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Figure S1. The experimental and fitting (the parameters are given) time dependences of the nonequilibrium charge 

carrier concentration at the average photoexcitation beam power of 20 mW (a) in HR GaAs:Cr (b) related calculated 

injection level dependences of efficient charge carrier lifetime with the resolution into contributions from different 

recombination mechanisms. 
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   b) 

Figure S2. The experimental and fitting (the parameters are given) time dependences of the nonequilibrium charge 

carrier concentration (a) in HR GaAs:Cr after SiO2 film deposition (b) related calculated injection level dependences of 

efficient charge carrier lifetime with the resolution into contributions from different recombination mechanisms. 

 

 

  



 3 

                                          a) b) 

Figure S3. The experimental and fitting (the parameters are given) time dependences of the nonequilibrium charge 

carrier concentration (a) in HR GaAs:Cr after etching in sulfuric acid solution (b) related calculated injection level 

dependences of efficient charge carrier lifetime with the resolution into contributions from different recombination 

mechanisms. 
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    b) 

Figure S4. The experimental and fitting (the parameters are given) time dependences of the nonequilibrium charge 

carrier concentration (a) in HR GaAs:Cr after oxidation in oxygen plasma (b) related calculated injection level 

dependences of efficient charge carrier lifetime with the resolution into contributions from different recombination 

mechanisms. 
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Figure S5. The experimental and fitting (the parameters are given) time dependences of the nonequilibrium charge 

carrier concentration (a) in SI GaAs:EL2 after oxidation in running water (b) related calculated injection level 

dependences of efficient charge carrier lifetime with the resolution into contributions from different recombination 

mechanisms. 
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The following analysis allowed to write the Equation (3) in the main text. For a 

semiconductor with p-type conductivity by definition, the lifetime of minority charge carriers τ is 

related to the charge carrier recombination rate U as 

 
n

U


 = ,  (S1) 

where Δn is the excess electron concentration. 

For the SRH recombination, the expression for the recombination rate is written as [1] 
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where τp0 = 1/(σpNtvt), τn0 = 1/(σnNtvt), n1 = ni exp((Et – Ei )/kT), p1 = ni exp(– (Et – Ei)/kT), σp and σn 

are the hole and electron capture cross sections, respectively, Nt and Et are the concentration of 

recombination centers and the energy position of the corresponding level in the band gap of the 

semiconductor, respectively, vt is the thermal velocity of charge carriers, n and p are the electron 

and hole concentrations, respectively, n0 and p0 are the electron and hole concentrations, 

respectively, in an intrinsic semiconductor in equilibrium ( 2
0 0 in p n = ). We assume that the excess 

concentration of minority charge carriers Δn >> n0, then, n ≈ Δn, p ≈ Na+ Δn. With this in mind and 

in the approximation of a high injection level Δn >> Na, we can assume that n = p = Δn. After the 

corresponding transformation of (2) and substitution it into (1) for the minority charge carrier 

lifetime due to the SRH recombination in the semiconductor bulk the following expression is 

obtained: 

 SRH 0 0p n =  +  .  (S3)  

That is, at a high injection level (excess concentration of minority charge carriers), the lifetime does 

not depend on the excess charge carrier concentration. 

The Shockley–Read–Hall formalism is usually used for the surface recombination, taking into 

account that the concentration of defect states is replaced by the surface density of defect states Nts, 

the energy distribution of the interface surface states in the band gap is replaced by one effective 

recombination level with the energy position Ets. Also instead of the lifetime, the surface 

recombination rate S is introduced 
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Then, the expression for the surface recombination rate is written as [1] 
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where 0 tsp p tS N v=  , 0 tsn n tS N v=  , ns and ps are the electron and hole surface concentrations, 

respectively. In case of high level of injection, we again have that there is no dependence of 

recombination rate on the injection level: 
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The radiative recombination rate is written as  

 rad rad 0 0( )U B n p n p=  −  .  (S7)  

In the approximation of a high injection level, the lifetime for radiative recombination is inversely 

proportional to the injection level 
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For the "band-to-band" Auger recombination, the recombination rate is written as [1] 

 2 2 2 2
Aug 0 0( ) ( )n i p iU C n p n n C p n n p= − + − ,  (S9)  

where Cn and Cp are the Auger recombination coefficients. In case of a high injection level, 

expression (9) is simplified and the minority charge carrier lifetime due to the "band-to-band" 

Auger – recombination is written as 

 Aug 2

1

( )n pC C n
 =

+ 
.  (S10)  

That is, in this case, the lifetime is inversely proportional to the square of the excess concentration 

of minority charge carriers. Finally, for the case of Auger recombination involving an impurity 

level, the recombination rate is written as [1,2] 
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where Cn1, Cn2, Cp1, and Cp2 are the Auger recombination coefficients for various recombination 

events involving the capture of electrons or holes to a defect level and the transfer of energy to an 

electron in the conduction band or hole in the valence band. In case of a high injection level, 

expression (11) is simplified and the lifetime of minority charge carriers due to the Auger 

recombination involving an impurity level is written in as 

1 2 1 2
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Thus, combining all the obtained dependencies of the lifetime of minority charge carriers τ on 

powers of Δn at high injection level we can write the expression (3) in the main text. 
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Peak-to-peak, Sy                    11.0683 nm 

Root Mean Square, Sq           1.28405 nm 

 

a) 

 

 
 

Peak-to-peak, Sy                    47.016 nm 

Root Mean Square, Sq           0.467805 nm 

 

b) 

 

 
 

Peak-to-peak, Sy                    1441.14 nm 

Root Mean Square, Sq           267.849 nm 
c) 

 

Figure S6. The AFM data for HR GaAs:Cr wafers: (a) – initial, (b) – after etching in sulfuric acid 

solution and (c) after grinding the surface. 
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