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Single GaP nanowire nonlinear characterization
with the aid of an optical trap†

Alexey D. Bolshakov, *a,b,c Ivan Shishkin,c,d Andrey Machnev,d Mihail Petrov, c

Demid A. Kirilenko,c,e Vladimir V. Fedorov,a,f Ivan S. Mukhina,c,f and Pavel Ginzburgb,d

Semiconductor nanowires exhibit numerous capabilities to advance the development of future opto-

electronic devices. Among the III–V material family, gallium phosphide (GaP) is an attractive platform with

low optical absorption and high nonlinear susceptibility, making it especially promising for nanophotonic

applications. However, investigation of single nanostructures and their waveguiding properties remains

challenging owing to typically planar experimental arrangements. Here we study the linear and nonlinear

waveguiding optical properties of a single GaP nanowire in a special experimental layout, where an opti-

cally trapped structure is aligned along its major axis. We demonstrate efficient second harmonic gene-

ration in individual nanowires and unravel phase matching conditions, linking between linear guiding pro-

perties of the structure and its nonlinear tensorial susceptibility. The capability to pick up single nanowires,

sort them with the aid of optomechanical manipulation and accurately position pre-tested structures

opens a new avenue for the generation of optoelectronic origami-type devices.

Introduction

Continuous endeavours in the miniaturization of photonic
devices have promoted the use of single nanostructures as
functional elements in future circuitry. While quite a few archi-
tectures have been proposed, nanowires (NWs) serve as a com-
promise between zero- and two-dimensional heterostructures.
Being compact on one hand and electrically and optically
accessible on the other hand, NWs have been demonstrated as
a promising platform for single photon emitters,1 detectors
and converters,2 nonlinear gates and many others.3,4

Among a variety of compound semiconductors, III–V
materials have distinctive advantages, including flexible
bandgap engineering5,6 and tailor-made electrical properties.7

In particular, the reduced dimensionality of III–V NWs allows
one to greatly expand their functionalities compared to the
conventional thin-film heterostructures including growth on
lattice-mismatched substrates and novel abilities for bandgap

engineering via controlled syntheses of metastable crystal
phases.8

Typically, III–V NWs are synthesized by epitaxial techniques
on either native or silicon (Si) substrates.9 In both cases, fabri-
cation of a photonic device and studying the optical properties
of the as-grown NWs are limited due to a low optical contrast
between the NWs and substrates, making optical leakages
rather pronounced.10,11 However, owing to their small foot-
prints, NWs can be easily mechanically cleaved from the
growth substrate and transferred onto an “optical contrast”
wafer, e.g. glass. Planarization of NWs allows their future inte-
gration in large-scale photonic circuitry. In terms of single wire
optical characterization, this layout enables performing a scan
along the structure, which is beneficial for analyzing photo-
luminescence (PL), Raman and dark-field responses of an iso-
lated element. On the other hand, this planar experimental
arrangement significantly complicates the excitation along the
wire’s axis, which allows probing the linear and nonlinear pro-
perties and governing the waveguiding scenarios. For example,
longitudinal resonances, nonlinear harmonic generation,
Raman signatures and many others strongly depend on the
optical guiding properties of the wire. An experimental geome-
try for those investigations can be realized with NW encapsula-
tion into an optically transparent polymer matrix with sub-
sequent detachment from the growth substrate.12 This
approach, however, being of pure modularity, causes severe
difficulties in subsequent spectroscopic studies owing to a
small NW cross section, limiting its individual excitation in
the vertical direction with the aid of optical microscopy.
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Consequently, developing new tools for single wire characteriz-
ation will be quite beneficial.

Optomechanical tweezing,13 being initially applied on
spherical objects with a biological outlook,14 became a power-
ful tool for nanostructure manipulation. During the last few
decades a large variety of nontrivial geometries, realized in
quite a few material platforms, have been demonstrated and
considered for numerous applications, e.g.,15–17 optomechani-
cal manipulation of NWs has been demonstrated in several
reports with a primary goal to study fluid interactions, e.g.,18

holographic optical tweezers were shown to provide single
NWs with superior trapping capabilities.19 Optical trapping
can be performed with either continuous wave (CW) or pulsed
laser radiation. While an averaged laser power governs a
mechanical motion (in the case of an overdamped motion in a
fluid), nonlinear optical interactions can emerge under moder-
ately high energy excitation with ultra-short pulses. In this
case, optical trapping of a NW with femtosecond (FS) laser
pulses allows for a simultaneous alignment of the structure
along the optical axis and its efficient nonlinear excitation. For
example, an optically trapped individual potassium niobate
(KNbO3) NW, acting as an efficient local second harmonic (SH)
generator, was demonstrated in ref. 20, opening new pathways
for optical microscopy with sub-wavelength resolution. The
nonlinear optical properties of single alkaline niobate NWs
were extensively studied in ref. 21, demonstrating strong SH
generation.

Microphotoluminescence, combined with optical trapping,
was used for the optical characterization of a single InP NW in
ref. 22. Structural studies, important for the investigation of
the NW crystallinity, were performed via analysis of the local
photoluminescence (PL) response. An accurate alignment of
NWs along the trapping beam optical axis maximized the PL
signal and light collection. An efficient nonlinear optical
response and PL, stimulated by two-photon absorption from a
single trapped InP NW, were demonstrated experimentally in
ref. 23.

While several investigations of optically trapped wires have
been performed, quite a few important aspects were over-
looked. For example, the impact of the NW geometry on the
nonlinear generation efficiency was not explored. Here we
perform comprehensive studies of optically trapped gallium
phosphide (GaP) NWs. GaP is a fast-developing III–V material
platform with many remarkable optical and electrical pro-
perties, making it a probable contributor to future nanopho-
tonic circuitry. In particular, GaP exhibits a broad transparency
window (0.5–11 μm),24 high thermal conductivity (70–100 W
m−1 K−1) at 300 K, and a large value of the quadratic nonlinear
susceptibility (∼70 pm/V@1 µm).25 It should be noted that
despite a low volume, a SHG response can be significantly
enhanced in nanostructures due to strong light confinement
and optical resonances at fundamental or second-harmonic
wavelengths. Lacking the crystalline inversion symmetry, GaP
NWs have an extremely high surface to volume ratio, opening
room for the tailored state of the art nonlinear optical pro-
perties that have been proved previously for several geometries

such as doubly resonant (ω, 2ω) microdisks, nanopillars,
etc.26–29 These characteristics together with the NW hetero-
structure band engineering30,31 and geometrical flexibility32,33

make GaP NWs an attractive platform for implementation in
passive and active devices, integrated with an all-dielectric
nanophotonic circuitry.34

The focus of this report is making detailed studies on a
single optically trapped GaP NW. We probe the sample with
several laser sources to perform comprehensive characteriz-
ation. A wideband supercontinuum white laser is used for
linear spectroscopy, while a femtosecond infra-red (IR) source
plays a dual role. It is introduced to trap the structure and
serves as a pump for the SHG response. We explore the corre-
lations between the NW geometry and its SHG response both
experimentally and theoretically, providing an outlook on pha-
sematching conditions and the optimization of NW geome-
tries towards optoelectronic applications.

Experimental
Nanowire growth

Self-catalyzed GaP NWs were synthesized using a Veeco GEN
III molecular beam epitaxy machine on Si (111) substrates
according to the protocol reported previously.35,36 The follow-
ing growth conditions were used: a Ga flux of 1.3 × 10−7 Torr
and a P2 flux (provided by a valved cracker) of 4.2 × 10−6 Torr
(corresponding to planar GaP growth with a rate of 0.4 µm
h−1) at a temperature of 610 °C. The scanning electron
microscopy (SEM) image of the grown sample is presented in
Fig. 1(a). Typical NW sizes were 10 µm in length and 175 nm
in diameter. Statistical analysis of the NW dimensions will be
discussed further. A typical SEM image of the planarized NWs,
mechanically cleaved from the growth substrate and trans-
ferred to auxiliary wafer, is presented in Fig. 1(b). A reflection
high energy electron diffraction (RHEED) pattern obtained
in situ is presented in the Fig. 1(a) inset, and it demonstrates
that NWs grow epitaxially preserving the GaP bulk cubic zinc
blende (ZB) structure belonging to the F4̄3m space group,37

maintaining the same crystallographic orientation as that of
the Si (111) wafer. According to the previously reported struc-
tural analysis of GaP/Si(111) NWs the ZB structure lattice para-
meter is 5.448 ± 0.003 Å.31

Transmission electron microscopy (TEM) was used to study
the crystallinity of the NWs (see Fig. 1(c)) with a Jeol
JEM-2100F microscope (accelerating voltage 200 kV, point
resolution 0.19 nm). The obtained bright-field image demon-
strates multiple twinning of the ZB lattice structure along the
growth 〈111〉 direction, typical of the self-catalyzed III–V
NWs.38 Twinned diffraction spots corresponding to the
[11̄0]ZB-GaP and [1̄10]ZB-GaP zone axis patterns can be found on
the obtained RHEED and selected area electron micro-diffrac-
tion (SAED) patterns presented in the Fig. 1(a) inset and in
Fig. 1(d), respectively. The corresponding diffraction spot posi-
tions are marked by red solid and yellow dashed circles.
According to the previous study, even with numerous twinning
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defects, GaP NWs possess reproducible optical properties,
sufficient for efficient waveguiding and broadband SHG.39

Optical trapping

For individual structure investigation, NWs were transferred to
an aqueous solution by sonication of the sample. It is worth
noting that the obtained solution contained NWs of different
lengths caused by (i) the presence of shorter NWs on the
growth substrate and (ii) uncontrolled NW breakdown during
sonication (Fig. 1(b)).

The fluid cell filled with the solution was then placed in an
optical tweezer setup, implemented with an inverted microscope
design. The setup contains a high numerical aperture (NA) oil
immersion objective, which focuses a trapping laser. Imaging
systems are implemented at both upper and lower ports of the
system. A schematic of the setup is presented in Fig. 2(a).

First, NWs were optically trapped with a femtosecond laser
(YLMO 2 W), operating at 1030 nm, producing 150 fs pulses at
100 MHz repetition rate. Typical averaged powers, required for
stable trapping, were found to range between 5 and 15 mW (typi-
cally 10 mW). This excitation power allows performing both
optical trapping and analysis of the nonlinear optical properties.
It is worth noting that in overdamped solutions optical trapping
mainly depends on an averaged power and, hence, pulsed and
CW lasers exhibit similar performances. What matters, however,
is the nonlinear response, which demands short pulse exci-

tation. Furthermore, our NWs are expected to exhibit a strong
SHG response in the near-IR range, as was previously shown.39

An auxiliary 980 nm continuous-wave laser (Thorlabs) is used in
experiments for qualitative assessment of the SHG generation
efficiency. An additional lens is placed in the beam path of the
femtosecond laser to expand the beam size in the imaging plane
of the setup. Such an arrangement is used to obtain homo-
geneous excitation fluence over the optical trap.

The images of a single GaP NW in the liquid chamber
obtained with an optical microscope before and after trapping
are presented in Fig. 2(b). As was observed during the experi-
ment, the untrapped NW experiences Brownian motion and it is
randomly oriented with respect to the microscope slide. At the
same time, the trapped NW is vertically aligned along the optical
axis. After the trapping, the NW can be observed as a bright spot
on the camera image, indicating that light is scattered on its
edge. This configuration is next to optimal for exciting wave-
guided modes inside the NW, as will be shown hereafter.

Results and discussion
Scattering in the freestanding NW

While the trapping laser, which is also used as a nonlinear
source, has an IR spectrum, the resulting SH wavelength falls
into the visible window. In order to provide an accurate
description of the nonlinear generation process, the linear
optical response of the NW should be investigated first. In par-
ticular, there are several major factors that influence the
interpretation of the results – quality factors (Q-factors) of the
structure at the pump and SH frequencies followed by in- and
out-coupling efficiencies.

In order to study the interaction of the visible light with a
single NW, backscattering spectra were collected using a spec-
trally filtered supercontinuum laser (YSL SC-PRO, YSL
Photonics equipped with a VLF tunable filter), which was used
as a source (filter band was set to 550–700 nm in order to
avoid spectral overlap with the SHG signal, anticipated at

Fig. 1 Images of the synthesized NWs: SEM: (a) cross-sectional view on
a sample cleaved edge (inset – RHEED pattern obtained in situ during
the NW MBE growth) and (b) mechanically cleaved planarized NWs on
the auxiliary wafer; (c) typical bright-field TEM image, and (d) selective
area electron microdiffraction pattern, scale bar is 2.5 nm−1, [11̄0]ZB-GaP
and [1̄10]ZB-GaP zone axis patterns are marked with red solid and yellow
dashed circles.

Fig. 2 (a) Optical trapping setup and (b) optical images of a GaP NW in
the liquid chamber before and after trapping.
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515 nm accordingly). The supercontinuum excitation intensity
was adjusted using a variable neutral density filter.
Backscattered light from the wire was collected with the same
high NA objective and launched on a spectrometer (OSA,
Avantes) using a fiber-coupled port. The acquired signal
demonstrates a typical Fabry–Pérot (FP) resonance modu-
lation, confirming that the NW acts as an optical cavity
(Fig. 3(a)). The Lorentzian fit of individual dips of the signal,
normalized over the laser spectrum, was used to extract the
Q-factors of the resonances that serve as key parameters for
analyzing the SHG efficiency, as demonstrated by different
NWs. The estimated Q-factors range between 150 and 200,
which was quite reasonable in the case of a rather weak lateral
mode confinement. This was the consequence of the relatively
small NW diameter and the elevated refractive index of the
embedding medium (water). Small lateral confinement
resulted in poor facet reflectivity, which in turn led to the
Q-factor degradation. A detailed analysis, which relates the FP
spectra to the wire parameters, will be done hereinafter.

SHG of the NW

Apart from the linear response of a trapped NW, the SH signal
corresponding to a peak located near 515 nm can be clearly
seen in Fig. 3a and originates from the IR-to-visible conversion
of the trapping laser light, which serves a dual function – opto-
mechanical immobilization and optical pump. To prove the
second-order nonlinear nature of the response, the signal
dependence on a pump-power was obtained. In our experi-
mental setup this measurement was rather complex due to
several reasons. First, the limited lifetime of the NW in the
trap caused by its instability due to Brownian motion and,
second, the instability of the trapping at both rather low (weak
trap strength) and high pumping (possibly due to overheating
followed by bubbling of the surrounding medium). Instead,
the pump-power measurements were carried out with the NWs
transferred onto the auxiliary glass wafer via direct mechanical
rubbing. Glass provided high optical contrast with the NW
allowing for efficient light coupling in the volume of a nano-
structure. The substrate with planarized NWs was placed in
the same optical setup and excited with femtosecond 1030 nm
laser pulses. In order to avoid thermal effects in nonlinear
measurements, the pump beam was defocused using a f =

400 mm lens, resulting in an ∼20 μm spot in the imaging
plane. The obtained pump-power dependence plotted on a
log–log scale is presented in Fig. 3(b). A slope of 1.87 of the
experimental curve was obtained by linear data fitting, corres-
ponding to the SHG. Additional verification, related to the
polarization sensitivity, is presented in the ESI, Fig. S1.†

Despite a moderately low Q-factor, the SHG signal was
observed in most of the trapped wires. The backscattered inten-
sity varied from wire to wire as well as the collected SHG inten-
sity. It is worth noting that in the case of longer NWs, FP reso-
nance was narrower than the SH linewidth, leading to the
modulation of the SHG signal registered as a spectral dip in the
SH peak (see Fig. S2,† ESI†). In the next section we systemati-
cally study how the geometry of a NW affects the SHG efficiency.

SHG and phase-matching within a single NW

To study the SHG quantitatively, several individual NWs were
trapped consistently with a CW 980 nm ∼50 mW laser and
probed with a weak defocused 1030 nm femtosecond laser
beam (10.2 mW power measured at the beamsplitter). Using
different lasers for trapping and probing SH allows the sup-
pression of the coupling between the optical and mechanical
effects and enables studying the impact of NW dimensions on
nonlinear properties quite accurately.

The SH intensity images obtained with several NWs were
collected in the upper channel and recorded using a camera
(typical image is presented in Fig. 4(a)). The SH intensity for
each individual NW was then calculated by summing up the
values of individual unsaturated pixels.

The geometry of the NW strongly affects its nonlinear
optical properties. This aspect will be investigated next. The
main complexity, however, is the lack of exact information on
trapped NW dimensions, which cannot be extracted from the
optical images. Nevertheless, the relevant information can be
obtained indirectly. As was demonstrated above, the NW acts
as an optical cavity, modulating the spectrum of the scattered
signal. We analyze the FP modulations of the scattered signal
and obtain the NW length considering

L ¼ λ2

2Δλðn� λðdn=dλÞÞ .
40 Here, L – NW length, λ – wavelength,

Δλ – mode spacing, and n – NW refractive index. To ensure
consistency of the approach, several NWs were imaged opti-

Fig. 3 (a) Backscattering response and SHG signal from an individual
trapped NW and (b) SHG back-scattered signal as a function of the
pump power (NW on a glass substrate).

Fig. 4 (a) SH intensity image recorded using a camera and (b) statistical
histogram of NW diameters.
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cally prior to the trapping and then characterized with the FP
formula above. The obtained results of the NW length evalu-
ation demonstrate good convergence (ESI, Fig. S3†).

After evaluating the NW lengths, the SH intensities of
several samples were measured, Fig. 5(a). The experimental
data demonstrate non-monotonic dependence of the intensi-
ties on the NW lengths, indicating that other parameters
might play a role. The key parameter here is the NW diameter,
which has a significant impact on both linear and nonlinear
properties of the wire. In the next stage, the dispersion of the
NW diameters was analyzed via statistical studies of the pla-
narized NW images on the Si substrate, obtained by SEM.
Fig. 4(b) presents the statistical distribution of the NW dia-
meters in the form of a histogram (not normalized probability
distribution). The histogram demonstrates that the most repre-
sentative NW diameters are in the 150–200 nm range with a
rather pronounced dispersion, supporting the assumption of
the possible influence of the NW diameter on the SHG.

To study the size effects in more detail we carried out
numerical modelling of the SHG efficiency. For this purpose
we implemented the so-called two-step model, using COMSOL
Multiphysics.41,42 The modelling was performed in the unde-
pleted pump approximation, assuming that the coupling
between the pump field and SH field was low and the reverse
process of down-conversion could be neglected. In this case,
one can analyse the nonlinear optical response in two stages –
first simulating the optical response at the pump wavelength
and then calculating nonlinear polarization, which acts as a
source of the SH field. The optical response of the NW at the
fundamental wavelength is governed by the FP resonance dis-

cussed above, which was observed in linear scattering
measurements. The SH polarization distribution inside the
NW was governed by the field distribution of FP modes at the
fundamental wavelength and the exact form of the second
order nonlinear tensor χ(2):

Pi
ð2ωÞ ¼ ε0χijkEj

ðωÞEk
ðωÞ ð1Þ

For a monocrystalline ZB structure grown along the [111]
direction coinciding with the z-axis, the nonlinearity tensor
has different non-zero terms, which we will separate into two
sets: (i) χxxz/2 = χyyz/2 = χzxx = χzyy = −χ0/√3, χzzz = 2χ0/√3 and
(ii) χxxy, χyxx, χxxx, χxyy. The grown NWs have a polycrystalline-
twinned structure with grains having rotations with respect to
the growth axis. From this perspective, the first set of χ(2)

tensor terms does not depend on the crystalline structure
rotations, while the second set depends on the orientation of
the particular grain, thus having different random values.
After averaging over the random twinning grains, the second
set of the terms provides a much weaker contribution to the
overall SH signal, which scales linearly with the system dimen-
sions rather than quadratically (see the ESI†).

The obtained colour map of the integral SH intensity as a
function of the NW length and diameter is shown in Fig. 5(b).
In the case of a cavity, the spatial overlap between the pump
and SH modes governs the interaction, replacing typical
phased-matching conditions, derived for propagating waves.
The colour map demonstrates the range of parameters, where
the generation efficiency is the highest. It is worth noting that
properly chosen parameters can yield four orders of magnitude
improvement with respect to samples with similar dimensions,
which, however, do not grant an optimized modal overlap. A
typical distribution of the pump and SH signals inside the wire
in the resonance case is presented in Fig. 5(c). The most promi-
nent response is found for 170 nm thick NWs with an overall
tendency to increase the SH efficiency with the NW length.

The red curve in Fig. 5a demonstrates the numerical data
on the maximum theoretical SHG efficiency (corresponding to
a certain diameter where it is maximized) for a GaP NW of a
given length, evaluated via analysis of the map in Fig. 5b. The
blue curve in Fig. 5a demonstrates the minimum theoretical
efficiency for the NW diameter range of 150–250 nm which
corresponds to the dispersion of the NW size distribution
(Fig. 4b). The obtained numerical data were used for the
experimental data fitting. For a fair comparison, the numerical
data were normalized to remove the impact of the signal col-
lection efficiency. The normalization coefficient is considered
constant, assuming that the difference between the numerical
and experimental data is mostly governed by the aperture of
the objective and should be the same for all of the data points.
We chose the normalization constant such that experimental
data values (i) do not exceed the theoretical maximum ones
and (ii) fall in the 150–220 nm diameter range on the map in
Fig. 5b satisfying the statistical distribution of the NW dimen-
sions (Fig. 4b). Within the normalization, the SHG efficiency
of a 2.5 μm long NW equals the maximum SHG efficiency for a

Fig. 5 (a) Experimental data on the SHG intensity as a function of the
NW length (black dots) and numerically calculated maximum SHG
efficiency for the given length (red curve) and minimum efficiency (blue
curve). (b) Colour map of the SHG efficiency as a function of the NW
length and diameter, and numerical data. Dots indicate the possible
minimum (blue) and maximum (red) values of the diameter of the
corresponding trapped NWs in (a). (c) Field distribution for fundamental
harmonic (FH) and second harmonic (SH) waves in a resonant NW
(4000 nm long and 220 nm thick).
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given length which relates to a 200 nm thick NW, and the
corresponding point is marked with a yellow cross on the map
in Fig. 5b. The complex behaviour of the data in Fig. 5b corres-
ponds to the interplaying impact of the wire parameters. While
the diameter governs the effective modal index, the longer NW
axis is responsible for the ‘coherence length’, linked to the
SHG efficiency in the non-phased matched case. However, the
‘coherence length’ also depends on the effective model index
mismatch, entangling width and length parameters and com-
plicating the colormap in Fig. 5b.

Within the carried out normalization, the rest of the experi-
mental data values are found to be a few orders of magnitude
lower than the maximum theoretical values. The latter fact is a
manifestation of either (i) the difference of the studied NW dia-
meter from the value corresponding to the maximum SHG
efficiency or (ii) poor signal collection due to structural and mor-
phological features, e.g. NW edge geometrical peculiarities are
clearly seen in Fig. 1b. NW edges can be faceted with crystal
planes different from [111] after the NW breakdown from the
growth substrate. In any case, the normalized data can be used
to estimate the NW diameter under study. As the obtained values
are different from the maximum theoretical ones, for each of the
experimental data points we can find two points on the map in
Fig. 5b corresponding to the given SHG efficiency and NW
length. For each of the experimental points we plotted the corres-
ponding blue (smaller diameter) and red dots (larger diameter)
on the map. Considering that the collected signal can be affected
by the geometry of the NW, we conclude that the real NW dia-
meter should be in the range between the blue and red dots.

Conclusions

To conclude, here we study GaP nanowires grown on Si (111)
via MBE. The growth protocol allowed us to synthesize nano-
structures with a broad distribution of dimensions perfect for
future optical characterization. For this aim, the NWs were
transferred into water medium and trapped individually in the
solution using the optical tweezing technique.

First, we demonstrate stable trapping with the use of femto-
second 1030 nm laser pulses providing both immobilization of
the NW and excitation of the SHG. To systematically study
both linear and nonlinear optical properties of NWs we trap
them with a CW 980 nm laser beam and probe them with
broad band 550–700 nm supercontinuum excitation and defo-
cused 1030 nm femtosecond pulses. The approach allows
registering a linear scattering response providing information
on the longitudinal dimensions of the NW acting as a FP
cavity and exciting the SHG and comparing the nonlinear
response from different individual NWs.

The obtained experimental data demonstrate no direct cor-
relation between the NW length and efficiency of the SHG. To
study the effect in detail we provide numerical modeling,
demonstrating a strong effect on the SHG of both NW dimen-
sions: length and diameter. The phenomenon is discussed in
terms of the occurrence of the NW resonance properties both

for fundamental and SH with certain dimensions. The analysis
of the numerical data demonstrates fast decay of the SHG by
several orders of magnitude with a slight variation of the dia-
meter by only a few tens of nanometers from the resonance
value. While GaP NWs were studied in this report, other
material platforms can be investigated with the aid of tools,
which were developed here.

Thus, an optical trap is demonstrated to be a powerful tool
for single nanostructure analysis of linear and nonlinear
optical properties with the use of several probing signals.
Experimental and numerical data show the importance of the
precise choice of the nanostructure dimensions for achieving
an efficient nonlinear response for future implementation in
optical devices and advanced photonic circuitry.
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