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Article Overview

Optical modules use specialized absorbing materials to capture light efficiently, including thin-film
semiconductors, lossy films, and impurity-controlled substrates, tailored for specific spectral ranges and
device applications.

Types of Absorbing Materials

Semiconductors and thin-film absorbers are widely used in optical modules, particularly in photovoltaic and
photochemical cells. Materials such as silicon, copper indium gallium selenide (CIGS), cadmium telluride
(CdTe), and emerging complex phosphides, chalcogenides, oxides, and nitrides are engineered to absorb light
efficiently across targeted wavelengths, often with tailored bandgaps for multijunction devices or
photoel ectrochemical applications . Ultra-thin lossy films exploit interference effects to enhance absorption in
films much thinner than the incident wavelength. These absorbers rely on loss-induced phase shifts and critical
coupling, enabling compact designs without nanoscale patterning, suitable for decorative photovoltaics,
infrared scene generation, and high-efficiency photochemical cells . Optical substrates with controlled
impurities can also serve as absorbers. For example, fused silica absorbs light at specific wavelengths due to
hydroxide (OH-) ion impurities, while IR-grade fused silica reduces OH- content to improve near-infrared
transmission. Absorption can occur via electronic transitions or as thermal energy, and careful material
selection minimizes unwanted fluorescence and heat-induced degradation .

Design and Simulation Tools

Simulation tools like the Setfos absorption module use transfer matrix formalism to model photon flux
through multilayer stacks, allowing optimization of layer thicknesses, spectral absorption, and angular or
polarization dependence. This is particularly useful for thin-film photovoltaic devices, including perovskite,
CdTe, and CIGS solar cells, where maximizing absorption in the active layer is critical for efficiency .
Applications

Absorbing materials in optical modules are applied in:

o Photovoltaic devices for efficient light-to-electricity conversion

0 Photodetectors and sensors for selective wavelength detection

o0 Laser optics to manage unwanted reflections or fluorescence

o Infrared and thermal imaging using interference-based thin films

o Photoelectrochemical cellsfor hydrogen generation or CO2 reduction

Key Considerations
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When selecting absorbing materials for optical modules, factors include:

0 Spectral range: Matching the material's absorption band to the target wavelength

o Layer thickness and interference effects: Optimizing thin-film absorbers for maximum light capture

0 Material purity: Minimizing impurities to reduce unwanted fluorescence or thermal hotspots

o Integration with device architecture: Ensuring compatibility with multilayer stacks and electrica

performance By combining material science, thin-film engineering, and simulation tools, optical modules can
achieve high absorption efficiency while maintaining compact and practical designs.

Electromagnetic wave (EMW) absorption materials with good thermal management and flexibility properties
are

Our PEC photoactive materials research focuses on using established semiconductor processing techniques to

The absorbing material is well understood to absorb the electromagnetic waves when the signals propagate
through it.

It is essential to develop el ectromagnetic (EM) wave-absorbing materials with exceptional

Plasmonic (metals) or photonic (insulators, semiconductors, metals) materials may aso be employed as
optical components for

The optical principles and methods used to evaluate the performance of solar absorber devices with broad

Solar-Absorbing Materials NLR"s materials discovery and design researchers work to discover new
light-absorbing

0 INTRODUCTION TO ACOUSTO-OPTIC MODULATORS AND DEFLECTORS: Acousto-optic
components are typically used

However, traditional absorbing materials do not adequately address the requirements for flexible conformal
designs,

To overcome these limitations, this paper presents a transparent absorbing metamaterial (TAM) consisting of
indium

Their fabrication method is simple, low-cost and requires no nanopatterning methods, which means it"s easier
to scale

Page 2/3



Optical module absorbing materials

-
-

P
‘:f:;- SOLAR :ro.

ot

The monofunctional nature of conventional absorbing materials has proven inadequate to satisfy the
requirements of

Graphene-based stealth materials are emerging as new research hotspot in consumer electronics and military

The absorbing frequency range of these hierarchal structures depend on the number of factors including
refraction

Materials for optics are substances used to manipulate the flow of light. This can include reflecting, absorbing,
focusing or splitting an

The current multifunctional electromagnetic wave absorbing and shielding (EMAS) materials are reviewed.
An
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