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Thin film solar cells based on Cu(In,Ga)Se2 (CIGS) have recently achieved a power conversion 
efficiency of 21.7% [1], being this value comparable with the record of multicrystalline Si based solar 
cells [2]. The record cells are fabricated using a CdS buffer layer, however there are many advantages 
in replacing the CdS for other material. The ideal buffer layer should have the same electrical properties 
as CdS, but a higher bandgap energy, contain only non-toxic elements and allow the deposition by a 
vacuum compatible technique [3]. Buffer layers thinner than the current thickness of 70 nm of the CdS 
layer are also wanted since then, these layers would be effectively more transparent. In this work we 
focus on a 20-30 nm alternative buffer material ZnxSnyOz (ZnSnO) and the comparison of its properties 
and electrical performance with traditional CdS.  
The two buffer layers and resulting devices are analyzed using several techniques: glow discharge 
optical emission spectroscopy (GDOES), x-ray fluorescence (XRF), current-voltage (J-V) under 
illumination, Kelvin Probe Force Microscopy (KPFM), surface photovoltage (SPV), capacitance-voltage 
(C-V), transmission electron microscopy (TEM) and photoluminescence (PL). In this talk, we will focus 
on the electronic levels’ structure in both samples as investigated by PL. Normalized spectra of CdS 
and ZnSnO samples measured at 10 K and with an excitation power of ~3.6 mW, are presented in Fig. 
1. Both samples show a broad band emission centered at ~1.09 eV, being the one from the CdS sample 
slightly blueshifted with regards to the emission from the ZnSnO sample. Both emissions reveal some 
asymmetry, and higher on the CdS sample. Frequently this asymmetry is more pronounced as the 
compensation ratio increases [5-7]. Thus, the results showing a higher asymmetry suggest a higher 
density of ionized defects for the CdS sample, than for the ZnSnO sample. In order to fully understand 
the differences between the two emissions, we also performed excitation power dependence 
measurements. The results show a blueshift of 13.5 meV/decade and 10.5 meV/decade for the CdS 
and the ZnSnO samples, respectively (Fig. 2). Such high blueshift values are typical of highly doped 
and compensated semiconductors and can be explained by the electrostatic fluctuating potentials model 
[5, 8]. The higher blueshift as well as the higher asymmetry of the emission for the CdS sample, 
suggests a stronger influence of the fluctuating potentials in that sample as a consequence of a larger 
density of ionized defects for the CdS sample. The results from PL suggest a better surface passivation 
of defects at the interface CIGS/buffer in the ZnSnO sample in comparison with the CdS one. Such 
interpretation is also validated by the higher ideality factor and the higher saturation current (J0) of the 
CdS device compared with the ZnSnO one. Additionally, TEM analysis showed for localized areas of 
the interface, a diffusion of Cd into the CIGS layer and an out-diffusion of Cu into the CdS layer, which 
contribute to a higher density of defects near the interface CIGS/CdS in comparison with the 
CIGS/ZnSnO interface. 
We confirmed that the alternative buffer layers ZnSnO can provide devices with performances very 
close to CdS, 14.9% and 14.6%, respectively, and the general trend that Cd-free buffer layers usually 
provide solar cells with higher values of short circuit current (Jsc) and with lower values of open circuit 
voltage(Voc) and fill factor (FF). The overall PL results show a strong influence of fluctuating potentials in 
both samples, being higher for the CdS sample. The conjugation of the PL results with the other 
measurements, namely C-V, J-V, and TEM, suggest a better surface passivation of defects at the 
interface CIGS/ZnSnO in comparison with the CIGS/CdS one. This work shows that by replacing the 
CdS layer with the ZnSnO, we create an interface with better properties. However, there are limitations 
to the Voc and FF of the ZnSnO devices that need to be further investigated. 
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Fig. 1 Normalized PL spectra of CdS and ZnSnO samples measured at 5 K and with an excitation 
power of ~3.6 mW.  
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Fig 2. Dependence on the excitation power of the peak energy of the broad and asymmetric bands for 
CdS and ZnSnO samples.  
 


