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ABSTRACT 

The use of thin Ge2Sb2Te5 layers in combination with hybrid dielectric/plasmonic metasurfaces is 

discussed as a way to create reconfigurable flat optics in the optical telecommunication regime. Our 

approach shows good potential in the development of high efficiency, compact and ultra-fast optical 

components for current free-space optical telecommunication systems.  
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1. INTRODUCTION 

The consolidation of phase-change materials (PCM) with metasurfaces is becoming an important 

research trend towards the realization of novel compact photonic devices with multiple configurations, 

such as tunable beam steerers (1) or perfect absorbers/modulators (2). Design concepts reported up to 

now are typically based on plasmonic metasurfaces (made of metallic sub-wavelength resonant 

inclusions), and/or the use of high volumes of PCM, which introduce plasmonic (ohmic) and dielectric 

losses respectively. This can be detrimental in applications where the amount of light re-radiated to the 

free space should be ideally kept to maximum, like beam steerers, flat lenses or holograms (and indeed, 

any device which requires engineering of optical wavefronts).  

 All-dielectric phase-change metasurfaces have recently emerged as a way to manipulate light 

in reflection and transmission with nearly zero losses (3). However, due to the absence of surrounding 

conductive materials in the all-dielectric approach, switching of the phase-change layer in such devices 

is usually ex-situ, e.g. using an external scanning laser, which limits speed and device integration. In 

this paper, we present an intermediate approach based on hybrid dielectric/plasmonic metasurfaces 

combined with thin GST layers, which can partially overcome efficiency problems in wavefront shaping 

devices, while offering in-situ thermal switching. 

2. DESIGN & ANALYSIS 

The unit cell (pixel) of our metasurfaces is shown in Figure 1. It consists of 

a sub-wavelength dielectric cubic resonator made of silicon (Si), with a thin 

Ge2Sb2Te5 GST (GST) film underneath. The structure lies on top of a 

bottom gold (Au) plane, which could be used as a heater to locally switch 

the PCM between states. A 10nm SiO2 layer acts as a barrier to avoid 

diffusion of gold inside the GST layer. 

The geometrical parameters and GST refractive index have been 

used as design variables to change the resonant frequency and coupling 

strength of the structure, thus allowing to manipulate optical phase of light 

at a fixed excitation frequency. Ideally, a 2π optical phase coverage with 

low losses is suited in order to achieve full wavefront shaping capabilities with high efficiency, and 

therefore full flexibility in terms of the number of devices that one can realize. Figure 2-a shows the 

optical phase delay as a function of the cubic resonator with W, for a wavelength of λ= 1300 nm. A full 

2π phase control can be achieved when the GST layer is amorphous, with nearly flat phase response 

after crystallization. The reflectance (i.e. efficiency) as a function of W is plotted in Figure 2-b, showing 

Figure 1 Hybrid phase-change 

dielectric/plasmonic unit cell. 



 

 

a maximum and minimum values of 99% and 21% when the GST is amorphous (depending on the 

required optical phase delay), and of 98% and 15% in the crystalline state. 

 A reconfigurable focusing off-axis meta-mirror working at λ = 1300 nm has been designed to 
illustrate the capabilities of the proposed interface. Figure 2c shows the calculated two-dimensional 
phase profile required for a focal length of f = 100µm, numerical aperture NA 0.2. Nanocubes with 
different sizes (thus different optical phase responses) were then selected and arranged to reproduce the 
phase map using data from Figure 2a. A cross section of the resulting spatial phase profile for amorphous 
and crystalline GST is depicted in Figure 2d (inset shows the corresponding cross-section of the meta-
mirror). It can be seen that the phase map required for focusing light can be full-filled when the GST is 
amorphous (with an average efficiency of 69% calculated from data shown in Figure 2b). After 
crystallization, the phase profile becomes flat thus resulting in specular reflection of light, with an 
overall efficiency of 55% (slightly lower due to an increase of the GST dielectric losses). 

 

Figure 2 (a-b) Optical phase delay (a) and reflectance (b) imposed by the unit cell as a function of W for amorphous and 

crystalline states. (c) Huygens principle showing the wavefront reconstruction of a flat off-axis parabolic meta-mirror 

(left), and calculated two-dimensional spatial phase profile (right). (d) Cross section of the resulting metasurfaces at 

y=0, showing a parabolic phase profile when the GST is amorphous, and a nearly flat response after crystallization. 

3. CONCLUSION 

We have introduced a new optically-thin phase-change designer interface with tunable capabilities, 

which allows to create of fast and reconfigurable flat optical components with high efficiency in the 

optical telecommunication regime. A 2π phase control can be achieved using our approach, which 

provides full design flexibility to create a wide range of reconfigurable devices for wavefront shaping, 

such as reconfigurable off-axis focusing mirrors. In addition, the unit cell can be potentially re-scaled 

to larger wavelengths outside the optical regime, with similar overall optical performances. 
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