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Report:

Nanoelectronic devices based on semiconductor nanowires have been studied for decades, in order to develop
applications in a very wide range of areas, mainly with simple nanowires and, in some cases, with more complex
systems, such as crossed nanowires made of two different semiconductors that result in point-like
heterostructures [1]. For this work, unique Ga>0s/SnO crossed nanowires (NW) heterostructures were
developed with a single step thermal treatment [2], which combine different luminescence bands in the same
architecture. We report the study of the origin of their luminescence bands using a hard X-ray nanobeam under
resonant excitation conditions.

The use of correlative X-ray excited optical luminescence
(XEOL) and X-ray fluorescence (XRF) analysis at the
nanoscale was led in order to gain knowledge on the
luminescence excitation and radiative mechanisms in the
Ga203/Sn0O; crossed NW heterostructures. We have studied
the XEOL emissions from these hybrid structures (see
Figure 1), obtaining strong signals from both kinds of
nanowires that form them. Each type of nanowire shows ()
different bands. The XEOL emission from the central,
Ga203 nanowire (point 2 in figure 1(b), red line in figure
1(c)) is centred in the ultraviolet (UV). It is characteristic of
undoped Ga,03 and presents mainly two components (3.3
and 3.0 eV) related to bound excitons and donor—acceptor
pair (DAP) transitions [3]. On the other hand, a red-orange
band (1.95 eV) dominates the XEOL spectrum from the
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Besides, a clear _dependence Of the XEOL-detected XAS depicts the XEOL intensities of visible (green) and UV
measurements with the electric field vector of the X-ray (red) emissions. (¢) XEOL spectra recorded over the SnO,
nanobeam was obtained in the Ga,O3 nanowires (see Figure  (green) and Ga,0; (red) nanowires.

2). However, a further analysis of these features is needed to



answer the open questions that remain in relation with the interface and point defects of the materials, which are
key to optimize the photonics applications of this crossed-nanowire system in electronics and optoelectronics.

(a) (b)
- XRF field —e— XRF field
— | Ga K-edge —8— XEOL - UV - |Ga K-edge ~e— XEOL - UV
k E t
; 5 5| Ellc
Ellc 2 £
| e © ©
i - =
Rl 2 2
"Elc 2 g
2 & i
£ =
T T T T
10.35 10.40 10.45 10.5¢ 10.35 10.40 10.45 10.50
Energy (keV) Energy (keV)

Figure 2: Ga K-edge XAS in fluorescence and luminescence detection modes recorded along the central Ga,0; nanowire with the c-axis
oriented perpendicular (a), and parallel (b) to the electric field vector of the X-ray nanobeam.

On the other hand, an in-situ test of the increase of Ga>Os nanowires local temperature due to the X-ray
nanobeam irradiation is also reported here. Recently, we showed a robust and reliable optical thermometer based
on B-Ga203:Cr micro- and nanowires in which tailored Distributed Bragg Reflectors (DBR) were used as optical
mirrors to form optical cavities (see Figure 3a) [4]. Due to the fact that there are two different optical features
that can be monitored to assess the temperature, one of which is observable from 0 K up to some 340 K and the
other from some 100 K up to at least 550 K, a very wide range can be characterized with this system. This optical
thermometer combines a micron range spatial resolution with the mentioned wide temperature range
applicability. The spectral shift of the Fabry-Perot resonances that form sharp luminescence peaks on the red-
NIR band provided by Cr®* dopant in Ga.0s, are the base for the observable quantities used for thermometry in
this system. We have successfully studied the variation of the local temperature of the nanowires, through the
shift of the Fabry-Perot resonances of the XEOL signal (figures 3(b) and 3(c)). A temperature increase of tens
of Kelvin is observed when the higher X-ray fluxes impinge and heat the nanowire’s cavity.
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Figure 3. (a) SEM and micro-photoluminescence images of the DBR-based optical microcavity. (b) spectral shift of one of the XEOL-
detected Fabry-Perot resonances obtained in the microcavity when irradiating with different X-ray photon fluxes. (¢c) XEOL peak shift
as a function of the X-ray flux.

It is worth mentioning that further experiments, especially with the Ga>O3/SnO, crossed nanowires
heterostructures, would mean a significant step towards having a more profound understanding of their
luminescence and electronic mechanisms. These experiments include temperature-dependent and polarization-
dependent features of X-ray absorption spectroscopy (XAS) and X-ray excited optical luminescence (XEOL)
signals. An in-depth analysis of the X-ray beam-induced current (XBIC) signal generated in contacted
Ga203/Sn0O; crossed nanowires will also be of the uppermost importance regarding their electronic properties.
Employing a hard X-ray nanobeam, we plan to obtain a correlation between XAS, XEOL and XBIC signals.
This multifaceted approach will unveil crucial information regarding their charge carrier dynamics and optical
transitions, expected to shed light on the presence of electronic and optically active defects, which are key to
potential optoelectronic applications.
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