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We propose a simple experimental technique to separately map the emission from electric and
magnetic dipole transitions close to single dielectric nanostructures, using a few nanometer thin
film of rare-earth ion doped clusters. Rare-earth ions provide electric and magnetic dipole transi-
tions of similar magnitude. By recording the photoluminescence from the deposited layer excited
by a focused laser beam, we are able to simultaneously map the electric and magnetic emission
enhancement on individual nanostructures. In spite of being a diffraction-limited far-field method
with a spatial resolution of a few hundred nanometers, our approach appeals by its simplicity and
high signal-to-noise ratio. We demonstrate our technique at the example of single silicon nanorods
and dimers, in which we find a significant separation of electric and magnetic near-field contribu-
tions. Our method paves the way towards the efficient and rapid characterization of the electric and
magnetic optical response of complex photonic nanostructures.

In the last decades, photonic nanostructures emerged
as powerful instruments to control light at the subwave-
length scale.! The interest in nano-optics lies usually
in the control of the optical electric field, since the re-
sponse of materials to rapidly oscillating magnetic fields
is extremely weak. Actually, materials with a substan-
tial magnetic response to electromagnetic radiation (i.e.
i # 1) are not known in nature. However, properly
designed nanostructures allow to significantly boost the
magnetic response. For instance metallic (split-)ring res-
onators support a magnetic moment which is propor-
tional to the area covered by the ring’s aperture. For
frequencies in the visible range this area is usually about
10% times larger than the equivalent area in atoms, de-
fined by the Bohr radius, which explains the emergence of
observable effects related to the optical magnetic field.?
In consequence, it is possible to overcome the natural lim-
itation to = 1 by designing so-called meta-materials,
which are ordered arrangements of meta-units like split-
ring resonators.?

Using metals requires nanostructures of complex shape
to obtain a significant magnetic response. On the other
hand, in dielectrics of high refractive index, a magnetic
response arises naturally from the curl of the electric
field.5 Very simple geometries like spheres® or cylinders”
are actually sufficient to induce a strong magnetic field
enhancement.® An additional advantage of high-index
dielectric nanostructures is their low dissipation. Sili-
con (Si) for example has a very low absorption through
the entire visible range compared to noble metals.” This
weak absorption associated to the indirect gap in the
near infrared becomes cumbersome only for applica-
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tions involving propagation of visible light across dis-
tances of tens to hundreds of microns. Thus, in sub-
micron dielectric nano-structures the absorption can usu-
ally be neglected.!’ In summary, high-index nanostruc-
tures seem to provide an appropriate platform to study
the confinement of optical electric and magnetic fields.
Such nanostructures are indeed able to strongly localize
those fields in different regions around them, while they
are indistinguishable in the far field. In other words, the
electric and magnetic parts of the photonic local density
of states (LDOS) can be spatially separated around sub-
wavelength small particles.!!:!2

The separation of magnetic and electric field energy
close to photonic nano-structures was first demonstrated
by measuring the local magnetic field intensity using
scanning near-field optical microscopy (SNOM). The sen-
sitivity to the magnetic part of the optical near-field is
provided by particular SNOM-tips, coated with nano-
scale metal rings or split-ring resonators.'> ' Another
possibility to access the electric and magnetic near-field
is to use optical transitions of quantum emitters and ex-
ploit the proportionality between their decay rate and
the LDOS.'"2% However, to simultaneously obtain in-
formation on the electric and magnetic near-field com-
ponents, probes supporting both electric (ED) and mag-
netic dipole (MD) transitions need to be used. This dras-
tically limits the range of possible emitters: ED transi-
tions are usually 4 -5 orders of magnitude stronger than
MD transitions.?! Lanthanoid ions (also known as rare
earth elements) such as europium (Eu3*) exhibit ED and
MD transitions of similar strength?? and can be used as
probes of the optical magnetic near field.?>24 A peculiar-
ity of Eu?t is that electric and magnetic dipole transi-
tions of comparable strength occur at close wavelengths.
ED and MD transitions of Eu3t both start from the Dy
energy level via de-excitation to the 7 F, (ED) and the " F}
level (MD).?® Those transitions lie in the visible, around
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FIG. 1. a) Sketch of the experimental setup. A tightly
focused laser beam (NA 0.9, A\ = 532nm) is raster-scanned
over a high-index dielectric nano-structure (in our case: sili-
con). An Eu®T-doped GdzO3 film is deposited on the struc-
ture. The photoluminescence due to the magnetic and electric
dipole transitions of the europium ions is collected in back-
scattering by the microscope objective and analyzed with a
spectrometer at each raster-scan position. b) Example spec-
trum of the photoluminescence from the Eu®*-ion. Emission
due to magnetic dipole (MD) and electric dipole (ED) transi-
tions are underlined by red and blue color, respectively. c¢) PL
intensity as function of laser power on the bare Eu*' film (far
from Si nanostructures). The power used for the acquisition
of the maps was around 5700 nW.

Aep =~ 610nm and Ayp =~ 590nm.%? They lie at close
wavelengths but are spectrally separated enough to be
easily distinguished by using color filters.

Thanks to their unique properties, rare-earth ion

doped media have been used as probes to determine
the relative intensities of electric and magnetic LDOS
at fixed positions or on non-structured samples like
interfaces.?% 28 By attaching an Eu3* doped nano-crystal
to a SNOM tip, the 3D spatial distribution of the elec-
tric and magnetic LDOS on top of gold strips has been
recorded.'® The methods employed in these studies are
either based on rare-earth emitters at fixed position,?3:2®
or require complex experimental setups (SNOM-type
approach).18:29

In this article, we propose an alternative and comple-
mentary approach: we deposit a homogeneous 10 nm thin
film of Eu*-doped nano-clusters on high-index dielec-
tric nanostructures and raster-scan the sample under a
tightly focused diffraction limited laser beam. In this
configuration, the photoluminescence maps probe the
spatial variations of the ED and MD emissions around
the silicon nanostructures. We compare the results with
computed maps of the electric and magnetic radiative
LDOS. The results show that our far field set-up allows
a fast scanning with a good signal-to-noise ratio and a
good spatial resolution. Interestingly, the far field PL
shows a striking similarity with the radiative LDOS.

I. PHOTOLUMINESCENCE FROM
EU*"-DOPED NANOCLUSTER FILM
DEPOSITED ON SILICON NANOSTRUCTURES

Sample preparation

Our sample contains single crystalline silicon dimers
consisting of two elements, each 300 x 300 x 90nm3
(L x W x H) large, separated by a gap G of vari-
able size. These nanostructures are fabricated in a top-
down approach, where a single layer of negative-tone re-
sist, namely hydrogen silsesquioxane (HSQ), is patterned
by electron-beam lithography.?® Subsequent reactive ion
etching in the H = 90nm Si overlayer of silicon on in-
sulator (SOI) substrates defines the structures. The re-
maining HSQ-layer on the top of the structures induces
an additional SiOs capping of approximately 20nm. This
layer acts as a spacer between the nanostructures and the
Eu?t doped film. For more details on the fabrication pro-
cess, see Ref. 31. After the lithography, a 30 nm thick film
of Eu?t-doped GdyO3 nano-clusters is deposited. This
thickness is a good trade-off between luminescence in-
tensity from the emitters and planar homogeneity (see
also Appendix IV C). The film is synthesized by the Low
Energy Cluster Beam Deposition (LECBD) technique.
LECBD consists in the ablation of a solid GdO3 pellet,
doped at 7% with europium, via a pulsed Nd:YAG laser
(10 ns pulse width). The chosen doping concentration re-
sults in a good compromise to preserve the stoichiometry
of the sesquioxyde matrix as well as a high luminescence
of the Europium ions, without impairing the crystallo-
graphic and optical properties of the clusters.?? The ab-
lated fragments are then broken into small clusters, first
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FIG. 2. Experimental mappings for different laser polariza-

tions (sketch shown in a) for gap sizes of b) G = Onm and
¢) G = 300nm. left: TE polarized laser (electric field per-
pendicular to dimer long axis) right: TM polarized laser (E
along dimer long axis)

by the injection of He (20 mbar) as a buffer gas in the nu-
cleation chamber and subsequently during its adiabatic
expansion through a micrometer nozzle. The resulting
nanocrystals are deposited on the dielectric nanostruc-
tures without further breaking (“soft landing”). More de-
tails about the process and the resulting nanocrystals can
be found in Refs. 29 and 33.

Experimental configuration

Our experimental setup consists of an optical micro-
scope equipped for spectroscopy with a confocal pinhole
of 100 pm. A simplified sketch of the experiment is shown
in figure la. A linearly polarized cw laser at A = 532 nm
is focused by a x100 air objective (NA = 0.9) on the
sample, which lies on a XY piezo stage. The photo-
luminescence (PL) from the sample is collected by the
same microscope objective. The PL is dispersed by a
grating (300 grooves per mm) and detected by a CCD
camera (Andor iDus 401), with an integration time of
texposure = 25. A typical spectrum and saturation curve
from the Eu?t-doped Gd»O3 film is shown in figure 1b-
c. Finally, we obtain 2D PL maps by raster-scanning
the sample under the laser with the piezo-stage. At each
position, we acquire a spectrum and extract the emis-
sion intensities from the spectral ranges corresponding

to magnetic or electric transitions (A = (590 + 10) nm,
respectively A = (610 + 10) nm) during post-processing.
The signal is normalized to the background PL intensity,
recorded far from the nanostructures. We note that our
approach yields a high signal-to-noise ratio, which can be
qualitatively seen for example in the spectra (see Fig. 1b,
and experimental maps in Figs. 2 and 3).

Experimental results

Figure 2 shows raster-scan maps, measured on silicon
nanorod dimers with gap-sizes of 0nm and 300 nm, ob-
tained with an incident laser polarization perpendicular
to (TE) and along (TM) the dimer long axis. In the
experimental maps, a clear inversion of the contrast be-
tween emission from MD and ED transitions is observed
for both polarizations. The MD PL yields a maximum in-
tensity when the laser beam is focused on the Si blocks of
the structure. On the other hand, the ED emission maps
contain valley-like features with a reduced PL on top the
Si blocks and an increased PL around these blocks.

Interestingly, both TE and TM configurations yield al-
most identical PL maps. This could be surprising at first
sight as the spatial near field distribution around the Si
nanodimers depends significantly on the laser polariza-
tion (see Appendix IV A) and at our laser wavelength,
ED and MD transitions in Eu®t are both populated by
excitation of the °D; level via the local electric field.25?
Furthermore, it appears that the emitters are excited
close to saturation, since in Fig. 1c a plateau in the PL
intensity occurs. Both considerations about the laser po-
larization intensity and the excitation at saturation lead
to the conclusion that the observed variations in the ED
(resp. MD) PL maps are predominantly driven by the
electric (resp. magnetic) radiative LDOS at the emis-
ston wavelength. This conclusion is in agreement with a
recent study of the directional emission of Eu3™ ions, cou-
pled to plasmonic nanostructures. In the latter, the most
significant modification of the Eu3*-PL is ascribed to the
improved light out-coupling, whereas the plasmonic en-
hancement of the excitation has only a weak impact on
the emission.?*

We systematically measured PL maps on silicon dimers
with gap-sizes between Onm and 300nm, which are
shown in figure 3b. For these results, the laser polar-
ization was perpendicular to the long axis of the dimers.
Sketches and scanning electron microscopy (SEM) images
of the corresponding structures are shown in Fig. 3a. As
already observed in figure 2, a clear inversion of the con-
trast between emission from MD and ED transitions is
observed. A single nano-rod (figure 3i) yields one peak
(MD) or one valley feature (ED). However, as soon as
a gap is introduced (figures 3ii-iv), the maps start to
change significantly. The magnetic dipole emission yields
confined hot-spots at the silicon block positions, whereas
the PL maps from the ED transition show hot-spots out-
side the dimer, located above and below the gap.
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FIG. 3.  Comparison of the experimental results with simulated decay-rate maps for different gap sizes i) G = Onm, ii)

G = 100nm, iii) G = 200nm and iv) G = 300nm. a) Sketches and SEM images of the corresponding structures. SEM
images were taken prior to Eu®-cluster deposition. Scale bars are 300 nm. b) Experimental results recorded with an incident
polarization along the dimer axis. Left column: MD transition, right column: ED transition. c¢) Simulated decay-rate maps
before (left columns) and after convolution with a Gaussian profile (right columns). The subplots on the left show the magnetic
dipole in-plane decay rates I';Y (XY averaged), the subplots on the right the respective ED maps I'tY. The waist of the
Gaussian profile is 7 = 200nm. Insets in i)-c) show the (Gaussian convoluted) LDOS maps for X- and Y-oriented dipoles
only. All color-maps show areas of 2 x 2pm?, dashed lines indicate the positions of the silicon dimer. d) simulated maps of
the average electric field intensity in the Eu®t film as function of the spot position for a diffraction limited, TE polarized laser
(A = 532nm, FWHM of 300 nm).

II. CALCULATING THE ELECTRIC AND photoluminescence of the emitters.
MAGNETIC RADIATIVE LDOS

To elucidate the origin of the strong difference in
recorded ED/MD emission maps, we perform in the fol- We will make the assumption that the angular emission
lowing simulations of the electric and magnetic LDOS pattern cannot explain the inversion of contrast, since we
as well as of the near-field distribution at the excitation always collect the average emission from a large number
wavelength, which are the two main factors, driving the of emitters with random orientations.
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FIG. 4.  Sketch of the simulation procedure. A magnetic
or electric dipolar emitter is raster-scanned across the nano-
structure at 30 nm above its surface, simulating the distance
of the doped film to the top surface of the structures (20 nm
SiO2 spacing layer). Far from the structure, the scan-height is
at 30 nm above the ground-level. The raster-scan is repeated
for emitter orientations along 0X and 0Y’, the decay-rates are
averaged.

Decay-rate of electric/magnetic emitters

The decay-rate enhancement of a quantum emitter
is proportional to the partial LDOS at the emitter’s
location.'?3% With “partial” LDOS, we refer to the pro-
jection of the LDOS onto a specific direction (dipole ori-
entation) and to the nature of the dipole transition (elec-
tric or magnetic). The full LDOS can be obtained by
averaging over all possible dipole orientations. Hence,
the computation of the decay-rate modification of electric
and magnetic dipole transitions also yields the photonic
local density of states.

The decay-rate of electric or magnetic dipolar transi-
tions is modified by the presence of a polarizable mate-
rial. The effect is intuitively understandable for an elec-
tric dipole transition p, as a result of the enhancement
(or weakening) of the electric near-field due to the dielec-
tric contrast or optical resonances, and the back-action
of the radiated field on the dipole emitter. It is possible
to derive an integral equation describing the decay-rate
T'. of an electric dipole transition at a position rg, close
to an arbitrary nano-structure:!?!?

Fe(ro, W) = F(e)(w)
3
X <1 + %u . Im(SEE(ro,ro,w)) ~u> , (1)
In this equation, I'Y(w) = 4k3p?/3h is the decay rate of

the emitter in the absence of a structure with the vacuum
wavenumber ky. u and p denote the dipole orientation

and amplitude, respectively, and

SPF(r,ro,w) = /dr’/dr”x(r',w)GEE(r7r’7w)
VooV

K" w) - GEE( rp,w) . (2)

K is the generalized propagator (see e.g. Ref. 36). The
propagator GFF can be found by identification using
the electric field emitted by a dipolar source®” and the
Green’s Dyad for vacuum?® (c.f. also Ref. 12).

Eq. (1) describes the decay-rate of an electric quantum
emitter. It turns out, that although no known mate-
rial has a direct response to rapidly oscillating magnetic
fields, the decay rate of a magnetic dipole transition is
nevertheless influenced by the presence of material. Such
magnetic-magnetic response function associated with a
structure which, by itself, has no direct magnetic re-
sponse, arises from the electric field emitted by the mag-
netic dipole, which can interact with the environment.
In particular, Mie-type optical resonances in dielectric
nanostructures often induce curled features in the elec-
tric near-field spatial distribution, leading to a strong
enhancement of the magnetic field via the Maxwell’s
equation ikoB(r) = rot E(r) (for monochromatic fields,
ko = 2m/Ao). Formally, the magnetic decay-rate in the
vicinity of arbitrary nanostructures can be calculated in
complete analogy to equation (1) by replacing the ten-
sors GFF in equation (2) with the Dyads GHE (first
occurrence) and GFH (second occurrence, c.f. refer-
ence 12). The latter tensors are often called “mixed-field

susceptibilities”.38-40

Simulation of raster-scan maps

To solve Eq. (1) numerically, the integrals in Eq. (2)
can be converted to discrete sums over the mesh-points of
a volume-discretized nanostructure. To calculate raster-
scans of the MD and ED decay-rates (hence maps of the
electric and magnetic LDOS), we make use of the concept
of a generalized propagator.3® This approach significantly
speeds up the computation of the decay-rate at multiple
locations, as explained in reference 41.

The specific simulation procedure is illustrated in fig-
ure 4. We raster-scan a dipolar emitter of either mag-
netic ('), Avp = 590 nm) or electric nature (I'e, Agp =
610nm) across a discretized nano-dimer (discretization
step s = 20nm). The dimer lies in a homogeneous en-
vironment of refractive index neny = 1.8, corresponding
to the optical index of the GdyO3 film.*? The distance
between emitter and structure is kept at 30 nm. Far from
the structure, the dipole is scanned at 30nm above the
substrate. In this way, we account for the distance be-
tween the Eut-cluster film and the nanostructures due
to the 20 nm thick SiOy layer. With a finite numeri-
cal aperture as used in our experiment, we expect that
only a very small part of the radiation from dipole emit-
ters oriented along OZ will reach our detector (due to



their toroidal radiation pattern propagating perpendicu-
lar to the Z-axis). We show indeed in Appendix IV B,
that a small fraction of contributing Z-dipoles does not
strongly impact on the LDOS maps. Therefore, we will
neglect dipole emitters oriented along OZ in the simula-
tions shown in figure 3. Thus, the simulated maps only
take into account dipoles located in a plane parallel to
the substrate (the computed values being the average of
the contributions of dipoles oriented along OX and OY).
We denote these average decay rates I'7Y and I'tY for MD
and ED, respectively.

The direct result of this procedure has a far too high
spatial resolution (see the two columns on the left of fig-
ure 3¢). Therefore, to account for the diffraction limited
size of the laser-spot, and hence the excitation of a whole
ensemble of emitters, we convolve the simulated mapping
with a Gaussian profile of waist 7 = 200 nm (correspond-
ing to a full width at half maximum of around 450 nm
which is an upper estimate for the emission area.*3:%4

Our numerical signal power is described by the follow-
ing equation:

Figa®) = [ gnle!) T2 ex <2n) ar'
3)

The integral runs over the area of the laser-spot Agpot,
hwg is the photon energy of the MD or ED transition,
n is the density of emitting Eu®* ions (which we con-
sider homogeneous). I';¥ is the z-y-averaged decay rate
of either a magnetic (i = “m”) or an electric (i = “€”)
dipole transition. The exponential factor accounts for
the Gaussian intensity profile of the laser beam. The
simulated maps after convolution are shown in the right
columns of Fig. 3c. We note that a similar procedure has
been successfully used to recover the near-field intensity
distribution from two-photon luminescence (TPL) mea-
surements on plasmonic nanostructures.*’

Discussion

Comparing the simulated and experimental results in
figure 3, we observe that the features in the simulated
maps are more confined around the dimer blocks. Nev-
ertheless there is a general qualitative agreement. The
global features and trends observed in the experimental
maps are reproduced by the simulations. The contrasts of
electric and /or magnetic LDOS close to dielectric nanos-
tructures are in agreement with recently published ex-
perimental results, showing a clear separation of electric
and magnetic LDOS above the dielectric structures.?#:46
Also the quantitative trends in the intensity ratios are
correctly recovered by the simulations, showing an en-
hancement of the luminescence intensity by a factor of
around 3 for the MD transition and 1.5 in the ED case.

Compared to the simulations, the experimental exhibit
broader features. Several effects can contribute to this
broadening, first of all, not all emitters are excited at

saturation power. The laser spot is of finite, diffraction
limited size, hence excites a large collection of emitters
at each raster-scan position. Those at the edge of the
laser focal spot are excited with a weaker field amplitude,
hence not at saturation. Therefore, a residual contribu-
tion of the excitation electric field at the laser wavelength
cannot be totally neglected. In the LDOS simulations
on the other hand, we only take into account a single,
saturated point-emitter, raster-scanned across the silicon
dimer. To elucidate this effect, we calculate the average
electric near-field intensity in the Eu®t doped film at
each laser-spot position, shown in figure 3d for TE po-
larization (see also Appendix IV A for the TM case). In
these calculations, we perform a numerical raster-scan
with a focused illumination at A\ = 532nm and with a
spot size of 300 nm FWHM, corresponding to our exper-
imental configuration. At each position of the focused il-
lumination, we calculate the average total field intensity
in the entire Eu?"™ doped film. There seems to be a cer-
tain resemblance between electric LDOS and excitation
field pattern, which makes sense, because the near-field is
correlated to the LDOS, even though we compare LDOS
and |E|? at different wavelengths. The magnetic part of
the LDOS on the other hand does not show comparable
features. This clear contrast suggests, that close to satu-
ration, the experimental mappings are mainly driven by
the electric and magnetic LDOS, while a certain broad-
ening and modification can be explained by a residual
contribution of the excitation electric field of the laser. In
addition, light might be guided through the dimer when
the laser hits one extremity, and Europium ions at the
other end, far from the laser spot can be remotely excited
in this case as well. Such effect can result in a significant
broadening of the spatial features in our mappings,*34*
and is not fully taken into account in our current theoret-
ical model, even if an enlarged emission area is considered
via the Gaussian convolution.

A better agreement could probably be achieved by
simulating an actual “layer” of dipoles, instead of
raster-scanning a single emitter, and by taking into
account the modified global radiation pattern, since
the angular emission of single magnetic and electric
dipoles can be strongly affected by the inhomogeneous
environmentt.*”*° However, this would require to con-
sider the excitation intensity as function of the emitter
position with respect to the center of the focal spot. A
possible approach to the problem of non-saturated emit-
ters could be the description of the Eu3* emitters in the
layer as three-level molecules.?®:®! These more sophisti-
cated theoretical approaches lie outside the scope of this
study and will be the subject of a future work.

III. CONCLUSION

In conclusion, we demonstrated that the enhancement
of magnetic and electric dipole transitions is spatially
tailored in the near-field of dielectric nanostructures. We



obtained our results with a technique which allows the
parallel mapping of the electric and magnetic compo-
nents of the photoluminescence of an Eu3* doped film
in a far-field detection scheme. To this end, a nanome-
ter thin film of rare-earth ion doped clusters is deposited
on top of the structures and excited by a tightly focused
laser beam. The laser beam is raster-scanned across the
structures to obtain 2D maps of the ED and MD emis-
sion enhancement. Numerical simulations of the electric
and magnetic LDOS show a general qualitative agree-
ment with the experimental results and provide a good
understanding of the underlying physical effects. These
results show that the electric and magnetic near-field in-
tensity is confined in distinct regions around simple di-
electric nanostructures such as rods or dimers. Our work
paves the way towards the very rapid and simple ex-
perimental characterization of the response of photonic
nanostructures to both, the electric and magnetic field
of visible light and towards the design of “on demand”
magnetic and electric near-field landscapes by tailoring
the resonances (like Mie-type modes, bound states in the
continuum) of dielectric nanostructures.®?

IV. APPENDIX - SUPPLEMENTAL MATERIAL

A. Excitation field distribution for different laser
polarizations

To assess how the excitation field in the europium film
depends on the focal position of the laser, we simulated
in figure 5 the average electric field intensity |E|? induced
by the laser-beam, averaged over the whole depot-layer.
Each pixel corresponds to the average near-field intensity
in the entire film, if the laser is focused at the according
position. The left column shows the case of laser light
polarized perpendicular to the dimer axis (TE), while
the right column depicts the case of a laser polarization
along the dimer axis (TM). From top to bottom, increas-
ing gap sizes of Onm, 100 nm, 200nm and 300nm are
shown. Obviously, the field distribution as function of
the laser focus position is dependent on the polarization.
Together with the observation that the PL-mappings are
independent of the laser polarization (see main text fig-
ure 2), we conclude that most of the Eu3* ions in the
laser focal spot are excited at saturation.

B. Influence of Z-oriented dipole transitions

To assess the influence of dipoles along z (perpendic-
ular to the scanning plane), we simulated LDOS maps
with gradually increased contribution of these emitters.
Fig. 6a) shows the LDOS for only = and y dipole ori-
entations. In b) z-dipoles contribute by 5% of their
magnitude, in ¢) by 10 % and in d) z-dipoles contribute
fully. The decay rate of dipoles along z experiences the
strongest influence through the presence of the dielectric
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FIG. 5. Fundamental field distribution as function of laser
position for TE (left column) and TM (right column) laser
polarization. Calculated at Ajaser = 532 nm.

structure, with a very narrow confinement of the LDOS in
both cases (for ED and MD). Thus the mappings change
significantly, as soon as signal from the perpendicular
dipoles is recorded. Hence, we conclude that the dipoles
with z-orientation are almost invisible in our detection
scheme, since their radiation lobe lies in the xy plane.

C. Background PL

Photoluminescence measurements on the bare film (i.e.
in absence of any silicon nanostructures) are shown in fig-
ure 7. The PL is very homogeneous over large areas of
many microns, with only some defects. These defects
do not disturb the measurements, because they are sig-
nificantly larger than the spatial features obtained from
scanning the silicon nanostructures, and therefore can be
easily identified.
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