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Motivation 
Partial shade occurs during service 
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vegetation wildlife soiling and snow 

And structures, vehicles, people, tools 
These obstructions can never be completely eliminated 



Motivation 
Partial shade can cause reverse bias 
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Most thin-film modules are 
series connected 
 
The current-matching 
requirement drives shaded 
cells into reverse bias 
 
Reverse bias can cause 
permanent damage 
 
Monolithic modules have 
limited diode protection 



Motivation 
Outdoor mask test 
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We passed an opaque 
mask in front of a new 
commercial CIGS module 
in 20 s 
 
The module was loaded at 
unmasked Imp 

 
The mask blocked only the 
direct beam (87% of 
incident light) 



Motivation 
Outdoor mask test results 

The module lost 5% in 
Pmp immediately 
 
This worsened to 7% 
upon light exposure 
 
Equivalent to >8 years 
of degradation at the 
rate anticipated by the 
warranty 
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Motivation 
Outdoor mask test results 

Electroluminescence reveals heavy shunting 
 
EL defects coincide with serpentine visible defects 
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EL before EL after photograph after 



Method 

Quantifying damage due to partial shade 
The standard (IEC 61215) hot-spot durability test does not 
quantify performance loss 
 
A test that quantifies loss of performance must consider 

Light exposure effects (metastability) 
Damage done when mask size is being decided 
Light-enhanced reverse breakdown 
Realistic illumination and electrical conditions 

 
We’ll propose to amend IEC 61215 with this new test 
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Pass inspection for major 
visual defects 
Pass insulation resistance test 
 
For products with the special 
label 

FF > 25% 
 
For products without the 
special label 

Pmp ≥ 95% 
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Method 

Passing the partial shade test 



Method 

Light exposure effects 
Precondition 
modules using light 
exposure before 
every I-V 
measurement 
 
Light exposure 
during stress 
doesn’t count! 

Changing Pmp under constant illumination at 
1000 Wm–2 and 50°C 

This is critical for a test with a pass criterion based 
on Pmp 



Method 
Damage done before stress 
A single masked flash can 
cause permanent damage 
 
 
 
 
 
Minimize this damage by 
working from large masks to 
small ones 
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EL image 
cropped to 
~90 cells 



Method 
Light-enhanced reverse breakdown 
Breakdown voltage in CIGS is 
sensitive to illumination 
 
 
 
 
Use a partial-coverage and 
partial-opacity mask to excite 
this effect 
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Method 
Realistic illumination and electrical conditions 
In service, modules in 
a long series string 
pass approximately 
Imp 

 
Load an individual 
module at its 
unmasked Imp to 
simulate this 
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thermal camera 

module under test 

continuous solar simulator 



Results 
Loss of power 
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We tested seven commercial CIGS and CdTe modules from four 
manufacturers 

Every product we tested was susceptible to damage from partial 
shade 
 
When we amend IEC 61215, what pass criterion should we use? 



Results 
Shunting and FF reduction 
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EL images and I-V curves show the same 
symptoms as in the outdoor test 



Discussion 
Detecting symptoms in the field 
In EL, shunts due to reverse bias 
damage look the same as those 
due to manufacturing defects 
 
We found that PL lets us 
differentiate shunts by shape and 
identify reverse bias damage by its 
serpentine shape 
 
A PVQAT TG8 spinoff group has 
been formed to motivate further 
searching for field data 
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photograph 

PL image 

fiducial marker 



Possible solutions 
Cell-level mitigation 
Smaller breakdown voltage means lower stress 
 
In CIGS, a thinner absorber allows carrier multiplication due 
to strong electric field 
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This is one example of how devices might be engineered to 
mitigate reverse bias stress 



Possible solutions 
Module-level mitigation 
Limiting the area of a 
module exposed to 
reverse bias limits the area 
that might be damaged 
 
Adding isolation scribe 
lines perpendicular to the 
cell integration scribe lines 
realizes this strategy 
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Possible solutions 
Module-level mitigation 
More isolation scribe lines means smaller stressed 
area, mostly 
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This is one example of how modules might be 
engineered to mitigate partial shade stress 

First Solar series 4 



Possible solutions 
System-level mitigation 
Despite other disadvantages, 
wiring modules in parallel 
groups reduces the reverse 
voltage across the masked 
cells in a single module 
 
More modules in parallel 
allows the masked module to 
run at reduced current 
 
This is one example of a 
system might be engineered to 
mitigate partial shade stress 
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Conclusion 
Commercial monolithic thin-film PV modules can be 
permanently damaged by partial shade 
 
A 20-s outdoor test caused 7% permanent reduction in 
Pmp 
 
Quantifying damage resulting from partial shade requires 
a specific test procedure 
 
The procedure caused 4%–14% permanent reduction in 
Pmp in commercial CIGS and CdTe modules 
 
Cells, modules and systems can be engineered to 
reduce the stress resulting from partial shade 
 
 
 
 

21 



NREL PIX 26771 

NREL PIX 21822 

This work was supported by the U.S. Department of Energy under Contract No. DE-AC36-08GO28308 with the 
National Renewable Energy Laboratory. 
 
Some of the data in this report were obtained using equipment at the Energy Systems Integration Facility (a 
national user facility sponsored by the U.S. DOE Office of Energy Efficiency and Renewable Energy) located at 
the National Renewable Energy Laboratory. 


