis Which is oriented 
perpendicular to the buff axis of both SLM 402 and com 
pensator cell 404. As describe above for system 400, polar 
iZer 405 directs horiZontally linearly polariZed light into 
quarter Wave plate 408 and quarter Wave plate 408 is 
oriented at a 45 degree angle to the horiZontally linearly 
polariZed light. SLM 402, compensator cell 404, and bire 
fringent element 612 may be oriented in any Way relative to 
quarter Wave plate 408 so long as the buff axes of SLM 402 
and Compensator cell 404 are parallel to one another and the 
primary axis of birefringent element 612 is perpendicular to 
the buff axes of SLM 402 and compensator cell 404. 

[0069] The addition of the birefringent element causes 
Case 1 and Case 3 for this embodiment to result in a bright 
state in Which the throughput varies only slightly over the 
range of the Wavelengths similar to curves 520 and 524 of 
FIGS. 5b and 5c. Also, the addition of the birefringent 
element causes Case 2 and Case 4 for this embodiment to 
result in a substantially more uniform dark state similar to 
lines 522 and 526 of FIGS. 5b and 5c. This results in a 
system that is able to provide a high contrast ratio While 
maintaining a relatively high throughput for the entire 
Wavelength range even though crossed polariZers are uti 
liZed. 

[0070] Although the above described embodiments have 
been described as having the static quarter Wave plate 
positioned betWeen the polariZer and the compensator cell, 
this is not a requirement. Instead, the static quarter Wave 
plate may be located betWeen the compensator cell and SLM 
and still remain Within the scope of the invention. 

[0071] In another embodiment, an off axis system may be 
utiliZed in order to provide a continuously vieWable DC 
?eld-balanced re?ective display system. FIGS. 7a and 7b 
illustrate one embodiment of an off axis display system 700. 
As illustrated in FIGS. 7a and 7b, system 700 includes a 
SLM 702, a re?ective backplane 703, a compensator cell 
704, a polariZer 705, an analyZer 706, and a light source 710. 
In this embodiment, the light is directed into the SLM at an 
angle and re?ected back into a vieWing area indicated by 
vieWer 720 such that the light directed into the system only 
passes through the compensator cell once rather than passing 
through the compensator cell tWice as described above for 
the previously described embodiments. 

[0072] Since the light only passes through compensator 
cell 704 once, the thickness of compensator cell 704 is 
con?gured to be tWice the thickness of the SLM. Generally, 
SLM 702 has a thickness Which causes SLM 702 to act as 
a quarter Wave plate When sWitched to its A state and 
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compensator cell 704 has a thickness Which causes it to act 
as a half Wave plate When it is sWitched to its A state. 
Therefore, in the case in Which an FLC material is used for 
both the SLM and compensator cell that has a birefringence 
of 0.142, the thickness FLC material for the SLM Would be 
approximately 900 nm and the thickness of the FLC material 
for the compensator cell Would be approximately 1800 nm. 
Both SLM 702 and compensator cell are con?gured to have 
substantially no effect on the polariZation of the light passing 
through them When they are sWitched to their B states. 

[0073] For the con?guration being described, polariZer 
705 is con?gured to alloW only horiZontally linearly polar 
iZed light to be directed into the system. AnalyZer 706 is 
con?gured to alloW only vertically linearly polariZed light to 
pass into the vieWing area. Also, for this embodiment, the 
buff axis of compensator cell 704 is oriented perpendicular 
to the buff axis of SLM 702 and the buff axis of SLM 702 
is advantageously oriented parallel to horiZontally linearly 
polariZed light directed into the system. Other orientations 
of the buff axes are also effective provided that the SLM and 
compensator cell buff axes remain perpendicular to one 
another. 

[0074] As described above for the previous embodiments, 
the off axis con?guration shoWn in FIGS. 7a and 7b provide 
identical results for Cases 1 and 3 and Cases 2 and 4. This 
con?guration also provides good results over a broad spec 
trum similar to the results illustrated in FIGS. 5b and 5c. 
Therefore, system 700 is also able to provide a continuously 
vieWable system Which more effectively utiliZes light from 
the light source When compared to the conventional re?ec 
tive systems illustrated in FIGS. 1b-c and FIG. 3a. 

[0075] Although only certain speci?c embodiments of the 
present invention have been described in detail, it should be 
understood that the present invention may be embodied in 
many other speci?c forms Without departing from the spirit 
or scope of the invention. For example, although the systems 
have been described above as using horiZontally linearly 
polariZed light as the initial input light polariZation, this is 
not a requirement. Instead, it should be understood that the 
initial input light polariZation may alternatively be vertically 
linearly polariZed light. Therefore, the present examples are 
to be considered as illustrative and not restrictive, and the 
invention is not to be limited to the details given herein, but 
may be modi?ed Within the scope of the appended claims. 

What is claimed is: 
1. A re?ection mode, ferroelectric liquid crystal spatial 

light modulating system, comprising: 

(a) a light re?ecting type spatial light modulator including 
a light re?ecting surface cooperating With a layer of 
ferroelectric liquid crystal light modulating medium 
sWitchable betWeen ?rst and second states so as to act 
on light in different ?rst and second Ways, respectively; 

(b) a sWitching arrangement for sWitching the liquid 
crystal light modulating medium betWeen the ?rst and 
second states; 

(c) an illumination arrangement for producing a source of 
light; and 

(d) an optics arrangement optically coupled to the spatial 
light modulator and the illumination arrangement for 
directing light from the source of light into the spatial 
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light modulator for re?ection back out of said modu 
lator and for directing re?ected light from the spatial 
light modulator into a predetermined vieWing area, the 
optics arrangement including 

(i) a passive Wave plate positioned in the optical path 
betWeen the light source and the spatial light modu 
lator and in the optical path betWeen the spatial light 
modulator and the vieWing area; and 

(ii) a compensator cell positioned in the optical path 
betWeen the light source and the spatial light modu 
lator and in the optical path betWeen the spatial light 
modulator and the vieWing area, the compensator 
cell having a layer of ferroelectric liquid crystal light 
modulating medium sWitchable betWeen a primary 
and a secondary state so as to act on light in different 
primary and secondary Ways, respectively. 

2. A system according to claim 1 Wherein the passive 
Wave plate is a quarter Wave plate. 

3. A system according to claim 1 Wherein: 

(a) the spatial light modulator is an active matrix spatial 
light modulator With its liquid crystal light modulating 
medium being divided into an array of individually 
controllable pixels; and 

(b) the sWitching means includes means for sWitching 
each of the pixels betWeen the ?rst and second states. 

4. A system according to claim 1 Wherein the optics 
arrangement further includes a polariZer element positioned 
in the optical path betWeen the light source and the spatial 
light modulator for polariZing the light directed in to the 
spatial light modulator and an analyZer element positioned 
in the optical path betWeen the spatial light modulator and 
the vieWing area for alloWing light of a certain polariZation 
to pass through the analyZer to the vieWing area. 

5. A system according to claim 4 Wherein the polariZer 
and analyZer are crossed to one another. 

6. A system according to claim 4 Wherein the polariZer 
and analyZer are oriented parallel to one another. 

7. A system according to claim 6 Wherein the polariZer 
and analyZer are provided by a single polariZing element 
positioned in both the optical path betWeen the light source 
and the spatial light modulator and in the optical path 
betWeen the spatial light modulator and the vieWing area. 

8. A system according to claim 1 Wherein: 

(a) the optics arrangement further includes a combination 
polariZer-beam splitter-analyZer positioned in the opti 
cal path betWeen the source of light and the spatial 
light modulator and (ii) betWeen the spatial light modu 
lator and the vieWing area so as to be able to direct light 
from the source of light to the spatial light modulator 
and from the spatial light modulator to the vieWing 
area; 

(b) the passive Wave plate is positioned optically betWeen 
the spatial light modulator and the combination polar 
iZer-beam splitter-analyZer; and 

(c) the compensator cell is positioned optically betWeen 
the spatial light modulator and the combination polar 
iZer-beam splitter-analyzer. 

9. Asystem according to claim 8 Wherein the compensator 
cell is positioned optically betWeen the spatial light modu 
lator and the passive quarter Wave plate. 
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10. A system according to claim 1 Wherein the ferroelec 
tric liquid crystal of both the spatial light modulator and the 
compensator cell each has a buff axis, the buff axis of the 
spatial light modulator being oriented perpendicular to the 
buff axis of the compensator cell. 

11. A system according to claim 1 Wherein the ferroelec 
tric liquid crystal layers of both the spatial light modulator 
and the compensator cell have tilt angles and retardances 
that are equal to one another. 

12. A system according to claim 1 Wherein the ferroelec 
tric liquid crystal layers of both the spatial light modulator 
and the compensator cell have the same thickness. 

13. A system according to claim 12 Wherein the spatial 
light modulator and the compensator cell both act as quarter 
Wave plates. 

14. An optics arrangement for directing light from a light 
source into a re?ective type liquid crystal spatial light 
modulator that is sWitchable betWeen an ?rst and a second 
state and for directing light re?ected from the spatial light 
modulator into a predetermined vieWing area, the optics 
arrangement comprising: 

parallel polariZers for polariZing the light directed into the 
spatial light modulator and for analyZing the light 
directed from the spatial light modulator to the vieWing 
area, the optics arrangement being con?gured such that 
the parallel polariZers provided substantially uniform 
blockage of the light directed from the spatial light 
modulator into the viewing area When the spatial light 
modulator is in the second state, the blockage of the 
light being substantially independent of Wavelength. 

15. A system according to claim 14 Wherein the parallel 
polariZers are provided by a single polariZer located in the 
optical path from the light source to the spatial light modu 
lator and in the optical path from the spatial light modulator 
to the vieWing area. 

16. A system according to claim 14 Wherein the spatial 
light modulator is an active matrix spatial light modulator 
divided into an array of individually controllable pixels each 
of Which is sWitchable betWeen an On and an Off state. 

17. A system according to claim 14 Wherein the optics 
arrangement further includes a passive Wave plate. 

18. A system according to claim 17 Wherein the passive 
Wave plate is a quarter Wave plate. 

19. A system according to claim 18 Wherein the passive 
quarter Wave plate is located in the optical path from the 
light source to the spatial light modulator and in the optical 
path from the spatial light modulator to the vieWing area. 

20. A system according to claim 19 Wherein the optics 
arrangement further includes a compensator cell positioned 
in the optical path betWeen the light source and the spatial 
light modulator and in the optical path betWeen the spatial 
light modulator and the vieWing area, the compensator cell 
having a layer of ferroelectric liquid crystal light modulating 
medium sWitchable betWeen a primary and a secondary state 
so as to act on light in different primary and secondary Ways, 
respectively 

21. A system according to claim 20 Wherein the compen 
sator cell is positioned optically betWeen the spatial light 
modulator and the passive quarter Wave plate. 
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22. A system according to claim 21 wherein the ferro 
electric liquid crystal of both the spatial light modulator and 
the compensator cell have a buff axis, the buff aXis of the 
spatial light modulator being oriented perpendicular to the 
buff aXis of the compensator cell. 

23. A system according to claim 22 Wherein the ferro 
electric liquid crystal of both the spatial light modulator and 
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the compensator cell have tilt angles and retardances that are 
equal to one another. 

24. A system according to claim 23 Wherein the spatial 
light modulator and the compensator cell both act as quarter 
Wave plates. 


