
CdTe Solar Cell Optimization by Planar and Transmission EBSD  
 

K.J. Hayes
1
 

1. 
Materials Analysis Department, First Solar Inc., PO box 730, Toledo OH 43697-0730  

Thin-film devices utilizing II-IV compound CdTe are among the leading solutions for cost effective 

solar energy today.  Current champion test cell efficiency in the laboratory has reached 22.1% [1][2] and 

full area record module efficiency is 18.6% [2].  The increase from 19% [3] to 22.1% was realized by 

engineering the device absorber properties to better match the solar spectrum.  A primary mechanism for 

absorber performance gains has been to replace the first generation CdS/CdTe heterojunction 

architecture with a graded junction utilizing alloys of CdTe & CdSe.   CdTe has a zinc blende crystal 

structure while CdSe has a wurtzite structure at 300K.  Early work demonstrated that the presence of 

even minor amounts of the wurtzite phase resulted in degraded performance.  This work presents a case 

study of the application of planar and transmission EBSD in a FIB-SEM system to the characterization 

of nanometer to micron scale grains within thin film solar devices. The end goal was to determine the 

distribution of crystallographic phases for the CdSexTe1-x 0 ≥ x ≤ 100 system for annealed thin films.    

A FEI Helios Nanolab 450 FIB-SEM equipped with STEM imaging and an Omniprobe Autoprobe 200 

for STEM sample preparation was used in this investigation.  Samples for planar EBSD were polished 

by argon ion milling in a Southbay IBS/e.  Thin foil samples for t-EBSD were created and mounted on 

copper half grids using typical focused ion beam in situ lift out techniques for STEM [4].  A custom 

built STEM grid holder was employed to mount the samples for t-EBSD at a working distance of 4 mm 

and a tilt angle of -26° [5].  The SEM beam was operated at 20 keV and 13 nA probe current.  An 

EDAX TEAM/OIM system with a Hikari camera was employed to capture and analyze the EBSD data 

for both techniques.  Test samples were created by depositing thin films of CdSexTe1-x with varying 

composition onto substrates of TCO coated soda lime glass.  The samples were subsequently annealed at 

various temperatures in a CdCl2 environment. Planar and t-EBSD analyses were run on samples pre and 

post CdCl2 anneal [6].      

Figure 1 shows EBSD phase maps. The pre anneal planar map (fig 1a) exhibits a bimodal pattern of 

uniformly distributed zinc blende and wurtzite crystals.  This result is consistent with previously 

reported miscibility gap in the CdTe–CdSe system [7].  The post anneal planar map (fig 1b) shows that 

annealing the thin film in a CdCl2 environment resulted in  nearly complete conversion to the zinc 

blende phase.   The zinc blende conversion was confirmed to extend through the entire film thickness 

(fig 1c).  The observation of small residues of unconverted wurtzite grains characterized certain process 

combinations of CdSe and annealing temperatures. These residues frequently occurred beneath the 

surface of the film and were largely hidden from planar EBSD and XRD. Extended sample generation 

and analyses were undertaken to map out the process space.     

Figure 2 shows phase diagrams for thin films in the CdTe-CdSe system.  Mixtures of zinc blende CdTe 

and wurtzite CdSe were found after deposition (fig 3a).  The proportion of the phases was generally 

found to correspond well with the composition of the film precursors.  Annealing the thin films in CdCl2 

(fig 3b) converted nearly all film compositions to the zinc blende phase.  Only films with ˃40 atom% Se 

retained the wurtzite crystal structure.   
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Figure 1. Planar and transmission EBSD phase maps of pre and post annealed CdSexTe1-x. 

 

Figure 2. CdSexTe1-x phases by Se atom% for as deposited and annealed films. 
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