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Generating multiple polarization outputs using random binary
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Abstract. In this work we apply an optical system with two cascaded liquid-crystal spatial light
modulators (LC-SLMs) to produce multiple outputs with intensity and polarization control. We
use a non-standard modulation configuration where the first LC-SLM operates as a phase-only
modulator to encode a Fourier transform hologram multiplexing the desired multiple output beams,
all with the same polarization. Next, the Fourier transform is optically formed onto the second LC-
SLM, where each output beam is focused on different physical locations. The two SLMs have the
LC director axis oriented horizontally. Thus, by rotating the linearly polarized output beams
emerging from the first LC-SLM by 45° we operate the second LC-SLM as a variable retarder.
Then, by applying different phase-shifts at the different areas of the second LC-SLM, we can vary
the polarization state of each output beam. Finally, the output is imaged onto a camera detector to
demonstrate the polarization states. Experimental results demonstrate the capability for this
approach to encode a variety of output beams with different states of polarization.
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1 Introduction

Polarization beam splitters play a very relevant role in a number of applications and optical
systems. Traditional polarizing beam splitters divide the beam in two orthogonal polarizations.
However, recently there is an interest in dividing the beam into multiple beams. Polarization
diffractive gratings (PDGs) create multiple beams with different states of polarization!, with

applications towards spectral and imaging polarimetry?3. They can be fabricated with polarization
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sensitive holographic materials* and, more recently, by laser nanostructuring®, with patterned
liquid-crystals® or with metasurfaces’.

Spatial light modulators (SLMs) can be as well used to display PDGs, having the great
advantage of being reconfigurable at will controlled from a computer’. However, standard phase-
only liquid-crystal (LC) SLMs only modulate the linear polarization component parallel to the LC
director axis®. Therefore, PDGs are usually displayed on SLMs using systems where the beam
passes twice through the device’, or by using two SLMs!?, so two orthogonal polarization
components can be independently phase-modulated. These previous approaches follow the

traditional scheme used to generate vector beams!!!2

, and requires a precise alignment between
the two displayed phase gratings.

In this work we change this standard modulation scheme to generate PDGs, to a different
configuration where the first LC-SLM is operated as a phase-only modulator to encode the inverse
Fourier transforms of the desired multiple output beams, all with the same polarization, but with
different physical locations. Next, the optical system forms the Fourier transform onto the second
LC-SLM. By using a half wave plate to rotate the linear polarization by 45°, the second SLM is
then used as a pixelated linear retarder where the retardance is spatially controlled with a displayed
pattern. By applying different retardances in the regions where the output beams are focused, we
can independently modify the state of polarization of each output. Therefore, the system results in
a very effective way to generate PDG, with alleviated alignment restrictions compared to previous
systems described above.

For the generation of the multiple outputs, we apply a random multiplexing approach!? that

we recently demonstrated useful in high resolution displays. This random technique allows the

generation of independent output beams with arbitrary locations in the Fourier transform plane. In
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this work, we expand the approach to allow independent encoding of the polarization states of each
output.

The paper is organized as follows. After this introduction, Section 2 introduces the
experimental system. Then, Section 3 describes the random multiplexing technique and shows
experimental results that demonstrate the generation of multiple beams with different states of
polarization. Section 4 shows a different experimental demonstration of this approach where in
addition each beam encodes a different spatial pattern. Finally, in Section 5, the conclusions of the

work are presented.

2 Experimental System

Our experimental system is shown in Fig. 1. A He-Ne laser is spatially filtered and collimated with
a converging lens (L1). The beam is polarized with a linear polarizer (P1). The system employs
two parallel-aligned liquid-crystal on silicon (LCOS) SLM devices. These are reflective devices
that are pixelated linear retarders where the retardance is controlled with the gray level of the
image addressed from a computer’. When illuminated with linear polarization parallel to the LC
director, they act as phase-only modulators®. On the contrary the linear polarization component
perpendicular to the LC director is unaffected. We use two LCOS-SLMs from Hamamatsu, both
of them model X10468-01, with 792x600 pixels and a pixel spacing of A = 20 um. In both devices
the LC director is oriented horizontal in the laboratory framework.

The transmission axis of the input polarizer (P1) is selected horizontal, so LC-SLM1 operates
as a phase only modulator, fully modulating the input beam, and not changing the state of
polarization. A Fourier transform phase-only hologram is displayed on LC-SLM1. Then, a 2f

optical Fourier transform system is formed with the lens L2: the distance from LC-SLM1 to the
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lens L2 is the lens focal length, and the LC-SLM2 is located the same distance behind the lens L2.
This way, the optical system forms the exact Fourier transform of the input SLM onto the second
SLM. Note that, although they introduce losses, we use two beam splitters (BS1 and BS2) to make
the system compact and ensure normal incidence onto the SL.Ms.

LC-SLM2 is used to control the state of polarization by changing its retardance. Therefore,
we need to rotate the horizontal polarization emerging from SLM1. For that purpose. we add a half

wave plate (HWP) oriented at 22.5° so the polarization reaching SLM2 is now oriented at 45°.

Hologram plane Fourier Transform plane
SLM1 @ . @ SLM2
BS1 BS2
HWP ||
QWP
P1 2
[ 1 L3

L1l

He-Ne
laser

Camera

Fig. 1. Scheme of the optical setup. SF: spatial filter; L: convergent lens; P: linear polarizers; HWP:
half-wave plate; QWP: quarter-wave plate; BS: beam splitter; LC-SLM: liquid-crystal spatial light
modulator. The QWP is inserted when the output beams must be linearly polarized.
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We show two possibilities for polarization control. In this above described situation, the
retardance variations achieved at SLM?2 by addressing different gray levels result in changes in the
polarization state along the S2-S3 plane in the Poincaré sphere. For instance, when the SLM?2
retardance is ¢, = m/2 or ¢, = 3m/2, the polarization reflected from SLM2 becomes right
circularly polarized (RCP) or left circular circularly polarized (LCP) respectively. When the
retardance is ¢, = m, then the reflected light is linearly polarized oriented at -45°. For
intermediante values of ¢, the reflected light is elliptically polarized with the ellipse azimuth
always oriented at +45°, but whose ellipticity changes with ¢,.

However, in many situations it is more interesting to produce polarization states that remain
linear but where the orientation is controlled. We can achieve this case simply by adding a quarter-
wave plate (QWP) oriented at 45°, located after SLM?2 as indicated in Fig. 1. In this situation, the
final beam is always linearly polarized, but the changes in the SLM2 retardance ¢, result in
changes on the orientation of the polarization!4.

Thus, the experimental system in Fig. 1 uses SLM1 to create a desired scalar complex
distribution in the Fourier transform plane, i.e. with uniform polarization, and uses SLM2 to
spatially modify the state of polarization to create the vectorial distribution. The final lens (L3 in
Fig. 1) is used to image the SLM2 plane onto the camera detector sensor. In order to check the
polarization properties of the light beam, a polarization analyzer (P2) is placed in front of the
camera. A linear polarizer analyzer which is rotated is used to filter the linear components, and
RCP and LCP analyzers are used to filter the circular components.

Next we describe the design of the phase mask addressed to the SLMs to achieve the desired

control.
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3. Phase Mask Designs and Experimental Results

In this approach, we consider P output beams, each one occupying a physically separated area of
the output plane. As an example, we begin with P = 4 desired outputs, labeled as f,,,(x,y), m =
1, ... 4, each one in a different quadrant in the output plane. The inverse Fourier transform of each
output is calculated as F,, (u, v) = F~{f,,(x, ¥)}. These Fourier transforms must be combined to
yield a multiplexed phase-only hologram to be displayed on LC-SLM1.

For that purpose, we follow the random multiplexing approach!>!®, which has been shown to
be very effective in modern high-resolution SLMs!3. The multiplexing technique is quite simple.
We begin with a random binary pattern where each pixel is assigned a value of 1 or 0. For
convenience, we label this random binary pattern as A(u, v). Next, we create the orthogonal pattern
where we reverse the values in each pixel (pixels with value 1 in the original pattern are now
assigned 0 value and vice-versa). We label this second pattern as a(u,v). We now have two
completely orthogonal patterns and can multiplex two different Fourier transforms by multiplying
each by one of the two binary patterns.

We can increase the number of multiplexed patterns by forming a second independent binary
random (1,0) pattern, which we label B(u, v), and its corresponding orthogonal pattern b(u, v).
Now we can form four orthogonal patterns as a; = AB, a, = Ab, a; = aB, and a, = ab, where
we omit the (u, v) dependence for simplicity. We have four binary amplitude patterns which fulfill
the condition a,, (u, v)a, (u,v) = 0 at all pixels when m # n.

Thus they can be used to multiplex four different Fourier transforms F,, (u, v) by multiplying

each by one of the four binary patterns, i.e., the multiplexed hologram F (u, v) is given by:
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F(u,v) = Z a,,(u,v)E,(u,v). (1)

m=1

Considering SLM1 as an array of N X N pixels, each of the four patterns has a number of pixels
given by N2/4. Note that if F,,(u,v) are all phase-only functions, the multiplexed hologram
F (u, v) is a phase-only function as well, and can be displayed directly in a phase-only SLM. Given
the huge number of pixels available in current modern high-resolution SLMs!?, the random mask

effectively generates the multiple beams. Next we show some experimental results.

3.1 Polarization beam splitter with four outputs

As a first example, we use P = 4 and divide the ouput plane into four quadrants of equal size. We
can place any desired output into each quadrant as long as it does not extend beyond the quadrant.
For this example, we place delta functions at the center of each quadrant. Figure 2(a) shows the
four corresponding phase-only functions given from the inverse Fourier transform of each delta
function. Here the phase levels from 0 to 2 are represented with gray levels. They are four blazed
gratings diagonally oriented.

Next we multiply each of these full-sized blazed gratings by one of the binary masks
mentioned earlier and the four patterns are added (Eq. (1)), resulting in the multiplexed mask
shown in Fig. 2(b). The optical Fourier transform of each of the blazed gratings creates a single
diffraction order, localized diagonally. Therefore, the multiplexed mask is expected to create the

four orders simultaneously.
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Fig. 2. Design of the phase mask in SLM1 to generated four ouputs. (a) expanded versions of the
four linear blazed gratings made from the inverse Fourier transforms of the four delta funcitons,
each located in the center of each of the four quadrants of the desired output plane. (b) Multiplexed
mask using the random approach.

We first verified the effective generation of the four output beams in the Fourier plane. Figure
3 shows the experimental results. Figure 3(a) shows again the multiplexed phase mask displayed
in SLM1 and Fig. 3(b) shows the corresponding experimental capture obtained at the camera
detector. In this result no analyzer was placed before the camera. This image has been deliberately
saturated to illustrate the successful effective generation of the four diffraction orders located at
different positions on the SLM2 plane, with no significant impact of the random technique.

Next, we modify the state of polarization of the four beams by addressing different gray levels
in the four quadrants of SLM2. Accordingly, a half wave plate is inserted after SLM1 to rotate the
output orientation at 45° to the LC director axis of SLM2. We apply gray levels g = 30, g = 85,

g = 140 and g = 195 in quadrants top left, top right, bottom right and bottom left respectively,
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which provide SLM2 retardances ¢, = 2m, ¢, = 3n/2, ¢, = m, ¢, = m/2, respectively. The
expected polarization states are illustrated in Fig. 3(c). In this first experiment we do not place the
QWP indicated in Fig. 1. Therefore, the expected polarizations of the output beams after being
reflected at each quadrant of SLM2 are a diagonal linear state, a right circular state, an antidiagonal

linear state and a left circular state, as shown in Fig. 3(c).

No analyzer

Fig. 3. (a) Multiplexed mask using the random approach with four outputs. (b) Experimental
capture of the four diffraction orders without analyzer. (c) Four quadrant retardance pattern
addressed to SLM2 and expected output polarizations. Experimental captures when an analyzer is
placed in front of the camera: linear analyzer oriented (d) vertical, (e) diagonal, (f) horizontal and
(g) antidiagonal, and circular analyzer (h) RCP and (i) LCP.
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The polarization of each output beam is revealed by placing an analyzer in front of the camera.
The images in Figs. 3(d) to 3(g) show the experimental capture when the analyzer is a linear
polarizer oriented vertical (Fig. 3(d)), diagonal (Fig. 3(e)), horizontal (Fig. 3(f)) and antidiagonal
(Fig. 3(g)), while Figs. 3(h) and 3(i) correspond to a RCP and a LCP analyzer. When the linear
analyzer is oriented vertical or horizontal, the four output beams appear transmitted with the same
intensity, as expected. On the contrary, when the linear analyzer is oriented diagonal or anti-
diagonal, there is one output which is totally absorbed (indicated with a yellow circle) and another
output beam which is fully transmitted (indicated with a red circle). This demonstrate that these
outputs are linearly polarized along +45°. The same situation happens to the other two output
beams when we use the RCP and LCP analyzers, showing that these two outputs are circularly
polarized with opposite helicity.

Figure 4 illustrates the polarization transformations in the system represented in the Poincaré
sphere, a representation where the polarization transformations produced by the retarders can be
easily visualized as rotations of the sphere!8. Since the SLM2 LC director is oriented horizontal,
the corresponding fast (F) and slow (S) eigenstates arethe horizontal and vertical linear polarization
states. These states define the S1 axis of the Poincaré sphere. The polarization transformation
induced by SLM2 can be visualized simply as a rotation of angle ¢, around the S1 axis. Since the
input state to SLM is the linear state with +45° orientation, this input state is represented at the
positive S2 axis. Therefore, note that by changing the retardance ¢, at SLM2 we could achieve
any polarization state along the meridian in the S2-S3 plane of the Poincaré sphere, i.e. an elliptical
state with arbitrary ellipticity but fixed orientation at £45° (Fig. 4(a)). When the QWP is inserted
after SLM2 in the system in Fig. 1, there is an additional polarization transformation. Since the

QWP is oriented at 45°, now the visualization on the Poincaré sphere is another rotation now of
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n/2 around the S2 axis. Therefore, all points lying in the green trajectory in Fig. 4(a) are now
transformed by the QWP into a point lying in the equator of the Poincaré sphere (red curve in Fig.
4(b)). Therefore, the polarization of the output beams can be adjusted to any linear state with an

arbitrary orientation controlled by the SLM2 retardance ¢,.

stateto stateto
(a) SLM2 (b) SLM2

Fig. 4. Tlustration of the polarization transformations represented in the Poincaré sphere. (a)
Transformation induced by SLM2. (b) Additional transformation induced by the QWP oriented at
45",

The results in Fig. 5 correspond to this last situation where the QWP is inserted in the system.
The gray levels addressed to SLM2 are the same as in Fig. 3, but now the insertion of the QWP in
the system changes the polarization of the outputs in the top-right and bottom-left quadrants, which
now become linearly polarized horizontally and vertically respectively. This is shown by the full
extinction of one of these two outputs and the full transmission of the other when the linear
analyzer is oriented horizontal or vertical (Figs. 5(d) and 5(f) respectively).

The other two beams in the other two quadrants have linear polarization oriented at +45° and

they are extinguished when the linear analyzer is oriented diagonal or antidiagonal respectively

11



221  (Figs. 5(e) and 5(g). For the two circular polarizer analyzers, the four beams appear transmitted

222 with the same intensity, as expected from their linear polarization (Figs. 5(h) and 5(1)).

No analyzer SLM?2

223 (g) (h) (i)

224 Fig. 5. (a) Multiplexed mask using the random approach with four outputs. (b) Experimental
225  capture of the four diffraction orders without analyzer. (c) Four quadrant retardance pattern
226  addressed to SLM2 and expected output polarization. The QWP is inserted in the system.
227  Experimental captures when an analyzer is placed in front of the camera: linear polarizer analyzer
228  oriented (d) vertical, (e) diagonal, (f) horizontal and (g) antidiagonal, and circular polarizer
229  analyzer (h) RCP and (i) LCP.
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3.2 Polarization beam splitterwith eight outputs

These previous results show the effective generation of a beam splitter with polarization control.
Note that the diffraction orders generated by SLM1 can be positioned very easily on the four
quadrants displayed by SLM2. Therefore, this procedure for creating PDGs offers a great
advantage in terms of alignment compared to our previous approach’ where we used two phase
diffraction gratings encoded in two orthogonal polarizations.

To further illustrate this advantage, next we include a second example that shows results
where we divide the input beam into P = 8 outputs. We divide the output plane into eight angular
sectors and a delta function is placed at the center of each sector, forming a circular output pattern
with an arrangement similar to a recently proposed vectorial diffractive element'®.

In order to multiplex the eight patterns, we need to create an additional random binary (1,0)
pattern C(u,v) and its orthogonal version c(u,v). Now we can form eight orthogonal random
patterns as the products a; = ABC, a, = ABc, a3 = AbC, a, = Abc,as = aBC,as = aBc,a; =
abC and ag = abc. Thus, as before, we multiply each of the eight inverse Fourier transforms by
one of these random binary patterns and use Eq. (1) to create the multiplexed hologram, now with
P =8.

Figure 6(a) shows the mutiplexed phase mask addressed to SLM1, which now includes eight
linear phases oriented in diagonal, horizontal and vertical directions. Figure 6(b) shows the
experimental capture when no analyzer is placed in front of the camera. This shows the effective
generation of the eight equally intense output beams forming a circle of diffraction orders in the
Fourier transform plane.

Now we assign a different retardance to each angular sector in the Fourier plane (SLM2) to

create a radially linear polarization distribution. This requires the insertion of the QWP after SLM?2

13
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in the system. In order to accomplish the polarization transformation, SLM2 is addressed with a
gray level mask like shown in Fig. 6(c), with gray levels g = 30, g = 85, g = 140 and g = 195,
in a way that opposite slides have the same gray level. This crates the polarization states illustrated

in Fig. 6(c).

il : No analyzer SLM2

(8) (h) (i)

Fig. 6. (a) Multiplexed mask using the random approach with eight outputs. (b) Experimental
capture of the eight diffraction orders without analyzer. (c) Retardance pattern addressed to SLM2
and expected output polarization. The QWP is inserted in the system. Experimental captures when
an analyzer is placed in front of the camera: linear polarizer analyzer oriented (d) vertical, (e)
diagonal, (f) horizontal and (g) antidiagonal, and circular polarizer analyzer (h) RCP and (i) LCP.
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Figures 6(d) to 6(i) show the camera captures for the different analyzers placed in front of the
camera. Again, we indicate with yellow and with red circles the diffraction orders wich are fully
absorbed and fully transmitted by the analyzer. As expected, for each position of the linear
analyzer, two orders are completely extinguished, and other two are fully transmitted. On the
contrary, when the circular analyzers are used, the eight orders appear with the same intensity.

These results therefore confirm the procedure.

4. Outputs with Arbitrary Shapes

Since these previous results are focused on the generation of PDGs, we only demonstrated output
delta functions. In this Section we show how the same approach can be used for a general shaping
of a light beam. As a final example, we consider a case where SLM displays the inverse Fourier
transform phase-only hologram designed to create four outputs where now f,(x,y) can have
arbitrary shapes. We use a simple approach?” to design a phase-only hologram, where each object
image is multiplied by a binary (1,0) random pattern before calculating the inverse Fourier
transform F,(u,v) = F Y{f,(x,y)}. This way, when displaying this phase distribution on
SLMI, the optical Fourier transform provides a reconstruction in the form of filled pattern®!,
avoiding the classical edge enhanced effect that is produced in phase-only Fourier transform

holograms?2.

Figure 7 shows the experimental results. Figure 7(a) shows the central part of the phase-only
hologram, and Fig. 7(b) shows the capture in the Fourier plane, when there is no analyzer placed
before the camera. This shows the effective generation of four different spatial patterns (a club, a
heart, a spade and a diamond) with constant intensity, although affected by the speckle noise

produced by the added random noise.
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Next, we address SLM2 with a four sector pattern as scketched in Fig. 7(c), so each of the
four spatial patterns have a different linear polarization. This is verified by placing the polarization
analyzers in front of the camera. The captures shown in Figs. 7(d) to 7(g) confirm that each of the
objects have a different linear polarization (horizontal, diagonal, vertical and anti-diagonal
respectively). The results in Figs. 7(h) and 7(i) show the four objects with the same intensity, as

expected when the analyzers are RCP or LCP filters.

(8) (h) (i)
Fig. 7. (a) Phase-only computer-generated hologram designed to produce a circle of uniform
intensity in the Fourier transform. (b) Experimental capture without analyzer. (c¢) Retardance
pattern addressed to SLM2 and expected output polarization. The QWP is inserted in the system.
Experimental captures when an analyzer is placed in front of the camera: linear polarizer analyzer
oriented (d) vertical, (e) diagonal, (f) horizontal and (g) antidiagonal, and circular polarizer
analyzer (h) RCP and (i) LCP.
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5. Conclusions

In summary, we have demonstrated a simple technique to generate multiple output beams, each
with a programmable polarization state. We use an optical system with two cascaded phase-only
SLMs. But we modify the classical way of encoding, where each SLM encodes a phase function
into two orthogonal polarizations states. In our approach, we use a first SLM to shape the intensity
of the light beam with a phase-only hologram, thus not changing the polarization state, and we use
a second SLM2 as a variable retarder to spatially modify the state of polarization. This alternative
approach have advantages in terms of alignment, since the retardance sectors in SLM2 can be
larger than the output patterns projected onto it. This is the case of the point objects (delta
functions) as we employed in Figs. 3, 4 and 5, to create polarization diffraction grating patterns.

We show two kinds of polarization encoding. In the first case, we can program the ellipticity of
the resulting output polarization states controlled through the retardance values of SLM?2.
Alternatively, we can change the orientation of the linearly polarized output beam simply by
adding a QWP after SLM2. Experimental results have been presented where different polarization
are shown for each case.

There are limitations to the approach. The method used to design the phase-only hologram
displayed in SLM1 is a random multiplexing technique'®. Thus, we are limited to the number of
random binary patterns. As we increase the number of random binary patterns, the number of
pixels available for each decreases. The technique might also be affected by fringing effects, which
affect SLMs having a greater number of smaller pixels'>.

Secondly, we rely on the fact that the different output beams have different spatial locations
projected onto the SLM2 screen. For simplicity we have generated delta function point objects.

However each output can have a physical width, and this limits the number of retardance values

17
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that can be applied in SLM2. Nevertheless, the results in Fig. 7 have shown the polarization control
of different wide shaped patterns. The polarization transformation has been illustrated with stepped
functions addressed to SLM2 (shown in Figs. 3(c), 5(c), 6(c) and 7(c)). However it can be extended
to produce produce continuous polarization variations onto an input beam shaped with SLMI.
Thus, this represents an alternative way of producing vector beams, different to the classical way
where two phase functions are encoded in two orthogonal polarizations.!'!:!2

We expect that this approach can find different applications whenever multiple optical output

beams with polarization control are required. Finally, let us also point out the capability of

encoding amplitude and phase? onto all of these patterns.
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FIGURE CAPTIONS

Fig. 1. Scheme of the optical setup. SF: spatial filter; L: convergent lens; P: linear polarizers; HWP:
half-wave plate; QWP: quarter-wave plate; BS: beam splitter; LC-SLM: liquid-crystal spatial light
modulator. The QWP is inserted when the output beams must be linearly polarized.

Fig. 2. Design of the phase mask in SLM1 to generated four ouputs. (a) expanded versions of the
four linear blazed gratings made from the inverse Fourier transforms of the four delta funcitons,
each located in the center of each of the four quadrants of the desired output plane. (b) Multiplexed
mask using the random approach.

Fig. 3. (a) Multiplexed mask using the random approach with four outputs. (b) Experimental
capture of the four diffraction orders without analyzer. (c) Four quadrant retardance pattern
addressed to SLM2 and expected output polarizations. Experimental captures when an analyzer is
placed in front of the camera: linear analyzer oriented (d) vertical, (e) diagonal, (f) horizontal and
(g) antidiagonal, and circular analyzer (h) RCP and (i) LCP.

Fig. 4. Tlustration of the polarization transformations represented in the Poincaré sphere. (a)
Transformation induced by SLM2. (b) Additional transformation induced by the QWP oriented at
45",

Fig. 5. (a) Multiplexed mask using the random approach with four outputs. (b) Experimental
capture of the four diffraction orders without analyzer. (c) Four quadrant retardance pattern
addressed to SLM2 and expected output polarization. The QWP is inserted in the system.
Experimental captures when an analyzer is placed in front of the camera: linear polarizer analyzer
oriented (d) vertical, (e) diagonal, (f) horizontal and (g) antidiagonal, and circular polarizer
analyzer (h) RCP and (i) LCP.

Fig. 6. (a) Multiplexed mask using the random approach with eight outputs. (b) Experimental
capture of the eight diffraction orders without analyzer. (¢) Retardance pattern addressed to SLM2
and expected output polarization. The QWP is inserted in the system. Experimental captures when
an analyzer is placed in front of the camera: linear polarizer analyzer oriented (d) vertical, (e)
diagonal, (f) horizontal and (g) antidiagonal, and circular polarizer analyzer (h) RCP and (i) LCP.

Fig. 7. (a) Phase-only computer-generated hologram designed to produce a circle of uniform
intensity in the Fourier transform. (b) Experimental capture without analyzer. (c¢) Retardance
pattern addressed to SLM2 and expected output polarization. The QWP is inserted in the system.
Experimental captures when an analyzer is placed in front of the camera: linear polarizer analyzer
oriented (d) vertical, (e) diagonal, (f) horizontal and (g) antidiagonal, and circular polarizer
analyzer (h) RCP and (i) LCP.
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