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» Discoloring of Ag-metal paste
e Across the cell Eponym for “snall track” SON CONSULT
« Along cell edge Framing o
« Start from cell interconnect
along the finger Finger print
Photo: ISFH
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Types of snall tracks

Type | Type Il Type |l
Tracks without cell Tracks with cell Tracks with space to
frame discoloring frame discoloring diffusion open area

1Kdntges et al., Elektro Praktiker -Photovoltaik aktuell, 7-8,2008,S. 36-40
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Types of snall tracks

 Diffusion openness of

. : In this region
laminate stack determines double back
appearance of sheet foil

discoloration

* Openness for diffusion
seems to determine if a
discoloration is of
snail track type I, Il or Il
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Same module type is installed time shifted

ith 50 PV modul -
(test with 50 PV modules) « Snail tracks appear after

3-5 mths outdoor exposure

e Framing and snall tracks
appear at the same time

e By and by at nearly all cell
cracks snail tracks appear

Framing

Snail track

[06] @beIUB2IBd

o After 8 mths only some cell
cracks don’t have snail track
probably new cell cracks

approx. time after installation [month]
Modules with snail track
Modules with cell cracks

Snail track ratio ;=
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Cell cracks and snail tracks

e Snalil tracks correlate
with cell cracks

e Cell cracks are not the
origin, cause cell edge
IS also affected

e Cell cracks in modules
with framing turn to
snail tracks

e But: most PV modules
with cell cracks show
no snail tracks later!

e Power loss due to cell

CraCkS!l’2 IM. Kontges, et al., Sol. Energy Mater. Sol. Cells 95 (4), 2011, pp.
1131-1137

Inﬂuence Of Snail traCkS 2 2B Weinreich, etal., 27. Symposium. Photovoltaische Solarenergie.

(OTTI, Bad Staffelstein, Germany , 2012), p.190
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After delivery 103 modules tested

j In the field 574 modules tested
« After delivery 35% of n the field 574 modules teste

modules have no cracks

e 6% of all cells in tested
modules do have a crack

* |n one field we find 4%
of all cells having a crack In the field »

e Cell cracks are ubiquitous

e No module of this statistic
shows snall tracks

< After delivery

M. Kontges, S. Kajari-Schroder,l. Kunze,
IEEE Journal of Photovoltaics, PP (99),
DOI: 10.1109/JPHOTOV.2012.2208941

Visit 4C0O.11.4
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Facts on snall tracks

e Production run with snail tracks shows after change
of EVA foil no more susceptibility to snail tracks

« Snail tracks do not emerge from indoor stored
modules

Photo: ISFH

« Snail tracks develop to a certain width and
seem not/or may be very slow grow further

 Modules in open circuit show snails just as
MPP tracked modules



IEA INTERNATIONAL ENERGY AGENCY
PHOTOVOLTAIC POWER SYSTEMS PROGRAMME

Facts on snall tracks

* Modules types showing snall tracks in Spain will
also show snaill tracks in Germany but later

 Damp heat: Snaill track like effects come and go

Photo: ISFH

e Degree of EVA cross linking does not correlate
with snall tracks
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Facts on snall tracks

* Inhomogeneous snail track
appearance indication for
Inhomogeneous temperature O
distribution

 May be used to find
power loss modules visually

* This module: Fab flash 226 Wp
In the field  ~150 Wp one string lost

« Snail tracks along hot
cell parts are
dark black and sharp
along colder cell parts
more diffuse

Photos and Facts: SOLARSCHMIEDE
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Suggested test sequence for snall tracks

Mechanical load

« Snail tracks need light/UV -
and humidity

« High temperature accelerate

@1000W/m?

@1000W/m?

Before and after
DHJ/LS test sequence

J. Berghold, et al., Electrochemical corrosion
within solar panels, 27t EU-PVSEC (WIP,

Frankfurt, Germany, 2012) 4BV.3.37 V|S|t 4BV 3 37
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Snall tracks and leakage current

e High leakage current
correlates with visible
discoloring effects

« Highly isolating
laminates may help to
avoid snail tracks

J. Berghold, et al., Electrochemical corrosion within solar panels,
27t EU-PVSEC (WIP, Frankfurt, Germany, 2012) 4BV.3.37

Visit 4BV.3.37
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+ CL,/HOCI/HCI +H,S+0, Ag discolors in air

Ag e Typical reaction
products create
+0O, discoloring
v « Sulfur in air present
+ Cl_—Ag,0 e Chlorine in salt or
+ H,S cleaning agents
+ H,S v

* But where may halogens (Cl) or S
originate from in a PV module?

Paul SCHISSEL and A. W. CZANDERNA, REACTIONS AT THE
SILVER/POLYMER INTERFACE: A REVIEW, Solar Energy Materials 3 (1980) 22, 245
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ToF-SIMS reference finger

e S, halogens Cl and Br exist at ref. pos.
 Few C on surface




IEA INTERNATIONAL ENERGY AGENCY
PHOTOVOLTAIC POWER SYSTEMS PROGRAMME

ToF-SIMS discolored finger

* Rough
surface
impedes
interpretation

» Discoloration
very thin
~10 nm

e Debris of C-compounds ? EVA-residuals ?
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Micro structural investigations visit 4Bv.3.7

Light microscopy on discolored EVA TEM bright field image section (left) with marked position of EDX mapping (right)
(previously connected with discolored
Ag contact)

 EVA is separated from snail track Ag contact fingers
 Particles clusters inside the EVA consisting of Ag, S and P
« Compounds such as Ag,S or Ag;PO, may be formed

e Outlook: Study mechanism of snall track forming in
accelerated aging tests with various materials

S. Richter, et al., Understanding the Snail Trail Effect in Silicon Solar Modules on
Structural Scale, 27" EU-PVSEC (WIP, Frankfurt, Germany, 2012) 4BV.3.7
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Hydrogen in the PV module

« Under warm, humid conditions H,O reacts
on the cell rear side to hydrogen
2Al+6H,0 2AIOH);+3H,
After falling dry it turns to:
2 Al(OH); AlLLO; +3H,0
e Oxidized silver reacts with hydrogen already slightly
above RT to pure silver e.g.:
Ag,O+H, 2Ag+H,0.
e This hydrogen may lead to a slight color change
at the front side metallization

Gmelins Handbuch der Anorganischen Chemie Carl Winter's
Universitatsbuchhandlung,Heidelberg, 1971, 32 -134
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e Ag oxidize above RT

Ag
* H, from Al-oxidization
tH, T l+02/ H0 compensates
Agzo <>( + HZS. + P.rc.)m EVA oxidation
Wl from air antioxidant :
+ C] \L 5 . Halogehr_nde may
AgCl % Ag.PO, amorp 1ze AQ |
« Light > * Reaction needs light
| = - _
J + Light « Amorphized Ag move
Cly—+ Ag.PO, IS and P react with
amorph and black amorphized Ag

e But, why does this not always happen ?
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Speculation: Snall track origin

 All but certain:
Origin is a reaction of substances from EVA with Ag
Diffusion processes from module rear side to
cell front side plays a role

e Speculation: Some radical initiator for EVA production or
special additive/impurities may contain halogens and
phosphor and start the reaction.
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Summary

Snall tracks appear after some month outdoor

Correlate with cell cracks, but these aren’t the origin
Snall tracks make cell cracks “visible”

Cracks may cause power loss.
Origin of snail tracks is still speculative, but

“Root cause analysis” is on the way

Test procedure for snail tracks DH + current + LS

Snall track modules not generally perform worse,
but the likelihood of worse performing is higher.
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Snails may endanger photovoltaic plants

Found 7th May 2012
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Cell cracks and snail tracks

e Snall track and UV fluorescence image show black structure
at same area around the crack

e But, FL image shows same black structure for
non snail track PV modules (photooxidation-?)

1F.J. Pern, Sol Eenerg. Mat. Sol. C.
41/42, 1996, pp. 587-615

2J. Schlothauer, et al., PVs
International 10 (2010), pp. 149-154

With snail track

Photo/images: ISFH

Without snail track



