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• Title

Background: UV-induced degradation
Gruenbaum & coworkers 1990, 1998 Recombination centers at SiO2/Si interface: Hot carriers

Lauinger & coworkers 1996 Increase Seff at CVD–SiN:H/Si interface: H passivation loss

Kamioka & coworkers 2015 Plasma deposition of SiN:H causes UV damage, passivated by H

Witteck & coworkers 2017 UV-transparent encapsulation permits UV degradation; H-model

Jin & Coworkers 2018 UV-induced degradation present in modern PV cells
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PVQAT TG 13 , Hao Jin, Ning Li, Xinyu Zhang, and Qi Wang, 2018 NREL PVMRW

※ Distinctly separate from B-O LID and LeTID
Si



Degradation of cell properties under UV irradiation
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2013 SunPower® Module Degradation Rate (whitepaper) 
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Why now?  Modern cells may have more sensitivity to increasing 
surface recombination velocity from UV damage
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Experiment
Screening test Long pass filter test

PERT, IBC, Si-HJ  cells tested, 320 nm – 370 nm 
long-pass filters. 

 Cells  cut to 1/6 size

 Samples light soaked to 15 
kWh/m2 to precipitate any B-O 
degradation beforehand
(no UV below 404 nm)

 UV exposure under Q-lab UVA 340 
fluorescent bulbs, 1.24 W/m2/nm 
at 340 nm

 45 °C, low T to prevent LeTID and H 
redistribution from affecting 
results



Results – screening test (bare cell fronts)

Color = cell model (maker/ brand)
UVA 340 fluorescent bulbs, 1.24 W/m2/nm at 340 nm, 45 °C
Fill factor not considered because of noise from physical damage to cells and not a primary key to most UV-ID  

1990’s technology 
relatively robust

Optimized
for concentration p+/n front’s

B emitter solubility & diffusivity low 
Front surface field difficult?

n+/p front
More degradation than
1990’s BSF technology in
most cases

a-Si:H front
has sensitivity to
UV



Results – screening test (bare cell back)

UV
UV

limited BSF of bifacial PERC leads to susceptibility in UV-ID
(of course UV incident on the rear is limited) 



Normalized Isc and Voc of three cell types (IBC, n-PERT and Si HJ) 
fronts under UV-cut long pass filters 

ln(t) plot: two regimes 1 h- 100 h (5% of the test duration)
100 h -2000 h ( 95% of the test duration)

IBC PERT Si-HJ



Projecting degradation to 25 y and 50 y (cell fronts) – time basis

25
 y

50
 y

n-PERT
Phoenix AZ equivalent years @ 340 nm

2 
y

Linearizing the data with a ln[time(y)] transform
(1000 h chamber = 1 y Phoenix AZ @340 nm)

Projected fraction drop in Isc and Voc at 50 y



(a+b·λc) ln [H(c+d·λc)]
H: {W·h/m2} UV irradiance reaching cell
λc : filter cutoff at 10% transmission

Transmitted irradiance considering long pass filters and UVA 340 bulbs

• Empirical transformation for linearization of data for modeling purposes
• Suggests actual energy threshold for damage can be neglected for modeling purposes
• Single equation may suggest single dominant mechanism

Projecting degradation to 25 y and 50 y (cell fronts) – irradiance basis

n-PERT



50
 y

50
 y

Modelling of UV-induced degradation to 50 y – PERT case (front face)

Independent axis transform
for normalized Voc and Isc
(a+b·λc) ln [H(c+d·λc)]

Fill factor losses associated 
with Voc (minority carrier 
lifetime losses) calculated as:

where
At 50 y At 50 y



Plant power loss and SAM calculation of LCOE – PERT modules

Improvement in nominal LCOE: 0.24 ¢/kWh

Improvement in real LCOE: 0.17 ¢/kWh

Improvement in net present value: 6.9%

UV filter cutoff λ (nm, 10% transmission) 100 MW DC power plant

Improved UV filtering 320 nm  375 nm: 



Plant power loss and SAM calculation of LCOE – IBC modules

Improvement in nominal LCOE: 0.01 ¢/kWh
Improvement in real LCOE: 0.01 ¢/kWh
Improvement in net present value: 0.1%

UV-ID – resistant cells yield long term LCOE improvement such that UV filtering in encapsulation 
may be omitted

Improved UV filtering 320 nm  375 nm: 

UV filter cutoff λ (nm, 10% transmission) 100 MW DC power plant



Future stage: Use of UV absorbers in encapsulant to mitigate UV

Time zero transmittance of candidate encapsulants

Samples (mini modules)

Forthcoming…



• Modern cell designs are sensitive to UV-ID 
– Reduced or eliminated front and back surface field
– Increased dependence on high quality surface passivation

• Single transformation of the independent variable (t, kW·h/m2) could be used to achieve 
linear model of the data to extrapolate to 50 y

• Solar Advisor Model (SAM) shows appropriate filtering of UV-irradiation can improve LCOE 
and net present value of plant 

• Some advanced cell types are seen to be UV-resistant (cell level solutions also exist) 
• Solutions exist on the cell, glass, and encapsulant level

– Changes over time in each of these would also need to be considered (solarization, 
encapsulant browning…)

Summary and Conclusions



Thank you !
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