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ABSTRACT: The back contact is probably the most critical step in the fabrication of high efficiency CdTe/CdS thin 
film solar cells. Usually, it is done first by etching the CdTe surface in order to form a Te rich surface and second by 
depositing a small amount of Cu, on the order of 2nm, on top of etched CdTe surface. In this way a CuxTe layer 
forms that seems to behave as a non rectifying contact for CdTe. If more copper is used, there is the risk that Cu in 
excess diffuses into the CdTe/CdS structure causing shunt paths by segregating into the grain boundaries or lowering 
the cell efficiency by doping CdS thus increasing its resistivity. 
In this paper, we propose a novel approach to avoid the Cu diffusion. First of all we do not etch the CdTe surface, 
second we deposit on top of a not etched surface 100-200nm of a buffer layer, that is As2Te3, followed by the 
deposition of 10-20nm of Cu. If the deposition of Cu is done at 150-200°C substrate temperature, a reaction between 
Cu and As2Te3 happens that forms a CuxTe layer by a substitution reaction. This type of contact resulted to be stable 
and non rectifying.  
Stable solar cells with efficiency close to 16% have been fabricated with this contact. 
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1 INTRODUCTION 
 
The back contact in the CdTe/CdS thin film solar cell is a 
very important part of the device fabrication. A not 
ohmic contact causes a “roll-over” in the I-V 
characteristic that lowers the fill factor and, as a 
consequence, the cell efficiency [1]. Since CdTe exhibits 
a high electronic affinity (χ), most metals form a Schottky 
barrier that limits the hole transport in the p-type CdTe. 
The most commonly used metal to make a not rectifying 
contact with CdTe is Copper. However, before Cu 
deposition, a chemical etch of CdTe is needed in order to 
create a Te-rich surface that, reacting with Cu, forms the 
compound CuxTe (1 ≤ x ≤ 2) [2-5]. The ohmic contact is 
not done directly with Cu, that easily diffuses into the 
CdTe matrix, but with the CuxTe compound that is 
formed on the CdTe surface [6]. CuxTe with x > 1.4 is 
not a stable material [7] and, as a consequence, it frees 
copper that, being a fast diffuser, penetrates into the 
CdTe matrix causing two drawbacks: 1) it segregates into 
the grain boundaries forming shunting paths and 2) it 
arrives into CdTe/CdS interface and forms a deep level in 
CdS that captures electrons increasing the CdS resistivity. 
Since Cu is a positive ion, its diffusion inside the 
CdTe/CdS structure depends on the junction internal 
field that, in turn, depends on the fact that the cell is 
driven by an external bias or is illuminated by one or 
more suns. The device degradation is accelerated both if 
it is heated up at temperature higher than 60°C or if it is 
illuminated by several suns. When copper is used to 
make an ohmic contact, one has to be very careful in 
order to avoid any copper diffusion. For this reason, First 
Solar uses only 2nm of Cu onto a CdTe etched surface to 
make the back contact on its CdTe/CdS thin film solar 
cells [8]. 
In the past, in order to avoid any degradation, we did not 
use any copper, but we used a low gap p-type material, 
namely Sb2Te3 [9]. This compound exhibits a very low 
resistivity, on the order of 10-4Ω·cm. If this material is 
deposited by sputtering at a substrate temperature around 
300°C, it can make a good contact with CdTe and can 

give solar cells with an efficiency close to 16%. This type 
of contact resulted to be very stable even when the device 
is illuminated by 10-20 suns and at a temperature higher 
than 100°C. However, in some cases, depending on the 
starting Sb2Te3 target, the presence of a roll-over in the I-
V characteristics has been found, indicating that some 
rectification, even if not very much pronounced, is 
present in the back contact. 
In this paper we present a novel contact, that, despite it 
contains Cu, maintains the stability of the device and 
does not present any roll-over in the I-V characteristics. 
 
 
2 EXPERIMENTAL DETAILS 
 
The structure of the CdTe/CdS thin film solar cell used in 
our experiments is shown in Fig. 1. All layers, excluding 
CdTe that is deposited by Close Spaced Sublimation, are 
deposited by sputtering [9]. 
The novel contact is constituted by a layer of As2Te3 
deposited directly onto the CdTe surface without any 
etching of CdTe, followed by a thin layer of Cu deposited 
onto As2Te3 at a substrate temperature of about 200°C. 
As2Te3 is a p-type semiconductor that has a forbidden 
gap of about 0.6eV and exhibits a room temperature 
resistivity of 10-3Ω·cm. It melts at 360°C and can 
evaporate at temperature higher than 250°C in vacuum. 
The As2Te3 thickness can be varied between 100 and 
300nm while the Cu thickness can be varied between 2 
and 20nm. As2Te3 can be deposited at a substrate 
temperature between RT and 200°C, while Cu has to be 
deposited between 100 and 200°C substrate temperature 
in order to get a good contact. 
In our experiments, both As2Te3 and Mo are deposited by 
sputtering, As2Te3 with a deposition rate between 10 and 
20Å/sec and Cu with a depositon rate of 5Å/sec. If both 
As2Te3 and Cu are deposited at room temperature, the 
contact is rectifying as one can see in Fig. 2, curve a. 
Here the “roll-over” is clearly visible in the first quadrant 
of the I-V characteristic.  
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Figure 1: Structure of the CdTe/CdS thin film solar cell 
 

 
 Figure 2: J-V characteristic of a CdTe/CdS solar cells in 
which the back contact is deposited with different 
substrate temperatures: (a) As2Te3 + Cu both deposited at 
room temperature; fill factor = 0.57, (b) As2Te3 + Cu 
both deposited at 200°C ; fill factor = 0.7  
 
If Cu is deposited at a substrate temperature around 
200°C, the “roll-over” disappears and the fill factor is 
much higher (Fig. 2, curve b). 
In order to understand the behaviour of the double layer 
As2Te3+Cu, some samples were prepared by depositing 
As2Te3+Cu directly on glass with Cu deposited at 200°C 
substrate temperature. Besides, some samples were 
prepared by depositing onto As2Te3 a Cu layer up to 
20nm thick, while other samples were prepared by 
depositing a 50nm thick layer. In all cases the thickness 
of As2Te3 was 200nm. These samples were analyzed by 
X-rays and were compared with samples containing only 
As2Te3. 
As one can see in Fig. 3 and 4 curves a and b, the 
samples containing Cu up to 20nm exhibit several CuxTe 
phases with 1 ≤ x ≤ 1.4, while the samples containing 50 
nm of Cu exhibit also the Cu2Te phase. Back contacts on 
CdTe/CdS thin film solar cells made by using 50nm of 
Cu resulted to be not much stable, while cells made with 
20nm or less of Cu resulted to be very stable and more 
efficient. This is in accord with what is reported by Wu 
and al. [7], that is, the CuxTe phases with x > 1.4 are not 
stable. A CdTe/CdS thin film solar cell, in which the 
back contact has been done by depositing, in sequence, at 
a substrate temperature of 200°C, 200nm of As2Te3 and 
20nm of Cu, is shown in Fig. 2, curve b. No etching of 
CdTe has been done. 
 

 
Figure 3: XRD analysis of (a) 200nm thick As2Te3 
deposited on glass at 200°C substrate temperature, (b) 
200nm thick As2Te3 film deposited on glass at 200°C 
substrate temperature on which 20nm thick Cu is 
deposited at the same temperature.  
 

 
Figure 4: XRD analysis of (a) 200nm thick As2Te3 
deposited on glass at 200°C substrate temperature (b) 
200nm thick As2Te3 deposited on glass at 200°C 
substrate temperature on which 50nm thick Cu are 
deposited at the same substrate temperature. 
 
Fill factor of this cell is ~ 0.7. The cell is stable even if a 
light soaking of 10 suns in the open circuit mode is done 
at a temperature of 100°C for 8 hours. 
In order to further understand the As2Te3+Cu double 
layer behaviour, some experiments have been done by 
substituting As2Te3 with Sb2Te3. In this case, the 
substrate temperature was varied between 200 and 350°C 
both for Sb2Te3 and Cu. In all the finished cells the back 
contact was not stable even if the Cu thickness was only 
2nm. The cell efficiency is quite high at the beginning, 
but decreases very fast. 
 
 
3 CONCLUSION 
 

The results above reported can be explained in the 
following way. When Cu is deposited onto As2Te3 at a 
sufficiently high temperature, namely 200°C, Cu makes a 
solid state reaction with As2Te3 in which Cu substitutes 
As forming CuxTe. Depending on both As2Te3 and Cu 
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thickness, CuxTe phases with x ≤ 1.4 or x >1.4 can be 
formed. The stable phase with x ≤ 1.4 can be formed by 
using an As2Te3 thickness of 200nm and a Cu thickness 
of 20nm or less at a substrate temperature around 200°C. 
This type of reaction cannot happen if Sb2Te3 is used 
instead of As2Te3, since Sb2Te3 is a much more stable 
material than As2Te3. With Sb2Te3, Cu remains free and 
diffuses into the CdTe/CdS structure, damaging the cell. 
This novel method of making the back contact on CdTe 
is similar, in some aspects, to the one commonly used in 
which first a Te-rich surface is created by means of a 
chemical etching of CdTe and than a very thin layer of 
Cu is deposited in order to form the CuxTe with x ≤ 1.4. 
However, a substantial difference is in the fact that, in 
our case, no etching of the CdTe is done since we do not 
need a Te- rich surface (this is substituted by As2Te3) and 
that a Cu thickness ten times higher can be used. This 
renders less critical the formation of the non rectifying 
contact giving a good stability to the CdTe/CdS thin film 
solar cell. This novel contact has been patented [10]. 
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