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Photovoltaics:

Testing of Modules and Systems

Marc Mathews
mmathews@TUVPTL.com 

manit@asu.eduSolar Round Table: Phoenix – 18Dec08

An ISO 17025 accredited testing laboratory
Established in 1992
Accredited by: A2LA

Standards development
Participates standards development committees

Services

Photovoltaic Testing Laboratory (PTL)

Services
Performance testing
Qualification/Reliability testing
Safety testing
Prototype/Engineering testing;
Long-term outdoor exposure testing

Test standards used
IEC 61215; IEC 61646; IEEE 1262; UL 1703; IEC 61730; IEEE 1513; IEC 62108

Providing service worldwide
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USA, Europe, Canada, Japan, China, India, …
Served more than 200 clients/manufacturers

Certifications
More than 4000 modules tested!
More than 300 qualification certificates issued!



2

Qualification Testing
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Qualification Certification
 Manufacturer = Model: Testing Dates: Project No. = 

Seq.    Module No. 0001 0003 0005 0006 0008 0013 0014 0015 0017
Code Test Control sAm1 sAm2 sBm1 sBm2 sCm1 sCm2 sDm1 sDm2

I1 Visual inspection Pass Pass Pass Pass Pass Pass Pass Pass Pass
I1 I-V at STC Determined Determined Determined Determined Determined Determined Determined Determined Determined

I2 Ground continuity Pass Pass Pass Pass Pass Pass Pass Pass Pass
I3 Dry hipot Pass Pass Pass Pass Pass Pass Pass Pass Pass
I4 Wet resistance Pass Pass Pass Pass Pass Pass Pass Pass Pass
I5 Wet hipot Pass Pass Pass Pass Pass Pass Pass Pass Pass
I6 Visual inspection Pass Pass Pass Pass Pass Pass Pass Pass Pass
I6 I-V at STC Pass Pass Pass Pass Pass Pass Pass Pass Pass
A1 TC200 Pass
D2 α  and β Determined
D3 NOCT Pass
D4 I-V at NOCT Determined
D5 I-V at Low E Determined
B2 UV Test
B3 Visual inspection Pass Pass

Pass 

Pass 

Design Quality

B3 Visual inspection Pass Pass
B3 I-V at STC Pass Pass
B6 TC50
B7 Visual inspection Pass Pass
B7 Dry hipot Pass Pass
B7 I-V at STC Pass Pass
B8 HF10 
C1 Damp Heat
D6 Outdoor Exposure

B9,C2,D7 Dry hipot Pass Pass Pass Pass Pass Pass
B10,C3,D8 Visual inspection Pass Pass Pass Pass Pass Pass
B10,C3,D8 I-V at STC Pass Pass Pass Pass Pass Pass
IEC req'd Ground continuity Pass Pass

B11 Termination Pass 
C4 Hail Test Pass
C5 Static load Pass
B12 Twist Pass

IEC req'd Dry hipot Pass
IEC req'd Visual inspection Pass
IEC req'd I-V at STC Pass
IEC req'd Ground continuity Pass

B13 Dynamic load Pass
IEC req'd Dry hipot Pass Pass Pass
IEC req'd Ground continuity Pass Pass Pass

B14 Visual inspection Pass Pass Pass Pass
B14 I-V at STC Pass Pass Pass Pass
B15 Cut Pass Pass Fail [3] Pass

Pass

Pass 

Pass
Pass 

Good Not good

Pass Fail

Certificate NO certificate

4 |

D9 Hot-Spot (non-intru) Pass
D10 Diode (non-intru) Pass

Dry hipot
Wet resistance 
Wet hipot Pass

F1 Visual inspection Pass Pass Pass Pass Pass Pass Pass Pass Pass
F1 I-V at STC Pass Pass Pass Pass Pass Pass Pass Pass Pass
F2 Dry hipot Pass Pass Pass Pass Pass Pass Pass Pass Pass
F3 Wet resistance Pass Pass Fail [2] Pass Pass Pass Pass Pass Pass
F4 Wet hipot Pass Pass Fail [2] Fail [2] Pass Pass Pass Pass Pass
F6 Ground continuity Pass Pass Pass Fail [4] Pass Pass Pass Pass Pass
F7 Visual inspection Pass Pass Pass Pass Pass Pass Pass Pass Pass
F7 I-V at STC Pass Pass Pass Pass Pass Pass Pass Pass Pass
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IEC 61215 (2005)

Crystalline silicon terrestrial
photovoltaic (PV) modules –
Design qualification and type approval
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IEC 61646 (2008)

Thin-film terrestrial photovoltaic (PV) 
modules – Design qualification and type
approval
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Concentrator photovoltaic (CPV) modules and assemblies –
Design qualification and type approvalIEC 62108 (2007)
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• Both Technologies: Failure analysis on the design qualification testing was done
on both technologies, crystalline silicon and thin-films

• Two Periods: Failure analysis was done for two periods 1997 2005 & 2005 2007

Failure: Qualification Testing & Certification at ASU

Two Periods: Failure analysis was done for two periods, 1997-2005 & 2005-2007.

• 1997-2005: In the first period, the industry was growing at a slower rate and the
qualification testing of c-Si technologies was primarily conducted per Edition 1
of IEC 61215 standard.

• 2005-2007: In the second period, the industry was growing at an explosive rate, and
the qualification testing of c-Si was primarily conducted per Edition 2 of IEC
61215
(Major new tests: Wet leakage current and Diode tests; Major modified tests:
TC200 with current injection).
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• Modules Tested: About 1200 modules (1997-2005); About 1000 modules (2005-2007)

• Module Technology Ratio: 90% crystalline silicon; 10% thin-films
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Failure: Qualification Testing & Certification at ASU
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• A large increase in the failure rates for the 2005-2007 period, as compared to the 
1997-2005 period, is observed for both c-Si and thin-film technologies

• c-Si: The higher percentage of failure in the 2005-2007 period is attributed to….

Conclusions on Qualification Testing

… the market entry of a large number of new manufacturers
… Major test failure: Post-stress wet resistance test
… Significant test failure: Post-stress performance test

• Thin-films: In the 2005-2007 period …
… a large percentage of modules failed primarily due to the market entry of 

new manufacturers
… 70% of the modules fail in the post-damp heat test
… 20% of the modules fail in the post-thermal cycling test
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… 0% o t e odu es a t e post t e a cyc g test
… 17% of the modules fail in the post-humidity freeze test

• A large fraction of the modules fails due to the failures of bypass diodes in the 
chambers and in the diode thermal test. A pre-qualification of bypass diodes may 
be warranted.
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All these modules passed the qualification test
but 8 out of 10 failed in reliability test!

Damp Heat and Thermal Cycling Testing at BP Solar
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SHORT TURNAROUND TIME
&

ONE-STOP SERVICE
ASU-PTL
+ Year of Experience: ~ 16
+ Modules Tested: > 4,000
+ Certificates Issued: > 300
- Building (sqft): ~ 5,000
- Field Area (acres): < 2
- Equipment: Limited
- Staff: Limited
- Testing scope: Limited

TUV-PTL
+ Year of Experience: ~ 16
+ Modules Tested: > 4,000
+ Certificates Issued: > 300
+ Building (sqft): ~ 40,000
+ Field Area (acres): > 5
+ Equipment: A large increase
+ Staff: A large increase
+ Testing scope: A large extension

1992 - 2008 2008 - …..

Multiple Standards

One Test
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Multiple Countries
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Long Term Outdoor  Testing & Monitoring

Amorphous-Silicon

Brazil-NREL-ASU
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MS Thesis: Thermal Evaluation of BIPV Modules
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Questions?

Marc Mathews

th @t tl
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mmathews@tuvptl.com


