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1. Introduction 

 

The manipulation of phase and amplitude of polarization is important in various applications involving sensing 

and communication [1,2]. Also precise control of the polarization state of light is vital for applications of 

photonic devices in regards to optical information processing and communications. Devices that transform 

incident electromagnetic waves into well-defined polarization states through the specific design of the optical 

element in the beam path are therefore crucial towards these goals. Metamaterials (MMs) serve as ultrathin, 

compact platforms for highly efficient polarization conversion and the incorporation of phase change materials 

(PCMs) such as vanadium oxide (VO2) allow for dynamic re-configurability and tunability in the polarization 

conversion device. Cross polarization transmission, a key factor to achieve optical activity, is demonstrated in a 

single-layer THz metadevice comprised of a two-dimensional array of split ring resonators, each with a VO2 pad, 

integrated into one of the two capacitive gaps of the unit cell (Fig. 1a). 

  

2. Results 

 

Numerical investigations, using the finite difference time domain (FDTD) method, show that as the conductivity 

of VO2 increases the amplitude of the cross-polarization intensity decreases but maintains a wider broadband range 

than previously reported for single layered hybrid MM devices as the VO2 transforms from the insulator to metallic 

phase (Fig. 1b). The largest cross-polarized transmission amplitude is close to 47 % at around 0.245 THz and the 

full width at half maximum (FWHM) bandwidth is about 480 GHz, which corresponds to nearly 83% of the central 

frequency which is larger than any range reported so far for single layered devices. A variable conductivity of VO2 

is assumed to simulate the phase transition effect. The change of VO2 conductivity from 0 to 5×105 S/m 

corresponds to the insulator-to-metal phase transition. The phase transition occurs on a picosecond timescale, as 

the VO2 conductivity reaches the value of the metallic state. Since a photo-induced phase transition of VO2 could 

be completed on the order of about 100 fs (sub-cycle process), this device is expected to achieve ultrafast/high 

speed amplitude and phase modulation [3, 4]. Concurrently, the asymmetric transmission, optically modulated by 

the device, is higher than that of multi-layered MM devices. The material properties of VO2, introduce a promising 

method that allows for an active sub-cycle dynamic tunability for THz polarization conversion with multiple 

modalities using optical, electrical or thermal switching which allows for an important step forward in developing 

compact, integrated, passive and active metadevices for polarization and wavefront control application in the THz 

regime [5]. 
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Fig. 1: Phase-change MM for Polarization Conversion. (a) Unit cell of the investigated active 

hybrid metadevice with the corresponding electromagnetic excitation configuration (the red is the 
PCM, in this case VO2). The relevant geometrical dimensions are: Px = Py = 300 µm, Ɩx = Ɩy = 250 

µm, w = 35 µm and g1 = g2 = 35µm. (b) Simulated cross-polarized transmission coefficients. 

 


