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    Polycrystalline chalcopyrites (chemical structure: A
I
B

III
C

VI
) thin-films play an important role as solar 

cell absorbers. Especially solar cells based on Cu(In0.7,Ga0.3)Se2 layers are particularly promising 
because they have already reached an efficiency of 20.3% [1]. 
    A typical CIGS-solar-cell layer stack consists of a substrate of glass or flexible foils, coated with Mo 
as the back contact. The p-n junction is located between the p-type CIGS layer and the transparent n-
type window layer, which consists of a CdS buffer layer and the ZnO front contact. 
    During the fabrication, Na diffuses from the soda-lime-glass substrate into the CIGS layer which has 
positive effects during the growth process of the absorber layer and the efficiency of the solar cell [2]. 
Without Na, the formation of a MoSe2 layer [3] is suppressed. This leads to the formation of a 
Schottky-type electrical contact instead of a contact with ohmic character. 
    To investigate the effects of Na, three samples with different Na-concentrations in the CIGS layer 
were prepared by inserting a Na-blocking and Na-doping layer below the Mo back contact as shown in 
the scanning electron microscopy image Figure 1. Secondary-ion-mass spectroscopy (SIMS) was 
applied to determine the Na-concentrations in the CIGS layer (0.008 at%, 0.342 at%, 0.523 at%). 
These samples were compared with a sample prepared by the standard procedure which contains 
0.025 at% Na. 
    To reveal the difference of the microstructure between the CIGS layers, cross-sections were 
prepared by focused-ion-beam milling in combination with low-energy Ar

+
-ion milling. This preparation 

technique yields thin lamellae for transmission electron microscopy (TEM) and cross-section samples 
for electron backscatter diffraction (EBSD) measurements with smooth surfaces and without artefacts. 
    Figure 2 shows high-angle annular dark-field cross-section STEM images of the interface region 
between the Mo back contact and the CIGS layer for all samples. The measurement of the thickness 
of the MoSe2 layer, which is important for the electrical contact of the CIGS layer, shows a clear 
correlation between Na-content and thickness of the MoSe2 layer. Its thickness increases from values 
below 25 nm for the sample with 0.008 at% Na to values above 150 nm for the sample with the 
highest Na-concentration.  
    The grain size was determined by the evaluation of EBSD maps from cross-sections (see Figure 3) 
and by etching the solar cell on top. The average grains size increases 
to 1.1 (0.025 at%), to 1.5 (0.342 at%), to 4.3 (0.523 at%) demonstrating again a strong influence of the 
Na-concentration. The EBSD maps also reveal the crystallographic orientation of the grains and 
facilitate the characterization of grain boundaries. A slight preference of the [010] grain orientation 
(green colour) perpendicular to the surface of the cross-section can be recognized in Figure 3 with 
increasing Na-content which is particularly obvious in the sample with the highest Na-content. 
    Clear effects of the increasing Na-concentration on the microstructure could be revealed. However, 
apart from the sample with the lowest Na-content, all other samples are characterized by efficiencies 
between 14,44 % and 15,10 % indicating that the increase of the grains sizes do not have a 
pronounced effect of the efficiency. 
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Figure 1. Scanning electron micro-graph of a cross-

section of the modified back-contact 
 
 

Figure 2. HAADF-STEM images of the 

Mo/MoSe2/CIGS interface region of the samples 
with a Na-concentration of a) 0,008 at%, b) 0025 
at%, c) 0,342 at% and d) 0,523 at%. 
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Figure 3. EBSD-maps of the samples with the sodium concentration of a) 0,008 at%, b) 0025 at%, c) 0,342 at% 

and d) 0,523 at% measured by SIMS. The orientation color scheme is given below the maps. 
 

 
 
 
 
 


