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Partial Shading in TFPV Modules 
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Partial shading can induce reverse stress 

Unique challenges for TFPV modules 

2D connectivity plays important role 

Full SPICE simulation must be used 

Shadow stress is important reliability concern 
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Asymmetric shadow stress 

Simulation of typical ( ) a-Si:H module 
shadow area ( ) at bottom left 
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2. Sub-cell voltage across shaded cells becomes 
negative uniformly across the width 
3. Sub-cell current in unshaded region must increase 
to maintain current continuity 
4.Entire width of shaded cells dissipates power, but 
unshaded half is at higher stress [5] 
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Effect of shadow geometry 
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Symmetric shade does not cause reverse stress and 
causes minimal output power loss 

Asymmetric shading can cause catastrophic 
reverse stress and significant output power loss [6] 

External bypass diodes cannot prevent worst case 
reverse stress, as they turn on for larger shadows 
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Shade Tolerant TFPV Modules 
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5
Shade Tolerant Module Efficiency 

Dirichlet 
Condition 

Neumann 
Condition 

Sheet resistance loss in non-
rectangular geometries 

Change in cell geometry can reduce overall sheet resistance loss 
as well as provide shade tolerance 
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6

Summary and Conclusions 

Partial shade effects in TFPV 
modules 
• Unique challenges for monolithic

TFPV modules 
• Cell and shadow geometry must 

be considered 
• Full 2D simulations required for

prediction 

Asymmetric shadow stress 
• Unshaded portions of TFPV

cells can be under higher stress 
• Shadow geometry and orientation

have a huge impact of shadow 
stress 
• External bypass diodes cannot 

prevent worst case shading 

Shade tolerant design 
• Geometry can be used as a design

parameter to avoid shadow
performance 
• Radial and spiral designs improve

shade tolerance as well as power 
output 
• Shaping the cells can also lead to

improved module efficiency
through reduced series resistance
loss 
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