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A Perspective from IC Reliability

Reliability is Hierarchical — End-to-end modeling is essential
Reliability is Physical/Universal— Despite changes in material

Reliability is correlated — Embedded in software, such as RelExert
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Hierarchy of Thin Film solar cells
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Many features are universal...
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Theory & practice of thin film dark IV
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A real solar cell IV seldom looks like textbook IV!

Dongaonkar and Alam, JAP, 2010
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Interpretation of ‘shunt’ leakage
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Features of shunt leakage

V o+1
— pu Symmetry
shunt 26 +1
L 2 I I I I I
| |
1.5F ° T

§/—ﬁ 1 5 g %Fﬂﬂzqﬁﬁjnfbaﬁf‘c?” =
o
S : . .
3 0.5

0 | | | | |

' | 10 20 30 40 50 60
Voltage (a.u.) Devices
0 3 I | Lo |
2' le) ]
- © o g o
: 8  08°8 go®P® E L gt
'8 "5 g "
EO
0 0 l 1 1 1
5 10 15 20
Voltage (V) Devices

Exponents

[u]

2™

o

[u]

o ;P UcthpOo

DD

Oo
u]

o
g%n'D 0

0
0O Om
o

! 1 I ! 1
10 20 30 40 50 60

Devices

Dongaonkar and Alam, EDL, 2010; JAP 201 1, JPV 2012

PR |
10°
i-layer Thickness (nm)



Current (a.u.)
|_\
o

Universality of shunt conduction
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Data Quantiles

Universality of shunt statistics
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(d) CdTe
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Log-normal distribution, bad cells are rare

Dongaonkar/Alam, EES, 2013



Variability, Correlation & performance:
SPICE framework
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Panel vs. Cell Efficiency Gap Universal ?!

Lognormal Probability

Shunts distributed shunt and series

within module
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Efficiency recovery by local striping
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See S. Dogaonkar/Alam, IEEE J. Photovoltaics, 2013 12


http://www.sciencedirect.com/science/article/pii/S0927024810000437

Hierarchy of Thin Film solar cells
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Partial shading in string architecture
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Being in shadow stresses the device
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Shaded cells can get reverse biased!
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Experimental validation of shadow stress

NREL outdoor test facility - Golden CO

Current flow

Asymmetric shadow stress confirmed by IR images of installed modules 16 J




Shadow degradation
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Symmetry

and Shadow in a TFPV
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Partial shading can cause
reverse breakdown

The power loss can be
significant (30-40%) for large
shadows

Symmetric shade does not
cause reverse stress

Asymmetric case is most
dangerous

External bypass is useless for
cell protection
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Shadow is rectangular, but cell need not be
(exercise in constrained folding)
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Better shade tolerance (fewer cases of reverse stress)
Significantly better power output under shading
No axis of rectilinear symmetry

Dongaonkar and Alam, Prog. in Photovoltaics, 201 3. "



Hierarchy of Thin Film solar cells
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Reliability of polymers in solar cells
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“Even though polymers are a very promising material for the construction of PY modules,
they are the reason of many failures and seem to be the weakest point of PV modules of our
days.” — Claudio Ferrara and Daniel Philip, Energy Procedia, 2012



Review: Water treeing and
Electrical breakdown of Pl

Egr Weibull for different thickness
of dry PI at different temperatures.
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Thermo-chemical breakdown model

Breakdown kinetic equation
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Water diffusion through polymers

Water uptake, initial Pl is dry,ambient RH=100  Water release, initial Pl is wet, ambient RH=0
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Breakdown simulations
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Conclusions: Complex need not be complicated

|.  Energy output depends on panel efficiency and lifetime — there is an
opportunity to develop physics based reliability models.

2. Shunt conduction and series resistances are key to solving the efficiency gap.
Shadow, light, and thermal degradations limit lifetime. Offers opportunities
for great contributions.

3. A software framework is necessary to interpreted correlated and
hierarchical degradation effects. We are making progress.

4. A series of YouTube lectures on basics of solar cells. Also see

https://sites.google.com/site/eceb654solarcells/ for papers from our group

and nanohub.org/resources/16560 for a course on Reliability.

Questions/comments: alam@purdue.edu
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