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The drift-diffusion model
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Fig.2 Current-voltage characteristics of OSC 
for different orders of magnitude of Langevin 

recombination (above) and important 
parameters of solar cell (below)

Poisson’s equation: 

Continuity equations for electrons and holes: 

The boundary conditions:

Motivation  

SIMULATION AND RESULTS
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Current density equations for electrons and holes: 
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Fig.3 Current voltage characteristics of OSC 
for different orders of magnitude of SRH 

recombination (above) and important 
parameters of solar cell (below))

Fig.4 Current voltage characteristics of PSC 
for different orders of magnitude of 
Langevin recombination (above) and 

important parameters of solar cell (below)

Fig.1 Validation of applied model based on the example of 
planar FTO/Cu-dopen NiOx/MAPbI3/PCBM/LiF/Al perovskite 
solar cells. Inset on the figure shows the structure of solar 

cell from ref [1].

Model validation 

➢ Cheap
➢ Lightweight 
➢ Flexible 
➢ Scalable with good efficiency       
➢ Sun is free source of energy

➢ Need for understanding of physical processes inside of solar 
cells, with the idea of reaching their full potential. 

➢ Esspecially it is important to understand the influence of 
recombination as it is fundamental mechanism of losses. 

➢ THEORETICAL EXPLANATION OF 
ORGANIC AND PEROVSKITE 
SEMICONDUCTORS ARE NEEDED!
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PARAMETERS
➢ q is the elementary charge, 

𝜺 is the permittivity 

➢ Dn , Dp are the  diffusion 
coefficients of the electrons 
and the holes

➢ 𝑵𝑪, 𝑵𝑽 are the effective 

densities of states for 
electrons and holes

➢ Eg is the energy gap of 
material

➢ 𝒏𝒊 is intrinsic carrier 

concentration
➢ 𝒏𝟏, 𝒑𝟏 are electron and 

hole concentration
➢ 𝝉𝒏, 𝝉𝒑 are electron and hole 

lifetimes
➢ 𝜸𝑳 is Langevin coefficient 

of recombination
➢ 𝝁𝒏, 𝝁𝒑 are the electrons 

and holes mobilities 

➢ Special variable coefficients 𝑲𝑳 and 𝑲𝑺𝑹𝑯

are introduced with the idea of controlling
Langevin and SRH recombination rate!

CONCLUSION

➢Our analysis has concluded that Langevin recombination has strong influence on OSCs performance, while its influence on PSCs is negligible. 
➢ Increase in SRH recombination rate has negative impact on both OSC and PSC, whereat in OSCs its dominant impact is on increasing 𝐽𝑆𝐶, while in 

PSCs the 𝑉𝑂𝐶 is dominantly decreased. 
➢ In the case of OSCs stronger influence of SRH recombination begins with 𝑁𝑡 = 1015𝑐𝑚−3 and total degradation of the device starts at 

𝑁𝑡 = 2 ∙ 1017𝑐𝑚−3 
➢ In the case of PSCs stronger influence of SRH recombination begins at 𝑁𝑡 = 1017𝑐𝑚−3 and total degradation of the device starts at 

𝑁𝑡 = 1019𝑐𝑚−3. 
➢ THIS INDICATES DIFFERENT OPERATING MECHANISMS BETWEEN OSCs AND PSCs!

ORGANIC SOLAR CELLS PEROVSKITE SOLAR CELLS

Fig.5 Current voltage characteristics of PSC 
for different orders of magnitude of SRH 

recombination (above) and important 
parameters of solar cell (below)

GENERATION, RECOMBINATION, 
TRANSPORT

➢ G is the generation rate described 
by an optical model using optical 
transfer matrix method [2]

➢ 𝑹𝒏, 𝑹𝒑 are recombination rates of 

electrons and holes
➢ We assume constant values for 

electron and hole mobility

Parameters  

VARIABLES
➢ 𝝋 is electrostatic potential
➢ 𝒏, 𝒑 are the electrons and 

holes concentration

SPECIAL VARIABLE COEFFICIENTS
➢ 𝐾𝐿 coeffcient corespondes to change 

in reduction coefficient of Langevin 
recombiantion (𝛾𝐿).

➢ 𝐾𝑆𝑅𝐻 coefficient coresponds to 

change in concentration of trap 
states (𝑁𝑡) of the material. 

Important formulas 

➢ Langevin recombination:         

𝑅𝐿 = 𝛾𝐿(𝑛𝑝 − 𝑛𝑖
2) 

➢ Shockley-Reed-Hall recombination: 

𝑅𝑆𝑅𝐻 =
𝑛𝑝−𝑛𝑖

2

Τ(𝑛−𝑛1) 𝜏𝑝 + Τ(𝑝−𝑝1) 𝜏𝑛

Numerical method

➢ The discretization of equations is 
performed by the finite-difference 
method with Scharfetter-Gummel 
approach obtaining a system of 
difference equations solved 
numerically using Newton's 
algorithm. 
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