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• Simple setup

• Module is not disconnected 

from circuit

• Signal is generated by the 

fluorophores in the laminate 

excited by UV light

• Easy to combine with 

electroluminescence

General Measurement Setup

UV-Light 310 - 400 nm

UV-fluorescence 400-800 nm

Digital camera

Long-pass filter > 400 nm

Short-pass filter < 400 nm

LED-UV-light source

~ 5 W/m²
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• Sun light generates fluorescent materials in lamination materials 

during operation of PV module 

Principle of UV Fluorescence

• Hot areas increase 

fluorescence 

generation

• Oxygen photo-

bleaches fluorescence
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• Photobleaching of UVF needs oxygen 

and light

• Oxygen availability is dependent of OTR

of backsheet and lamination materials

• Light dose is dependent on weather

• Determination of the chronological order 

of the occurrence of cracks possible

Cell CracksEL UVF

6 days outdoor (5 kWh/m²)

after introducing cracks

70 days outdoor (86 kWh/m²)
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Cell Cracks
• Photobleaching of UVF needs oxygen 

and light

• Oxygen availability is dependent of OTR

of backsheet and lamination materials

• Light dose is dependent on weather

• Determination of the chronological order 

of the occurrence of cracks possible
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Cell Cracks/Hail
EL

UVF

• Fresh crack, during transportation from field 

to lab Č no light Č no bleaching of UVF

• Intermediate crack Č some light Č some 

oxygen Č small quantity of UVF

• Old crack, fully photobleached UVF along 

cell crack
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Cell Cracks/Hail
• Fresh crack, during transportation from field 

to lab Č no light Č no bleaching of UVF

• Intermediate crack Č some light Č some 

oxygen Č small quantity of UVF

• Old crack, fully photobleached UVF along 

cell cracks
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• Sun generate less fluorescent materials in front EVA due to less

UVA absorption

UVA Transparent Front EVA

• UVA absorber 

molecules of rear 

EVA diffuse through 

cell gaps and cell 

cracks

• Cells cracks are 

framed
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UVA Transp. Lamination Materials 
• UVA absorbent molecules of rear EVA 

diffuse trough cell gaps

cells get framed by UV fluorescence

Ring pattern fluorescence

• Framing effect dependent on OTR and 

WTR of back sheet

• Backsheet can fluoresce strongly

if not protected by UVA absorbing

lamination materials
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• Basically UVF intensity 

increases with solar 

exposure

• Highest increase 

during summer

• In winter UVF pattern 

gets blurred

• 6 summer weeks min. 

for appl. UVF method

Seasonal Changes

Summer

Winter



IEA INTERNATIONAL ENERGY AGENCY

PHOTOVOLTAIC POWER SYSTEMS PROGRAMME

UVF / Operating Temperature

• After 3 weeks outdoors, the temperature

difference is detectable with UVF 

• UVF shows history of the operating

temperature

Sunlight irradiation dose [kWh/mĮ]
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• Cell with smallest

active cell area

blocks current

• Blocking cell 

gets hot in operation

• Hot blocking cells

can be detected by 

UVF

Isolated Cell Part

• Cracked inactive but non blocking cells

can not be detected 
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• Measurement in the dark

• System very inexpensive

and light weight

• Quick visual scan possible 

without taking photos

• Two persons recommended 

for working in the dark

Tripod Method/Handheld
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• Day light method

• Dark field subtraction allows 

elimination of light from the rear

• Always 90º view angle

• High resolution (1 module/image), 

and high dynamic range (14 bit)

• Battery holds for 4h

• One (lower module row) or two 

(upper row) persons recommended

Hood Based Method
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• Flying in the dark

• Optimal flight height dependent on 

UVF intensity

• For optimal conditions flight height of 

4.5 m –6.0 m possible

• Flight time ~10 min (half of normal)

• Two persons recommended 

Pilot + picture taking and support

Drone Based Method

D2

D1

H2

H1
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• Naked eye: Quick overview 1000 modules/h, marking only 

defective modules, counting different BOMs

• Tripod Camera: 250 modules/h with high quality

• Hood based: 200 modules/h with highest quality in daylight,

sufficient for detection of chronological order of cell cracks 

• Drone based: 720 module/h with limited quality, 

sufficient for bright fluorescence modules

Evaluation Speed
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• Naked eye: accessible parts of a roof top,

2-3 module rows along edges of array

• Camera on tripod with expander: edge parts of a roof top, 

3-4 module rows at the edge

• Hood based: focus on well accessible PV plants 1. + 2. row

• Drone based: any large PV system (>=100 kWp) with UVA 

absorbing front lamination material

Local Conditions
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Conclusion

• Fast cell crack detection, hail impact, hot spots

• Strategic sampling of test candidates for EL-imaging

• Identification of different PV module BOMs

• UVA transparent front lamination material makes very sensitive 

measurement necessary for crack detection

• Applicable by tripod camera (dark) 250 modules/h, 

hood based (day light) 200 modules/h, 

drone based (dark) 720 modules/h
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Thank You for Your Attention

Funded by the German Federal Ministry

for Economic Affairs and Energy (BMWi) 

contract Nr. 0325735D and 0324304C
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• Glue residuals, 

sticker ?

• Oxygen diffusion 

path along cell 

ribbon and silver 

finger?

• Homogenously 

tempered module, 

but bright line of cells 

fluoresce?

Unknown Features
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Flux, Fixing Tape

• Intensive use of flux during cell 

stringing is visible after PV module 

exposure in the field

• String fixing tape visible in UVF

Flux:

Normal

More than

normal

Intensive
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Fluorescent Backsheet
• Backsheet with some browning

• UVF of backsheet dominats image

• Ring pattern 

(front EVA with low UV cutoff) 

• Cell cracks are difficult to see
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Fluorescent Backsheet
• Backsheet with some browning

• UVF of backsheet dominats image

• Ring pattern 

(front EVA with low UV cutoff)

• Cell cracks are difficult to see

• Log scale intensity reveals cell cracks

• High integration time required (3 s)
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• Hot spots in IR images may 

deviate from UVF images

• Old hot spot (blue),

current hot spot (red)

• Remember UVF images reveal 

cumulative temperature history

Hot Spots

IR Lock-in       EL        UVF
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• Naked Eye method: eye protection for UVA, skin protection (sun 

milk with high (50) sun protection factor, gloves)

• Hood based: eye protection for accidental exposure

• Drone based: eye protection, skin protection depends on flight 

circumstances

Safety Aspects


