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PHEMTRONICS has the ambitious vision of creating a unique path for 
translating forefront knowledge in phase-transformation dynamics in light 
controllable active matter with reconfigurable and interactively tunable 
dynamical properties into extreme broadband reconfigurable and adaptive 
devices by developing a radically novel transdimensional active matter 
platform that is intrinsically itself phase change, low-loss plasmonic and 
electronically topological. The photon-electron-phonon coupling will enable 
a new technology paradigm of adaptive optical signal processing with 
ultrafast network reconfiguration with key metrics of the femtosecond-scale 
switching time, ultralow power (femtojoule/bit) and broadband (microwave-
to-optical frequencies) capability required for reliable multibit operations. 

Figure 1: The PHEMTRONICS radical new vision addressing two novel transidimensional 
phase changes regimes.

Phemtronics Vision Phase-Change Smart Combinations
PHEMTRONICS technologies will be based on smart combinations of  phase-
change materials (PCMs).

The proposed PCMs smart transdimensional system include combinations of: 
‣ Plasmonic PCM metal. PHEMTRONICS will use Ga as a PCM plasmonic 

metal, for its chemical stability and polymorphism. Ga posses 7 phases 
depending on the dimensionality with markedly different optical properties 
ranging from those of a covalent solid to those of a highly metallic liquid. 

‣ Low-loss high refractive index PCM dielectrics. With PHEMTRONICS 
we will surpass the current paradigm of PCMs (GST and VO2) by developing 
extreme broadband transparent PCMs that combine broadband low loss (0.4 
– 18.5 μm) and large optical contrast (∆n ≈  2) based on sulphides (GaS, 
Ga2S3, Sb2S3, GeS), which possess several phases, optical band gap, higher 
refractive indices and low phonon frequencies. These characteristics are 
attractive for applications that require high transmission from the visible to 
the mid-infrared. 
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which entail a modulation of the optical properties of the material in the near-IR upon transition between its 

crystalline and amorphous phases. More recently, the chalcogenide stibnite (Sb2S3) has been proposed as an 

alternative to GST for reconfigurable plasmonic devices operating at optical frequencies, presenting its 

maximum refractive index contrast around 600 nm.12 However, VO2 and GST are inherently plagued by their 

excessive optical losses even in dielectric states, limiting their optical performance and hence application 

space. Furthermore, those materials are not plasmonic, and for plasmon reconfigurability, are generally 

coupled to a plasmonic metal such as gold or aluminum.19–21  

An alternative non-noble metal that is flourishing is gallium (Ga)  which has the peculiarity of being an active 

phase-change plasmonic material, since simultaneously offer a wide polymorphism11 as shown in Figure 1 and 

an outstanding plasmonic response in a broad spectral range from UV to NIR stable to oxidation.22,23 Gallium 

is most commonly known as a non-toxic and biocompatible liquid metal with a melting temperature just above 

room temperature (Tm = 302.7 K), and it has the advantage of being CMOS compatible.  

 
Figure 1. Phase diagram of gallium in bulk (left) and nanoparticles (right) and schemes of the unit cells of 

each of the phases. (bottom) Ga phases obtained during the deposition as function of the deposition 

temperature.24 The data of the different unit cells and crystalline structures have taken from different sources 

in the literature.25–30 

These materials are characterized 
by the possibility of tuning their 
optical and electrical properties 
through a phase-change triggered 
by an external stimuli, such as 
electrical or optical pulses, allowing 
the controlled manipulation of light 
and optical signal processing. 
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PHEMTRONICS aims at replacing “slow” electrical or
thermal phase change materials with “ultrafast”
“Optical-Phase-Change Plasmonic Materials”, capable of

electrode PCM
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adapting as a response to light,
shifting from current technology
paradigms based on electronic
switching to “all-optical switching”

enabling broadband reconfigurability from telecom
to visible frequencies of devices with key metrics of
the “femtosecond-scale switching time”, and
“ultralow power of femtojoule/bit.”
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PHEMTRONICS exciting outcomes include demonstrators of:
‣ New generation of ultrafast 

and low-power switches. ‣ Reconfigurable antennas.

‣ Reconfigurable circuits for 
5G and LIDAR.

‣ Adaptive switching multiple 
band photodetectors for 
dynamic displays.
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