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ABSTRACT 
 

The CIGS layers were grown with a vacuum 
evaporation method. The CdS was deposited by a 
high vacuum evaporation (HVE) method at different 
substrate temperatures and post deposition treatments 
were applied. Properties of different CdS layers are 
characterized and the analyses of the current-voltage 
and spectral response measurements have been 
performed to identify the differences of CBD and 
PVD processes. 
ZnS and ZnSe buffer layers were applied as an 
alternative to CdS. Layers of different thickness were 
grown by e-beam (EB) and thermal evaporation (VE) 
at different substrate temperatures (RT to 400 °C).  
A post-deposition annealing was applied in order to 
control the diffusion of Zn into the CIGS. Upon light 
soaking, increase in Voc and FF are measured.  
 
1.  Introduction 

High efficiency CIGS solar cells have been 
obtained with chemical bath deposited (CBD) buffer 
layers [1-2]. However, for an in-line production of 
modules vacuum deposition processes (PVD) are 
preferred for compatibility reasons and high 
throughput. Moreover, high band-gap alternative 
buffer layers are needed to reduce the optical 
absorption losses in low spectral wavelength range.  
We present a comparison of the CIGS based solar 
cells made with CBD, PVD-CdS and PVD-Zn-based 
buffer layers. 
 
2.  CdS as buffer layer 
 CdS has been deposited by high vacuum 
evaporation (HVE) at a substrate temperature of 50 
°C, with different thicknesses of 80, 150 and 300 nm, 
measured by a quartz crystal. 
The CIGS layers were not given any chemical or 
thermal surface cleaning treatment prior to the 
deposition of HVE-CdS. 
ZnO-i and ZnO:Al are subsequently deposited by RF 
sputtering and a Ni/Al grid is provided for contacting. 
Reference cells by chemical bath deposition have 
been prepared for comparison. 
The cell performance was strongly dependent on the 
thickness of the CdS. 80 nm have shown to be not 

sufficient for a complete coverage giving place to 
micro-shunts which reduced the current. Current was 
much higher with 150 nm but the intrinsic ZnO layer 
was necessary to have a high efficiency. Cells made 
with CdS of 300 nm have shown lower current 
density in case intrinsic ZnO was applied. Cells with 
thick PVD-CdS without intrinsic ZnO performed a 
high current density and high efficiency (see table 1). 
 
Table1. Comparison of CIGS cells with different 
thickness of CdS and different front contacting 

i:ZnO Yes Yes Yes No 
CdS thickn.(nm) 80 150 300  300  
Voc (mV) 570 527 589 583 
Jsc (mA/cm2) 23 28.3 28 28 
f.f. 63 69 59 70 

 
In any case CIGS with PVD-CdS showed efficiencies 
of 10 to 13% while the reference cells with CBD-CdS 
had efficiencies of around 14% (see figure 1). 
Light soaking of the cells with PVD-CdS provided 
only a small improve. 
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Figure 1. I-V measurements of CIGS cells with PVD 
and CBD-CdS. 
 
3.  Alternative buffer layers 

ZnS and ZnSe were applied as alternative 
buffer layers to CdS. Two different deposition system 
were used, e-beam gun and vacuum evaporation. 

 
Buffer layers by e-beam evaporation 

Zn-based layers were deposited with 
temperatures from 100 to 200 °C in vacuum (10-6 
mbar). 
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Buffer layers (measured with a quartz crystal) were 
from 20 to 200 nm thick. 
Mo/CIGS stacks were annealed in vacuum prior to 
deposition. Moreover to control and enhance a slight 
diffusion of Zn a post deposition annealing treatment 
was also applied. 
As shown in figure 2, the initial efficiency of a CIGS 
cell with ZnS by electron gun is relatively poor. 
Nevertheless post-deposition annealing in vacuum 
increases the current density. 3 to 5 hours light 
soaking reduces the series resistance and improves 
considerably the cell performance 
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Figure 2.  I-V measurements of CIGS cells with 
electron gun deposited ZnS buffer layers, a) as-
deposited, b) after annealing in vacuum and c) after 
annealing and 3 hours light soaking.  
  
Buffer layers by vacuum evaporation 

For comparison and to have a better control 
of the source temperature vacuum evaporation of Zn 
based buffer layers has been also applied. 
ZnS and ZnSe have been deposited in a vacuum 
chamber (10-6 vacuum range) at temperatures of 50 to 
150 °C, source temperature of 700 to 900 °C. 
As shown in figure 3, coverage on CIGS grains of a 
50 nm evaporated buffer layer is conformal; it is 
known that CBD deposition method avoids micro 
pin-holes which for PVD can show up with thin 
layers. 
Comparison of X-ray measurements of ZnSe layers 
deposited by CBD and PVD, show that in the first 
case there is an evident presence of oxygen while in 
the second only ZnSe is observed. 
 

 
Figure 3. Surface coverage of 50 nm-thick PVD-Zn 
based buffer layer (in this case ZnSe) on CIGS. 
 
XPS spectra of CIGS/ZnSe stacks show a clear 
diffusion of Zn into the absorber as expected from the 
previous experiments. 
Cells made with this system show a similar behavior 
as the ones made with e-beam deposition. A post-

deposition annealing was necessary to get high 
efficiency cells. Moreover, light soaking seems to 
increase dramatically the performance of the solar 
cells; as shown in figure 4, where a 5.4% (AM 1.5) 
efficiency cell jumps up to 9.1% after 5 hours of light 
soaking. 
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Figure 4. I-V measurement of a CIGS/ZnS cell before 
(a) and after annealing and light soaking (b). 
 
C-V and temperature dependent I-V have shown that 
a high number of defects are present in the interface 
region between CIGS and ZnS-ZnSe layers. XPS 
mapping has shown an oxidized layer of CIGS in 
case the buffer layer is deposited by PVD, while by 
CBD this is not seen. We believe that this high 
amount of defects are given by the absence of a 
intermediate cleaning-etching step before the buffer 
layer deposition (that in case of CBD is given by the 
bath itself) which reduces the oxidized surface of the 
CIGS layer. Cells made with in situ PVD-deposited 
CdS (in the same CIGS deposition chamber) have 
shown a better performance than ex-situ samples. 
 
4. Conclusions 
 Solar cells prepared with 80 nm thick HVE-
CdS yielded an efficiency of up to 12 % (without any 
surface treatment of the CIGS layers), while 
reference cells with CBD-CdS had 14 % efficiency. 
SEM images showed conformal coverage of ZnSe on 
CIGS and XPS showed an intermixing of the two 
layers. Post deposition annealing in air and a 
subsequent light-soaking showed to be crucial for 
high efficiencies, as the efficiency increased from 
5.8% to 9.1 % for the cells with ZnS buffer layer. 
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