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Calculation of the radiative recombina-
tion rate

To this end, we need to take into account, that
our 2D and 3D NC arrays have finite thickness,
that is comparable to the light emission wave-
length. As a result, the NCs probe lower den-
sity of photonic states, than that of the infinite
silica matrix. The problem is not quite triv-
ial due to the complex structure of the multi-
layer system, where the layers itself are formed
from inhomogeneous arrays of NCs, and due to
the strong dielectric contrast between Si, SiO2

and air. Rigorous consideration of the local
field corrections1,2 in the actual dense system
with multiple randomly positioned NCs is not
feasible as well. Instead, here we use the fol-
lowing relatively simple three-step multi-scaling
procedure. First, we determine the effective
dielectric constant of the active layer with Si
nanocrystals, using the Maxwell-Garnett ap-
proximation:3,4

(εL − εSiO2)

(εL + 2εSiO2)
= p

(εSi − εSiO2)

(εSi + 2εSiO2)
(1)
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εL, εSi and εSiO2 refer to the dielectric constant
of the effective matrix (in which we are inter-
ested), of Si and of SiO2, respectively. For the
relative low fill factor of NCs in the considered
case, p ≈ 0.2, the effective permittivity εL is
weakly sensitive to the choice homogenization
model. In particular, the Maxwell-Garnett and
the Bruggeman5 approximations lead to practi-
cally the same value of εL ≈ 2.9. Here, p is the
volume fraction of the NCs in the layer which
equals to 0.189 in both geometries. Since the
Γrad in infinite matrix is proportional to

√
n:4

we obtain the following correction from the in-
finite SiO2 matrix to the infinite active layer,
corresponding to our sample:

Γ inf
our

Γ inf
SiO2

=

√
εL√
εSiO2

(2)

where Γ inf
our and Γ inf

SiO2
refer to the spontaneous

recombination rates of Si NCs embedded in
our matrix and in pure SiO2, respectively. At
the second stage we determine the ratio of the
spontaneous emission rates in the infinite active
layer and in the actual structure of finite thick-
ness. This is done straightforwardly within the
Green function framework commonly used for
planar systems.6,7 The active layers are treated
as homogenous transparent dielectrics with the
permittivity εL, the Green function is expanded
over the plane waves propagating along the lay-
ers and we assume, that the dipole momenta of
NCs are randomly oriented. The result can be
presented in the form:
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Γ inf
our(z)

Γ inf
SiO2

= F

√
εL√
εSiO2

(3)

where the factor F accounting for the finite
thickness has been explicitly introduced. Here,
z is the distance of the NCs from the air. In
our calculation the value of F turns out to be
smaller than unity because (i) the density of
photon states in air is less than in SiO2, and
(ii) part of the emission from the structure is re-
flected back at the interface with air, and does
not contribute to the radiative losses. Particu-
larly, we have obtained F = 0.48 and F = 0.53
for 3D and 2D arrays, respectively. At the
third, final, step we average Eq. 3 over the
coordinate z of the NCs to obtain the radiative
rates, corresponding to the experimental setup.

Saturation by Poissonian distribu-
tion

The Poissonian distribution (Eq. 4) expresses
the probability of finding a NC that is excited
m times P (m) for a specific Nabs:

P (m) =
< Nabs >

m

m!
e−<Nabs> (4)

Eq. 4 describes a saturating behavior from an
Nabs around 6.8 Nevertheless, due to attenu-
ation within the sample the excitation regime
varies with penetration depth, which is de-
scribed by the Lambert-Beer law:

I = I0e
−σlN

where l and N refer to the thickness of the
sample and the concentration of NCs, respec-
tively, and σ the absorption cross section of
the material. As a result, at an excitation of
355 nm, the back of our sample experiences an
Nabs of 6 while the front surface is excited with
an Nabs of 20. Hence, in these specific samples,
saturation is expected to kick in at a front sur-
face Nabs value of 20, and we used this threshold
to scale the measured effective lifetimes in Fig.
5 and Fig. 6 . Differences in the deduced Nabs

values for both samples can be understood by
the difference in the excitation cross section of
the average NC sizes, which should induce a

difference of a factor ∼ 2.

Monte Carlo simulations

The NCs are approximated as perfect spheres
with a certain diameter and a position. The size
distributions obtained through the HRTEM
measurements (best described by a log-normal
distribution) have been incorporated in the do-
main of input, in this way the physical distribu-
tions are retrieved in the simulations. The NCs
are randomly distributed with the restraint that
two spheres cannot overlap. Large NCs are
placed first since it is much easier to place a
small sphere in the remaining empty spots. For
the 2D arrays, the passive layers are treated as
forbidden regions where no NCs can be placed.
This is justified by the TEM image (Fig. 1)
which shows an absence of NC formation in the
passive layer.

Additional power-dependent effec-
tive lifetimes

Next to the power-dependent effective lifetimes
presented in the paper (for both structures at
an emission wavelength of 950 nm), we show –
in Fig. S.1 – the same behavior for emission
wavelengths of 850 and 1000 nm. This clearly
indicates the universal trend of the effective life-
time upon excitation power, explained by ET in
the presence of an efficient Auger process.

Partial saturation

While detecting PL time-dynamics within a
narrow bandwidth (around 1 nm), we are aware
of the spectral overlap of differenly sized NCs as
a result of phonon-induced linewidth broaden-
ing of around 120 meV at room temperature.9,10

As a result, upon increasing the excitation in-
tensity, small NCs could gain influence because
of the earlier saturation of larger NCs.8 Due to
this gradual saturation of the NCs ensemble, ef-
fective lifetimes could decrease as the excitation
intensity is increased. Hence, this would lead to
a similar effect as observed in the experiment.
For completeness, we address the magnitude of
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the gradual saturation effect on our excitation-
intensity experiment in this section.

At a specific detection wavelength, the con-
tributions of each NC size (of a particular en-
ergy, E) is weighted by the EQE η(E), the NC
absorption cross-section (ACS) σ(E), the en-
semble size distribution with the energy corre-
sponding to each size ρ(E), the effective life-
time τ(E) and the weighted contribution of the
observation window f(E). Hence, for a cer-
tain detection wavelength the time-dependant
PL intensity is given by:

I(t, Edet) =

∫
dE σ(E) η(E) ρ(E) f(E) e−

t
τ(E)

(5)
For f(E) we take a normal distribution with

a FWHM of 120 meV, centered around the ob-
servation center wavelength, Edet. η(E) was de-
termined experimentally in the low excitation
regime (under submission). The size distribu-
tion, ρ(E) is taken from the size histogram in
Fig. 2. σ(E), is taken from,11 and this data is
extrapolated to our emission wavelength. Note
that the ACS profile is a critical parameter in
determining the amount of observed lifetime
shift, and the extrapolation method, a delicate
process, is therefore extremely important. τ(E)
represents the lifetimes as shown in Fig. 7 .
This integral was taken as a sum, over the 120
meV range with 1 meV steps, around Edet. The
resulting sum of exponents is then fit with a
stretched exponent in the same manner as was
done in the main experiment. Note that, under
low excitation intensity conditions, the contri-
bution of differently sized NCs is given by a
combination of ACS values and the NC size dis-
tribution. Nevertheless, in complete saturation
it is only the NC distribution which defines the
PL and the ACS vanishes out of the equation.
Hence, we construct the following equation for
the NC lifetime for both the linear regime and
complete saturation regime:

e
−( t

τ0
)β

=
1.36eV∑

E=1.24eV

σ(E) η(E) e−
(E−1.3)2

2·0.122 e−
t

τ(E)

(6)

e
−( t

τSat
)β

=
1.36eV∑

E=1.24eV

η(E) e−
(E−1.3)2

2·0.122 e−
t

τ(E) (7)

With τ0 and τSat being the lifetime below and
above saturation threshold, respectively. Now,
with these formulas given, the maximum de-
viation of PL lifetime in saturation, due to the
gradual saturation of linewidth broadened of in-
dividual NCs, is given by 1− τSatτ0, here being
smaller then 2% (an order of magnitude smaller
then the observed lifetime change (∼ 20%) we
ascribe to ET). Hence, we conclude that the
effect of gradual saturation is expected to be
within the experimental resolution of the ex-
periment.
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Figure S.1: Power-dependent effective lifetimes for different emission centers. In addition
to confirmation of ET in the main paper (Fig. 5) we present the effective lifetime alteration, upon
excitation power, for emission wavelengths of 850 nm and 1000 nm (for both structures).
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