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Hot carriers solar cells offer a perspective to increase the conversion efficiency. In 
traditional single-junction solar cells, the maximum theoretical efficiency is limited to around 
30% (Schockley-Queisser limit), while the extraction of hot carriers before their relaxation to the 
band-edge would allow to reach the thermodynamic limit of 86% [1]. To date, no satisfying HCSC 
has been demonstrated. This calls for a better understanding of the constituents of such solar 
cells, for instance by the development of new characterization and modeling techniques. In the 
historical approach to hot carrier solar cells [2], electrons and holes are assumed to form quasi-
thermal distributions with the same temperature larger than that of the lattice (Te = Th > Tamb). 
However, because different carrier types may have different effective masses and different 
coupling with the phonons, the possibility of having Te ≠ Th must be addressed [3].  

We first propose a purely optical method that allows 
the direct and distinct estimation of electron and hole 
temperatures in steady state, published in [4]. This 
technique, based on continuous-wave photoluminescence, 
relies on the precise determination of the band-filling 
signature. We apply this technique to an InGaAsP single 
quantum well. Electron temperature surpasses 1000 K at the 
largest excitation intensity, while holes remain colder, close 
to lattice temperature. Nonetheless, the increase in hole 
temperature is too large to be explained purely by photon 
absorption, demonstrating an energy transfer from electrons 
to holes.  

Second, we model the functioning of such a two-temperature HCSC [5]. We study its 
efficiency and sensitivity to the energy-selective contacts design. We show that the two-
temperature HCSC is always more efficient than the one-temperature one, by around 2 
percentage points at best. Then we show that the optimal design of 2T HCSC cell resembles that 
of the 1T HCSC. 
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Figure 1: distinction of electrons and 
holes temperatures as a function of 
the excitation intensity 


