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ABSTRACT: Full-area passivating contacts based on SiOx/poly-Si
stacks are key for the new generation of industrial silicon solar cells
substituting the passivated emitter and rear cell (PERC)
technology. Demonstrating a potential efficiency increase of 1 to
2% compared to PERC, the utilization of n-type wafers with an n-
type contact at the back and a p-type diffused boron emitter has
become the industry standard in 2024. In this work, variations of
this technology are explored, considering p-type passivating
contacts on p-type Si wafers formed via a rapid thermal processing
(RTP) step. These contacts could be useful in conjunction with n-type contacts for realizing solar cells with passivating contacts on
both sides. Here, a particular focus is set on investigating the influence of the applied thermal treatment on the interfacial silicon
oxide (SiOx) layer. Thin SiOx layers formed via ultraviolet (UV)−O3 exposure are compared with layers obtained through a plasma
treatment with nitrous oxide (N2O). This process is performed in the same plasma enhanced chemical vapor deposition (PECVD)
chamber used to grow the Si-based passivating layer, resulting in a streamlined process flow. For both oxide types, the influence of
the RTP thermal budget on passivation quality and contact resistivity is investigated. Whereas the UV−O3 oxide shows a
pronounced degradation when using high thermal budget annealing (T > 860 °C), the N2O−plasma oxide exhibits instead an
excellent passivation quality under these conditions. Simultaneously, the contact resistivity achieved with the N2O-plasma oxide layer
is comparable to that yielded by UV−O3-grown oxides. To unravel the mechanisms behind the improved performance obtained with
the N2O-plasma oxide at high thermal budget, characterization by high-resolution (scanning) transmission electron microscopy
(HR-(S)TEM), X-ray reflectometry (XRR) and X-ray photoelectron spectroscopy (XPS) is conducted on layer stacks featuring both
N2O and UV−O3 oxides after RTP. A breakup of the UV−O3 oxide at high thermal budget is observed, whereas the N2O oxide is
found to maintain its structural integrity along the interface. Furthermore, chemical analysis reveals that the N2O oxide is richer in
oxygen and contains a higher amount of nitrogen compared to the UV−O3 oxide. These distinguishing characteristics can be directly
linked to the enhanced stability exhibited by the N2O oxide under higher annealing temperatures and extended dwell times.
KEYWORDS: silicon solar cells, surface passivation, poly-Si, SiOx, PECVD, microscopy, reflectometry, photoelectron spectroscopy

1. INTRODUCTION
The transition to full-area passivating contacts, comprising
layers of silicon oxide (SiOx) and polycrystalline silicon (poly-
Si), is quickly replacing the prevailing passivated emitter and
rear cell (PERC) technology in industrial silicon solar cells.
Contact designs based on the TOPCon structure, employing
n-type wafers with an n-type poly-Si contact on the rear and a
boron-diffused p-type emitter at the front,1 have rapidly
emerged as the new industry standard. Recently, several
companies reported efficiencies exceeding 26% in production
with such a device structure.2

The fabrication process of passivating contacts typically
begins with the growth of a thin SiOx layer (approximately 1−
2 nm) at the surface of the crystalline silicon (c-Si) wafer. This
is followed by depositing a doped silicon layer, either
polycrystalline or amorphous. Next, an annealing step is
carried out to crystallize the amorphous Si (a-Si) and activate

the dopants. This annealing, usually conducted between 800
and 900 °C,1,3 or even up to 1050 °C,4,5 with dwell times
ranging between minutes to several hours, activates dopants
within the poly-Si layer and facilitates their diffusion into the
wafer, creating a shallow highly doped region in the c-Si. The
thermal budget applied during annealing significantly affects
the final passivation quality and electrical properties of poly-Si
contacts.1,6−8 In particular, several studies highlighted the
importance of controlling the impact of annealing on the thin
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SiOx layer, which undergoes chemical and structural changes
during this step.9−11

The interfacial SiOx can be obtained by different techniques
such as chemical oxidation in hot nitric acid (HNO3)

12,13 or in
deionized water and ozone (DI-O3);

14,15 dry oxidation with a
ultraviolet (UV) excimer source or halogen lamp;16 or thermal
oxidation.5,17−19 Except for the thermal oxidation, all of the
other commonly applied techniques are based on a self-limited
process where oxygen atoms penetrate the Si layers close to the
surface and oxidize them.20,21 The maximum thickness reached
in this case depends on the penetration depth of oxygen atoms
into the c-Si. Consequently, such oxide layers typically exhibit
two distinct oxidation phases: initially, increased processing
time leads to an increment in thickness until a self-saturation
limit. Beyond this point, extending the processing time does
not further increase thickness but instead results in the
densification of the layer.20

Previous studies revealed that thickness and composition of
the thin SiOx layer have a strong impact on the evolution of the
surface passivation with the thermal budget applied for a-Si
crystallization and dopant activation: layers that are thicker or
have a composition closer to SiO2 stoichiometry proved to
better withstand higher temperatures or longer dwell times.
Contrarily, thinner layers with a substoichiometric composi-
tion are usually associated with a stronger degradation of the
passivation at higher thermal budgets.10,14,16 In general, dry
processes such as UV-based or thermal oxidation have been
found to provide higher surface passivation after annealing
compared to wet chemical processes like DI-O3 or
HNO3.

14,16,22

Recently, several groups have investigated an oxidation
process based on the exposure of the c-Si surface to an N2O-
plasma, sometimes referred to as “Plasma-Assisted N2O
Oxidation” (PANO).23−27 This process can be performed in
the same PECVD reactor used for deposition of the poly-Si
and therefore allows for an easy and lean process flow to
fabricate poly-Si contacts. Much like chemical oxidation or
exposure to UV−O3 radiation, N2O-plasma oxidation is a self-
limited process when only N2O or a mix of N2O and H2 is
added to the plasma.28 During the initial stage of plasma
exposure, the thickness increases up to a saturation level, which
varies depending on certain processing parameters such as
substrate temperature or plasma power, whereas for longer
plasma times the thickness quickly saturates.24 Oxides based
on N2O-plasma exhibit excellent passivation quality combined

with a high stability to processing at elevated temperature.25−27

Several reports have linked this performance with an improved
oxide composition closer to the SiO2 stoichiometry

24,26,29 and
with the presence of N atoms accumulated at the Si/SiOx
interface.27,28,30 An alternative method for growing the thin
interfacial oxide via PECVD involves replacing N2O with O2.
Recent studies have shown that this O2-based process
produces similar results to those obtained with N2O-grown
oxides when applied to n-type poly-Si contacts. However, the
results also highlighted that the O2-grown layers may be more
sensitive to high annealing temperatures compared to their
N2O counterparts.31

Based on the promising passivation quality and thermal
stability of N2O oxides, in this contribution, we apply the N2O-
plasma oxidation process to SiOx/poly-Si contacts formed with
a rapid thermal processing (RTP) step, also referred to as fired
passivating contacts (FPCs).32 Previous studies on the impact
of RTP on the passivation quality of FPCs reported very
similar trends to those observed for longer annealing processes,
where passivation initially improves with increasing thermal
budget and then decreases beyond an optimum temper-
ature.33−35 As the short dwell times of RTP limit dopant
diffusion across the oxide, these contacts primarily rely on
dopant activation within the poly-Si layer to promote
accumulation of charge carriers in the c-Si, as well as on the
integrity of the SiOx layer that provides chemical passivation.

36

In contrast to the more commonly studied n-type poly-Si
layers, we focus here on p-type layers and investigate the
influence of the thermal budget during RTP on contacts with
oxide layers fabricated through exposure to UV−O3, N2O
plasma, or a combination of both. To compare samples
processed in different annealing set-ups, a similar investigation
is conducted for p-type passivating contacts subjected to a
more conventional annealing in a tube furnace instead of RTP.
Additionally, the differences between UV−O3 and N2O-grown
oxides are investigated by combining depth-dependent X-ray
photoelectron spectroscopy (XPS), X-ray reflectometry
(XRR), and high-resolution (scanning) TEM (HR-(S)TEM).
Our analysis focuses on complete c-Si/SiOx/poly-Si(p) stacks
after RTP, which closely resemble the final structures used in
solar cell applications. This approach contrasts with most
existing studies that typically examine as-deposited SiOx layers.
By linking the structural and chemical properties of the oxide
layers after RTP to their performance in the contacts, our work

Figure 1. Schematic of the process flow employed for the fabrication of the symmetrical test samples for the presented experiments.
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provides valuable insights for the further development and
application of these contacts.

2. EXPERIMENTAL DETAILS
2.1. Sample Fabrication. The different processing steps for

sample fabrication are shown in Figure 1. Symmetrical test structures
were fabricated on p-type shiny-etched (SE) or double-side polished
(DSP) float-zone wafers with (100) orientation. The SE and DSP
wafers were 180 and 280 μm-thick, respectively, and featured a
resistivity of 2 Ω·cm. After etching, cleaning, and a 1 min HF dip,
samples were oxidized in three different ways. For a first group of
samples, the interfacial oxide was grown by exposure to UV−O3 for 2
min (Jelight, UVO-cleaner model 42). In the second group, the oxide
was grown through a treatment in the plasma enhanced chemical
vapor deposition (PECVD) chamber, using a mixture of H2 and N2O
as precursor gases. Except if stated otherwise, a plasma treatment time
and a plasma pressure of 1.5 min and 2.5 mbar were applied,
respectively. For a third group, a UV−O3 exposure of 1 min was first
applied, directly followed by 1 min of N2O-plasma treatment. After
oxidation of the c-Si, a 40 nm thick a-SiCx(p) layer was deposited by
PECVD for all samples using SiH4, H2, CH4 and B(CH3)3 as
precursor gases (KAI-M, Unaxis). As a result of the addition of CH4
to the precursor gas mix, the a-SiCx layer was found in earlier work to
contain about 2.5% of C.32 The PECVD setup used for N2O oxidation
and a-SiCx deposition consisted of a parallel plate setup with a plasma
frequency of 40.6 MHz. The PECVD chamber was maintained at 200
°C during processing both the N2O oxide and the a-SiCx layer.
Subsequently, an annealing step was applied to crystallize the layers
and activate their dopants. Two different set-ups were used for
performing this annealing. The first one consisted in a rapid thermal
processing (RTP) system operated under N2 ambient (Jipelec 200).
With this system, set temperatures between 770 and 920 °C and dwell
times between 10 and 30 s were applied, with fast heating and cooling
ramps of 50 °C/s, which resulted in an overall annealing time of about
5 min. More details on this experimental procedure can be found in
ref 32. The second system used for annealing consisted in a quartz
tube furnace operated under Ar ambient (PEO-308, ATV
Technologie). With this second setup, heating and cooling ramps of
10 and 2 °C/min were applied, respectively. The peak temperatures
were 850 and 900 °C with dwell times of 0 (i.e., with the cooling
ramp starting immediately after the end of the heating ramp), 15 and
30 min. After annealing, the samples were hydrogenated by depositing
a layer of hydrogen-rich silicon nitride (SiNx:H) by PECVD and then
firing at a set temperature of 840 °C for a few seconds in a ceramic
roller furnace (CAMINI, Meyer Burger). After hydrogenation, the
SiNx:H layers were removed by dipping the samples in a 5% HF
solution. Lastly, after the HF dip, an ITO/Ag bilayer was sputtered
through a shadow mask (MRC sputtering system P603, NI-
HONMRC Co.) to create metallic contacts for contact resistivity
measurements.
2.2. Characterization. Minority carrier lifetime and implied

open-circuit voltage (iVoc) were measured on unmetalized samples
after hydrogenation with a Sinton WCT-100 instrument. The
measurement was performed in the center of each sample. The
contact resistivity of the c-Si/SiOx/SiCx stack was evaluated using the
transfer length method (TLM). The samples were cleaved along the
TLM pattern to avoid lateral current spreading. The true distances
between the pads were measured by optical microscopy to account for
deposition of material under the shadow masks and the current
spreading into the wafer was corrected according to the two-
dimensional (2D) analytical method described in ref 37 The spatial
homogeneity of the passivation was investigated by photolumines-
cence (PL) imaging, using illumination at 808 nm and imaging with a
cooled Si detector (PIXIS, Princeton Instruments).
Electrochemical capacitance−voltage (ECV) measurements were

performed to evaluate the doping concentration profile in samples
featuring SiOx/SiCx passivating layers activated through long-
annealing in the tube furnace. The measurement was performed

after annealing using an ECV CVP21 tool from WEP with a 0.1 mol/
L NH4F solution as etchant.
For structural and chemical characterization, DSP wafers were used

to allow for minimal roughness at the c-Si/SiOx/SiCx interface. X-ray
photoelectron spectroscopy (XPS) measurements were performed
with a ThermoFisher K-α spectrometer. The base pressure in the
analysis chamber was approximately 2 × 10−9 mbar. Etching was
performed using an Ar+ ion gun operated at 2 keV. The spot size was
approximately 800 × 400 μm2. On each sample, three points were
measured. Full depth profiling was performed by stepwise etching in 5
and 10 s steps. The etching rate was approximately of 0.2 nm s−1 as
determined by XRR measurements (see next paragraph). At each step,
measurements were performed with the pass energy set to 150 eV
(“Snap” mode). For the third spot, one measurement was performed
after 180 s of etching, and subsequently a scan was made from 210 to
240 s of etching. At these points detailed high-resolution scans with
the pass energy of the analyzer set to 50 eV (“Scan” mode) were
performed. In the analysis, the binding energy was corrected for the
0.3 eV charge shift using the primary C 1s hydrocarbon peak at BE =
284.8 eV as a reference. The data were fitted using 70% Gaussian and
30% Lorentzian line shapes (weighted least-squares fitting method)
and nonlinear Shirley-type background using the ThermoFisher
Avantage software.
X-ray reflectometry (XRR) measurements were performed to study

the structural composition of the samples and get estimates on the
thickness, density and roughness of each of the layers. This technique
can be used for flat samples with layer thickness between
approximately 1−500 nm. In XRR, the sample is illuminated with
X-rays and the reflectivity of these X-rays is measured as a function of
2θ. Typically, instead of displaying the reflectivity as a function of 2θ,
the reflectivity is displayed as a function of the momentum transfer Q
= 4π sin θ/λ to take into account the effect on the X-ray’s wavelength.
The proportion of X-rays reflected, i.e., the reflectivity, depends on
the scattering length density (SLD)

NfSLD (0)
i

n

i i
1

=
=

where Ni and f i are the atomic number density (number of atoms per
volume unit) and the atomic form factor of isotope i. In good
approximation, f i(0) is proportional to the number of electrons, and
as such the SLD for X-rays is proportional to the electron density of
the material. Analogues to the reflection of optical light by a material
(Fresnel reflection), the X-rays can be reflected by the surface of the
thin film, or by the interface between the layers present in the thin
film. This can result into an interference pattern with minima and
maxima, named fringes, where the periodicity of these fringes is
inversely related to the thickness of the layers, and the amplitude to
the difference in SLD between the layers (i.e., the difference in
electron density). In addition, a higher roughness can also dampen the
fringes. To disentangle between these effects and get reliable estimates
for the thickness, SLD and roughness of each layer, XRR data is
typically fitted using a model that describes each layer within the film.
Based on this, an SLD profile can be constructed, which displays the
SLD as a function of the vertical distance from the substrate. This
SLD profile can be interpreted as an electron density profile of the
thin film stack. The XRR experiments were performed with a Bruker
D8 Discover (Cu Kα, λ = 0.154 nm) on samples that were
approximately 10 × 15 mm2 in size. Measurements were performed
for the range 0° < 2θ < 2° with a 0.1 mm Cu absorber and for 0.5° <
2θ < 5° without an attenuator. This was done to avoid saturation and
to ensure linearity of the detector in the angular range where the
reflected intensity is high. The two measurements for each sample
were subsequently stitched using a custom Python code. The data was
analyzed with GenX 3.6.20 software,38 using a model with two layers
(corresponding to SiOx and SiCx) on top of a c-Si substrate. In the
analysis, the properties of the bulk Si (thickness, density and
roughness) were kept constant, as well as the thickness of the SiOx
layer. This was done to improve the fit quality, as in a previous
analysis performed on very similar sample structures, a strong
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correlation was found for thickness and density of the SiOx layer.
39

Therefore, the free parameters in the fit were the density, roughness
and thickness associated to the SiCx and the density and roughness
associated to the SiOx layer.
Transmission electron microscopy (TEM) was performed on a

selection of samples. For this purpose, focused ion beam (FIB) was
used to prepare thin lamellae with the standard lift-out method (Zeiss
NVision). The samples were then observed both in high-resolution
TEM and high-resolution scanning TEM (HR-STEM) mode in a
double spherical aberration (Cs) corrected Titan Themis microscope
(ThermoFisher Scientific) with an accelerating voltage of 200 kV.

3. RESULTS AND DISCUSSION
3.1. Impact of Thermal Budget on Functional

Properties of Poly-Si Contact. In this section, we present
the effect of the annealing thermal budget applied for
crystallization and dopant activation of the a-SiCx(p) layer
on the surface passivation properties of the resulting
passivating contact. The thin SiOx layer located at the interface
between the SiCx and the c-Si substrate was grown either by
UV−O3, N2O-plasma or a combination of both. In the first two
Sections 3.1.1 and 3.1.2, the annealing was performed in a RTP
furnace with an overall processing time of about 5 min. In the
third Section 3.1.3, the annealing was performed in a tube
furnace with an overall processing time of about 3 h. For both
annealing set-ups, the thermal budget was varied by changing
the dwell temperature and dwell time.
3.1.1. Effects of RTP Thermal Budget. In this section, we

present results on the influence of the RTP thermal budget on
the passivation and electrical transport properties of contact
stacks featuring UV−O3 and N2O-grown oxide layers. Figure
2a depicts implied Voc(iVoc) values measured after hydro-
genation for samples featuring the two different oxide types, for
different RTP temperatures and dwell times. We note that each
iVoc data point refers to a single measurement performed on a
sample under each condition. The samples featuring UV−O3-
grown SiOx show a passivation quality initially stable until T =
800 °C, followed by a decline toward higher temperatures.
This drop could be explained by the creation of interfacial
defects across the oxide, which become detrimental for higher
temperatures or longer dwell times,35 or even by the disruption
of the oxide layer for the highest thermal budgets. For the
longest dwell times (30 s) the observed drop in the passivation
is stronger, suggesting that the onset of oxide disruption is
shifted to lower temperatures if the dwell time is increased.
In prior work, we emphasized the importance of employing a

higher thermal budget for contacts formed by RTP to ensure
sufficient lateral conductivity of the poly-Si layers and

compatibility with localized metal contacts.40 However, the
results of Figure 2a demonstrate that UV−O3-grown oxides do
not provide high enough surface passivation in the range of
high thermal budget. Therefore, an oxide layer based on
exposure to N2O-plasma in the PECVD chamber was
developed with the goal of obtaining improved stability for
the surface passivation at high temperatures and longer dwell
times, and thus accessing the high thermal budget range. We
note that, in the early developments of the N2O oxide layer,
the addition of H2 to the precursor gas mix was observed to
improve the spatial homogeneity of the oxidation (assessed by
PLI); H2 was thus systematically added in following
optimization stages. Additional results on the optimization of
plasma time and pressure during PECVD for the N2O
oxidation process are available in Supporting Information,
Figures S1 and S2.
Looking at the iVoc values after hydrogenation displayed in

Figure 2a, it is clear that the N2O-plasma oxide exhibits a
completely different trend with temperature when compared to
the previously studied UV−O3 oxide layer. In particular, no
steep decrease of iVoc toward high temperatures or longer
dwell times is noticed. Rather, the passivation improves as the
thermal budget increases and remains stable above 700 mV for
dwell times of 10 s. For longer dwell time, only a slight
decrease in iVoc occurs above 860 °C. These results highlight
the superior passivating performance at high thermal budget of
the N2O-plasma oxide compared to the UV−O3 one. We note
that the spatial homogeneity of the passivation quality, assessed
by photoluminescence imaging (PLI), was observed to be
comparable for both N2O and UV−O3 oxides under optimal
conditions, as shown in Supporting Information, Figure S4.
Figure 2b illustrates the dependence of the contact resistivity

on the RTP temperature and dwell time. The two sample
series with UV−O3 oxides exhibit higher contact resistivity for
RTP temperatures below 800 °C, followed by a drop to values
below 60 mΩ·cm2. The substantial decrease in contact
resistivity can be attributed to a higher density of active
dopants in the SiCx layer when processed at higher
temperatures, which, in turn, influences the resistivity at both
the c-Si/SiOx/SiCx and SiCx/metal interfaces.

33,35,40 The N2O-
plasma oxide also shows a similar behavior, but the drop in ρC
occurs at higher temperatures compared to the UV−O3 oxides,
specifically at T > 830 °C for 30 s dwell times and T > 860 °C
for 10 s. Interestingly, despite the initial contact resistivity
being one order of magnitude higher than that of UV−O3
oxide, it eventually achieves values within the same range as
UV−O3 oxides at high thermal budgets. In combination with

Figure 2. Dependence of the iVoc after hydrogenation (a) and of the contact resistivity (ρC) (b) on the RTP temperature for dwell times of 10 and
30 s, for samples with UV−O3 (green circles) and N2O (pink diamonds) oxide layers. The error bars in (b) denote the standard deviation over 4
different samples.
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the high passivation quality, this makes the N2O-plasma oxide
an excellent option for implementing in passivating contacts
processed by RTP at high thermal budgets.
3.1.2. Combination of UV−O3 and N2O Oxides. In the

previous section, Figure 2a showed that the optimum UV−O3
oxide yields higher iVoc values compared to the best results
obtained with the N2O-plasma oxide at low thermal budget
(iVoc = 722 mV for UV−O3 compared to 705 mV for the N2O
oxide). Therefore, a combination of UV−O3 and N2O oxides
was investigated to combine the excellent passivation quality
exhibited by the UV−O3 oxide at low thermal budgets with the
superior tolerance for high thermal budgets demonstrated by
the N2O-plasma oxide.
Figure 3a illustrates the iVoc as a function of RTP

temperatures for dwell times of 10 s (additional results on
samples processed with RTP dwell times of 30 s are available
in Supporting Information, Figure S3). The graph compares a
set of samples featuring only the N2O-plasma oxide and only
the UV−O3 oxide (reproduced from Figure 2a) with the third
set that received both UV−O3 exposure and N2O-plasma
treatment.
Both samples with N2O-only and UV−O3 + N2O oxide

layers exhibit a similar trend with respect to the passivation
quality, with iVoc improving as the RTP temperature increases.
However, the combination of UV−O3 and N2O oxides
consistently demonstrates higher iVoc values, approximately
10−15 mV higher than the N2O-only samples across the entire
temperature range investigated here. Similarly to the N2O-only
samples, the spatial homogeneity of the passivation provided

by the UV−O3 + N2O oxide layers under optimized RTP
conditions is comparable to that of the optimized UV−O3
oxide layer (see Figure S4 in the Supporting Information).
Contact resistivity results for the three sample types are

presented in Figure 3b. Interestingly, the drop of contact
resistivity is shifted to slightly lower temperatures for the UV−
O3 + N2O layer, compared to the N2O-only (T > 830 °C
compared to 860 °C). For T > 860 °C, however, both N2O-
based oxides yield similar results, which are also comparable to
the contact resistivity values obtained with the UV−O3 only
oxide layers.
3.1.3. Application of the Plasma Oxide to Long-Annealed

SiCx(p) Layers. Most commonly, the annealing for a-Si
crystallization and dopant activation is performed in a tube
furnace. Compared to the RTP system used here, annealing in
tube furnace involves longer ramp-up and ramp-down times,
resulting in overall processing of several hours (in contrast to a
few minutes with RTP). To compare the properties of
passivating contacts annealed in different set-ups, we fabricated
similar SiOx/SiCx(p) passivating contacts featuring the three
investigated oxide types and annealed in a tube furnace instead
of RTP. We note that in this experiment, the N2O oxide was
grown using a plasma pressure of 2 mbar and a plasma
treatment time of 1 min. In the tube furnace, the peak
temperatures were 850 and 900 °C with dwell times of 0 (i.e.,
with the cooling ramp starting immediately after the end of the
heating ramp), 15 and 30 min. The results are summarized in
Figure 4. Overall, the trends exhibited by the different types of
samples closely resemble the results obtained with the RTP.

Figure 3. Implied Voc (iVoc) values after hydrogenation (a) and contact resistivity results (b) for N2O only (pink diamonds), UV−O3 only (green
circles) and UV−O3 + N2O (purple stars) as a function of RTP temperature, for dwell times of 10 s. The error bars in (b) denote the standard
deviation over 4 different samples.

Figure 4. Implied Voc (iVoc) after hydrogenation (a) and contact resistivity (b) results for layers featuring a UV−O3, N2O and a combination of
both oxides and annealed in a tube furnace with different annealing temperature and dwell times. The iVoc data point relative to the N2O oxide with
900 °C, 0 min annealing is missing due to a damaged sample. To facilitate comparison with the RTP annealed samples, in (a), the best results
obtained with RTP on each oxide type are indicated by the white stars (for optimized conditions). In (b), the typical range of contact resistivities
achieved with optimized RTP conditions is highlighted by the gray-shaded area. The error bars denote the standard deviation over 2 or 3 different
samples.
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In particular, the UV−O3 oxide exhibits the best iVoc of 711
mV at the lowest thermal budget, with a steep decrease of the
passivation quality for increasing temperature and dwell time,
likely due to the disruption of the oxide layer. In contrast, both
the N2O and the UV−O3 + N2O combination outperform the
UV−O3 oxide over most of the studied range, yielding high
iVoc values of 723 and 725 mV, respectively. The N2O-only
oxide shows an improving passivation quality with increasing
thermal budget, as in the case of passivating contacts processed
by RTP. As previously discussed, this can be explained with the
improved field-effect passivation, in this case also due to the
shallow in-diffusion of B dopants within the c-Si substrate.
Similarly to the case of samples processed by RTP, the
combination of the UV−O3 and N2O oxides yields the best
results in terms of iVoc and exhibits a constant passivation
quality over the full range of applied thermal budgets. The
active doping profile of these samples was evaluated by ECV
after annealing. For all annealing conditions, we observed a
deeper B in-diffusion in the c-Si for samples featuring a UV−
O3-grown oxide compared to samples exposed to N2O-plasma
or a combination of UV−O3 and N2O (see Figure S5 in
Supporting Information). These observations agree well with
previous reports showing that oxide layers obtained through
N2O-plasma treatments can hinder B diffusion into the wafer,
resulting in shallower in-diffused region at the c-Si surface of
these samples compared to the ones featuring UV−O3
oxides.26,27,29 This could explain why a higher thermal budget
is needed to fully activate the contacts featuring the N2O oxide
compared to the UV−O3 one. The combination of both oxides
likely corresponds to an in-between situation, thus showing
excellent performance at both low and high thermal budgets.
The contact resistivity values for the three types of interfacial

oxides are displayed in Figure 4b. Once again, the observed
trends are close to those presented for the samples annealed in
RTP. The UV−O3 oxide shows an overall trend of decreasing
contact resistivity with increasing thermal budget. The higher
ρC for the 900 °C, 30 min annealing of the UV−O3 sample
could be related to a thicker parasitic oxide at the surface of the
SiCx layer, not fully removed by the HF dip performed before
metalization.40 Both the N2O and UV−O3 + N2O oxides show
high contact resistivity at lower temperatures/shorter dwell
times, and a drop for higher thermal budgets.
Overall, both RTP and tube furnace processes yield

comparable results for passivation and contact resistivity in
SiCx(p) layers, highlighting the versatility of plasma oxidation.
Utilizing N2O-plasma oxidation, potentially combined with

UV−O3 treatment, offers a promising route to enhance
electrical properties at high thermal budgets while maintaining
high surface passivation quality. Additionally, it offers the
possibility of fabricating SiOx/poly-Si contacts using PECVD
for both layer depositions.
3.2. XPS, XRR, and TEM Investigation of N2O and UV−

O3 Oxides. In this section, the reasons underlying the superior
passivation performance of the N2O-plasma oxide at high
thermal budgets are investigated by means of high-resolution
transmission electron microscopy (TEM), X-ray reflectometry
(XRR) and X-ray photoelectron spectroscopy (XPS). For this
study, passivating contacts featuring UV−O3 and N2O oxide
are characterized, and the following RTP conditions are
compared for both type of oxides:

• Tlow = 830 °C, dwell time of 3 s, corresponding to the
optimum condition for the UV−O3 oxide, optimized in
previous work.33,35

• Thigh = 860 °C, dwell time of 30 s, corresponding to the
window of parameters where the N2O oxide shows high
passivation quality whereas the UV−O3 oxide yields low
iVoc (see Figure 2).

3.2.1. Structural Characterization. Figure 5a shows the
reflectograms of the four investigated samples featuring
different oxide layers and RTP thermal budgets. The periodic
fringes result from the regular pattern of destructive and
constructive interference of the X-rays reflected at the different
interfaces. In particular, the period of the oscillations is related
to the thickness differences between the layers in the sample,
whereas the amplitude is related to their density difference
(i.e., the higher the fringes’ amplitude, the higher the density
difference between the layers).
In a recent study, XRR was employed to characterize

samples closely resembling those investigated in this work.39 It
was found that within the temperature range relevant to our
study, the density of the SiCx layer closely approximates that of
crystalline silicon (c-Si). Consequently, the fringes observed in
the reflectogram primarily arise from the contrast induced by
the presence of the thin SiOx layer at the interface between c-Si
and SiCx. In the plot of Figure 5a, the amplitude of the fringes
for the N2O samples and the UV−O3 sample processed at Tlow
is larger than for the case of the UV−O3 sample processed at
Thigh. This observation suggests a stronger density contrast
between the c-Si, SiOx, and SiCx layers for the former case.
Conversely, the high thermal budget UV−O3 sample displays
fringes featuring reduced amplitude, which could indicate a less

Figure 5. X-ray reflectograms (experimental data points and fit, vertically offset for clarity) of the four studied samples (a) and associated SLD plot
obtained from fitting the reflectograms data (b). The abscissa represents the distance from the surface of the c-Si wafer; the position of the different
layers in the stack is indicated by the color bars at the top of the graph. The inset shows a focus on the position of the SiOx interfacial layers.
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defined interface with higher roughness, or a smaller density
contrast compared to the other samples.
In Figure 5b, the fit of the reflectograms is plotted as a

scattering length density (SLD) profile as a function of the
distance from the c-Si substrate. As the SLD of X-rays is
roughly proportional to the mass density, this type of plot
represents the density of the different layers (here SiOx and
SiCx) and changes between the different phases in a multilayer
stack. The different fitted values (namely, thickness, SLD and
roughness) respective to the SiOx and SiCx layers are also
featured in the Supporting Information, Table S1.
In Figure 5b, a slight difference in the thickness of the SiCx

layer among the four samples can be observed, ranging from 48
to 51 nm, which could be attributed to the fact that these
layers were not deposited in the same PECVD run but in
consecutive ones. The inset of Figure 5b zooms in on the SLD
plots in the area of the interfacial oxides. The four samples
display an effective difference in the density of the SiOx layers.
In particular, the samples processed at Thigh show a density that
is closer to the one of the c-Si silicon. This observation is
consistent with other reports of densification of silicon oxide
layers upon high temperature treatment.10,39 Most importantly,
the plot suggests that the N2O oxide only undergoes limited
changes in density when processed at high thermal budget,
whereas the two UV−O3 samples processed at Tlow and Thigh
show a marked difference. In particular, an increase in density
can be observed for the UV−O3 sample processed at Thigh.
Furthermore, the interval in which the density drops at the
SiOx/SiCx interface is larger for this sample, which indicates a
larger roughness at this interface in comparison to the other
samples. This could be interpreted as the sign of more
intermixing at the interface between the SiOx and SiCx layers
for this sample.
These observations, directly linked to the reduced amplitude

of the fringes observed in the reflectogram of the UV−O3
sample processed at Thigh in Figure 5a, suggest that the SiOx/
SiCx interface for this oxide layer is rougher than in the other
samples, with SiOx being intermixed with the c-Si and SiCx(p)
layers. This is likely a consequence of RTP, which supposedly
leads to the partial disruption of the UV−O3 oxide. This result
could thus explain the loss of passivation at high thermal
budgets observed previously. In contrast, the SLD plot for the
N2O sample processed at Thigh reveals a well-defined layer, and
only small changes can be observed between the low and high
thermal budget samples. This suggests that the plasma oxide
maintains its structural integrity even when undergoing
postprocessing at high temperatures.
The two different samples featuring UV−O3 and N2O-

grown oxides and processed at high thermal budget (Thigh)
were also characterized by high-resolution TEM and STEM-
high-angle annular dark-field imaging (STEM-HAADF) in
order to gain further insights into the differences observed in
XRR. Figure 6 displays low magnification (a, b) and high
magnification (c, d) HR-TEM micrographs of the samples with
N2O and UV−O3 oxides.
For the N2O-plasma oxide (a, c) the c-Si/SiOx/SiCx

interface appears uniform, featuring a continuous SiOx layer
that is clearly distinguishable from the silicon wafer and the
SiCx. The thickness of this layer can be estimated to be
approximately 1.4−1.5 nm from the micrograph, and its
amorphous nature is evident. In contrast, the UV−O3 sample
shows a markedly rough and discontinuous interface, with the
SiOx layer being not clearly visible. Moreover, certain areas,

indicated by the white arrows in Figure 6d, exhibit lattice
fringes at the position of the SiOx layer. These correspond to
regions where the oxide layer is locally disrupted, bringing the
c-Si in direct contact with the SiCx(p) layer, and with Si
crystallites epitaxially formed into the SiCx layer.
Similar features are evident in the STEM-HAADF micro-

graphs of Figure 7. In Figure 7a, the SiOx layer is clearly visible

due to the darker contrast (arising from a difference in atomic
number) and extends continuously over the entire interface. In
Figure 7b, a high-magnification micrograph of one of the
regions where the UV−O3 oxide is interrupted highlights
atomic columns aligned epitaxially with the c-Si layer at the
SiOx position. The darker contrast typical of the SiOx layer is
still visible at the region of the crystalline protrusion, likely due
to a superposition of regions where the oxide remains intact
and the region with the pinhole. These observations are also
supported by STEM-electron energy loss spectroscopy
(STEM-EELS) elemental maps presented in Supporting
Information, Figure S6.
The observations reported here align well with the results

obtained from XRR, which revealed a less defined SiOx layer,

Figure 6. High-resolution TEM micrograph showing the c-Si/SiOx/
SiCx(p) interface in the case of the N2O-plasma oxide (a) and UV−
O3 oxide (b), for the same RTP temperature of 860 °C and a dwell
time of 30 s. Higher magnification of the interface is shown in (c, d).
White arrows in (d) highlight the presence of crystalline protrusions
at the position of the interfacial SiOx for the case of the UV−O3 oxide.

Figure 7. High-resolution STEM-HAADF micrographs showing the
c-Si/SiOx/SiCx(p) interface in the case of the N2O-plasma oxide (a)
and UV−O3 oxide (b), for the same RTP temperature of 860 °C and
a dwell time of 30 s. The white arrow in (b) highlights the presence of
crystalline protrusions at the position of the interfacial SiOx for the
case of the UV−O3 oxide. The SiOx position is highlighted by the
white dotted lines.
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intermixed with the c-Si and SiCx for the case of the UV−O3
sample annealed at Thigh. Conversely, a clear contrast was
observed between the N2O-grown oxide and both the silicon
wafer and the SiCx layer. Following the observations by
electron microscopy discussed above, the vanishing of XRR
fringes for the UV−O3 can be linked to the local disruption of
the SiOx layer and the direct contact between the c-Si and the
SiCx.
On the contrary, the N2O-grown oxide is observed to

maintain its structural integrity after RTP, both at the
microscopic scale (nm; probed with TEM) and the average
scale (mm2; probed with XRR).
We note here that several HR-TEM and STEM-HAADF

micrographs were acquired at different locations during the
experiment. The UV−O3 oxide disruption and the integrity of
the N2O oxide layer were consistently observed across the
entire area of the lamella. However, given the limited
dimensions of the lamella (approximately 10−15 μm), caution
should be exercised when generalizing these microscopic
observations to the entire interface. The combination of TEM
with additional XRR analysis mitigates this limitation of the
TEM technique, since XRR enables probing a much larger
sample surface. The consistent results obtained from both
techniques thus allow us to more confidently extend our
conclusions to the entire samples' surface.
3.2.2. Depth-Dependent XPS Analysis. To investigate

whether the observed differences in XRR and TEM results
were linked to the composition of the oxide layer and the local
bonding environment of the silicon atoms within, XPS
measurements were conducted on the four previously
described samples. Depth-profiles were recorded throughout
the full c-Si/SiOx/SiCx stacks, by alternating etching steps with
Ar ions and XPS measurements.
Figure 8 displays contour plots for the UV−O3 and N2O

samples that underwent RTP at the low thermal budget of Tlow
= 830 °C, for 3 s dwell time. The color map represents signal

intensity as a function of the etching time and binding energy
for four different spectral ranges: Si 2p, O 1s, C 1s, and N 1s.
At etching time tetch = 0 s a peak in the intensity of the O 1s

signal is visible for both samples, indicating the presence of a
native oxide on top of the SiCx surface. For longer etching
times, both a peak in the Si 2p and C 1s signals are detected,
indicating the presence of the SiCx layer. The C 1s peak shows
a sudden decrease in intensity for tetch ≈ 220 s, coinciding with
a peak in the intensity of the O 1s signal. This marks the
position of the SiOx layer, which is also visible from a slight
shift of the Si 2p signal toward higher binding energy for tetch ≈
225 s, hinting at the presence of a SiOx phase. For tetch > 225 s,
only the Si 2p peak signal is detected, indicating that the c-Si
wafer has been reached. These observations are valid both for
the N2O and UV−O3 oxide.
The main difference between the two samples can be

observed by comparing the plots related to the N 1s signal,
where the N2O oxide exhibits a peak for tetch ≈ 225 s that is
absent in the UV−O3 sample. We note that the relatively
intense N 1s background, observed in particular in the SiCx
layer, could result from the Ar gas used for sputtering, which
could be contaminated with N. Alternatively, it could be
attributed to a contamination of the Ar gas used to create an
inert atmosphere during RTP. To distinguish between these
effects, it may be beneficial to record XPS depth profiles on as-
deposited c-Si/SiOx/SiCx samples. Nonetheless, the increase in
N 1s signal intensity in the vicinity of the SiCx/c-Si interface
for the plasma oxide sample compared to the absence of such a
peak in the UV−O3 oxide sample is evident.
This finding demonstrates the presence of N in the oxide

obtained by N2O-plasma after annealing in RTP. To the best
of our knowledge, this is the first time the presence of N is
evidenced in the thin N2O oxide embedded in the SiOx/poly-
Si passivating stack subjected to annealing at high temperature.
In previous reports, the presence of N in oxides obtained with
a very similar process was observed on as-deposited SiOx

Figure 8. Contour plots showing the signal intensity as a function of etching time and binding energy for the Si 2p, O 1s, C 1s, and N 1s spectral
ranges. The first row shows the data relative to the N2O oxide and the second one to the UV−O3 at Tlow for both samples. The position of the c-Si,
SiOx, and SiCx layers is indicated on the left side of the Si 2p graph. The intensity scale is the same for the plots relative to the same spectral range
for the two samples, but changes for each of the displayed spectral ranges.
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layers, where it was linked to a reduced interfacial defect
density and a reduced dopant diffusion in the c-Si after
annealing compared to oxide layers obtained with other
methods.25,27,28,30

The discussion of the XPS depth profile in this section was
conducted for samples processed at Tlow. However, similar
features were observed in the depth profiles of the two samples
processed at Thigh, which are shown in the Supporting
Information, Figure S7.
To further investigate the differences in the four samples, the

data relative to the Si 2p range at the position of the thin oxide
layers are presented in Figure 9. Here, an intense peak at BE ≈
99 eV, corresponding to elemental Si, can be observed for all
samples. The small amount of C present in the SiCx(p) layer
(≈2.5 atom %32) is not observed to affect the peak position in
this case. No peak is observed for BE = 103.5 eV, characteristic
to SiO2.

41 However, a shoulder of variable intensity is observed
for all four samples, which indicates the presence of a
substoichiometric oxide layer SiOx. Notably, the two samples
featuring a N2O oxide exhibit a more pronounced shoulder in
the region around ≈101−102 eV, which is less prominent in
the UV−O3 samples. The right panel zooms-in in the area of
BE = 99−104 eV and depicts the XPS fitted signal along with
the doublets of peaks employed for the fitting in the Si 2p
range. Specifically, the doublet representing the SiOx states is
highlighted in orange in the plots. The positions of these two
peaks provide insights into the oxidation state of silicon, and
consequently, the composition of the oxide layers.42−44 We
note that the fits of the XPS signals are not reproduced in the
full Si 2p range in left panel of Figure 9 for clarity; however,
they are featured in the Supporting Information (Figure S8)
along with the fits in the O 1s and N 1s ranges.
It is evident from Figure 9 that the samples with the N2O-

plasma oxide exhibit a shift toward higher energies in the SiOx
doublet. This shift suggests a difference in the composition of
the N2O oxide layer, which appears to be closer to a SiO2
stoichiometry (peak at 103.5 eV),41 and hence richer in

oxygen, compared to its UV−O3 counterpart. Overall, the XPS
results indicate a significant difference in the composition of
the thin oxides grown by exposure to N2O plasma or UV−O3,
with the N2O oxide containing nitrogen and a higher amount
of oxygen compared to its UV−O3 counterpart.
3.3. Discussion. In this final section, we compare and

discuss the results obtained from characterizations presented in
Section 3.2 with the functional properties described in Section
3.1. Overall, the results obtained from the combined
characterization techniques are consistent with the passivation
quality and contact resistivity data presented in the previous
sections. As shown in Sections 3.1.1 and 3.1.2, the passivation
quality of samples with UV−O3 interfacial oxide deteriorates
significantly after RTP at high thermal budgets. The results
obtained from XRR and TEM characterization shown in part
3.2.1 allow us to correlate this decrease in passivation quality
with the structural degradation of the UV−O3 oxide along the
interface. In contrast, the passivation quality of samples with
N2O-interfacial oxide remained stable at high thermal budget,
indicating that this layer features a higher tolerance to elevated
temperature and prolonged dwell time. The results of the XRR
and TEM characterizations allow us to confirm that the N2O-
oxide layer maintain its structural integrity along the interface
under an extended range of thermal budgets compared to the
UV−O3 oxide.
The results from XPS characterization shown in part 3.2.2

enable hinting that this distinct behavior between the two
oxides arises from differences in their composition and local
bonding environments. Specifically, the higher oxygen content
and the presence of nitrogen in the N2O-oxide likely
contribute to its increased thermal stability, possibly because
of stronger bonds present at the interface with the c-Si wafer. A
link between high-temperature stability and the stoichiometry
of the oxide layer has been highlighted in previous research:
oxide layers that are oxygen-rich (i.e., close to SiO2
stoichiometry) have generally demonstrated better resistance
to high-temperature processes compared to substoichiometric,

Figure 9. Fitted XPS signal in the Si 2p spectral range for the four samples included in the study. The right panel zooms-in on the area of the
shoulder in the XPS signal highlighted by the gray rectangle. In the right panel, the thick colorful lines correspond to the fitted XPS signal. The pair
of peaks used to fit the elemental Si peak is displayed in blue, the pair of peaks used to fit the SiOx peak in orange. The orange dashed line
highlights the shifted positions of the SiOx peaks for the N2O samples compared to the UV−O3 samples. The green dashed line indicates the
position of the characteristic SiO2 peak at BE = 103.5 eV.
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silicon-rich oxide phases.10,16 Our findings regarding N2O-
plasma and UV−O3 oxides are aligned with these observations,
and the improved surface passivation provided by the N2O-
oxide at high temperatures could indeed be linked to its
oxygen-rich composition. Furthermore, recent studies suggest
that the presence of nitrogen in N2O plasma oxides could
explain their superior performance in passivating the c-Si
surface, either by blocking excessive dopant diffusion across the
oxide or by improving the ability of nitrogen-containing oxide
layers to retain hydrogen during high-temperature pro-
cesses.25,27

The similar trends observed for the N2O-only and UV−O3 +
N2O oxides suggest that the latter also possesses a higher
nitrogen and oxygen content compared to the pure UV−O3
oxide. The addition of the N2O treatment on top of the UV−
O3 oxide may lead to incorporation of O and N in the latter,
which explains the improved thermal stability yielded by the
UV−O3 + N2O combination. However, to confirm this
hypothesis, it would be necessary to repeat the same analysis
presented in Section 3.2 on the combined oxide layers as well.
The reason why the optimized UV−O3 yields a better

passivation quality than the N2O-based oxide layers is not yet
clear. One explanation could involve a possible damage to the
wafer's surface caused by the plasma treatment. In the case of
the combined oxide, this damage would be mitigated by the
presence of the UV−O3 layer on the wafer surface, which
agrees with the fact that the passivation quality yielded by the
UV−O3 + N2O layer is higher than that of the N2O-only layer.
More investigation would need to be carried out to understand
this effect. Additionally, further optimization of the process
parameters used for the N2O-plasma treatment might also lead
to a higher passivating performance both for the N2O-only and
UV−O3 + N2O oxide layers.
Overall, the increased nitrogen and oxygen content in the

N2O-oxide layer appears to widen and shift the optimal
processing temperature window toward higher thermal
budgets. In the temperature and dwell time ranges analyzed
here, the UV−O3 oxide shows an initial improvement in
passivation, followed by a degradation. In contrast, this thermal
range marks the lower end of the processing window for the
N2O-grown oxides. This is consistent with contact resistivity
trends, where a sharp decrease occurs above a threshold
temperature, which is higher for N2O-based oxides compared
to their UV−O3 counterparts (see Figure 3b). Interestingly,
despite the contact resistivity at low thermal budgets being one
order of magnitude higher than that of UV−O3 oxide, it
eventually achieves values within the same range as UV−O3
oxides at high thermal budgets. The XRR and TEM
observations showed that the N2O-oxide maintains its density
and structural integrity at the interface at high thermal budgets.
The decrease in contact resistivity observed for the N2O-grown
oxides in the high thermal budget range can therefore be
attributed to a higher density of active dopants in the SiCx
layer, influencing resistivity at both the c-Si/SiOx/SiCx and
SiCx/metal interfaces, rather than to a modification of the N2O
oxide thickness, density or structure. Overall, the integration of
the N2O-oxide in our SiOx/SiCx passivating contact enables
accessing a wide range of thermal budgets where an optimal
balance between high surface passivation and enhanced
electrical properties is achieved. We note that we expect the
further increase of the processing temperature and dwell time
to eventually disrupt the N2O oxide, leading to a decline in

passivation quality, possibly accompanied by a further decrease
in contact resistivity.

4. CONCLUSIONS
We have investigated the influence of the annealing thermal
budget on passivation quality and contact resistivity of p-type
SiOx/poly-Si passivating contacts with silicon oxide layers
obtained through exposure to UV−O3 or N2O-plasma in the
plasma enhanced chemical vapor deposition (PECVD)
chamber. For samples annealed through a rapid thermal
processing (RTP), the UV−O3 oxide exhibited decreasing
passivation quality with higher thermal budgets, whereas the
N2O-plasma oxide maintained a stable passivation together
with reduced contact resistivity. Combining UV−O3 and N2O-
plasma oxides showed improved iVoc compared to pure N2O
oxide, possibly due to a reduced surface damage during plasma
exposure. Overall, the SiOx/poly-Si passivating contacts
activated both with RTP and through a more conventional
tube furnace process showed similar trends with respect to
passivation and contact resistivity as a function of the applied
thermal budget. This showcases the versatility of the N2O
plasma oxidation process, that resulted in good performance
regardless of the thermal profile and annealing setup applied
here for poly-Si contact formation. Implementing a process
based on N2O-plasma oxidation (possibly combined with a
UV−O3 process) appears to be a promising strategy to exploit
the improved electrical properties that can be obtained at high
thermal budget without compromising on the passivation
quality. Moreover, it offers the possibility of fabricating SiOx/
poly-Si contacts with a lean process flow using PECVD to
deposit both the SiOx and the poly-Si layers.
The study also involved extensive characterization of the c-

Si/SiOx/poly-Si interface to understand the improved perform-
ance of the N2O-plasma oxide when exposed to high thermal
budget compared to the UV−O3-grown oxide. In particular,
from X-ray reflectometry (XRR) and TEM characterizations,
we observed the density and structural integrity of the N2O-
plasma oxide to remain stable from low to high thermal
budget. In contrast, the UV−O3 oxide was shown to locally
disrupt at high thermal budget, which explains the decrease in
passivation observed in this range for samples featuring this
oxide. Additional depth-dependent XPS analysis were
performed to compare the UV−O3 and N2O oxide chemical
composition. This analysis revealed that the N2O-grown oxide
contains nitrogen and a higher amount of oxygen compared to
its UV−O3 counterpart. This important finding likely explains
the superior thermal stability of the N2O oxide layer observed
in our work as well as by other research institutes.
In a wider context, our findings underscore the effectiveness

of the techniques presented here as a robust method for
examining multilayer stacks, especially suited for characterizing
nanoscale thin films. Notably, we combined more invasive
techniques like TEM and XPS depth-profiling with the
nondestructive approach of XRR. The results obtained from
these various characterization techniques, each relying on
different interactions with the samples, consistently align with
one another. In our investigation, we conducted the analysis on
complete c-Si/SiOx/poly-Si stacks after annealing. This
approach offers the advantage that characterization is
performed on samples closely resembling the structures
employed in a solar cell application, differing from most
similar studies in literature that so far focused on as-deposited
SiOx layers.
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