
Potential Induced Degradation of
Thin-Film Modules:

Prediction of Outdoor Behaviour

1 Thomas Weber, SWISS PHOTONICS,  10.09.2015; at Supsi, Manno

Thomas Weber, Juliane Berghold, Paul Grunow
weber@pi-berlin.com, Tel.: +49 30 8145264-111

PI Photovoltaik-Institut Berlin AG, Wrangelstraße 100, 10997 Berlin



Overview

1) About PI Berlin

2) Motivation

3) Introduction to Potential Induced

Degradation (PID)

4) Results: How do Modules degrade

in the field?

5) Results: Life-Time Prediction

6) Summary

2 Thomas Weber, SWISS PHOTONICS,  10.09.2015; at Supsi, Manno

1) About PI Berlin

2) Motivation

3) Introduction to Potential Induced

Degradation (PID)

4) Results: How do Modules degrade

in the field?

5) Results: Life-Time Prediction

6) Summary



1) About PI-Berlin

PV-Module Quality & Lab Services

• Head of BU: Dipl.-Ing.(FH) Michael Schoppa
• Services: Supplier Qualification, Factory

Inspections, Module Tests,
Certification

PV-Systems
• Head of BU: P. Eng. Steven Xuereb
• Services: Yield Assessments, Preliminary

Design Due Diligence, Plant
Inspections
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PV-Systems
• Head of BU: P. Eng. Steven Xuereb
• Services: Yield Assessments, Preliminary

Design Due Diligence, Plant
Inspections

PV-Module Technology and R&D Services
• Head of BU: Dr. Juliane Berghold
• Services: R&D Services, Components Analysis,

Expert Opinions, Field Failure Tracking,
Consulting, Funded Projects
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2) Motivation: Why do we want to evaluate PID results?

Module
Degradation

Correlation
In- and Outdoor

DP = -39 %

• Module tested!
What happens in the real world?

• around 15 GW TF
Installed in the EU
• test results and field-
returns show PID
susceptibility

CIGS

?
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Correlation
In- and Outdoor

Influence of
Location

• Each location has
its specific impact
on a module.

• Module tested!
What happens in the real world?



3) Introduction to PID
PID … Potential induced degradation (c-Si & TF, power related degradations)
and TCO-Corrosion … (electro-chem.) Corrosion of the TCO-layer (only µc-Si, CdTe)

µc-Si Module after 1000h in
bias damp-heat Test
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[Weber et .al., 3AV.2.9, EU PVSEC Valencia, 2010]

corroded

uncorroded



4) How Modules degrade in the field

• TCO-Corrosion at the
edges

• Power degradation? Not
seen yet or not relevant

• EL: reduced signal

CIGSCIGS

CdTeCdTe

• No TCO-Corrosion
visible but

• Power degradation
• EL: reduced signal
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CIGSCIGS

µc-Si

DP = -39 %

DP = -17 %

• No TCO-Corrosion
visible but

• Power degradation
• EL: reduced signal

• TCO-Corrosion at the
edges and apart

• Power degradation
• EL: reduced signal



5) Life-Time Prediction
Test Sequence

6
IM*

IM*
9

CdTe
CIGS
µc-Si

CdTe
CIGS
µc-Si

Prediction
of module
life-time

Sensitivity Test Outdoor
Log of LC and weather data
Variation of Voltage + / - / 0

Sensitivity Test Indoor
Variation of T / RH / V

in HF, TC, DH

LC = f(T,RH,V)

B
CIGS

A
CdTe
A

CdTe

IM*
6

7 Thomas Weber, SWISS PHOTONICS,  10.09.2015; at Supsi, Manno

IM* … Intermediate Power-Measurement, HF…Humidity Freeze, TC…Temperature-Cycle, DH…Damp-Heat,
LC…Leakage-Current

CdTe
CIGS
µc-Si

CdTe
CIGS
µc-Si

Prediction
of module
life-time

P = f(Q)Accelerated Ageing in BDH
85°C / 85% / ± 1 kV

IM*: 90, 200, 430, 670, 940h

Sensitivity Test Indoor
Variation of T / RH / V

in HF, TC, DH

12
IM*

B
CIGS

C
µc-Si

C
µc-Si
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9
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5) Life-Time Prediction
Outdoor Test

• Outdoor-Test:
– 4 weeks in June 2013 at PI-Berlin‘s Outdoor Test Facitity
– Log of: weather data, leakage currents, module temperature

Sensitivity
Outdoor-

Test

Sensitivity
Indoor-

Test

Climatic
Statistic
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Aim: collection of all parameter spaces (Temp. and RH) for one year and
a representative leakage current
 outdoor data (95%) completed by indoor results (5%)

Climatic
Statistic

Bias Damp
Heat

Life-Time



5) Life-Time Prediction
Climatic Statistic - one year in Berlin

Sensitivity
Outdoor-

Test

Sensitivity
Indoor-

Test

Climatic
Statistic
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Climatic
Statistic

Bias Damp
Heat

Life-Time



5) Life-Time Prediction
Climatic Statistic - simulated Locations

T: mild
RH: moist / dry

T: hot
RH: moist

Sensitivity
Outdoor-

Test

Sensitivity
Indoor-

Test

Climatic
Statistic
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T: moderate
RH: moderate

T: hot
RH: dry

Climatic
Statistic

Bias Damp
Heat

Life-Time



5) Life-Time Prediction
Climatic Statistic - simulated Locations

Sensitivity
Outdoor-

Test

Sensitivity
Indoor-

Test

Climatic
Statistic
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Climatic
Statistic

Bias Damp
Heat

Life-Time



5) Life-Time Prediction
Degradation-Experiment  P = f(Q)

• BDH-Experiment:
– Intermediate measurements

after
0, 90, 200, 430, 670, 940

– Fail criteria: P80 … still
80% of initial
power remaining

– Q(P80) in some cases
extrapolated

Sensitivity
Outdoor-

Test

Sensitivity
Indoor-

Test

Climatic
Statistic
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 Result Q(P80)-value:
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• BDH-Experiment:
– Intermediate measurements

after
0, 90, 200, 430, 670, 940

– P80 … still 80% of initial
power remaining

– Q(P80) in some cases
extrapolated Climatic

Statistic

Bias Damp
Heat

Life-Time
CdTe + CdTe - CIGS + CIGS - µc-Si + µc-Si -

Q(P80) in C/cm 2,1466 0,0712 0,0933 0,2547 1,4098 0,1550

 Amount of Charge till 20% of power are lost differ from module to module
by more than three orders of magnitude

 Result Q(P80)-value:



5) Life-Time Prediction
Merging all into Life-Times

Sensitivity
Outdoor-

Test

Sensitivity
Indoor-

Test

Climatic
Statistic
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Climatic
Statistic

Bias Damp
Heat

Life-Time



Module
PID-Module Life-Time (LT) in years

(Module LT maybe limited by other mechanisms) Classification of the
Results (in years):

Kuala Lumpur Berlin Tokyo Tucson

CdTe + 83 166 183 362

CIGS + 9 41 37 127

µc-Si + 51 135 157 1659

CdTe - 3 8 10 31

5) Life-Time Prediction

• Prediction of module Life-Times for specific locations
Sensitivity
Outdoor-

Test

Sensitivity
Indoor-

Test

Climatic
Statistic

<  25
… PID critical

>  25  >  40
… likely PID uncritical
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CdTe - 3 8 10 31

CIGS - 13 141 77 637

µc-Si - 20 21 39 294

Climatic
Statistic

Bias Damp
Heat

Life-Time

>  25  >  40
… likely PID uncritical

>  40
…means likely no PID

• The developed Simulation Model for worst-case Analysis enables:
- Benchmarking
- To exclude PID sensitive modules for PV projects
- To determine the location-specific suitability of a technology
- individual statement, if + or – system voltage is advantageous



6) Summary

Lessons learned from PID-TF in general:
• Laboratory tests and field returns indicate TF
successability to PID if module producer or EPC
failed to adopt measurements to prevent PID

Life-Time Prediction:
• Performing risk assessment for a PV-plant in use
or a PV-plant planned
• The developed Simulation Model for worst-case
Analysis

Input for PI-Berlin
• We are requested as experts for TF degradation in
the field with laboratory tests and expert opinions.

DP = -39 %
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Lessons learned from PID-TF in general:
• Laboratory tests and field returns indicate TF
successability to PID if module producer or EPC
failed to adopt measurements to prevent PID

Life-Time Prediction:
• Performing risk assessment for a PV-plant in use
or a PV-plant planned
• The developed Simulation Model for worst-case
Analysis

Input for PI-Berlin
• We are requested as experts for TF degradation in
the field with laboratory tests and expert opinions.

Thank You!



5) Life-Time Prediction
Degradation-Experiment P = f(Q)
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Disclaimer

Copyright © 2015 – PI Berlin AG. All rights reserved – worldwide. Any content of this
document shall be subject to the German Copyright Act. No part of this document shall
be reproduced or transmitted in any form, by any means without prior written permission.
The unauthorized reproduction or distribution of content to third parties is not permitted
and can be prosecuted under the German Copyright Act.

The disclosing shall not be construed to grant to the recipient any license or other rights
with respect to the information.

PI Berlin AG has put forth its best efforts in preparing and arranging this document. The PI
Berlin AG disclaim any liability for correctness, completeness or up-to-dateness of the
provided information unless agreed in a separate written agreement.
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