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Abstract: This Optical Materials Express feature issue presents a collection of twelve papers 
clustered around the general topic of optical phase-change materials. While the scientific 
study of phase-change materials has a long history, interest in these materials for optical as 
well as electronic applications has risen sharply in the last decade, and is now the subject of 
intense world-wide research efforts. In this set of feature papers, topics range from basic 
materials studies to applications of phase-change materials in metasurfaces, sensing, 
integrated optics, silicon photonics and polarization switching. 
© 2018 Optical Society of America under the terms of the OSA Open Access Publishing Agreement 

1. Introduction

Solid-solid phase transitions have long occupied a place among the most fundamental and 
challenging themes in condensed-matter science, while simultaneously holding out the 
promise of opportunities in materials-based electronic and optical technologies. During the 
past decade, interest has been growing in the optical science and engineering communities in 
phase-change materials (PCMs) because of their clear relevance to opportunities for optical 
modulation and switching when electrical or optical excitation can be used to initiate the 
phase transformation. The phase transitions of interest include both alterations in electronic 
structure that lead to insulator- or semiconductor-to-metal transitions, and structural phase 
transitions between crystal classes or between glassy and crystalline phases. For optical 
applications, the appeal of the most common PCMs is the large change in optical constants 
that can be achieved either by the IMT or SPT; these large changes in the dielectric 
environment adjacent to the PCMs can then be used to drive specific optical functionalities. 

2. Summary of papers in the feature issue

This special issue presents a spectrum of current research in phase-change materials 
motivated by ways in which PCMs can be used to achieve specific optical functionalities. 
Although most of the papers in the special issue address applications in optical modulation or 
switching, optically induced phase changes can also be used to pattern or structure materials 
to achieve a desired functionality, as shown in a paper describing a laser-induced vitrification 
process that alters local refractive-index profiles in a controlled way [1]. Phase-change 
materials can also be created by conventional materials synthesis techniques to create 
optically reconfigurable materials, demonstrated here by graphene-oxide doping of 
polyvinylidene fluoride (PVDF) to achieve optically switchable piezoelectric behavior [2]. 

The bulk of the papers in the special issue describe the use of the two most widely used 
PCMs currently under consideration in research – germanium-antimony-tellurium (GST) 
glasses and vanadium dioxide (VO2) – for specific technological applications. Two papers 
describe the use of vanadium dioxide to create surfaces that exhibit wavelength selectivity. 
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Highly textured VO2 nanostructures, synthesized by oxidation of electron-beam deposited 
metallic vanadium films, exhibit selective reflectivity in the infrared [3]. A thermally tunable 
heterostructure incorporating a layer of VO2 in a multilayer configuration is employed to 
create near-perfect infrared absorption without the need for either a Fabry-Perot cavity or 
nanostructuring [4]. 

The theme of reconfigurable devices using phase-change materials is developed in a trio 
of papers that use GST as the phase-changing medium. Nanophotonic integrated circuits 
incorporating GST-on-silicon hybrid structures create a platform that is both non-volatile and 
continuously reprogrammable, demonstrated in the form of an optical switch with a 33 dB 
extinction ratio [5]. A reconfigurable near-infrared metasurface based on Ge2Sb2Te5 glass is 
described that exhibits a 7:1 on-off ratio independent of polarization at 1.55 µm; the design of 
the metasurface is enabled by coupling a genetic algorithm optimizer to standard 
electromagnetic solver software [6]. A novel route to optically controlled switching in 
integrated photonics can also be achieved by evanescent-field coupling, in this case between 
GST and the confined mode in a Si3N4 waveguide [7]. 

Opening a view into possible use of PCMs for multi-wavelength infrared emitters and 
sensors, Ge2Sb2Te5 glass is used to provide active, polarization controlled switching of 
thermionic metal-insulator-metal plasmonic emitters [8]. The obverse application is 
adumbrated in the demonstration of a tunable surface for infrared absorption spectroscopy, 
based on uniform field enhancement in a dielectric-metal structure that incorporates VO2 thin 
film as the modulating element [9]. 

Two papers deal with more general questions of the materials physics of PCMs. One is a 
study of the effect of hafnium doping on a VO2 thin films in the monoclinic (M) phase, 
showing control of the hysteresis width in the thermally induced phase transition, a transition 
to the VO2(B) phase at high doping levels, and a possible application for control of thermal 
radiation properties of these films [10]. A modified Maxwell Garnett model, based on an 
asymmetric effective-medium theory, is considered as a way to treat electromagnetic 
hysteresis in VO2 using only a few input parameters to generate a phenomenological 
description of the phase transformation, in a formalism that can possibly be extended to other 
kinds of PCMs [11]. 

The feature issue concludes with a review of phase-change materials in the major types of 
silicon photonic devices using thermo-optic, electro-optic and all-optical methods for 
inducing the phase transformation [12]. The review makes it clear that although many of the 
papers in this feature issue demonstrate the effects of phase-changing materials by thermal 
cycling through the phase transition, a full range of thermal, optical and electrical excitations 
can be used to enlarge the palette of possible applications. 

The variety of perspectives on optical phase-change materials exhibited here no doubt will 
point the way to a wide range of future applications that capitalize on way PCMs can alter the 
dielectric environment of materials and structures to achieve both non-volatile switching and 
latching as well provide high-speed modulation of photonic devices. 
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