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Aim: 
 

Introduction of an accelerated, reliable LID 
test based on experimental and modelling 
results. 
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What is Light-Induced Degradation (LID)? 

How is  LID characterized: 
 

 LID = Loss of module power output 
under illumination 

 Various types of LID in 

 Thin Film Technology 

 Silicon Solar Cells 

 Module Components 

 Most common LID in silicon solar cells 

 decrease of lifetime by formation 
of recombination active defects 

 

*  After S. Wilking et al., 29th EUPVSEC in Amsterdam, 2014 
**K. Bothe and J. Schmidt, J. Appl. Phys. 99, 013701 (2006) 

 

E
ff

ic
ie

n
cy

 

LID threatens business  case of solar 
parks   Important to prevent or 

control LID effect! 

* 

** 



Different Types of LID on Silicon Solar Cell Level 

[1] K. Bothe and J. Schmidt, J. Appl. Phys. 99, 013701 (2006) 
[2] T. Luka et al., to be published in Solar Energy Materials and Solar Cells 
[3] Lindroos, J. et al., Solar Energy Materials and Solar Cells, V. 147, pp. 115–126. 
 
 
 

B-O LID1 
 

 B-doped CZ 
mono-Si 

 complexes: 
BsO2i, … 

 ~ 5–10 % rel. 

LeTID2 
 

 PERC techn. 
on mc-Si 

 complexes: 
unknown 

 ~ 5-20 % rel. 

Contam. of 
mc-S i4 

 

 mc-Si 
 complexes: 

metals, 
unknown 

LID effects  traced back on solar cell level  Test of Solar Cells! 

Further  
 

 all solar cell 
concepts 

 complexes: 
unknown 



How to measure/quantify LID 

 All Parameters decrease*  Voc used to quantify LID 

Voc used to quantify  degradation  Decreased Voc indicates  LID! 

[*] Data taken from: Sung-Yu Chen et al., 2.BV.8.7, p. 1120 ff, 29th EUPVSEC, Hamburg (2014) 
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The Degradation- and Regeneration Cycle 

 Degradation: Formation of recombination active defects due to light 
 decrease of carrier lifetime  decrease of Voc 

 Regeneration: Formation of inactive (passivated – likely by H) defects 
of formed complexes 

 Process takes place simultaneously 



Influence of Temp. and Injection on the Degradation 
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Degradation and Regeneration influenced by: 
 

i. Injection: higher  shorter cycle time 
ii. Temperature: higher  s ignificant shorter cycle time 

* 

[*]Taken from: Kevin Härtel, Bachelor Thesis, 2016, Freiberg (Germany) 
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 Model based on: 

 Chemical reactions: 

 
 
 

 Semiconductor physics 

 

 Influence of light: Occupancy ratio α 
for determining amount of H0 

 

 

 

 

 

 

 Electrons and holes only parameters 
influenced by light (based on model) 

α =
𝐾 ∗ 𝑛1 + 𝑝

𝐾 ∗ 𝑛 + 𝑝1
 

 

Modeling of the degradation and regeneration cycle 
  

Injection of electron and 
holes  by forward bias? 

kdeg 

𝑩𝑶𝒊𝒏𝒂𝒄𝒕𝒊𝒗𝒆           𝑩𝑶𝒂𝒄𝒕𝒊𝒗𝒆 + 𝑯𝟎 
                𝑩𝑶𝒑𝒂𝒔𝒔 

 

kreg 

[*] Gläser, M. and Lausch, D., 2015, “Towards a Quantitative Model for BO Regeneration by 
Means of Charge State Control of Hydrogen,” Energy Procedia, V. 77, pp. 592–598. 
 



Experimental setup 
 
 
 
  

Heat plate 

Voc 

 

 Light induced LID 

Voc 

 

 Electrically  induced LID 

Heat plate 

I injection 

Flash(t) Injection 

vs 

Comparison of light and electrical induced degradation!  



 In situ measurement of Voc 

 Low Voc because of high 
temperature 

 Osccillating Voc caused by T-
oszillation can be neglected  
  

 

 

 

    

Electrically induced Degradation and Regeneration 

 Forward biased standard cz-p-type solar cell without illumination 

Electrically  induced 
degradation is  poss ible!  

[*] also shown by diverse authors i.e. Münzer et al. 



Correlation of light vs. electrical induced degradation 
 
 
 
  

Light induced Electrical induced 

Light and electrical induced degradation identical! 
 

 Phys ical mechanism based on carrier injection! 



 Using same injection conditions Isc = IF 
 same kinetic behaviour  

 Small deviations due to different 
samples (variation of B, O, H in bulk) 

 

 

 

Correlation of light vs. electrically induced degradation 

Development of measurement procedure based on electrical injection: 

1. Easy and flexible control of „illumination“  

2. Flexible and independent choice of temperature and injection 

3. Compact design possible and easy to control 

4. Accurate and correct injection control 

 

 

Electrical injection = Sun 
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The LID Scope 

LID Scope test*: 
 

 Test of solar cells  without module 
construction 

 Suitable for process  control (simplified for 
operators, direct result) 

 Reliable and reproducible 
 

 cost effective and quick LID testing 
 
 

Results : 

 Benchmark for LID susceptibility 

 In-situ recording of Uoc 

 Free choice of parameters (temperature and 
injection) 



LID Scope commercial available 

 LID Scope commercial 
available by LayTec 
Inline GmbH 

 For more information 
see Both E3-550  



Reproducibility and Reliability 

 Reproducibility test with 3 
solar cells from one 
manufacturer 

 Deviations caused by 
different solar cell 
characteristics i.e. O, B 
content, SiN layer, … 

 Solar cell tests  us ing LID Scope reproducible and 
reliable! 
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Accelerated LID Test 
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 Quick Test: Test duration can be s ignificant reduced 
by increased temperature! 



Measurement Examples 

 LID test can be applied independent on the degradation 
mechanism! 

B-O LID1 
 
 

 mono-Si 

LeTID2 
 
 

 PERC techn. on mc-Si 



Conclusion/Summary 

Summary: 

1. Light and electrically  induced Degradation identical!  

2. Accelerated test (LID Scope) is a reliable and 
reproducible for testing solar cells LID characteristic! 

3. Accelerated test (LID Scope) can be applied to all types 
of LID and solar cell concepts 

 

Outlook 

1. Procedure to predict efficiency loss 

2. Quantitative comparison with module tests 

 


