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Phase Spatial Optical Modulator

Overview

A spatial light modulator (SLM) is a device that can control the intensity, phase, or
polarization of light in a spatially varying manner. A simple example is an overhead
projector transparency. Usually when the term SLM is used, it means that the
transparency can be controlled by a computer. SLMs are primarily marketed for
image projection, displays devices, and maskless lithography. SLMs are also used in
optical computing and holographic optical tweezers.

Key Takeaways

A Phase Spatial Optical Modulator (PSOM) is a device that spatially controls the phase
of light across a beam, enabling precise wavefront shaping and optical manipulation.

Definition and Working Principle

A Phase Spatial Optical Modulator is a type of spatial light modulator (SLM)
specifically designed to modulate the phase of an optical wavefront in a spatially
varying manner. Unlike intensity modulators, which control light brightness, phase
modulators adjust the optical path length of light at each pixel or segment,
effectively changing the phase of the reflected or transmitted light. This is typically
achieved using liquid crystal on silicon (LCOS) technology, where the orientation of
liguid crystal molecules alters the refractive index, producing a controlled phase shift.

Types of Phase Spatial Optical Modulators

Liquid Crystal Modulators (LC or LCOS): Use electrically controlled liquid crystals to
modulate phase with high spatial resolution. They are widely used in holography,

adaptive optics, and beam shaping.
-



Page 2/5

Electro-

Optic Modulators (Pockels Cells): Utilize the Pockels effect in crystals to induce phase
changes in response to applied voltage. These are faster than LC-based modulators
and suitable for high-speed applications. Thermal or Mechanical Modulators: Exploit
refractive index changes due to temperature or physical deformation, often in fiber
optics or integrated photonics.

Key Features

High Pixel Count: Enables fine spatial control of the wavefront, essential for adaptive
optics and holographic displays. Phase Stability: Minimal crosstalk between pixels
ensures precise phase modulation. Wavelength Range: Typically designed for visible
to near-infrared light (400-1100 nm).

Refresh Rate: LC-based modulators are slower (Hz-kHz), while advanced designs can
reach MHz rates for ultrafast optical control.

Applications

Adaptive Optics: Correcting wavefront distortions in telescopes or microscopy.
Holography and 3D Displays: Encoding phase information to reconstruct images.
Beam Shaping and Optical Trapping: Creating arbitrary light patterns for laser
manipulation of particles or atoms.

Quantum and Photonic Computing: High-speed, site-resolved optical control for
neutral-atom quantum processors. Ultrafast Pulse Shaping: Techniques like MIIPS use
phase SLMs to manipulate femtosecond laser pulses.

Advanced Developments

Recent innovations combine high-speed broadband phase modulation with 2D pixel
addressing, enabling MHz-rate frame updates and dynamic, reconfigurable optical
control. This allows simultaneous multi-site beam manipulation, critical for
applications in quantum optics, microscopy, and high-contrast imaging. In summary,
a Phase Spatial Optical Modulator is a versatile optical device that provides precise,
programmable control over the phase of light, with applications ranging from
fundamental research in photonics to advanced imaging and quantum technologies.
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Article Content
Spatial Light Modulators

Thorlabs' Exulus® Spatial Light Modulators (SLMs) employ Liquid Crystal on Silicon
(LCoS) technology to produce high-resolution, high-speed reflective phase

Phase Modulators - optical modulator

While a standard phase modulator affects the optical phase of the entire beam, a
spatial light modulator (or wavefront modulator) can apply spatially varying phase

Spatial light modulator

OverviewElectrically-addressed spatial light modulator (EASLM)Optically-addressed
spatial light modulator (OASLM)Application in ultrafast pulse measuring and
shapingExternal links

A spatial light modulator (SLM) is a device that can control the intensity, phase, or
polarization of light in a spatially varying manner. A simple example is an overhead
projector transparency. Usually when the term SLM is used, it means that the
transparency can be controlled by a computer. SLMs are primarily marketed for
image projection, displays devices, and maskless lithography. SLMs are also used in
optical computing and holographic optical tweezers.

LCOS-SLM (Optical phase modulator) | Hamamatsu

Here we present technical information that helps you understand spatial light control
technology, as well as our past research and development and application

Spatial Light Modulation Principles

Meadowlark Optics award-winning spatial light modulators (SLMs) provide precision
retardance control for spatially varying phase modulation or amplitude

LCOS-SLM (Optical phase modulator) | Hamamatsu

LCOS-SLM are reflective spatial light phase modulators that freely modulates optical
phases and optical phase of laser is modulated by the liquid crystal. Wavefront

Spatial Light Modulators

Spatial light modulator (SLM) is a general term describing devices that are used to
modulate amplitude, phase, or polarization of light waves in space and time.

Optical Modulators - acousto-optic, electro-optic

An optical modulator is a device which can be used for manipulating a property of
light — often of an optical beam, e.g. a laser beam. Depending on which

© 2026 CJC FIBRE CONSULTANTS - All rights reserved



Page 4/5

Phase Modulators

Some advanced phase modulators offer spatial control, allowing for phase changes
across different regions of the beam. These are crucial in adaptive optics, where
precise control over the wavefront is

Comprehensive model and performance optimization of phase-only

Several spurious effects are known to degrade the performance of phase-only spatial
light modulators. We introduce a comprehensive model that takes into account the
major ones: curvature

Comparative Analysis of Interferometric and Diffraction-Based Phase ...

Optical systems that rely on precise phase modulation commonly use LiquidCrystal
on Silicon (LCoS) Spatial Light Modulators (SLMs), and the optical fidelity
ofapplications such as beam shaping,

Exploring the Power of Spatial Light Modulators (SLMs)

A Spatial Light Modulator (SLM) is a device that can dynamically control the phase,
amplitude, or polarization of light, enabling precise wavefront shaping. From
holography and optical

High-speed nanophotonic spatial light modulators

Work submitted within the feasibility documentation must have been substantially
performed by the offeror. PHASE || Demonstrate a nanophotonic-enabled spatial light
modulator with

Generation of the "perfect" optical vortex using a liquid-crystal ...

Request PDF | Generation of the "perfect" optical vortex using a liquid-crystal spatial
light modulator | We introduce the concept of the perfect optical vortex whose dark
hollow radius does not ...

Fast and low loss flexoelectro-optic liquid crystal phase modulator ...

Encouragingly, the modulation in the phase, which operates at kHz frame rates, is
also accompanied by low amplitude modulation. The configuration demonstrated
herein is particularly

LC 2012 LCD Spatial Light Modulator

The LC 2012 Spatial Light Modulator can be used for phase (phase mostly) and
amplitude modulation applications dependent on the configuration. Visit Company
Website

Rotating single atoms in a ring lattice generated by a spatial light ...
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We have generated multiple micrometer-sized optical dipole traps for neutral atoms
using holographic techniques with a programmable liquid-crystal spatial light
modulator.

Lithium Niobate Electro-Optic Modulators

High-performance lithium niobate electro-optic modulators for phase & amplitude
modulation. Engineered for defense, space, and research applications.

Related Video Reference

This video was associated with the source search result. Verify technical details
against current product documentation and project requirements.

Contact Us

Continue your research online:

Website: https://cjcconsultants.co.za
Technical inquiry: https://cjcconsultants.co.za/contact.html

This document is for preliminary research. Verify specifications against current
standards, product documentation and project requirements.
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