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ABSTRACT: The reliability of different CIGS devices (lab scale cells and mini-modules with P1/P2/P3 interconnects) has 

been investigated after accelerated aging treatments. These treatments consisted in maintaining the sample devices inside 

a climate chamber at high temperatures and in some cases applying on them a voltage bias reverse or forward. The 

degradation of the performance was studied with optical and electrical characterization techniques (I-V, C-V and 

Photoluminescence imaging), and the characteristics of both types of devices were compared before and after the 

accelerated ageing treatment was applied. Our findings suggest that the degradation of both device types is similar. In both 

cases the open circuit voltage, the fill factor and the efficiency were reduced, the only exception being the devices that were 

treated with a forward bias (both mini-modules and lab scale cells), in which these parameters were found to be stable 

during the treatment. Additionally, one difference was found during the treatment under a reverse voltage bias, namely that 

the saturation current was reduced in the case of mini-modules but not in the case of lab scale cells. 
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1 INTRODUCTION 

 

CIGS based solar cells are one of the most promising 

photovoltaic technologies due to the achievements of past 

years, that pushed the efficiency of these types of devices 

up to 23.35% by Solar Frontier in the case of lab scale 

cells, and to 18.72% by Solibro in the case of modules [1-

3]. Long term stability of PV modules is one of the critical 

aspects that affects its economic attractiveness, as ageing 

degrades the performance and reduces the lifetime of such 

devices. 

 According to [4], CIGS devices commonly have 4 

layers. A transparent front contact oxide (TCO), being 

ZnO the most widely used material; a buffer layer 

normally consisting of CdS; an absorber layer, which is 

CIGS and a back contact of Molybdenum. In the case of 

interconnected modules, the back contact of one cell is 

electrically isolated from the adjacent one by a pattern 

named P1. To connect one cell in series with its adjacent 

one, the TCO of the former must be connected to the back 

contact of the latter. This is achieved by removing a small 

trench of the CIGS layer and replacing it with the TCO 

material. Another small trench (P3) of the TCO filled in 

P2 must be removed so that the front contact of one cell is 

not in contact with the TCO of its adjacent. 

 Some of the mechanisms that accelerate the ageing of 

solar devices are high temperatures [5] due to the 

environment or power dissipation of the PV module, 

maintained reverse bias operation [6] (partial shading of 

PV modules leads to shaded cells being negative biased) 

and light soaking [7] in environments with high irradiance. 

Combinations of these mechanisms are also possible, as 

indicated in [8]. 

 One concern regarding long term stability of CIGS 

modules is how monolithic interconnects affects the 

electric characteristics of the device. In [9], the impact on 

the performance due to the degradation of the monolithic 

interconnect was presented. The shunt in P1 can be 

affected by accelerated ageing. In the case of the P2 

interconnect, accelerated ageing treatments may reduce 

the conductivity through this path, thus increasing power 

losses; in fact, according to [9], P2 is the most vulnerable 

interconnect of the three. On the other hand, P3 is not 

severely affected by accelerated ageing for a long time 

according to [9], although damp heat exposure during a 

prolonged period of time can lead to the corrosion of the 

whole Molybdenum layer in P3, therefore reducing its 

conductivity and increasing power losses. 

 

 

2 EXPERIMENTAL SETUP 

 

2.1 Device characterization 

The electrical and optical properties of the samples 

were measured before and after the treatments were 

applied. In the case of in-situ characterization, 

measurements were performed also during the treatment at 

high temperatures. 

The electrical characteristics that were measured are: 

I-V curves in the dark and under illumination at 1000W/m² 

and 25°C in both cases; C-V curve at 25°C. These curves 

were measured with a Keithley 4200C semiconductor 

analyzer. Optical characterization includes PL imaging 

with two different light sources (red and blue LED arrays 

with wavelengths of 625 and 465 nm respectively) and 

DLIT at different biases. 

For in-situ characterization, I-V curves in the dark and 

under illumination, and C-V curves were measured during 

the treatment each hour. In this case, optical properties 

were only measured before and after the treatment was 

applied. 

 

2.2 Accelerated ageing of the devices 

The samples were treated inside a climate chamber at 

high temperatures with no humidity for a period of 160h 

at high temperature when in-situ characterization was 

performed, and a period of 480 hours when the devices 

where not measured during the treatment. 

The temperatures were set depending on the 

experiment. In the case of in-situ characterization, the 

temperature was set to 100°C, while in the other cases the 

samples were treated at 120°C. 

Some of the samples were biased during the whole 

process inside the climate chamber with -1V, -0.4V and 

+0.4V using an external voltage source. In the case of in-

situ characterization, the semiconductor analyzer was used 

to apply the corresponding bias. 

Optical characterization results (both PL and DLIT 

imaging) provide more information regarding the 

degradation pattern of each sample. In Figure 1 (for lab-
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scale cells) and Figure 2 (for mini-modules) it is possible 

to see the structure of each device and the cells that were 

treated with each applied bias. 

 

 

3 RESULTS AND DISCUSSION 

 

3.1 Optical characteristics of the devices 

Figure 1 presents PL-images of lab scale cells before 

and after the treatment was performed. It is possible to see 

in cells 2 and 5 how the PL intensity decreased. These cells 

were biased with -1V and -0.4V respectively. On the other 

hand, the PL intensity increased slightly in cell 9, which 

was biased with +0.4V. 

 

 
Figure 1: PL-images of cells before (a) and after (b) 

accelerated ageing treatment. 

 

It has been discussed in previous research works [10] 

that this decrease in luminescence intensity correlates to a 

decrease in open circuit voltage, which was in turn 

attributed to a decrease of the net doping concentration in 

the absorber. As doping concentration decreases, the space 

charge region (SCR) extends towards the back contact, 

enhancing non-radiative recombination [10] in the device. 

In Figure 2, a similar situation is presented for mini-

modules with interconnect in a DLIT image of the device 

biased with +10V, in which the exponential regime 

dominates. The treated cells present a similar pattern as 

that of lab scale cells. One of the cells presents a shunt near 

the P1 scribe, which may be due to a defect introduced 

during fabrication. 

 

 
Figure 2: DLIT images of a mini-module before (a) and 

after (b) the treatment. Cells treated with -1V and +0.4V 

are marked in white and red respectively. 

 

3.2 Electric characterization 

All I-V curves present a kink in forward bias after the 

treatment is performed, which can be attributed to the 

enhancement of the back contact barrier between CGIS 

and Molybdenum. This means that the behavior of both lab 

scale cells and mini-modules in forward bias is affected 

similarly under the same stress conditions. 

According to [11], the barrier height is increased by 

accelerated ageing of the device, which in turn enhances a 

blocking behavior in forward bias. 

In Figure 3, the effects of a reverse bias treatment on 

mini-module devices are visible. As mentioned before, 

this treatment induces a blocking behavior in the forward 

bias regime that reduces the current. Voc is reduced by 

more than 100 mV. 

 

 
Figure 3: I-V curves in the dark and under illumination 

(1000 W/cm²) of a mini-module device before and after 

the treatment was performed. 

 

The effects of the same reverse bias treatment in lab 

scale cell devices can be seen in Figure 4. The blocking 

behavior of the current in forward bias and the decrease in 

Voc (by almost 100 mV) are also visible. 

 

 
Figure 4: I-V curves under illumination (1000 W/cm²) and 

in the dark of a lab scale cell device before and after the 

treatment was performed.  

 

Previous research [12] shows that the back contact 

barrier could be modeled with a Schottky diode oriented in 

reverse with respect to the main junction diode. The 

decrease in Voc could be explained, as the potential of the 

back contact diode opposes that of the main junction [13].  

Due to the rectifying nature of the back contact, the 

blocking behavior of the device can also be explained by this 

model. On the other hand, according to [11], the blocking 

behavior is affected by the intensity of the light source, and 

to account for this effect, a phototransistor model was 

proposed in [11].  

As indicated before, an accelerated ageing treatment 

may induce a decrease in net doping density. In [14] it is 

mentioned that the net doping concentration could be 

extracted from a C-V profile in the ideal case, but in real 

CIGS devices there are some non-idealities that makes the 

quantitative interpretation of doping profiles calculated 

from C-V measurements complicated. However, it may still 
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be possible to do a qualitative comparison of the calculated 

doping profiles before and after the accelerated ageing 

treatment is applied. 

The calculated doping profile [15] of one lab-scale cell 

before the treatment is shown in Figure 5. It has the typical 

U-shape of CIGS solar cells mentioned in [14]. 

 

 
Figure 5: Doping profiles of a lab-scale cell treated with -

0.4V before (blue) and after (red) the treatment. 

 

After the treatment, the doping concentration (taken as 

the minimum of the curve) decreased and the SCR width 

increased, both by almost one order of magnitude. For mini-

module devices the situation is similar. 

One last point of interest regarding I-V curves is how 

the current in reverse bias is affected, because this provides 

a measure of the shunt in the P1 interconnect. This can be 

seen in the dark I-V curve with a logarithmic scale in the 

vertical axis, as in Figure 6 for mini-modules. 

 

 
Figure 6: I-V curve in the dark for one mini-module cell 

before (in blue) and after (in red) the treatment. 

 

The current in reverse bias was reduced by almost one 

order of magnitude. This is in contrast with the case of lab-

scale cells presented in Figure 7. 

 

 
Figure 7: I-V curve in the dark for a lab scale cell before 

in blue) and after (in red) the treatment was applied. 

The current of the sample treated under reverse bias for 

lab-scale cells was not significantly affected by the 

treatment. The decrease of the reverse current in the mini-

module device indicates a reduced conductivity in P1, which 

could be caused by the decrease in doping concentration 

previously mentioned. 

 

3.3 In-situ monitoring for accelerated ageing of devices. 

As mentioned before, two samples (one mini-module 

and one lab-scale device) were treated at high temperature 

(100°C), with no humidity and different biases (-1.0V and 

+0.4V). The Voc drift of both devices with respect to the 

initial value is presented in Figure 8. 

 

 
Figure 8: Voc drift measured in-situ during the treatment 

for mini-modules (red) and lab-scale cells (blue). 

 

Voc values are extracted from the I-V curves, which are 

measured with a voltage resolution of 10 mV. This explains 

the step-like shape of the Voc drift curves. 

After 150h, mini-modules and lab-scale cells degraded 

by 30 and 40% respectively. Lab-scale cells were more 

severely affected in the end, although the degradation of 

Voc was steeper for mini-modules in the beginning.  

 

 

4 CONCLUSIONS 

 

Accelerated ageing treatments were performed on lab-

scale cells and mini-modules.  These consisted of dark 

annealing at high temperatures (100 or 120°C) combined 

with applied bias on some cells of both devices. The 

degradation pattern of both types of device was presented in 

this contribution, based on results from different 

characterization techniques. 

These results show how accelerated ageing increases the 

barrier height between CIGS and Molybdenum, which 

causes a blocking behavior of the current in forward bias. 

This behavior is visible in both device types, which means 

that they are similarly affected when treated under the same 

stress conditions. Accelerated ageing also reduces the value 

of Voc in the same way for both mini-modules and lab-scale 

cells. This was correlated with a decrease in PL intensity, as 

indicated in this and previous works. 

Doping concentration profiles before and after the 

treatment were calculated from C-V measurements. They 

hint towards a decrease in net doping density in CIGS after 

the treatment was completed.  

There are some differences in the I-V curves in the dark, 

as we mentioned previously. The current in reverse bias is 

reduced by almost an order of magnitude for mini-module 

devices after the treatment is completed, which in the case 

of lab-scale cells does not happen. 
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