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Supplementary Note 1: STM dangling bond density determination
The dangling bond density is determined using the Gwyddion software package [1] by using
two different threshold selection methods to find a range of dangling bond densities: (i) Otsu’s
threshold selection method [2] in Supplementary Figure 1a-b and (ii) basic threshold selection
in Supplementary Figure 1c. Supplementary Figure 1 shows the results of three different STM
images over the region corresponding to the maximum observed desorption after a 100 min
non-monochromatic irradiation (Figure 1d in the main text). These methods determine the
dangling bond density by finding the total relative area of the surface enclosed by the
protrusions of dangling bonds on the surface, which can be treated as individual ‘grains’ in the
STM images. It is important to state that the dangling bonds are not directly counted here,
rather, the relative area encompassed by the protrusions of the dangling bonds in the STM
images, so this offers at best an upper-bound estimate on the dangling bond density. A grain
analysis was performed on the full STM image and a zoom-in around a region that contains no
step edge. We find the range of measured dangling bond densities lies between 45% to 62%.
Thus, to be conservative, the best estimate of the dangling bond density lies within (0.55 +
0.10) ML.
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Supplementary Figure 1: STM grain analysis for dangling bond density determination. (a-b) Otsu’s and (c) basic
threshold method being employed to determine the relative dangling bond density. Three different STM images over the same
region of the sample are analysed, along with a zoom-in over areas without a step-edge. The range of dangling bond densities
lie within (0.55 = 0.10) ML.



Supplementary Note 2: XPS fits of Si(001):H after non-

monochromatic irradiation

Supplementary Figure 2 shows how the monohydride Si(001)/H photoelectron spectrum
changes as a function of non-monochromatic irradiation time, where the fits are explicitly
shown at five different times. This dataset is identical to that presented and discussed in the
main text. Supplementary Figure 2a shows the results when no active heating/cooling was
applied to the sample and, although not directly measured, we refer to these measurements as
having a base temperature of 300 K (or room temperature). Supplementary Figure 2b shows
measurements made when the sample was both irradiated and measured with XPS at a base
temperature of 77 K. We see that in all instances, a very good fit to the data is obtained
consistently across all irradiation times and temperatures. The changes in the spectra of
Supplementary Figure 2 is consistent with the hydrogen terminated photoelectron spectrum
transforming into the clean silicon spectrum, because of hydrogen desorption. One of the main
differences in the fits shown in Supplementary Figure 2a,b is that the inhomogeneous
broadening of the fit components is smaller at 77 K, relative to 300 K. At ¢ = 0 min, the
Gaussian FWHM of each component at 300 K is 295 meV, which reduces to 265 meV at 77
K. This reduction of 30 meV allows each chemically shifted component in the photoelectron
spectrum to be more easily resolved at 77 K.
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Supplementary Figure 2: Si 2p fits versus non-
monochromatic irradiation time. (a-b) Series of fitted
photoelectron spectra, equivalent to the data discussed
in the main text, at a sample temperature of (a) 300 K
(no active heating / cooling), (b) 77 K (with liquid
nitrogen cooling). The total irradiation time is shown on
the top left of each figure panel. The spectra are taken at
hv =140 eV and 8 = 60°. The five fitted components Su,
SSH, Sup, SS2 and B are all individually identified and
-t=120 min t= 120 min color-coded, as discussed and shown in the main text.
The solid red and black line show the raw and fitted data

B~ B . . .
-. respectively, prior to background subtraction, whose
maximum peak height is normalised to one. Each fitted
component is plotted after being background subtracted.
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Supplementary Note 3: Summary and model of EUV-induced
hydrogen desorption

Supplementary Figure 3(a) shows a plot of the clean silicon density versus the photon
irradiance. This plot is similar to Figure 2b in the main text, however, here it includes all data
obtained from all photon irradiations at PEARL. We find that all data points lie in very good
agreement with one another and within the confidence intervals of the fit. This establishes that
the desorption mechanism is likely the same for all types of irradiations and that the principal
determining factor is the photon irradiance.

The model solution for EUV-induced hydrogen desorption is shown in Supplementary
Figure 3(b). The analytical solution (Equation 3 in the main text) and its derivative (Equation
4 in the main text) are shown as a solid black and blue line respectively. The model requires
only one parameter to fit the data and shows that as hydrogen desorption progresses, the
probability of further desorption decreases, slowing down the overall process. The clean silicon
atom density gradually approaches 1 and, according to the model, to achieve a clean silicon
atom density of 0.95 ML, a photon irradiance of 12x10?° ph/cm? is required; the largest we
achieved during these experiments was 0.55 ML with a photon irradiance of 1.7x10%° ph/cm?.
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Supplementary Figure 3: Summary and model of hydrogen desorption measurements at PEARL. (a) Density of clean
silicon atoms, ps; (red) and up-buckled silicon atoms, psj ., (green) versus photon irradiance. Irradiations using non-
monochromatic (NMC) light are shown with and without (w/o) the three different EUV filters, and monochromatic (MC) light
at 109 eV. The labelled black data point shows the silicon atom density as measured from STM imaging. The symbols are
from measured data and the lines show the best fit to the data. The NMC exposures are shown for both 77 K and RT, whereas
the filtered NMC and MC exposures are at RT. The coloured areas around the fits represent the 90% confidence interval. A
good agreement is found amongst all type of exposures. (b) Model solution for EUV-induced hydrogen desorption which is
an exact solution to a first-order non-linear differential equation (Equation 4 in main text). The solution to the best fit of the
data in (a) is shown on the left y-axis (in black) and its derivative is shown on the right y-axis (in blue). The right y-axis (in
blue) is scaled to equal the desorption yield (or probability); as hydrogen desorption progresses, the probability of further
desorption decreases, slowing down the overall process, with the clean silicon atom density slowly approaching 1.



Supplementary Note 4: Spectral profile of PEARL non-

monochromatic irradiation

Non-monochromatic irradiation was performed at the PEARL beamline (bending magnet
insertion device) by aligning the plane grating monochromator to its zero-order reflection,
such that all photon energies passed through the beamline optics and were subsequently
focussed onto the sample surface. Supplementary Figure 4 shows the calculated photon flux
profile of the zero-order spectrum and its convolution with the transmittance of each x-ray
filter. The spectral profile of the unfiltered non-monochromatic beam is a continuous
distribution of photon energies, whose maximal photon flux is between 10 — 100 eV. Further,
we see that by using the different x-ray filters, different transmission bands can be accessed:
(1) Al has a maximum transmittance between 17 — 73 eV and above 350 eV; (ii) Zr has a
maximum transmittance between 70 — 200 eV and above 700 eV; (iii) C has a maximum
transmittance between 100 — 280 eV and above 350 eV. For comparison, the spectral profile
of the PEARL monochromatic photon flux versus photon energy can be found in Ref. [3],
which yields a brilliance that is two orders of magnitude smaller than the unfiltered non-
monochromatic beam.
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Supplementary Figure 4: Calculated non-monochromatic (zero-order) transmission spectrum of the x-ray filters. The
calculated flux profile of the zero-order spectrum for non-monochromatic light at PEARL is shown, along with its convolution
with each of the x-ray filters transmission profile.
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