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Polycrystalline thin-film CdTe solar cells are 

considered to be one of the most promising candi-

dates for photovoltaic technologies due to their 

similar efficiency and low costs when compared to 

traditional Si-based solar cells. In these devices, 

Cu is the key dopant, defining major performance 

parameters such as the open-circuit voltage, short-

circuit current, and filling factor by affecting the 

built-in potential of the junction, collection effi-

ciency, and resistivity of the back contact [1].  

In polycrystalline devices, the penetration of 

Cu into CdTe is dominated by grain boundary 

(GB) diffusion. In this work, we present two di-

mensional (2D) finite-difference simulations of Cu 

diffusion in CdTe with GBs, fitting the results to 

experiments.  

In dealing with GBs, the Fisher model [2] is 

typically employed. The basic situation is shown 

schematically in Fig. 1, where a GB of thickness 

centered at x=0 is shown extending into a CdTe 

layer. The diffusion process is governed by two 

coupled diffusion equations: 
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where Dg and Dgb are the diffusion coefficients of 

the grains and GBs respectively. Cg is the grain 

concentration. The GB concentration, Cgb has been 

eliminated by making the substitution Cgb = s Cg, 

where s is the segregation factor, which in general 

can be much larger than one. One significant prob-

lem with the Fisher model is that  generally can-

not be independently determined and is a source of 

ambiguity. In mapping the problem onto a rectan-

gular finite difference lattice, we have found that  

can be eliminated. In terms of the lowest order 

finite difference approximations, the above differ-

ential equations can be replaced by: 
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Fig. 2 shows the results of a 2D simulation. The 

domain represents one unit cell which is approxi-

mately the average size of the grains in the direc-

tion parallel to the interfaces. Fig. 3 shows the 

average Cu concentration over the cell, which is 

used to directly compare with experimental results. 

There are three important regions: the bulk region, 

from which Dg can be determined; a GB dominat-

ed “tail” from which information about Dgb and s 

is usually extracted via fitting to approximate ana-

lytical formulas [3]; and a fast surface diffusion 

region, which can be treated in a similar manner to 

the GBs[4]. Fig. 4 shows diffusion coefficients 

obtained by fitting to experiments done at different 

temperatures. To conclude, we note that our nu-

merical approach not only eliminates the ambigu-

ous “GB thickness” parameter, but can also be 

used to determine diffusion coefficients more ac-

curately than the usual analytical models.  
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Fig. 1.  Geometry illustrating bulk CdTe grains separated by a 

grain boundary. A flux of Cu dopants, Jy comes in from the 

back contact. Since Dgb ≫ Dg in most instances of interest, 

diffusion along the grain boundary is much faster than in the 

grain. Here Jx represents the leakage flux of Cu dopants from 

the grain boundary back into the grains.  

 

 
Fig. 2.  The results of a two dimensional simulation with the 

darker shading corresponding to higher Cu concentration. The 

diffusion parameters were chosen to fit an experiment where a 

CdTe device was annealed at 260 C for 6 minutes. Beyond the 

basic grain boundary model, the effect of rapid surface diffu-

sion is taken into account at the CdTe end. In essence it acts 

as a perpendicular grain boundary.  In order to compare with 

experiments, which typically give an average Cu profile, one 

must average these results along the x direction (the vertical 

direction in this plot). Arrows indicate locations of absorber 

interfaces (back contact/CdTe on the left and CdTe/interface 

layer on the right).  
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Fig. 3.  Overlaid simulated data (taken from averaging the 

results in Fig. 2) and measured profiles of the average Cu 

concentration in the CdTe absorber as a function of depth. 

Arrows indicate locations of absorber interfaces (back con-

tact/CdTe on the left and CdTe/interface layer on the right).  
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Fig. 4. Diffusion coefficients are plotted as a function of 1/kT. 

Simulations were performed to extract Cu diffusion parame-

ters for the CdTe bulk and GBs from two sets of experiments 

with and without Cl treatment. The results are plotted as 

indicated. For comparison, several sets of data for single 

crystal and polycrystalline CdTe obtained by other groups are 

also given. 
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