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Abstract: The extent and behaviour of light- and elevated-temperature induced degradation (LeTID) 
varies significantly from manufacturer to manufacturer and from year to year. This paper compares the 
extent and behaviour of LeTID observed on past and current p-type multicrystalline silicon passivated 
emitter and rear cells (PERC). We demonstrate that there is high LeTID extent in the old PERC cells, 
the loss in efficiency is up to 10%rel, the strong degradation is mainly observed in the high lifetime areas 
(intra-grain regions). On the other hand, only ~2.5%rel efficiency loss is seen on the current PERC cells, 
and the degradation is highly localised within the high recombination areas (dislocation clusters). This 
result highlights that now, the extent of LeTID likely depends on the amount of dislocation clusters within 
the material and mitigation of the degradation from this area requires further optimization.  
 
Introduction: LeTID causes silicon solar cells to degrade in performance; this effect is most pronounced 
for the PERC structure [1–3]. LeTID has been observed to affect all types of silicon materials including, 
Ga-doped, float zone (FZ), Czochralski (Cz), n-type, cast-mono, and multi-crystalline silicon (mc-Si), 
although the extent of LeTID in p-type mc-Si is reported to be much more significant than that of other 
materials [1,4–7]. From 2012 to 2015, it was reported that LeTID caused performance losses up to 
~16%rel, depending on the bulk material, position in the ingot and the solar cell processing [1,2,8–10]. 
However, recently, it has been shown that the extent of LeTID has been reduced to 1-2%rel [11,12]. 
Therefore, this work aims to provide a further understanding of the different behaviours of LeTID in the 
past and the current p-type mc-Si PERC cells from two different manufacturers.  
 
Experimental details and results: In this study, p-type mc-Si PERC solar cells with a resistivity of ~1.1 
Ω∙cm, were sourced from two different industrial production lines (A and B). For manufacturer A, old 
(produced in 2015), and new (produced in 2019) p-type mc-Si PERC cells were used, while for the 
manufacturer B, only new PERC cells were available. All samples were subjected to a stability test at 
75 ± 5 °C and 1 sun under a halogen light source.  Figure 1 shows a flow diagram of the experiment 
process sequence. For all samples, the IV measurements were performed using STC at the initial state, 
and after incremental steps during stability test. The photoluminescence (PL) images were taken using 
BTi (LIS-R3) luminescence imaging system at the initial state, and at the most degraded point (~200 - 
400 hours). To better visualize the localized changes before and after degradation, PL image ratio maps 
were created by comparing the image at the initial state and after maximum degradation. 
 

 
Figure 1. Experimental flow diagram. 

Results and discussion 
Figure 2 (i) presents the evolution of efficiency (ŋ) and open-circuit voltage (VOC) of all cells after light 
soaking. It is clear that both ŋ and VOC of old PERC cells from manufacturer A decrease substantially 



 
after 200 ~ 300 hours of light soaking, where the ŋ loss is up to 10%rel and VOC is ~ 4%rel. However, only 
<1%rel and ~2.5%rel loss of VOC and ŋ, respectively are seen on new PERC cells from both 
manufacturers. Note that the kinetics of the current cell from manufacturer B is slightly slower than that 
of the cells from manufacturer A. This may likely due to different processing used by each manufacturer, 
and some possible non-uniformity of the ambient temperature during the light soaking. The involvement 
of hydrogen in LeTID has now been suggested demonstrated by many research institutions [13–16]. 
The reduction in extent of LeTID may, therefore, be attributed to the optimisation of production lines to 
limit the excess flow of hydrogen into the wafer bulk, for example, tuning of the SiNx:H layer [17], a 
reduction in firing temperature [18,19] made it possible through improved metal pastes and the 
application of pre- and post-process mitigation strategies to clear out excess hydrogen from the bulk 
[20,21].  

 
Figure 2. Changes in i) VOC and ƞ relative to the initial value, ii) PL images at initial and maximum 
degradation (200 ~ 400 hours of light soaking) and PL ratio of samples from Man:A-old) 
manufacturer A, old PERC cell (Size: 40 m × 40 mm), Man:A-New) manufacturer A, current PERC 
cell (Size:  156 mm × 156 mm), and Man:B-New) manufacturer B (Size:  156 mm × 156 mm), current 
PERC cells. The stability testing condition was 75 ± 5 °C with an illumination intensity of 
1000 W/m2. 
 
To better visualise the degradation behaviour of all cells, PL images and PL ratio mapping is shown in 
Figure 2 (ii). The old PERC cells from manufacturer A exhibited a significant drop in the PL counts after 
illumination. The reduction was more pronounced on the good area, and the maximum reduction was 
up to a factor of 10, which was much more severe than the current PERC cells from both manufacturers. 
The relative loss of PL counts is within a factor of ~2.5, and this degradation is more significant at the 
dislocation cluster sites. This behaviour is very similar to our recent work [22], where only the dislocation 
clusters were observed to degrade on the LeTID treated wafers. We hypothesise that this is due to the 
LeTID treatments clearing out excess hydrogen in the bulk that would otherwise lead to LeTID, 
preferentially migrating out of the areas where it is weakly bound (intra-grain areas) compared to the 
areas where hydrogen is more strongly bound to the defects (dislocation clusters). Therefore, only the 
dislocation clusters, where significant hydrogen concentrations remain, are observed to degrade. This 
result implies that both manufacturers have applied some approaches to mitigate LeTID in their current 
cells; however, it appears that approaches to mitigate LeTID in the high recombination-active areas still 
requires further optimisation. It also suggests that the extent of LeTID may now depend somewhat on 
the percentage of the dislocations within the material. 

i) 



 
Conclusion: This work explores the behaviour of LeTID in the past and the current p-type mc-Si PERC 
cells from two different manufacturers. The old PERC cells degrade significantly during illumination at 
75 °C. At the most degraded pointed, old PERC cell suffers from ŋ losses of ~10 %rel whiles only ~2.5%rel 
was observed on that of the new PERC cells from both manufacturers. PL ratio mapping shows that old 
PERC cell degrade strongly in good grain but less in the high defect regions. On the other hand, the 
good grains of the current PERC cells from both manufacturers show hardly change after illumination, 
and the degradation less at the good grain area while more significant at the dislocation clusters.  
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