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Key Takeaway:

UV-Induced Degradation (UVID): This
occurs in some PV modules but is
manageable by using UV-stable
designs and encapsulation materials.
However, more research is needed to
fully replicate laboratory tests to field
conditions.



UVID Degradation of Modules :(l\““

e <400 nm, interacts with materials and interfaces:
o Passivation layers (a-Si:H, SiO,, SiNXHy, ALO,)
o Crystalline Si
o ITO (in Si heterojunctions)

~

Guiheneuf 2017, DOI: 10.1016/j.solener.2017.08.044
Witteck 2017, DOI: 10.1109/PVSC.2017.8366019; DOI: 10.1002/pip.2861

Sinha 2022, DOI 10.1002/pip.3606 > Select references
Thome 2024, DOI: 10.1002/s0lIr.202400628
Rasmussen 2024, DOI: 10.1109/PVSC57443.2024.10749079 s
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UVID Degradation of Modules :(i‘l‘

e <400 nm, interacts with materials and interfaces:
o Passivation layers (a-Si:H, SiOz, SiNXHy, AI203)
o Crystalline Si

o ITO (in Si heterojunctions)
Degradation responses measured across architectures
UV absorbers in encapsulants
o Added to protect devices
o Issues with browning
o UV-transparent front materials are becoming more common
m Increased initial performance
m Avoid degradation of encapsulant
m UVID of device is of increased concern
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UVID Degradation of Modules
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<400 nm, interacts with materials and interfaces:

O

O

o

Passivation layers
Crystalline Si
ITO (in Si heterojunctions)

Degradation responses measured across architectures
UV absorbers in encapsulants

(@)
(@)
(@)

Added to protect devices

Issues with browning

UV-transparent front materials are becoming more common
m Increased initial performance
m Avoid degradation of encapsulant
m UVID of device is of increased concern

Guiheneuf 2017, DOI: 10.1016/j.solener.2017.08.044

~
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TOPCon cells are not all the “same”

Key: Need to think of materials as
unique due to manufacturing,
stabilizers, processing

"What is a polyolefin? A critical overview of
ethylene copolymers used as solar photovoltaic
module encapsulants" Oreski et al. Submitted to
Progress in Photovoltaics

> Select references

_/



Fielded modules are the gold standard* :(I\““

e Evidence of degradation in SHJs

e Nonlinear power loss: most degradation in the first two
years

e V_ loss dominates; recombination increased
significantly

e Series resistance increased (extrinsic causes)

-y e Later publication saw similar effect in UVID lab-aged

- : ’ modules

Fig. 1. View of 2 of the 5 modules after almost 10 years of field exposure.
Some encapsulant discoloration is clearly visible. Photo credit: Dirk Jordan,
NREL PIX 45038.

“Multimodal degradations, long durations, technology can evolve faster than learnings

Jordan 2018, DOI: 10.1109/JPHOTOV.2017.2765680 8
Sinha 2022, DOI: 10.1002/pip.3606
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Fielded modules show UVID of TOPCon
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How do we study this: accelerated aging

PVPS

Sources include: Xe arc lamps, metal halide lamps
Temperatures vary (45 - 70°C)

Device conditions (open vs. short circuit)

Bare vs. encapsulated, varied encapsulation

Dose varies

Definitions of “equivalent years of exposure”...vary

Cross validation is required
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Degradation in the dark, recovery in the light :(i“‘

Dark storage
13 days

UVvID-120 Light Soak https://www.kiwa.com/us/en/kiwa/entities/pve

I/news/access-the-pvrw-2025-presentations/

Dark Lighi

Storage

e Recent presentations (PVRW) shows that UV initiates metastabilty in dark

storage conditions
e This should be taken into account in lab studies
o Stabilization by full spectrum light soak, or 365 nm LEDs, or outdoor exposure

e Some recovery, not full recovery; variation within technologies




Recent results bridging materials and device studies :(i“‘

Postdocs Undergraduates Graduate
: A students

This material is based upon work supported by the U.S.
Department of Energy’s Office of Energy Efficiency and
Renewable Energy (EERE) under Solar Energy Technologies Office
(SETO) Agreement Number DE-EE0010250.

The views expressed herein do not necessarily represent the
views of the U.S. Department of Energy or the United States
Government.
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Inherent Sources of
Variation in Degradation

External

Stressors

Brand/Suppliers
Cell Architecture
Processing Techniques
Cell Materials
Encapsulation

Glass/Backsheet

Applied Bias
Irradiance/UV
Moisture

Temperature

™ CASE WESTERN RESERVE

UNIVERSITY

Degradation
Prediction
Models
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Experimental Setup

Samples:
e Bifacial TOPCon

O Full M10 cells - Multiple vendors
O Laser-cut mini-cells (2.5 cm x 2.5 cm)

Exposure Conditions:

e SUV: High-Intensity 2.6 kW/m? between
300-400 nm
O Total UV irradiance = 2574.6 W/m?
O Maximum UV dose = 1100 kWh/m? (418 h)
O Metal oxide lamp, EYE Super UV Tester (SUV-W161)

e QUV: “Low-Intensity” 1.55 W/m?/nm at 340 nm
O Total UV irradiance = 69.3 W/m?
O Maximum UV dose = 190 kWh/m? (~3600 h)
O Fluorescent lamp

PVPS
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llluminated |-V Curves of TOPCon devices

Difference in degradation between three vendors:
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llluminated |-V Curves of TOPCon devices

N/Si

Difference in degradation between three vendors:
« XPS: B-1 and D-2 have similar compositions of .
the surface of the passivation layer ' —
« What about the bulk and the interface? -
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Cross-Sectional TEM of Devices B and D
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Both B and D have two-step SiOXNy
deposition

Sample D has thinner AL,O, layer
Measurements of four samples -
four days!

This work was conducted in part at the Nanoscale
Research Facility of the Herbert Wertheim College of
Engineering at the University of Florida with the
valuable assistance of Dr. Nicholas Rudawski

Vendor B

Vendor D
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Glow Discharge Optical Emission Spectroscopy
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Does SUV cause the same UVID over a shorter period of time? ~(';

Similar trends in losses to
PERC B cells

PERC B: half cells
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Takeaways

PVPS

UVID is a degradation mode of concern

Work to bridge materials, devices, cells, modules
Work to bridge lab studies and field observations
Address great variation between vendors
Statistically relevant sample sets
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