
Advanced Characterization Methods for CdTe/CdS/TCO Interfaces 
 
*L. Le Tarte, *A. Barbuto, *J. Cournoyer, *K. Dovidenko, *D. Ellis, *R. Neander, *V. S. 
Smentkowski,  **B. Lita 
  
*General Electric, Global Research Center, Niskayuna, NY 12309 
**PrimeStar Solar, Arvada, CO 80004 
 
Solar energy will be a large and critical component of our low carbon electricity system, but large-
scale adoption of solar power at current prices will be costly.  Calculations indicate a market price of 
$2/Watt or less would insure large-scale adoption of photovoltaic technology for the southwest 
regions of the United States.  CdTe has recently received a lot of attention as the material of choice 
for thin film solar cells because of the ability to scale-up manufacturing capacity and because CdTe 
converts low and diffuse light to electricity more efficiently than traditional semiconductors.  CdTe 
also has the potential to have the lowest production cost among current thin film technologies with 
future cost well below the $1/Wp predicted by NREL and others2.   
An in-depth understanding of film composition, morphology and interface integrity is critical to 
CdTe process development.  Traditional imaging and surface analysis techniques such as focused ion 
beam (FIB), scanning electron microscopy (SEM), secondary ion mass spectrometry (SIMS) and 
Auger electron spectroscopy (AES) are frequently used to study film composition and morphology.  
However, examining the buried layers and interfaces is made difficult by the surface roughness and 
thickness of the upper CdTe layer.  This leads to interface broadening and loss of depth resolution in 
the sputter depth profiles acquired using ion sputtering techniques (XPS, SIMS and/or AES).  This 
inherent broadening of the interfaces makes it difficult to isolate process related inter-diffusion of the 
layers in depth profiles from full film stacks of CdTe/CdS/TCO.  This poster will summarize efforts 
to develop a method to thin and smooth the CdTe surface prior to SIMS and AES depth profiling. 
Both chemical etching and mechanical polishing methods will be evaluated. 
Figure 1 contains secondary electron (SE) images obtained from CdTe following thinning by 
chemical etching.  The images show a rough surface as well as regions of exposed CdS.  We were 
not able to find a controlled chemical etch that would both thin and smooth the CdTe.  Figure 2 
contains SE images, plain view and cross sectional, obtained from the same CdTe device before and 
after being thinned by mechanical polishing.  The images show that the CdTe has been both thinned 
and smoothed.  Figure 3 contains atomic force microscopy (AFM) images and the corresponding 
roughness data obtained from CdTe before and after polishing.  Auger depth profiles obtained from 
the polished CdTe shown in Figure 2 shows sharp interfaces (Figure 4) and we are able to see S 
diffusion into CdTe.  Figure 5 shows the S profile from four samples with increasing CdTe 
deposition temperatures. The profiles show S levels decreasing in the CdS as the CdTe deposition 
temperature increases.  Also, a comparison of the leading edge slopes of the S profiles indicates 
more S diffusion into the CdTe as the deposition temperature increases.  The AES results are 
confirmed by ToF-SIMS analysis, which has a higher sensitivity and can differentiate between 
diffused S and S from the CdS layer. 
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Fig 1:  Plain view SE images of the 
chemically etched CdTe.   

Figure 4:  AES depth profile through the 
remaining thinned and smoothed CdTe 
following polishing.  The interfaces show 
little broadening.  

Figure 5:  AES S profiles for samples grown at 
different CdTe temperatures.  With temperature 
increasing left to right. Time scales are shifted 
for display purposes.     
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Fig 3:  AFM images and roughness data 
obtained from CdTe before (a) and after 
polishing (b).  
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Fig. 2a. Plain view SE images from 
CdTe before (left) and after (right) 
polish. 2b. SE images from FIB 
prepared cross sections of CdTe 
before (left) and after polish (right).  
2c. SE image from FIB prepared 
cross section showing the buried 
interfaces of interest. 
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