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Section S1. Model Building Cell method

The planar arrangement of the NWs was also studied by using a bottom-up approach consisting in
mapping the two-dimensional array images in figure 1b, ¢, and d (main text) through the iterative
repetition of a planar Model Building Cell (MBC). The MBC, shown in figure S1.1, is set by
matching the image in figure 1d (main text), which we assume as our elementary cell (80 nm x 70
nm) and shows a filling factor of 0.6 in agreement with the measured filling factor (see main text,
figure le). The MBC is repeated until the entire area of interest has been covered, mapping the
image in figure 1c (800 nm x 700 nm) and in figure 1b (8000 nm x 7000 nm) of the main text. The
MBC is obtained considering the geometrical cross section of an aggregate of N=80 spheres, each

with a radius ro=4 nm.

Figure S1.1 Planar Model Building Cell used to calculate the fractal dimension of the sample.

This choice is suggested by micro-Raman results and transmission electron microscopy (TEM)

images, which estimate the diameter of the NWs to be 742 nm. The most relevant parameter in the



fractal characterization of an aggregate of N monomers is the fractal dimension' D, defined by the

.2 . . .
relation” N = r{f where r, is the radius of gyration, expressed as

1 N
1 = o 2 (1)

with r; and r; position vectors of the iy and ji, constituent monomers”. The radius of gyration for our
MBC comes out to be g = 30.61 nm. We obtain the fractal dimension as the slope of the curve of
log N;vs log (7,i/7r40), where N; is the number of MBC which we need for an optimal coverage of the
SEM image at the three different magnifications (figure 1b, ¢, and d of the main text) and r,; are the

corresponding radii of gyration.

Section S2. Lacunarity

Lacunarity is an important parameter for the characterization of a fractal sample; it is the
complementary information to the fractal dimension describing how the fractal texture is organized.
It is closely related to the size distribution of the holes. Indeed, if a fractal has large holes, including
large regions of space, it has high lacunarity. On the other hand, since lacunarity is related to the
deviation of fractals from translational invariance®, it is expected to be high especially in random
fractals.

The lacunarity of the Si NWs samples is calculated from the pixel distribution of the images shown
in figure 2a and b of the main text and it is based on variation in pixels density at different box sizes
during the standard fixed non-overlapping box counting scan. In particular, the number of pixels
that are significant in describing the structure (the black ones in the inset of figure 2a) for each ¢ -
sized box in a grid placed on the image is counted during the scan. These pixels have been chosen
with a threshold level (a different threshold level does not affect the measure of the lacunarity). For

each grid of dimension &, the standard deviation o and the mean number of pixels per box, u, are

calculated; the lacunarity values A are defined as A=(o/ ],L)Z. Thus, for each € in each series of grid



sizes, for each g, grid position, in a set of grid positions used to investigate the image, there will be

a value of A. As a consequence, there will never be a single "A", but instead lg’ o and then more

values for each grid (the black and blue dots in figure 2d). For each orientation of a series of grid

sizes there will be a Xg value that represents the lacunarity; it is extracted by the slope In-ln

regression line of A(€). Note that, when an image is totally homogeneous, no variation in the pixel
box will be detected; 6=0 and as a consequence A=0. This means that the slope of the In(A)-In(€)
regression line will be undefined. For this reason the data are transformed by using (A+1), indeed, in

this case the totally homogeneous image has a slope of 0, meaning the absence of gaps.

Since the lacunarity dependence with the box size can be very different depending on the
calculation method™®, for the sake of comparison, we calculated the lacunarity related to the sample
1 and sample 2 by means of another methodology. In this different sampling approach we calculate
the number of pixels in a grid placed on the respective images during the overlapping sliding box
counting. The lacunarity curves of the two samples obtained with the two methods differ slightly in
the magnitude of the curve and very little in its shape. In figure S2.1 the results obtained by both the

non-overlapping box counting analysis and the overlapping sliding box analysis are compared.



@ sample 1 non-overlapping box counting
1.35 sample 1 overlapping sliding box counting
~~ 1 @ sample 2 non-overlapping box counting
T 1.304 sample 2 overlapping sliding box countin
NE- |
Yo 1.25
Il
< 1.20
- |
2 1.15
| S
g |
5 1.10-
g J
1 1.05-
1.00

— 1 r 1 r I r 1 r 1 r 1 T T T T T 7
0 100 200 300 400 500 600 700 800 900 1000
Length (nm)

Figure S2.1 Comparison between lacunarity curves obtained with different approaches.
Lacunarity curves of sample 1 (black and green) and sample 2 (blue and red) obtained both with
“non-overlapping”(black and blue) and “overlapping sliding”(green and red) box counting methods

respectively.

Section S3. Total reflectance pattern: a numerical investigation

We realize a model structure to theoretically investigate the effect of the sample heterogeneity on
the total reflectance pattern (see figure S3.1). We choose to model the system as a layer of
randomly distributed spherical cavities (n=1) embedded in a homogeneous matrix with an effective
refractive index ranging between n=2.57 and n=1.97 (spanning from an incident wavelength of 360
nm to 633 nm), as obtained from the Bruggeman mixing rule (see the main text for details). In our
numerical simulations we investigate both, the effect of the cavity size and of the edge-to-edge
distance between close cavities. We run computations assuming the presence of a different number

of cavities and we finally chose to adopt a cavity number equal to 18, as a good compromise



between the need to simulate the sample complexity and the convenience to deal with a reasonable

computational time.

Figure S3.1. Sketch of the model structure used to compute the total reflectance pattern. The
model structure is formed by 18 randomly distributed spherical air cavities embedded in a
homogeneous layer. In the total reflectance computations we sum up the intensities of the fields

scattered out of the plane spanning the half-space containing the incident wave vector.

Our computations have been performed using the Transition matrix approach, based on the
electromagnetic multipole field expansion”®’. The elements of the Transition matrix encompass all
information about particle size, morphology and composition, but are independent of the
propagation direction and polarization state of the incident and of the scattered fields. Therefore, the
Transition matrix has to be computed only once and then can be used in calculations for any
direction of incidence and scattering and for any polarization state of the incident field'”.

First we explore the effect of the size cavities, assuming cavity diameters ranging from 160 to 200

nm and an edge-to-edge distance / between nearest cavities in a range between A, </ <A where

Ais the value corresponding to the minimum of the experimental reflectance curve (428 nm). The



choice of these values has been motivated by the convenience to explore a size range comparable
with the length scales over which the lacunarity has its maximum value in sample 1 (see main text,
figure 2d). In each simulation we assume that all the cavities have the same diameters. The incident
field propagates normally to the plane where the model structure is placed. In figure S3.2 we show
the total reflectance pattern corresponding to a cavity diameter of 160 nm (blue line) and of 200 nm
(red line) compared with the computed silicon bulk (without holes) reflectance (solid black line)
and the experimental reflectance pattern (dotted line); in this computations the effective refractive
index is fixed at 2.57. The total reflectance is computed summing up the intensities of the fields
scattered out of the model structure plane at any angle, i.e. spanning the half-space containing the
incident wave vector (as shown in figure S3.1). We see from figure S3.2 that, as the cavity diameter
increases and as a consequence the edge-to-edge distance between the nearest cavities decreases,

the position of the minimum in the reflectance pattern blue shifts.
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Figure S3.2. Total reflectance pattern of the model structure for different cavity diameters.

Total reflectance simulated for a model structure having cavity diameter d fixed at 160 nm (blue

line) and at 200 nm (red line); the effective refractive index is fixed at 2.57. The calculated curves



are compared to the experimental curve (dotted line). The black line represents the calculated

reflectance for silicon bulk without holes.

Note that in the computations we assume that all the cavities have the same diameter, while the
experimental sample is characterized by a fractal size distribution ranging over all the length scales.
In figure S3.3 we further explore the effect of the edge-to-edge distance keeping the cavity diameter
fixed at 190 nm. We show the reflectance pattern corresponding to an edge-to-edge distance equal

to the incident wavelength A corresponding to the minimum of the experimental reflectance curve

(428 nm, green line), and close to the respective effective wavelength A (about 190 nm, blue line)

as defined in the paper main text. Again, the refractive index is fixed at n=2.57. The results confirm

as the reflectance pattern is sensitive to changes in the edge-to-edge distance.
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Figure S3.3. Total reflectance pattern of the model structure for different edge-to-edge cavity
distances. Total reflectance simulated for a model structure having cavity diameter d fixed at 190

nm and edge-to-edge distances equal to the incident wavelength A (428 nm, green line) and close to
the corresponding effective wavelength in the medium Ay (190 nm, red line). The effective

refractive index is fixed at n=2.57. The calculated curves are compared to the experimental (dotted

line). The black solid line represents the calculated reflectance for silicon bulk without holes.



In figure S3.4 we consider the material refractive index dependence on the wavelength and how it
affects the reflectance. We fix both the cavity diameter and the edge-to-edge distance between the
nearest cavities at 190 nm. Now we compare the computed reflectance curve at fixed refractive
index (n=2.57; red curve) with that one obtained with an effective refractive index changing across
the range n=2.57 and n=1.97 (spanning from an incident wavelength of 360 nm to 633 nm; blue
curve). The figure shows that introducing the wavelength refractive index dependence, we get a

more realistic description of the sample and thus a better matching with the experimental curve.
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Figure S3.4. Total reflectance pattern of the model structure assuming a wavelength
refractive index dependence. Total reflectance simulated for a model structure having both cavity
diameter d and edge-to-edge distance fixed at 190 nm. Red line: refractive index fixed at n=2.57;

blue line: refractive index ranging between n=2.57 and n=1.97. The calculated curves are compared

to the experimental (dotted line).

Section S4. Specular reflectance
The specular reflectance of sample 1 as a function of the incidence angle is evaluated in a spectral

range between 300 and 800 nm and plotted in figure S4.1 at the wavelengths of 428 nm, 532 nm



and 680 nm (as representative of the minimum of the reflectance spectrum, the green and the red
spectral regions, respectively). The angle-resolved measurements have been acquired with a home-
made micro-reflectometer coupled to a Fourier-transform spectrometer (Bruker IFS 66s), for
incidence angles varying in the range 0-60 degrees. Absolute reflectance values were independently
calibrated using a stabilized He-Ne laser at A=632.8 nm wavelength.

Through all the investigated spectral range the specular reflectance shows a minimum when the
incident radiation is along the wire long axis and then slowly increases after 10° remaining largely
lower than the 1% until 60°. This result is crucial for the use of this material in photovoltaic
application, because it ensures high light trapping efficiency along all the day, since it is not

strongly affected by the direction of the solar rays on the device.
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Figure S4.1. Specular reflectance as a function of the incidence angle. Measurements with non-
polarized light at a wavelength of 428 nm (blue dots), 532 nm (green dots) and 633 nm (red dots).
In the inset a sample cross section with an experimental scheme that illustrates the incident and

scattered light (red arrows) forming a 0 angle with the normal to the sample surface.



Section S5. Hot spot formation in random systems

We perform a simulation to calculate the intensity distribution map of the scattered light in the near
field zone by a random array of nanospheres. We simulate the system as a collection of 300
nanospherical particles, each with a radius of 40 nm (panel a); the choice for the particle dimensions
and arrangement has been suggested by the opportunity to reproduce the heterogeneity size for
which lacunarity is maximum in our nanowires material (sample 1 of the main text). We calculate
the particle refractive index by a Bruggeman mixing rule assuming a composition of 70% Si and

30% SiO,. We plot in figure S5.1 the near field normalized intensity map distribution

|Em /E, * with E , and E, amplitudes of the scattered and of the incident electric field,

mnc

respectively. We calculate the near field maps for three different wavelengths of the incident
radiation in the visible. In all the investigated cases we observe the formation of “hot spot” regions
(much smaller than A) where the local field is enhanced compared to the incident one. The
distribution of these regions appears more localized and the field intensity is higher at shorter
wavelength (panel b). As the wavelength increases (panel ¢ and d) the hot spot regions appear more
enlarged and delocalized along the structure.

Now, field localization occurring in random systems appears even more strikingly in those
possessing dilational symmetries, namely fractals''. Thus, we can extend the results of this
investigation to fractal models, for which the heterogeneity sizes are correlated on all length scales,
between the size of constituent particles to that corresponding to the dimensions of the fractal.
Hence, whatever the impinging wavelength, it is always possible to match it with the
inhomogeneities length, and therefore with the refractive index fluctuations, generating a strong

scattering that leads to interesting localization effects.
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Figure S5.1 Near field intensity map. Model random structure (a). Maps of the normalized

scattered field intensity distribution plotted as |Em /E,. * for an exciting field with wavelength 364

nm (b), 428 nm (c) and 633 nm (d).
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