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Estimating peak fitting errors in XPS: Influence of line shape, mixing
parameter, and noise on measurement uncertainty
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Accurate quantification of X-ray photoelectron spectra is crucial for reliable and
reproducible surface analysis. Peak fitting is a central aspect of this workflow for
both novice users and experienced analysts, yet the treatment of fit
uncertainties and the influence of fit model parameters remain largely unclear. A
number of different line shapes have been used to generate synthetic peak
envelopes for XPS fitting routines, including the mathematically convenient
Gaussian-Lorentzian sum and product functions, as well as the physics-based
Voigt profile. The differences in line shape among these functions have been
discussed by several authors [1-3], along with the influence of the so-called
mixing parameter on their line shapes. However, a comprehensive assessment
of the errors in parameters determined from peak fitting with different line
shapes and mixing parameters has not been presented to date, limiting the
comparability of fit models across different line shapes.

To further the understanding of the influence of line shape and mixing
parameter, and to provide first-time users of the technique with reasonable
estimates of the errors associated with their fitted model, we present a
comprehensive discussion of these error sources. Using synthetic spectra
similar to those of Conny & Powell [4], we assess the suitability of the
numerically-calculated covariance matrix for estimating errors in fit parameters,
and compare it with error estimates based on statistical and modeling
considerations using Poisson statistics and the yx° value, respectively. In
addition, the influence of signal-to-noise ratio, peak overlap, and background
inclusion on the fit is presented, along with practical guidelines for error
estimation. Finally, the effect of smoothing on error estimation has been studied
for spectra exhibiting low signal-to-noise ratios. These investigations show that
the overall uncertainties are largely governed by the error estimates of the fit
model rather than by statistical errors, as further shown by the application of this
methodology to selected experimental spectra.
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