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Introduction Inline Measurement Setup
B Analytical light trapping model of solar cells by Basore! and extensions?:3 m Stationary detector with moving table
— Reflection R, transmission T and parasitic/active absorption pA/A B Measurement wavelengths 360 nm < A1 < 1140 nm
— Suitable for common silicon based solar cells B Spot width wgpor & 2 cm and length Igp0c & 5 cm / \
: : Co : : Spectrometer
B Fits to simple reflectance spectra suffer from overfitting B Integration time ti,; = 50 ms (stationary)
B Fits including information on R and T more stable and robust* fopor = Hine - Vable J
= Inline measurements with direct model fits feasible m Black and white background Waer
—
— Rplack(4) = 5% R e
. . . . _ . ~ 0
Effective Optical Light Trapping Ryhite(4) = 80 % | | | N
B Rgpso and Rgs 100 together include necessary information on transmission
B Light absorption profile required as an input for electrical simulations
— Used for example in PC1D, Quokka3 or PVI_ighthouse Example Fit and Inline Parameter Correlations
B Reflection, transmission and external quantum efficiency (EQE) spectra
— Information on light trapping at A > 950 nm B Inline reflectance of 100 bifacial SHJ solar cells, M6+, n € [22.34,22.54] %
m Calculation time of numerical fit procedure tg; = 30 ms B Combined least square fit of effective model to Rgg g and Rgs 100
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Fit Accuracy Analysis and Choice of Dataset
B Measurement data sets
— Reflectance and transmittance {Rgs, Tgs} Results
— Reflectance on black and white backgrounds {Rgs o, Rrs 100} ® Good convergence for all cells
: : 3 ~ | ' 5
B 6 sets of free fit parameters and 10 sample from industry and Fraunhofer ISE — Appp as observed by Fell et al.%, and Rin ~ 0.92 for diffuse light
{Res, Tec} {Res o, Res 100} B Highest impact on Jye, given by parasitic absorption parameter Ay,
—— DIffDiffAppp s TOPCon batch ®m Short circuit current Jgc not dominated by light trapping in example batch
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Fit deviation [%] Fit deviation [%] — Analytical chuck extension for light trapping models introduced

— Stable model fits for reflectance on black and white backgrounds
— Method validated on 100 bifacial silicon heterojunction solar cells

m 98" percentile of [Yimeas — Ymodel| @ Measure of deviation — Possible application as input of inline characterization and digital twins
B Correlation of “fit-quality” with deviations in EQE

= Two reflection spectra on black and white background constrain fits well
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