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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 

[6] 

4

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 

Wsh (cm) 

L sh
 (c

m
) 

Vcell 
min (V) 

40 80 120 

40 

80 

120 

-10 -5 0 

Wsh (cm) 

Pstring (W) 

40 80 120 

400 600 800 

Wmodule (cm) 
20 50 80 110 

Wmodule (cm) 
20 50 80 110 

Isub (mA) 
5 10 15 

Psub (mW) 
0 50 100 

L m
od
ul
e (c

m
) 

20 

40 

60 

80 

100 

V 

I 

References 

[1] S. Dongaonkar, Y. Karthik, D. Wang, M. Frei, S. Mahapatra, and M. A. Alam, “Identification,  Characterization  and Implications  of Shadow  Degradation  in  Thin  Film Solar  Cells,”  in  Reliability  Physics  Symposium (IRPS), 2011 IEEE International, 2011, pp. 5E.4.1 – 5E.4.5. 
[2] F. Martínez-Moreno,  J.  Muñoz,  and E.  Lorenzo,  “Experimental model to  estimate  shading losses on  PV  arrays,”  Solar  Energy Materials and Solar Cells, vol. 94, no. 12, pp. 2298–2303, Dec. 2010. 
[3] A. Woyte, J. Nijs, and R. Belmans, “Partial shadowing of  photovoltaic  arrays  with  different  system configurations:  literature  review  and field  test  results,”  Solar Energy, vol. 74, no. 3, pp. 217–233, Mar. 2003. 
[4] S. Dongaonkar and M. A. Alam, “End-to-End  Modeling  for  Variability  and Reliability  Analysis  of Thin  Film PV,”  in  2012 IEEE International Reliability  Physics Symposium (IRPS 2012), 2012, pp. 4A.4.1 – 4A.4.6. 
[5] S. Dongaonkar, C. Deline, and M. A. Alam, “Performance  and Reliability  Implications  of Two  Dimensional  Shading  in  Monolithic  Thin  Film  Photovoltaic  Modules,”  (Under  Review). 
[6] S. Dongaonkar and M. A. Alam, “A  Shade  Tolerant  Panel Design for  Thin  Film Photovoltaics,”  in  38th  IEEE Photovoltaic  Specialits Conference (PVSC 2012), 2012, pp. 002416–002420. 
[7] S. Dongaonkar, and M. A. Alam, “Geometrical Design of  Thin  Film PV  Modules  for  Improved  Shade  Tolerance  and Performance”,  Progress in Photovoltaics (Under Review). 

mailto:sourabh@purdue.edu
mailto:alam@purdue.edu

