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Article Overview

Spatial Light Modulators (SLMs) can function as both wavefront sensors and correctors, enabling precise

phase control and adaptive optics applications.

Overview of SLMs in Wavefront Sensing

A Spatial Light Modulator (SLM) is an optical device that can dynamically control the phase of light across a

two-dimensional plane by modulating the refractive index of a material, typically liquid crystals on silicon

(LCOS) or nematic liquid crystals . By displaying a calculated phase hologram on the SLM, arbitrary

wavefront shapes can be generated or corrected, allowing applications such as adaptive optics, laser beam

shaping, and optical tweezers .

Wavefront Measurement Techniques

SLMs can be integrated with wavefront sensors to measure optical aberrations. Common approaches include:

o 

Shack-Hartmann Wavefront Sensor (SHWS): Measures local wavefront slopes using a lenslet array. When

combined with an SLM, it can calibrate the phase response of each pixel and correct dynamic distortions . A

grayscale map can enhance measurement accuracy and compensate for nonlinearities and pixel cross-talk.

o 

Digital Holographic Wavefront Sensor (DHWS): Uses computer-generated holograms encoded on an SLM to

directly measure Zernike mode amplitudes of the wavefront. This method avoids time-consuming

matrix-vector multiplications and is robust against partial detector saturation or strong turbulence .

Calibration and Alignment

Accurate SLM operation requires precise alignment with the optical system. Techniques involve minimizing

undesired Zernike coefficients caused by SLM displacement or rotation, achieving pixel-level centering and

phase alignment . This ensures that the projected phase matches the intended wavefront for high-fidelity

correction.

Applications

SLM-based wavefront sensing and correction are widely used in:
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o Adaptive optics: Correcting atmospheric turbulence or ocular aberrations in microscopy and fundus imaging

.

o Laser beam shaping: Generating arbitrary beam patterns, including Laguerre-Gaussian beams with orbital

angular momentum .

o Holographic and 3D optical processing: Implementing dynamic lenses, diffraction gratings, and optical traps

.

o High-speed imaging: Coupling SLMs with intelligent vision sensors allows real-time wavefront analysis and

phase modulation at kHz frame rates .

Advantages and Considerations

SLMs offer high resolution, compactness, and low cost compared to deformable mirrors. They can serve as

both wavefront sensors and correctors, but limitations include the need for polarized or monochromatic light

and relatively slower response times for some liquid crystal devices . Advances in broadband and

polarization-insensitive SLMs are improving their versatility in adaptive optics systems. In summary, SLMs

combined with wavefront sensing techniques provide a flexible and precise platform for measuring and

correcting optical wavefronts, enabling advanced applications in adaptive optics, laser control, and optical

research .

Spatial light modulators used for wavefront correction in the field of adaptive optics usually use nematic

LC-SLMs. The

We replace the microlens array in SHWFS with a spatial light modulator (SLM) and use a computational

phase

In this blog, we explore the capabilities of the Holoeye SLM model ERIS-1.1 for adaptive aberration control.

Using the intuitive

Spatial Light Modulators (SLMs) are versatile optical devices capable of dynamically modulating the phase,

amplitude, or polarization

In order to test such novel concepts, the LOOPS adaptive optics testbed hosted at the Laboratoire

d''Astrophysique de

For the phase objects, a phase-only reflective spatial light modulator (SLM) was used to generate designed

phase

This study introduces an innovative approach employing a Shack-Hartmann wavefront

Page 2/3



Spatial Light Modulator Wavefront
Sensor

In recent years, due to the rapid developments of liquid crystal display and VLSI technology and the

abun-dance of liquid crystal

Wavefront sensors encode phase information of an incoming wavefront into an intensity pattern that can be

mea- sured on a camera.

SPATIAL LIGHT MODULATOR-BASED SHACK HARTMANN WAVEFRONT SENSOR WITH BUILT

IN INFLUENCE MATRIX

Phase imaging techniques extract the optical path-length information of a scene, whereas wavefront sensors

provide the shape of an

We introduce the use of LCSLMs for measuring and correcting aberrations in light beams, thereby enhancing

the

This paper demonstrates a method to determine and calibrate the modulation

Abstract Wavefront sensing with a holographically created diffraction grating is a promising new approach in

adaptive optics. In this

As a concrete example of this advanced light wavefront control, we have developed a

We present a liquid crystal method of correcting the phase of an aberrated wavefront using a spatial light

modulator. A simple and
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