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 The Shockley–Queisser (SQ) limit 
determines maximum theoretically 
possible efficiency of a single 
junction solar cell [1]. Under normal 
conditions, this limit is about 30% for 
conventional solar cells. According 
to the SQ theory, only photons with 
energy equal or higher than the 
band gap of a semiconductor can participate in the formation of 
an electron-hole pair. Photons with energy less than the band 
gap do not contribute to the photoresponse of solar cell at all. 
The theory is applied for the solar cells under illumination of 
one Sun with an AM 1.5G (1000 W/m2) spectrum standard.
 The object of investigation was GaAs p-n junction since 
its band gap is very close to the theoretical optimal value of 
1.4 eV corresponding to maximum possible efficiency for a 
single junction solar cell  [2]. The sample was illuminated by 
a laser light with wavelength 1.06 μm, pulse duration 25 ns, 
and maximum intensity 10 MW/cm2. The laser photon energy 
was less than the bang gap of GaAs, 1.16 eV and 1.42 eV 
respectively. In this case, the process of electron-hole pair 
generation occurs only though two-photon absorption, and 
carrier heating process happens due to the intraband absorption.
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ABSORPTION OF SOLAR SPECTRUM

A terrestrial air mass 1.5 solar spectrum (grey), 
its share of carrier generation (blue) and of 

potential carrier heating (red). 

A terrestrial air mass 1.5 solar spectrum (grey), 
its absorbed part (green), and share 

of the absorbed part devoted for carrier generation 
(blue) and for potential carrier heating (red). 

Carrier density is n = 1019 cm-3, and depth x = 500 nm.

SOLAR CELL’S PHOTOVOLTAGE SIMULATION

Division of photoresponse 
into its three components: 

hot carrier, heated lattice and generation.
Simulated photovoltage components versus light intensity.

LOSS PROCESSE IN A STANDART SOLAR CELL

CONCLUSIONS

   Direct hot carrier photovoltage impact is evidenced 
experimentally.
   In general, photoresponse in a p-n junction consists of three 
components induced by:
       electron-hole pair generation,
       lattice heating after thermalization,
       hot carrier emf.
   We propose a method of separation of each component.
   Magnitude of the net photoresponse results from competition 
between all three components.
   The negative effect of hot carriers should be reduced to boost
the efficiency of solar cells.
   Hot carrier photovoltage may be the reason of still experimen-
tally unattainable theoretical Shockley-Queisser limit.

Fig. 1a. Loss processes in a standard solar cell [3]: 
1  nonabsorption of below bandgap photons; 
2  lattice thermalisation loss; 
3  and  4  junction and contact voltage losses; 
5  recombination loss.

Fig. 1b. Our version: 
1  below band gap photons are absorbed and 
they also contribute to the carrier heating; 
6  the hot carriers move up the barrier, i.e., 
they oppose to the ordinary 
photocurrent in a standard solar cell.

I-V CHARACTERISTICS OF  P-N JUNCTIONS

I-V characteristic of GaAs p-n-junction. Hot carrier photocurrent flows in direction opposite 
to the classical generation-induced one.

1) The higher the forward bias voltage, the lower the barrier, the stronger the hot carrier photocurrent.
2) The higher the laser intensity, the stronger the both photocurrents.

Formation of photovoltage 
across p-n junction:

1 - electron-hole pair generation, 
2 - free electron heating,

3 - generation of hole and hot 
electron. 


