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Overview

1. PI-Berlin AG

2. Introduction Potential induced degradation
3. PID influencing test parameters

4. The influence of the anti reflective coating
5. The influence of the encapsulant

6. Outlook

7.Summary
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Pl Berlin Business Units

Clients Service
* Manufacturers Certificates, Re-Testing, Pre-testing,
bench-marking, Test-to-Failure tests
» Turn-key Suppliers see above
» Component Suppliers Lamination service, screening, extended
IEC tests (double, triple)
* Wholesalers, OEM-Clients Factory Inspection, Bench Marking,

Quality Control, Certification, Analysis of
Field returns

« System developers, Owners Incoming Module Quality Control,
Systems engineering
* Banks, Investors Expertise in module failure probability
* Assurances Failure analysis, Module repair
* Universities, Institutes, Project partnering in industrial R&D
Industrial R&D teams projects
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Introduction

1978, Hoffman and Ross (JPL), “Environmental Qualification Testing of Terrestrial
Solar Cell Modules”

Polarization (Sunpower

2005) \

\ Amorphus/micro

N-type P-type morphus
ilicon silicon Silicon CIGS CdTe
+ potential . X
- potential v X X,
PID (SOLON 2009) TCO Corrossion
(Mon 1985)
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Potential induced degradation subsumption and definition

Amorphus/micro
N-type P-type morphus
silicon silicon Silicon CIGS CdTe
+ potential R&D | _B&D R&D R&D R&D
- potential R&D KR&D) R&D R&D R&D

Potential induced degradation # Module behaviour induced by voltage stress
. Used cell technology (p-type, n-type, thin film, etc.)

. Positive or negative potential relative to ground
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Which modules have a risk of PID in the field?

20 x 38V =700V

Modules grounded via
frame

= Potential against ground
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|
|
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Fig. 1: Potential against ground module string with floating potential
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PID influencing parameters

<_PID influencing test parameters : >

* Voltage

* Humidity

» Temperature

* Grounding

Influencing parameters on cell level: Front contact

i rolocive coating > ABAAAABAAABA

i base emitter

* Emitter depth A0,

Rear contact Back surface field 02

* Type of base doping

Influencing parameters on module level:

* Front sheet

@capsulant materiE

* Back sheet

* Module design (frame, mounting, isolation)
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PID influencing parameters

» Applied voltage

85°C/85%/ -100V to -1500V /Frame grounding

E
|
|
|
l

100V 300v 1000V 1500V

[+2]
o

2]
o

performance rel. to initial values [%]
=3
o

N
[=]

00 120 240 360 480 600 720 840 9260
Duration of treatment [h]

Fig. 2: Modules tested with increasing voltage

BERLIN

S. Koch, NREL PV Module Reliability Workshop, 28.02.2012 PHOTOVOLTAIK-INSTITUT




*INREL =

NATIONAL RENEWABLE ENERGY LABORATORY

PID influencing parameters

» Applied voltage

(Quelle: SOLON)

» Applied voltage is influencing the deqgradation level
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PID influencing parameters

 Temperature
48h / 25 C | 85% RH / Frame grounding 48h / 85 C / 85% RH / Frame grounding

AP -95%

Fig. 3: Modules tested at different temperatures

o Temperature is increasing the deqradation rate
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* Humidity

Power degredatio rate [%]
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- !
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Module marking

I
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|

Power degradation rate [%]
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I T I T r

DH1

Module marking

Fig. 4: PID treatment with different humidity conditions

» Humidity is influencing the degradation rate
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PID influencing parameters

e Contact situation

Fig. 5: Lab tested modules — frame grounded Fig. 6: Lab tested modules — surface grounded

* Grounding is influencing the deqgradation
pattern
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Comparison between field returns and laboratory tests

World Map of Koppen—Geiger Climate Classification  Main climates  Precipitation  Temperature

updated with CRU TS 2.1 temperature and VASClimO v1.1 precipitation data 1951 to 2000 A: equatorial W: desert h: hot arid F: polar frost
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Comparison between field returns and laboratory tests

 Contact situation

Fig. 7: Field return modules from different suppliers Fig. 8: Modules which were grounded via the frame
and power plants

* Field return modules show similar pattern
like modules grounded via the frame
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Reasearch on cell level

Fig. 9: Typical one cell module

* Investigations on different anti reflective coatings and
their optimation against PID

* Research on small one cell modules with 200 x 200 mm
» Contact via copper foil on the whole front side

» Apllied voltage between 50 and 200 V
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Anti reflective coating

85°C/85%RH/48h
1,00 .
0,90 * Equal wafer material
< 0,80
§. 0,70 + Four different anti reflective coatings
S 0,60 ——ARC 1
o 0,50 N N0 e ARC2 » Two different Encapsulate materials
2 0,40
£ 0,30 NN\ —4—ARC3
£ 020 NI~ ——ARC 4
0,10 T 85°C/85%RH/48h
0,00 T T T 1
0 1 2 3 a4 4,00
Measuring step (each step 48h) 3,50

2
v
/

E
% 2,50
° r
2 L \ \ - ARC 1
. 2 ' \ —4—ARC 2
» Segnificant spread between ARC 2 and ARC 3 = 1,50 \ ARCa
for both materials E 1,00 -
0.50 ¥ ™~ : = ARC 4

* The influence between encapsulant and anti
reflective coating havn‘t been clearifite yet

0,00 T . .

Measuring step (each step 48h)
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Anti reflective coating

25°C/168h
<——— 50V 200V ——> Three different test methods:
1,00
080 ——ARC 1 1. 85 C/85%RH/48h
£0% ' e — —— |
§ 0,60 —=—ARC 2 2. 25 C/168h
2 0,50
’ —#—ARC 3
%_ 3’2’3 3. 60 C/85%RH/96h
g0, ARC 4
E 0,20 -
0,10
0,00 T T T T T 1
1 2 3 4 > 6 / 60°C/85%RH/96h
Measuring step (each step 168h)
4,00
3
3,00
g 2,50
*  No segnificant difference during 25 C test S 2,00 ARG
E 150 == ARC 2
«  Small power drop after increasing the voltage to 200V g 1,00 ~#—ARC 3
& ARC 4
* No significant power drop after two cycles for the 60 C test 0,20

Measuring step (each step 96h)
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Encapsulant materials

» -+

+ EUA1

B EVA2

EVA Durchschnitt

A BVB{UVH 1

% PVB{UV+) 2
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+ .
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Hours PID (Bias -200V)

Fig. 10: Investigation on different encapsulant materials

BERLIN

S. Koch, NREL PV Module Reliability Workshop, 28.02.2012 PHOTOVOLTAIK-INSTITUT




Sl

iiNREL Pl

NATIONAL RENEWABLE ENERGY LABORATORY

1 &
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Outlook m XPERTS

* PID in the field — Procedure from PI/PIExpert

1. Analysis of modules in the Pl Berlin laboratory
*Degradation

*Recovery

2. Field analysis + action monitoring
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o | |
Outlook =m EXPERTS

1. Analysis of modules in the Pl Berlin laboratory
* PID testing
* Recovery testing

* Analysis methods: IV, EL, IR

1 —_—
0,8+
- after Recovery 96h
c
S 06 ——PID
3
S04
0,2+
0 S S S S S S S S S S S S Fig. 11: EL/IR of field modules (left)
0 0,2 0,4 ,
EL/IR after recovery (right)

Rel. Voltage

PHOTOVOLTAIK-INSTITUT 2ERHN
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Outlook =PI EXPERTS
1. Field analysis + action monitoring

‘Worst case’
Modulstring
(String Voc)

LA LANMMNS
NSNS/ T a— Y

and recove

Initial measurements

Final measurements

~

Reviewing the
actions
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Summary
. PID is just one of many effects which are caused by high system voltage
. PID rate is influenced by:

. System voltage

. Humidity

. Temperature

. Contact situation
. Cells

. Module materials

. Pl-Berlin/PI-Experts: Pakage for analysis of PID in the field + action monitoring

. The PID test can just show if a module is susceptible to PID or not. Till now there
are no simulation programms available which allow a forecast for module
behaviour in the field. Pl-Berlin is working on different R&D projects about
indoor/outdoor corolations at the moment.
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Thank you for your attention!

koch@pi-berlin.com

This work was supported by the German Federal Ministry of Education and Research (BMBF) under Contract number 13N10445.

BERLIN

S. Koch, NREL PV Module Reliability Workshop, 28.02.2012 PHOTOVOLTAIK-INSTITUT




iiNREL

NATIONAL RENEWABLE ENERGY LABORATORY

PID test according to Pl-Berlin standard

2 Modules

Initial measurements:

Pmax @ STC, Electroluminescence analysis

PID quality cateqgories:
Class A > AP < 5%

PID test sequence:

Labeled system voltage, 85% RH, 85 C, . o
Grounding via frame, Degradation period 48h Class B > 5% < AP < 30%

Class C - AP > 30%

Final measurements:

Pmax @ STC, Electroluminescence analysis

Fig.10: PID standard test sequence
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PID test according to Pl-Berlin standard

70%
@ 60% —
3 50% -
E Jou - PID quality categories:
o
E 30% — Class A > AP < 5%
0% —

Lo l B Class B 2 5% < AP < 30%

o | | ClassC > AP > 30%
Class A Class B Class C

PID quality categories

Fig.8: Summary of ~50 modules tested with PID standard test
sequence
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