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Fluorescence (FL) imaging principle

UV-Light 365 nm

UV-Fluorescence 400-800 nm

Digital camera

Long-pass filter > 400 nm

Short-pass filter < 400 nm

LED-UV-light source
~ 30 W/m²

ÅSignal is generated by the fluorophores excited by UV light

ÅModule is not disconnected from circuit
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1 F.J. Pern, Solar Energy Materials and Solar Cells, 41/42, 1996, pp. 587-615
2 L. King, M.A. Quintana, J.A. Kratochvil, D.E. Ellibee, B.R. Hansen, Progress in Photovoltaics:

Research and Applications, vol. 8, pp. 241ï256, 2000.
3 J. Schlothauer, S. Jungwirth, M. Köhl, B. Röder, Solar Energy Materials and Solar Cells, vol. 102, pp. 75-85, 2012

Principle of UV fluorescence

ÅFluorescent degradation products

are formed under sun exposure

ÅUV absorbers may be the

precursors of fluorophores

ÅOxygen + light bleach the

fluorophores

ÅOxygen diffusion through cell

cracks and at cell edges

Ą Extinction of UV fluorescence

in their vicinity
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Fluorescence pattern over time

Position across sample x [mm]
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ÅGlass/EVA/Glass laminate under

ca. 280 W/m² UV

ÅInitial: homogeneous

fluorescence
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Position across sample x [mm]
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ÅGlass/EVA/Glass laminate under

ca. 280 W/m² UV

ÅInitial: homogeneous

fluorescence

ÅExtinction of fluorescence within

first kWh/m²

Fluorescence pattern over time
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ÅGlass/EVA/Glass laminate under

ca. 280 W/m² UV

ÅInitial: homogeneous

fluorescence

ÅExtinction of fluorescence within

first kWh/m²

ÅIncrease of IF in the central area

x = [30, 90] mm

ÅEdges with lower fluorescence

intensity

ÅHomogeneous central area

Fluorescence pattern over time
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Fluorescence along initial cracks

Dose: 0 kWh/m²

Day 0

ÅMono-Si Module, never exposed

to sunlight

Å2 cells with cracks

Å Initial: homogeneous

fluorescence over the whole

surface of the module1,2

ÅSubsequently: 

Outdoor exposure, short circuited

ÅAfter 3 weeks in summer the

initial cracks are visible with

UVFL

Dose:  4 kWh/m²

Day 1

Dose: 117 kWh/m²

Day 21

Dose: 398 kWh/m²

Day 77

Initial EL image

UV Fluorescence images
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2 cells are intentionally broken, 

subsequent installation on a roof. 

Electroluminescence Fluorescence

Apparition of new cracks

ÅMulti-Si module

Å4 years on a carport

Å2 cells show cracks with a 

complete bleaching of the

fluorescence

ÅCracks best seen with FL
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6 Days Outdoor

(5 kWh/m²)

70 Days Outdoor

(86 kWh/m²)

Electroluminescence Fluorescence

ÅMulti-Si module

Å4 years on a carport

Å2 cells show cracks with a 

complete bleaching of the

fluorescence

ÅCracks best seen with FL

Å6 days: partial bleaching at 

new cracks

Å10 weeks: still possible to

discern new cracks from old

ones

Apparition of new cracks
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ÅOld crack, cell edge: no change in FL

ÅNew crack: FL decrease already after 5.3 kWh/m², but FL intensity 

after 10 weeks > FL on old crack

Width [mm]
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Older crack

Width [mm]
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Application: hail storm damage

Electroluminescence

Old crack with

full extinction, 

comparable to

oxygen diffusion

at cell edge

New cracks,

partial extinction

ÅOld cracks (e.g. caused during

installation) and cell edges appear

black (full extinction)

ÅRecent cracks: local partial 

extinction of FL

Å8 weeks after the storm, difference

is still visible

ÅFluorescence discriminates old

cracks from new ones

Fluorescence (log.)
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ÅGlass/EVA/Glass laminate under

ca. 280 W/m² UV @ 57ÁC

ÅThree EVAs (A, B, C)

ÅEVA C has a shorter cut-off 

wavelength (330 nm)

ÅEVA kept in the dark at 57ÁC: no

fluorophores

ÅUV Ătransparentñ EVA (C): no

fluorophores

IF vs. UV dose

UV dose D [kWh/mĮ]
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ÅFor EVA A and B, transmission

T decreases with increasing

dose D

ÅEVA without UV absorber (C): 

no notable change
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Spectral changes in EVA


