
Monday Morning, December 9, 2024 

Monday Morning, December 9, 2024 1 8:00 AM 

Renewable Energy and Energy Storage 
Room Naupaka Salon 4 - Session RE2-MoM 

Surfaces and Interfaces in Photovoltaics 
Moderator: Elisa Miller, National Renewable Energy Laboratory 

10:20am RE2-MoM-8 Multifunctional Coating for Solar Module Glass, 
Ning Song, UNSW, Australia INVITED 

Currently, single-layer antireflection coated (SLARC) solar glass has a 
dominant market share of 95% compared to glass with other coatings or no 
coating, for Si PV modules. This antireflection coating (ARC) results in an 
efficiency gain of 2-3%. However, there are issues with these SLARCs: 

(1) Solar cell warming due to increased sub-bandgap light absorption (by 
+0.4~1.2 K), counteracting the cell current gain and accelerating the aging 
of the solar panels. 

(2) Poor durability due to the coating’s porous structure (typically lasting ≤5 
years). 

This paper aims to develop a non-porous multilayer coating (MLC) that is 
more durable and will act as a spectrally selective filter for solar modules. 
Studies have been conducted on MLCs in terms of optical, microstructure, 
mechanical, and durability properties compared with commercial single-
layer AR coatings. The MLCs showed superior performance in durability and 
benefit in reducing parasitic heat absorption in the non-usable wavelength 
range. Also, a techno-economic analysis model based on the 
multifunctional coating specifically to evaluate economic benefits has been 
developed. 

11:00am RE2-MoM-10 Low Dos Tails Dominate Band Alignments in State-
of-the-Art Cd(Se,Te) Solar Cells, Craig Perkins, National Renewable Energy 
Laboratory 

As the efficiency of single junction CdTe-based solar cells approaches the 
thermodynamic limit, further device improvements depend heavily on 
identifying the limiting aspects of cell architectures.Device modeling is the 
main tool for apportionment of efficiency losses and for guiding research 
into which aspects of cell designs need improvement.State-of-the-art 
device models though require numerous input parameters related to both 
bulk and interfacial properties, many of which are not known.Detailed 
characterization of an interface in any completed thin film solar cell 
presents a challenge but is particularly difficult in CdTe-based solar cells 
where the heterojunction is formed first, evolves during subsequent 
processing, and ultimately gets buried between mm-thick glass and microns 
of other materials.In this contribution, we show how an unusual sample 
preparation method coupled with electron spectroscopic methods was 
used to tease out details of the front interface of new record efficiency 
CdTe solar cells.A combination of X-ray photoelectron spectroscopy (XPS), 
ultraviolet photoelectron spectroscopy (UPS), low energy inverse 
photoemission spectroscopy (LEIPS), and Auger electron spectroscopy (AES) 
was used to probe the electronic and structural properties of the front 
oxide-Cd(Se,Te) interface in fully completed solar cells.Prior to our 
destructive analysis of the front interface, operating cells were fully 
characterized by transport measurements, which when modeled, allowed 
independent assessment of band positions measured by surface analytical 
techniques.Band alignments based mainly on X-ray excited valence band 
spectra do not agree with alignments estimated from device modeling, 
whereas measurements using UPS-derived band edges do agree.A major 
conclusion from this is that low density of states (DOS) tails can be missed 
by X-ray excited valence band measurements, even when XPS data are used 
in conjunction with theoretical total DOS.The low DOS tails detected 
directly by UPS are found to be present in several different materials and 
structures found in modern CdTe solar cell designs, including SnO2, a 
material used widely in other solar cell designs as well as in gas sensors and 
other electronic devices.It is believed that the low DOS band edges critical 
to this work are present in many other electronic materials.For that reason, 
our work has important implications for the use of electron spectroscopy in 
understanding and improvement of a wide variety of semiconducting 
devices. 
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