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Automatic threshold prediction of photoelectron yield spectroscopy (PYS)

by machine learning
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The prediction performance of the automatic threshold estimation of photoelectron yield spectroscopy using machine
learning and least squares regression (fitting) was verified using 82 measured data. The correct answer rate was greater
than 80% for machine learning and less than 50% for fitting, within an error range of +0.3 eV with respect to the correct
answer (the result of human spectrum analysis). To further improve the correct answer rate, it is necessary to change the
energy range and energy step of the measured data because increase in the nonlinear intensity at the high-energy side of
the spectrum is considered to affect the automatic estimation. The estimation did not change with changes in the energy
step of the data. However, when the energy range in the data was changed, the estimation improved. If the threshold is
expected to be less than 6.0 eV, the prediction is improved by using an energy range of 4.2—6.2 eV.
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Fig. 1: Observed-predicted plot of the prediction results of 87 verification data. The correct answer is plotted on the

horizontal axis, and the predictions are plotted on the vertical axis. Along the diagonal line, the predictions coincide with

the correct answers. Lines with a deviation of 0.3 eV from the diagonal line are also shown.
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Fig. 2: Representative spectra and their prediction results (RF, GB, and fitting)—spectra indicating (a) similar predictions

for all models and (b) large predicted values of the fitting; in (a), the spectral intensity increases linearly from the threshold;

On the other hand, in (b), the spectral intensity increases nonlinearly in the high-energy region (specifically energy

exceeding 6.8 eV); the arrows in each graph indicate the energy values predicted by each model (the order of the arrows

from the shortest to the longest is label, GB, RF, and fitting)
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Fig. 3: Modified Au data with respect to energy range and steps—(a) shows the original data for an energy range and step
of 4.0-7.0 eV and 0.05 eV, respectively, and (b), (c), and (d) show the data for an energy range of 4.0-7.0 eV and an
energy step of 0.1 eV, an energy range of 4.2-6.2 eV and an energy step of 0.05 eV, and an energy range of 4.2-6.2 eV

and an energy step of 0.1 eV
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Fig. 4 The bar graph of the difference between the prediction and correct answer for fitting (a), GB (b), and RF (c) for

each sample— The bar graphs are arranged from left in the following order: the original, 4.2—6.2 ¢V, and 5.0-7.0 eV
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Table 1 Differences between the correct answer and the predictions for fitting, GB, and RF—the number enclosed in

parentheses indicates the energy range; the bottom column indicates the number of spectra within +0.3 eV, and the second

column from the bottom shows the average absolute error; the shaded values are within 0.3 eV

Name | Estimation Difference Fitting Difference GB Difference RF
original original original

(start, end) (4.07.0) | (42,6.2) | (5.0,7.0) | (4.07.0) | (42,6.2) | (5.0,7.0) | (4.0,7.0) | (4.2,6.2) | (5.0,7.0)
Au_50 4.83 0.80 0.67 0.25 0.19 0.35 0.18
Au_50 4.81 0.66 0.54 0.25 0.12 0.32 0.17
Cu 5.34 0.86 -0.05 0.94 0.12 -0.15 0.26 0.20 -0.08 0.30
Cu 5.65 135 1.35 1.35 0.25 0.02 0.19 0.32 0.08 0.30
Cu 5.66 134 1.34 1.34 0.24 -0.01 0.28 0.34 0.06 0.39
Cu 5.62 1.16 0.28 0.98 0.10 -0.05 0.21 0.33 -0.08 0.22
Cu 5.44 1.56 0.16 1.56 0.30 0.17 0.28 0.43 0.21 0.40
Al 4,95 1.30 0.91 0.39 0.06 0.43 0.15
Al 4.49 0.80 0.87 0.50 0.31 0.58 0.40
Al 4.56 0.88 0.81 0.46 0.24 0.55 0.36
Al 4.66 1.38 0.11 0.20 -0.01 0.16 0.02
Al 5.88 0.61 1.12 0.62 -0.10 -0.15 0.03 0.09 -0.10 0.08
ITO_50 5.32 1.43 0.01 1.57 0.25 -0.30 0.48 0.49 -0.20 0.58
ITO_100 5.02 1.77 0.63 1.19 0.47 -0.18 0.75 0.61 0.00 0.78
ITO_100 5.19 1.26 0.06 0.58 0.24 -0.05 0.54 0.43 -0.18 0.51
ITO_300 4.97 1.69 0.53 0.33 -0.12 0.38 -0.08
ITO_300 5.17 0.37 -0.06 0.34 0.13 -0.17 0.18 0.05 -0.19 0.23
NPD 5.49 0.32 0.30 0.33 0.01 -0.31 0.08 0.10 -0.08 0.11
PhPO3H 5.78 1.21 121 121 0.13 -0.02 0.23 0.28 0.01 0.25
Mean Absolute Error 117 0.73 1.09 0.28 0.17 0.35 0.38 0.17 0.40
Within £0.3 0/19 8/19 0/12 15/19 17/19 9/12 6/19 17/19 7112
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