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Abstract. We present a technique that combines an encoding method to display complex-valued holograms
onto a phase-only spatial light modulator (SLM) with a phase-shifting interferometric (PSI) technique for
experimentally evaluating the generated complex-valued optical fields. We demonstrate an efficient common-
path polarization interferometer based on the SLM itself, not requiring any external additional element. The
same setup can be used to simultaneously display the complex hologram and to apply the phase-shifting
values required to retrieve the phase distribution of the optical field. A simple rotation of a polarizer allows
to change from the intensity configuration to the interferometer configuration.

1 Introduction

Parallel-aligned liquid-crystal on silicon (LCOS) displays
are pixelated linear retarders that, under illumination with
linearly polarized light parallel to the liquid-crystal (LC)
director, produce a phase-only modulation [1]. They have
become very popular spatial light modulator (SLM)
devices for diffractive optics and structured light.

On the other hand, liquid crystal retarders are very
useful devices in interferometry. In phase-shifting
interferometry (PSI) they are employed to impart
controlled phase bias to the interferograms to retrieve the
target phase function [2]. LC-SLM:s can be used to display
spatially retardance functions that provide a common-path
interferometric arrangement [3].

In this communication we present an extremely simple
technique that makes the most of these properties to
retrieve the complex information of light beams generated
with an LCOS-SLM. We first apply a technique to encode
complex-valued holograms based on displaying a
modified checkerboard grating, useful to provide an on-
axis hologram reconstruction [4-6]. The technique is
demonstrated by producing different superpositions of
Gaussian modes. The successful generation of these
structured light beams is verified by capturing the
intensity pattern in the far field. Then, the same optical
system employed to generate the structured light beams is
also applied to retrieve the far field phase distribution
through a PSI algorithm. The change in the optical setup
consists simply in rotating a polarizer. The application of
PSI algorithms provides quantitative evaluation of the
phase distribution that complements the traditional
intensity pattern evaluation

* Corresponding author: i.moreno@umbh.es

2 Methods and techniques

2.1 Experimental setup

Figure 1 shows the experimental arrangement. A linearly
polarized He-Ne laser is spatially filtered and collimated.
A quarter-wave plate (QWP) converts it into circularly
polarized light, so a linear polarizer (P1) can rotate
arbitrarily without changing the light intensity. The beam
illuminates an LCOS-SLM (Hamamatsu X10468-01,
with 800600 pixels of 20 um pitch). The LCOS-SLM
has its director axis oriented horizontally with respect to
the laboratory framework and is addressed with a
hologram that includes the phase of a converging lens. A
camera is placed on its back focal plane, thus capturing
the Fourier transform pattern generated by the hologram.
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Fig. 1. Scheme of the optical system. SF: spatial filter; QWP:
quarter-wave plate; P: linear polarizer; LCOS-SLM: Liquid-
crystal on silicon spatial light modulator; CGH: displayed phase-
only computer-generated hologram.
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2.2 Hologram design

A complex function F(r) = M(r)exp[if(r)] must be
encoded on the SLM. Here r = (x,y) are the spatial
coordinates. Since the LCOS device is a phase-only
modulator, a new phase-only hologram is calculated as
the following phase function

¢y (r) =0(r) + (—1)™* ™ arccos[M(r)]. )

A converging lens phase function ¢, (r) = —nr?/Af is
added, where r = |r| is the radial coordinate, A is the
operating wavelength and f is the lens focal length. The
phase function ¢() = ¢py(r) + ¢, (r) + ¢, is then
displayed on the SLM. The phase ¢,, is a constant phase
bias, which does not change the spatial pattern generated
in the far field, but is used to apply the PSI algorithm.

2.3. Interferometer configuration

If polarizer P1 in Fig. 1 is aligned parallel to the SLM LC
director, all the light is modulated and focused on the
camera, which captures the intensity of the hologram
reconstruction. However, if P1 rotates to another angle, a
portion of the input light is not modulated and remains
collimated and can be used as the reference beam.
Polarizer P2 is oriented at 45° so the components parallel
and perpendicular to the LC director interfere, in a
common path arrangement. The relative intensity of the
reference and the test beams can be adjusted by rotating
P1, while the PSI algorithms can be applied by changing
the bias phase ¢,,. Note that an arbitrary number of phase
shifts can be applied, so different PSI algorithms can be
tested. In our case we chose a synchronous detection
algorithm with eight steps shifted by m/4 radians, leading
to the following phase retrieving formula [7]:

2(10—14)+\/7(11—13—15+17)}. Q)

a(r) = —arctan {2(12—16)+\/E(11+13_15_I7)

3 Results

Figure 2 shows some experiments where a Hermite-Gauss
HGs; beam and a Laguerre-Gauss LGi3 beam are
encoded. Figures 2(a)-2(b) and 2(e)-2(f) show their
theoretical intensity and phase patterns. Figures 2(c) and
2(g) show the experimental intensity distributions
captured on the camera, while Figs. 2(d) and 2(h) show
the phase patterns a(r) retrieved from the eight
interferograms, which are shown in the two rows below
each case. Results bear very good agreement with the
theory, thus confirming the successful generation of the
HG and LG beams, not only in its intensity but also in its
phase distribution, which probes the accuracy and
advantage of this technique. Other cases obtained by the
superposition of different modes have been succesfully
generated and will be presented.
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Fig. 2. Realization of a HGss (a-d) and LGis (e-h) beam.
Theoretical intensity (a,e) and phase (b,f) distributions.
Experimental intensity (c,g) and phase (d,h) distributions. The
phase distribution of each beam is retrieved from the
interferograms shown below each case with eight consecutive
phase shifts of step Ap = /4.
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