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1. High-resolution AFM measurements
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Figure S1. Nanodots on Si(111). 5 s (a) and 25 s (b) into the process.



2. Schematic of the Nanodot Array Formation
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Figure S2. Schematics of the main stages of the process. Initial nucleation of nanodots (a,b);
increase of nanodot number (c); max. number (surface density) of nanodots achieved in 25 s.
into the process (d); increase of nanodot heights (e); increase of nanodot surface area (f),

and eventually formation of the continuous layer (g).

3. Details of the Model and Simulations

When simulating the kinetics of the nanodot ar@ynfation and growth of the nanodots, the
main problem is to simulate the fluxes of adsora@ns (silicon and oxygen) to the borders
of nucleated nanodots (we assumed that the nanodoteate on the nano-hillocks on the
clean silicon surface). To calculate the diffusfarx of adatoms to the nanodot border we
used a vector of surface diffusion activation e @l(e1, €2, ek) associated with various
features present on the surfaldere ¢ is the diffusion activation energy of the atomatied

on ani-th surface feature. In these simulations, we haken into account the following
surface features: regular (defect-free) crystallatéice, surface vacancies, interstitial atoms
on the surface, dislocations, step terraces, and-geain boundaries. The vector depends
on the densities of each featute Experimental values of the diffusion activatiam warious

surface defects are not currently available, sohexe used the approximate values of the
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energies obtained by considering a nature of epehific surface defect. For example, the
diffusion activation on a surface vacancy was estit by assuming that the energy of a Si
atom detachment from the vacancy is 1.3 times hithen the detachment from the defect-
free surface. The adatom activation energy at a step terraceappeoximated as a doubled
activation energy for the defect-free surface;abtvation energy on a nanodot boundary was
assumed to be equal to the activation energy tpatsrrace, etc. The densities of the surface
defects were taken from the characteristics oE#terimental substratés.

The simulations were based on the equation for #tatom surface density
n=DA(n) + W, , whereA is the Laplace operaton, denotes the density of adatoms on Si
surface, and¥; is the effective atom flux to the substrate (inffiom the plasma minus the

flux of evaporation/detachment from the substratéase):
W, =S¥, - (S//‘Z)Vo eXF(gs/kTs)’ 1)

whereSis the area of the substrate surfaég,is the flux of oxygen atoms and ions from the
plasma to the surfack,is the Boltzmann’s constanls is the surface temperatum, is the
frequency of lattice atom oscillations,is the lattice constant, arsd is the energy of atom
evaporation from the substrate surface.

The flux of the diffusing adsorbed atoms to thedeorof the individual nanodot is:

m on
Y. =—|—|D—1, 2

wherem, o, andl are the adatom mass, silicon oxide density, amignpéer of the nanodot,
accordingly. The effective surface diffusion cogfntD can then be obtained in the form

D = Av,exp- £, /KTy), 3)
where the effective surface diffusion activatioremy, &,, is calculated using the vectdrs

and the vector of densities of each featiie,
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where® is a unit vector.

To solve the equation for the adatom surface dgnsi used a simulated electric field to

estimate the change in the surface diffusion attimaenergy due to the adatom interaction

with the electric field, taking into account thelgwability a of adatoms. In this case, the

total dipole moment in the electric fiek(r) isP = p+aE, where p is the dipole moment

of an adatom. Thus, the energy acquired by an adatmne jump along the lattice spacing

Aals:
W, =5 (5 +aEm),. ©
In this case, the electric field-modified effectdfusion activation energy reads
E,. =&, +W,/KT. (6)

Hence, the calculation of the electric field-depamtde,, is reduced to the determination

of the microscopic electric field topography. Ire thicinity of the surface with a nanodot, the
electric field is described by the Poisson equatfigh= oJ/&, where o, is the density of
electric charges in the plasma-surface sheathhenvicinity of the substrate surface. The
electric field near small particles is very strahge to the very large surface curvature. This is
why the density of electric charges in the plasomrdase sheath can be neglected, and the
electric field can be found from the Laplace equatig = O, wherep is the electric potential.

More details on the model can be found in our mresipublicationg:*



4. Electron and lon Fluxes to the Substrate Immersed in Plasma

In the low-temperature non-equilibrium plasma (vitle electron energy reaching 10 eV and
ion temperature of about 300 K), the electron fhuk®@m plasma to the substrate surface are
very strong. When the substrate surface is undatihg’ potential, the electron flux to the

surface is equal to the ion flux, and these flugas be estimated ag= Vgxni,, Where
Vg =4/26.,/m is the Bohm velocityn;e is the ion/electron density in plasma, is the

electron energy andy is the ion mass.With the typical electron energy of 10 eV and
ion/electron density 2L0"° m* in the radio-frequency low-temperature plasma, ittreand
electron fluxes can reach 20m?s®. These strong fluxes ensure material supply to the
surface, and simultaneously, they sustain a negdiibating potential which in turn causes

electric-field self-organization in the nanodot emble.

5. Schematic of the experimental setup
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Figure S3. Schematic of the experimental setup used to grow arrays of SiO, nanodot arrays.
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