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Figure S1: Illustration of the compression cell used in this work (a). The PTFE body had holes on opposite 

sides for mounting the silicon working electrode (1) and a quartz window (4) through metal compression 

plates using O-ring seals. The compression plate had holes to allow for front illumination (b, 5) through the 

quartz window or back illumination (c, 6) through the back of the working electrode. The working electrode 

was contacted through the metal compression plate. During experiments the top of the compression cell was 

covered to allow only illumination from back or front. 
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Figure S2: Standard fractal geometries used for testing of the quality of numerical calculations. (a) Koch 
curve, and (b) Sierpinski triangle. Calculated fractal dimensions Df,2D are indicated. Theoretical values are 
indicated in parentheses. 
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Figure S3: Evolution of the core-level intensities for the Si 2p, the O 1s and the F 1s lines from the linear 

sweep experimental data shown in Figure 2. Signal intensities were normalized to the intensity of the Si 

bulk line Si0. (a) Total normalized intensity of constituent peaks for each element, and (b) normalized 

intensities of each constituent peak for each element. 
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Figure S4: Depth profile of a fractal surface recorded with a Bruker Dektak XT profilometer (after 

chronoamperometry for 10 min at E = +6.0 V in 11.9 M NH4F(aq) while under back illumination at an 

intensity of 50 mW×cm-2. Note that the fractals showed a depth ranging from 0.7 µm to 3 µm. 

 

 

 
Figure S5: Comparison between etch patterns formed using (a) front and (b) back illumination on n-Si(100). 

The scale bar has a size of 100 µm. The typical etch pattern for the Si(100) orientation is visible in both 

cases, with the only substantial difference between the samples found in the center, where the initial gas 

bubble was present. The front-illuminated sample showed a smooth inner surface whereas the back-

illuminated sample showed a wavy rough surface. The dashed line in (a) indicates the square box in which 

the structure is confined. 
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Figure S6: (a) Chronoamperometric profiles at E = +6.0 V vs. Ag/AgCl in 11.9 M NH4F(aq) for 

50 mW×cm-2 back illumination under vigorous stirring of the electrolyte (900 rpm). Representative optical 

images of fractals on n-Si(100) samples when chronoamperometry at E = +6.0 V under 50 mW×cm-2 white-

light back illumination was stopped at different times: (b) 10 min and (c) 20 min. The trace of the initial gas 

bubble is visible in the center of the fractal pattern. Each scale bar has a size of 100 µm. 
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Figure S7: (a, b) Change in the chemical shift of the Si4+ 2p core level as calculated from the difference in 

binding energy between the binding energies of Si4+ 2p and Si0 2p for samples (a) after a linear potential 

sweep to the varied potentials, or (b) after CA at E = +6 V for varied times. The red arrow indicates the 

trend from SiO2 towards SiOxFy (a) and SiOxFy to SiO2 (b). (c) Charge density passed as a function of time 

during the CA measurement. The slope was 0.49 ± 0.02 C×cm-2×min-1. (d) Comparison of Si 2p spectra for 

SiOxFy and native oxide on n-Si(100). 
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Figure S8: Determination of the fractal dimension by cube counting for the fractal shown in Figure 3. The 

fractal dimension Df,2D is given by the slope of a linear fit to the data according to the equation 

log(N(e)) = Df,2D×log(1/e)+c in the diagram, where e is the lattice constant and N(e) the number of cubes for 

the given lattice constant. Values for Df,2D and c are included in each graph. 
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Figure S9: Distribution of the electric field in Si as calculated from a finite-element electrostatic simulation 

in which the contact to the electrolyte is locally blocked by a gas bubble. The color scheme indicates the 

electric-field gradient with supporting equipotential lines. Minority charge carriers are driven to the 

boundary as indicated by the arrows. 

 

 
Figure S10: Secondary Electron Microscope images of region at edge of a fractal (a) and inside of a fractal 
(b). 
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Figure S11: Finite-difference time-domain simulation of the intensity of the electric field formed upon 

white-light illumination of a Si substrate with a bubble on its surface. (a) The simulated environment was a 

hemisphere with an index of refraction of 1, surrounded by water (index of refraction 1.33), and adsorbed 

on Si. (b) A cross section of the electric field where z=0 (at the Si surface), with three points labelled: (1) 

the center of the bubble, (2) the three-phase boundary, and (3) a point outside the as bubble. (c) A line scan 

across the surface where y=0, and crossing the three points labelled in (b). Field intensities are highest at 

the gas/silicon boundary. (d) The wavelength-dependence of the intensity variation for the three different 

points labelled in (b). 
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XPS core-level analysis 

For a quantitative analysis of the chemical surface composition, high-resolution spectra of the Si 2p, O 1s, 

and F 1s core level lines were recorded with the mutually identical pass energies (10 eV), and the signal 

intensity was converted to count per seconds (cps). A step size of 0.025 eV, a dwell time of 0.1 s, a pass 

energy of 5 eV for high-resolution scans, and a spot size of 300 x 700 µm (slot) was used. The absolute 

intensity of each species (Si0, Si4+, OH, H2O, oxides, F species) was obtained by peak deconvolution and 

dividing the obtained intensity by the respective atomic sensitivity factors (Si 2p = 0.328, F 1s = 1, 

O 1s = 0.78). The intensity was then normalized to the silicon bulk line intensity (Si0), to compare the 

obtained intensities between different samples. 
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