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  Fraunhofer CSP presents results of potential 
induced degradation (PID) 
 

2012/06/11 

In the test the temperature (+50 oC) and the 
relative humidity (50 %) was increased thus 
the test duration was decreased to 48 h.  
A negative voltage bias of -1000 V was applied. 
The modules were covered with a thin 
aluminum foil on the glass side to generate a 
homogeneous electric filed. 
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Tested Module’s Manufactures 
 (in alphabetic order) 
 

  1. Canadian Solar Inc.,  
  2. Kyocera Solar (2012/7/11),  
  3. LG Electronics (2012/8/1),  
  4. LUXOR Solar GmbH,  
  5. Q-Cells SE  2012/6/7 ,  
  6. REC Solar,   
  7. SCHOTT Solar AG,  
  8. S-Energy,  
  9. Sharp Solar (2012/7/20),  
10. Solarwatt AG,  
11. Suntech Power,  
12. Trinasolar,  
13. Yingli Green Energy Holding Co.,   
        Ltd. 

50 oC / 50% RH,    -1,000 V 
48 hr, Aluminum Foil 
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Polarization <c-Si > 
Swanson  

SunPower), 2005  
PVSEC 

Potential Induced Degradation <c-Si > 
 Pingel et al. (SOLON), 2010 IEEE-PVSC 
 Berghold et al. SOLON), 2010 EU-PVSEC 

Change in power versus 
module position in 
several series connected 
strings after several 
months of outdoor 
operation. 
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HADAGALI (2005), UCF. 
 

“HIGH VOLTAGE BIAS TESTING AND DEGRADATION  
  ANALYSIS OF PHOTOVOLTAIC MODULES” 
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PID Historical Overview 
1. JPL : Flat-plate Solar Array (FSA) Project  1975-1985 
  Electrochemical Corrosion  
  50% Failure Rate = 0.1 ~ 1 C/cm (c-Si) 
 
2. NREL / FSEC Works     1998- 
 Outdoor Exposure with High Voltage Stress 
  Leakage Current:  Path / Circadian Variation ----- 
 
3. SunPower Works     2005- 
 “Surface Polarization Effect” 
 
4.   NREL: Test-to-Failure Protocol   2008- 
 Damp Heat with High Voltage Bias 
 
5. Solon / NREL Works    2010- 

 in 36th IEEE PVSC and 25th EU-PVSEC 
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PID Definitions 

P. Hacke, “Proposal for PID sensitivity tests”, SOPHIA Workshop PV-Module Reliability 2012 
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Osterwald et. al. (2003)  
Solar Energy Materials and 
Solar Cells79 21-33  11 
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PID  

J. Bauer et al.,” On the mechanism of potential-induced degradation in crystalline 
silicon solar cells” , Phys. Status Solidi RRL 6, No. 8, 331–333 (2012) 
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PID  Procedures (Proposed STD & Recent Press Releases) 

Institution / Manufacture / C-Body / - Temp. 
(o C) 

Humid. 
(%) 

Voltage 
(V) 

Dura-
tion (h) Cover 

German Multi-Inst./Firm 2011/ 9/   5 25 -1,000 168 Al / W 

Schott 2011/ 9/   5 25 -1,000 168 Al 

PI-Berlin 2011/ 9/   6 85 85 Max S.V. 48 

Fraunhofer-CSP 2012/ 6/ 11 50 50 -1,000 48 Al 

Jinko (TuV-SUD / CSA) 2012/ 8/   6 65 85 -1,000 

Suniva (PV Evolution) 2012/ 8/ 14 85 85 1,000 600 

Yingli (Intertek) 2012/ 8/ 21 85 85 1,000 96 

Panasonic (Chemitox) 2012/ 9/ 19 60 85 1,000 96 

LDK (TuV-R / PV-Lab.) 2012/ 9/ 24 25 1,000 168 Al / W 

NREL (IEC) 60 85 Max S.V. 96 

Max S. V. = Maximum System Voltage (given by label) 13 

  

Berghold et. al. (2010)  EU-PVSEC 

Hacke et. al. (2011) IEEE PVSC 14 

PID Proposed Procedures 
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PID Comparison of Proposed Procedures 

PV Modules: 
 Commercial Available PV Modules (Mono / Multi c-Si) 
  6 Models from 6 Manufactures 
 

PID Tests: 
 1) Covered Water Method 
  25 oC,   - %RH,      168 h 
   Max Sys. Voltage (Cell: -600 or -1,000 V) 
 

 2) Chamber Method 
  60 oC,   85 %RH,     96 h 
  Max Sys. Voltage (Cell: -600 or -1,000 V) 
 
*Ref: Koji Masuda, et al. (2013) 
*This work was supported by “Asia Standards and Conformity   
  Assessment Promoting Project “ (METI). 
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PID Covered Water Method 

n=3,   Mean -/+ SE 
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Time after PID Test (h) Time after PID Test (h) 

Model: A 

PID Chamber Method 
n=2,    
Raw Data 

Model: C 

Model: F Model: G 
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Retained Power (%) 
in Covered Water Method 

Model: A 
Model: B 
Model: C 
Model: E 
Model: F 
Model: G 

PID Correlation (Covered Water – Chamber Methods) 

Model: F 

Model: B 
Model: G 

Model: F

Category : I 

Category : II 

Category : III 

Category : IV 
Mean Value of 
             Each Model 

Model: C 
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Low RH 

High RH 
Predominant Leak Path 

Low RH:    Interface   I2 
High RH:   Glass          I1 

PID Leakage Current in Outdoor Exposure 

J.A. del Cueto, T.J. McMahon, Prog. In Photovoltaics Res. & App. 10: 15–28 (2002). 
J.A. del Cueto and  S.R. Rummel, Proc. SPIE, 7773: 77730J-77730J-11 (2010)    

25 oC  5 oC 60 oC 
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