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Abstract

In this work, we present a comprehensive investigation of impurities contamination in
silicon during UV Nanosecond Laser Annealing at high energy density. By investigating in
detail the impact of the annealing ambient and of the surface preparation prior to UV-NLA
(including the variation of the surface oxide thickness), we show that the observed oxygen
penetration originates from the surface oxide layer. It is proposed that, at high energy UV-
NLA, the prolonged contact of SiO> with high temperature liquid Si induces a partial
degradation of the SiO2/Si interface, leading to bond breaking and subsequent injection of O
atoms into the substrate. A degradation involving less than 5 % of the O atoms contained in
the 1% SiO, ML is sufficient to account for the measured amount of in-diffused O in all of the
analysed samples.
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1. Introduction

The main advantage of UV nanosecond laser annealing (UV-NLA) in semiconductor
technology is that it offers the possibility to confine high-temperature processing to the near-
surface region enabling the creation of ultra-shallow heavily doped layers [1, 2]. Since the
1980s, several papers have been devoted to the investigation of this annealing process, mainly
in view of its application for solar cells fabrication [3] or for the miniaturization of source and
drain regions in MOSFET devices [4, 5]. In such processes, the employed laser energy
densities are close to the melt threshold (< ~2 J/cm? for 150-200 ns range), while melt
annealing conditions are preferred in order to maximize dopant activation as well as removing
implant-induced defects in the melted surface layer. However, although no residual extended
defects are generally observed, studies have shown that adsorption of unwanted impurities can
occur in the melted silicon during laser annealing. In particular, carbon and oxygen
contamination have been observed [6- 8]. In the case of oxygen, its penetration was ascribed
to in-diffusion from the annealing ambient, while the presence of a surface oxide layer has
been interpreted as a barrier to the in-diffusion process [6, 7].

In more recent years, the investigation of laser thermal annealing has been extended to
other possible applications for which the localized and low-thermal-budget nature of UV-
NLA represents a unique advantage. These include 3D integration architectures [9] and IGBT
power devices [10, 11]. In the latter case, UV-NLA is integrated with the aim of electrically
activating the dopants introduced by a double-implant step on the backside of the device,
where the p-type collector and the n-type buffer layers are formed. In particular, thick n-
buffer layers are introduced in order to increase the breakdown voltage and expected to be
defect-free and to exhibit high dopant activation. Indeed, for the next generations of IGBT
power devices these layers could largely exceed 2 um. [12]. The activation of dopant over
such a thick region (> 2 um) implies a considerable increase in the needed laser energy
density. For instance, for a pulsed excimer laser with a 308 nm wavelength and a 160 ns pulse
duration [13] a laser energy density as high as 9 J/cm? is needed to obtain a 2 um-thick melted
layer.

In this high energy operating range, the surface of the annealed structures reaches much
higher temperatures and remains in the liquid phase for a much longer time compared to low
energy density anneals. As a consequence, the physical mechanism governing the oxygen
penetration during laser annealing might be strongly modified, however no published data are
available to this respect. In this work, we therefore present a detailed investigation of
impurities penetration during high energy density UV-NLA of in-situ doped silicon. First, the
impurity nature will be determined by combining chemical and optical characterization
techniques. Then, the impact on impurity penetration of several experimental process
parameters will be investigated. These will include laser energy density, the number of laser
pulses, the annealing ambient and the nature of the surface oxide layer. Finally, in the case of
oxygen, a possible mechanism at the origin of its penetration during high energy density UV-
NLA will be proposed.

2. Material and methods
2.1 Samples fabrication

Two different substrates were used for this study: the first (Si-epi) consisted of a 3 um-
thick in situ doped (p-type) silicon layer (Si-epi) epitaxially grown on a 100 mm p-type
Czochralski silicon wafer. The second substrate (Si-CZ) was a 300 mm p-type Czochralski



silicon wafer. The resistivity of both is (~1.4 Q.cm), corresponding to a background doping
level of ~10% cm?3,

The Si-epi wafer was used in a first experiment aiming at identifying and localizing the
impurities introduced during the laser annealing. To this purpose, a set of 88 zones (10 x 10
mm? size) were sequentially annealed with a 308 nm XeCl excimer laser (SCREEN-LASSE,
LT3100) in air ambient. Each zone received from 1 to 10 laser shots with a pulse duration
~160 ns and energy density ranging from 1.7 to 8 J/cmz2. Some zones on the wafer were not
annealed in order to be used as references. No chemical treatment or cleaning procedure were
carried out on the wafer surface prior to the UV-NLA process.

Subsequent experiments aiming at investigating the impact of the surface pre-treatments
(i.e. prior to UV-NLA) or the annealing ambient (air, vacuum and N2) on the penetration of
impurities during annealing were carried out both on the Si-epi and the Si-Cz wafers. In the
case of the Si-Cz wafer, a set of 14 zones (15 x 15 mm? size) were sequentially annealed with
the same laser tool. Each zone received 1 or 10 laser shots with a pulse duration ~160 ns and
energy density ranging from 1.7 to 4 J/cmz2. For these experiments, different surface
treatments were applied before laser annealing, including sulfur hexafluoride (SFg) plasma
etching, HF etching or thermal oxide growth. Depending on the specific pre-treatment, the
annealed samples will be referred to as follows:

“Native oxide”: the sample was annealed just out-of-the-box without any surface
treatment. It therefore contains a surface oxide layer of ~1 nm.

- “SFe-pretreat”: the sample was etched with SF6 plasma in the laser process chamber
prior to annealing. Such a sample does not present any surface oxide layer during UV-
NLA.

- “HF-pretreat”: the sample was cleaned by a HF treatment 15 minutes before UV-
NLA. A thin surface layer is expected to be re-formed during this time interval (~0.3
nm, as estimated by spectroscopic ellipsometry measurements).

- “Thermal oxide”: the sample was cleaned by a SC1 treatment then annealed in
oxidation furnace to form a 4 nm-thick oxide layer.

2.2 Characterization methods
2.2.1 Secondary lon Mass Spectroscopy

Elemental distribution as a function of depth was obtained by Secondary lon Mass
Spectroscopy (SIMS) (IMS 4FE6, Cameca). For the analysis of oxygen and carbon, the
sample surface was bombarded by a focused Cs™ ion beam (accelerating voltage: 10 kV) and a
voltage of - 4.5 kV was applied to the sample in order to detect the *0 and *C isotopes,
respectively. Relative sensitivity factors (RSFs), calculated from a reference sample, were
applied to convert ion counts into concentration wherever possible. All the SIMS results are
presented after subtraction of the background noise of the system.

2.2.2 Optical spectroscopies

Impurity-related defects were also investigated by optical spectroscopy methods. Optical
absorption was measured by Fourier Transform InfraRed spectroscopy (FTIR) using a
germanium ATR (Attenuated Total Reflectance) accessory. The FTIR model used is a Vertex
70 from Bruker with a Globar source and DLaTGS detector. A HF treatment during 30 s was



applied before every measurement in order to etch the surface oxide and therefore measure
only the absorption in the silicon material.

Photoluminescence measurements (PL) were performed at 50 K; the samples were
mounted on a cold finger placed in the vacuum chamber of a closed cycle He cryostat. Laser
diode from Oxxius were used as the excitation source: a 200 mW 488 nm and a 70 mW 375
nm. In silicon, the absorption length for these wavelengths are 492 nm and 23 nm,
respectively. The PL emission was collected by a 10X 0.26 NA objective (Plan Apo NIR,
Mitutoyo, Japan) and analyzed using a spectrometer (Andor, SR193i, Belfast, UK). The
combination of the InGaAs detector (512 pix) with a 85 I/mm, 1200 nm blazed grating and a
10 um slit width results in a spectrometer resolution of 1.9 nm.

3. Results and discussion
3.1 Impurities identification and localization

Fast and non-destructive optical spectroscopy methods (FTIR and PL) were initially used
to investigate impurity-related optical defects and their chemical bonds formed during the
laser annealing process. Fig. 1 presents the absorption spectra of Si-epi samples laser annealed
in air with energy densities between 4.7 and 7.4 J/cm? and 10 pulses. The peak located at
~900 cm?, observed in all investigated samples, is related to a Ge-Ox defect originating from
the germanium ATR accessory. The main difference between the measured spectra occurs at
~1100 cmt, where a peak related to a Si-O-Si region is observed (cf. inset in Fig. 1) [14]. The
Si-O-Si signal is already present in the reference non-annealed sample, due to the interstitial
oxygen atoms already present in the epilayer (with a concentration of ~1x10% cm®). However
the peak intensity (i.e. the concentration of the corresponding interstitial oxygen atoms)
increases when the laser energy increases, clearly indicating that the formation of this
complex is enhanced by the laser annealing process. No other peaks are observed in the
annealed samples.
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Figure 1. Normalized absorption spectra obtained by FTIR on Si-EPI samples.



The PL spectra obtained at 50 K with an excitation wavelength of 488 nm and a power
of 2 mW on the reference non-annealed sample and the annealed samples with energy
densities between 2 and 8 J/cm? with 10 pulses are presented in Fig. 2. The non-annealed
sample spectrum presents only one peak located at 1.07 eV which is the band-to-band
transition of silicon (Si-BB) peak centered at 1.07 eV. This peak was used for normalizing
spectra of different samples in order to compare PL emission. The non-normalized spectra
from 0.78 up to 0.82 eV acquired with a higher excitation power (20 mW) are presented in the
Fig.2 inset. The annealed samples exhibit a broad band extending from 0.78 to 1 eV and
several additional peaks. Similarly to the FTIR observations, the intensity of this band
increases with the energy density of the laser beam, indicating an increase in the concentration
of the related optical defects. Concerning their nature, the peaks centered at 0.97 and 0.79 eV
can be safely attributed to the so-called G-line and C-line, which indicate that carbon and
oxygen related defects are formed [15]. Indeed, the G emission is attributed to the presence of
a Cs-Si-Ci complex with Cs and C; corresponding to carbon atoms in substitutional and
interstitial sites, respectively; similarly, the C-line emission is attributed to a Ci-Oi complex
representing a carbon atom in interstitial site interacting with an oxygen atom also in
interstitial position. In the 0.89 - 0.96 eV energy range, we observe peaks on a broad
unsymmetric band. These additional components arise from the recombination assisted by
acoustic phonons. The large peak centered at 0.95 eV is related to the acoustic transverse
phonon replica G(TA) and the sharper line at 0.89 eV, the so-called E line, to local mode of

the G-line center [16, 17].
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Figure 2. Normalized PL spectra obtained on Si-EPI samples: C-line, G-line and Si-BB are identified respectively at 0.79,
0.96 and 1.07 eV. Inset: Non-normalized spectra focalized on C-line at 0.79 eV and acquired with a higher excitation power.

The star in inset represents a bench artefact.

FTIR and PL do not allow to compare the concentrations of C- and O-related defects,
however they clearly highlighted their increase during the laser annealing at higher energy
density. This could be due in principle to a redistribution, during the anneal, of the oxygen
and carbon atoms already present in the substrate material, leading to a local increase of their
concentration. Alternatively, the observed increase of C- and O-related defects can originate
from the progressive incorporation of carbon and oxygen atoms from an external source
during UV-NLA. In order to clarify this point, we etched the 8 J/cm? annealed sample at



different depths (70, 120, 200 and 380 nm, as measured by mechanical profilometer) and
observed the corresponding PL signal using a 375 nm laser, whose penetration depth in
silicon is ~23 nm. The corresponding results are reported in Fig. 3, together with the signal
recorded from a reference non-etched sample. For a reliable comparison of the experimental
data, the acquisition parameters and the experimental conditions were strictly identical. All
investigated samples exhibit similar PL spectra, including C-lines, G-lines and G-satellite
lines. However, the intensity of all the defect-related peaks is found to decrease when
increasing the etch depth, suggesting that the concentration of the elemental impurities
responsible for their formation also decreases with depth, in agreement with an impurity in-
diffusion mechanism from an external source. This conclusion is supported by the
corresponding increase in the intensity of the Si-BB peak (located at ~1.06 eV, cf Fig. 3)
when increasing the etch depth, indicating that the contribution of the undamaged Si substrate
to the overall PL spectrum becomes more prominent when the defect concentration decreases.
This scenario is particularly obvious in the case of carbon, for which the intensity of the
corresponding G-line peak decreases by a factor of about five when moving from the surface
down to a depth of 380 nm (cf. inset of Fig. 3). In contrast, due to the weak intensity of the
oxygen-related C-line peak, it is more difficult to confirm such conclusion in the case of
oxygen.
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Figure 3. PL spectra obtained on EPI sample annealed at 8 J/cm2 and 10 pulses at different depth.

SIMS analyses were therefore carried out to further investigate the impurity distribution
in UV-NLA annealed samples. Fig.4 depicts oxygen concentration profiles obtained on Si-epi
samples without (black curve) and with UV-NLA at energy densities in the range 2 - 8 J/cm?
with 1 pulse (a) and 10 pulses (b). Clearly, for all the measured samples, the oxygen
concentration is higher in the surface region and decreases with depth, while both the total
oxygen dose and the penetration depth increase with the laser energy density. These results
therefore confirm that a progressive in-diffusion of oxygen from an external source occurs
during UV-NLA, in agreement with previous literature reports [6, 18, 19]. Indeed, for the
samples annealed with 1 laser pulse, the penetration depth is consistent with the known value
of oxygen diffusivity in liquid silicon [20, 21]. As a consequence, oxygen atoms do not
redistribute over the entire liquid layer during the melt. In contrast, the cumulative effect of 10



laser pulses enables the in-diffused oxygen to diffuse near the maximum melt depths, which
were estimated by phase field simulations [22] as 450 nm, 1000 nm and 1600 nm at 4, 6 and 8
Jicm2, respectively (cf. Fig. 4b).

In addition, for the highest thermal budget investigated in this work (8 J/cm?and 10
pulses), an immobile peak is observed in the oxygen profile at ~200 nm below the surface.
This is probably due to the formation of oxygen-related precipitates. Indeed, the immobile
peak is observed at concentrations above ~5x10% cm3, which corresponds to the known
solubility limit of oxygen in liquid silicon [21, 23, 24].

Finally, for all the investigated samples, the oxygen concentration profile is found to
decrease in the proximity of the sample surface. Such depletion could be ascribed to a variety
of phenomena. However, considering that the equilibrium distribution coefficient of oxygen is
very close to unity [25], oxygen segregation at the liquid/solid interface during solidification
can be excluded. Similarly, the exact nature of the source of oxygen in-diffusion, i.e. either
finite or infinite, cannot be responsible for the observed shape of the concentration profile, as
in both cases the expected maximum should be located at the surface. In contrast, oxygen
adsorption at the liquid/solid interface during annealing could explain the observed results.
Indeed, such interface segregation mechanism (whereas the impurity is adsorbed by the
moving interface from both the liquid and the solid phase) has been successfully used to
simulate similar surface depletion effects in laser annealed boron-doped Silicon [26, 27],
however further experiments would be necessary to confirm this scenario and a clear
explanation cannot be reached at this stage.
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Carbon depth profiles from annealed samples with energy densities in the 3.2 — 8 J/cm?
range and 10 pulses were also measured by SIMS and the non-calibrated results are reported
in Fig. 5. A reference non-annealed (black curve) sample was included in the measurement.
As it appears from this figure, the annealed samples present a gradual decrease of carbon
count from the surface down to the maximum melted depth, in agreement with the PL results
presented in Fig. 5. Similarly to oxygen, carbon in-diffusion from an extenal source occurs
during laser annealing. In contrast, no carbon precipitation is observed in any of the
investigated samples. This suggests that, independently of the laser energy density value, the
maximum carbon concentration never exceeds its solubility value in liquid silicon (estimated
to be ~3.5.10% cm™ [21, 28]).
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3.2 Impurities penetration mechanism

The results shown in the previous section confirm that a progressive in-diffusion of
oxygen from an external source occurs during UV-NLA at high energy densities. However,
compared to the widely investigated low energy density anneals, the physical mechanism
governing oxygen penetration might be strongly modified and should therefore be
investigated. As a starting point, we focused on the identification of the main source from
which the in-diffused oxygen atoms originate. To this purpose, two Si-epi samples were
annealed under vacuum (~10* mbar) at an energy density of 4 J/cm? and 1 pulse. One sample
was covered by a natural native oxide of ~1 nm (sample “Native oxide”), the other received a
SFe plasma etch in the laser chamber before the anneal (sample “SFs-pretreat”) which
resulted in the complete removal of the surface oxide layer. The oxygen SIMS profiles from
these samples are shown in Fig. 6 (a), together with a SIMS profile from a reference “Native
oxide” sample that received no treatment (i.e. no UV-NLA, no surface oxide removal).
Calibration standards were not available for these measurements, the results are therefore
reported in arbitrary units. The “Native oxide” annealed sample (cf. blue line in Fig. 6a)
clearly exhibits oxygen penetration down to ~300 nm, similarly to the “Si-epi” samples
annealed in air ambient (cf. Fig. 4) which also contained a ~1 nm-thick native oxide at the
surface. Considering the absence of oxygen in the annealing ambient when UV-NLA is
carried out in vacuum, this result clearly indicates that a natural native oxide can act as a
source of oxygen penetration during annealing. This conclusion is confirmed by the result
obtained from the “SFe-pretreat” sample, in which the native oxide was completely removed
prior to anneal (cf. green line in Fig. 6a). Indeed, this sample showed no oxygen penetration,
similarly to the reference non-annealed sample (cf. black line). In contrast, any sulfur atoms
left on the sample surface following the SFs plasma treatment, are expected to penetrate and
diffuse in the Si substrate during the laser annealing process, which is confirmed by the SIMS
profile reported in Fig. 6 (b).
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Figure 6. (a) SIMS profiles of oxygen obtained on the samples annealed in vacuum atmosphere at 4 J/cm? and 1 pulse with
and without SF6 plasma treatment, (b) SIMS profiles of sulfur obtained on sample etched then annealed

In a subsequent experiment, we investigated the impact of the annealing ambient on
the observed oxygen penetration. Figure 7 reports the oxygen depth profiles from two Si-Cz
“native oxide” samples which were annealed at an energy of 4 J/cm? (10 pulses) under
different ambients: air (blue curve) and flowing N2 (red). If a contribution to the in-diffused
oxygen atoms is to be expected from the annealing atmosphere, a deeper penetration should
be observed in the sample annealed in air. Instead, the two samples exhibit the same oxygen
profile, independently of the amount of oxygen atoms contained in the annealing atmosphere.
This is in agreement with the previous result (cf. Fig. 6), confirming that the in-diffused
oxygen atoms observed in these experiments originate from the native oxide layer.

It has to be noted that the results shown here, obtained from Si-Cz samples, are similar
to those obtained from Si-epi samples annealed under the same laser conditions, as confirmed
by the additional oxygen profile reported in Fig. 7 (green curve), measured from a Si-epi
sample annealed in air. The only difference between Si-epi and Si-Cz samples is given by the
oxygen trapping peak located at the maximum melt depth (~500 nm), which is only observed
in the Si-CZ sample. The formation of this trapping peak might be due to the interaction of
the in-diffused oxygen atoms with the excess point defects generated at the maximum melt
depth [29] as well as with C impurities already present in the substrate (whose concentration
is much higher in Si-CZ wafers compared to Si-epi ones [30]).
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Figure 7. SIMS profiles of oxygen concentration obtained on the samples annealed at 4 J/cm?2 and 10 pulses in ambient air in
epitaxial layer (green curve) and in CZ sample (blue curve) and under nitrogen flow in CZ sample (red curve).

In a final experiment, we investigated a set of three CZ samples (“HF-pretreat”,
“Native oxide” and “Thermal oxide”, cf. section 2.1) with different thicknesses of the surface
oxide (~0.3, ~1 and 4 nm, respectively) and annealed under the same laser conditions (3.6
J/cmz2 and 10 pulses). The oxygen profiles measured from the three samples are reported in
Fig. 8(a), which also includes a profile measured from a reference non-annealed sample (No-
UV-NLA). Similarly to the previous case, all annealed samples exhibit the same oxygen depth
profiles, with the exception of a slightly increase of the melt depth for the “Thermal oxide”
sample (probably due to a modification of the optical absorption in the presence of a thicker
surface oxide layer) and the absence of the oxygen trapping peak at the maximum melt depth.
Not only this result confirms that the observed oxygen penetration originates from the surface
oxide layer, but it also indicates that the amount of in-diffused oxygen does not depend on its
thickness, suggesting that the O atoms are released from a very small region in the vicinity of
the SiO2/Si interface.

Carbon depth profiles measured from the same samples are reported in Fig. 8(b).
While the “HF-pretreat” and “Native oxide” samples exhibit a similar carbon penetration to
that previously observed in Si-epi samples (cf. Fig. 5), no carbon penetration is observed in
the “Thermal oxide” sample (green curve in Fig. 8(b)). Indeed, the formation of the surface
oxide in “HF-pretreat” and “Native oxide” samples is a “natural” process during which C
contaminants are trapped in the oxide layer. Thus, when carbon atoms are trapped at the
Si02/Si interface during the oxide formation, they are released during UV-NLA (similarly to
oxygen) and diffuse in the melted and recrystallized layer. In contrast, the surface oxide of the
“Thermal oxide” sample is formed at 800 °C (and preceded by a SC1 cleaning step). This is a
much cleaner process leading to the formation of a perfect, C-free, SiO>/Si interface, in
agreement with the absence of carbon penetration in this sample (cf. Fig. 8(b)). In addition,
the annealing step necessary for the formation of the thermal oxide can induce an outdiffusion
of carbon from the CZ silicon substrate [31]. This might explain the absence of the oxygen
trapping peak at the maximum melt depth for this sample (cf. Fig 8(a)).
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All the results presented so far clearly show that the observed oxygen penetration
during high energy density UV-NLA originates from the surface oxide layer. In addition, they
suggest that the in-diffused O atoms are released from a very small region in the vicinity of
the SiO2/Si interface. In order to further investigate this last point, we extracted (from the
SIMS depth profiles) the total areal density of in-diffused O atoms (hereafter “O dose”) in all
the measured samples. In particular, for the sample that received the highest thermal budget (8
Jlem? and 10 pulses) the in-diffused O dose is ~6x10'3 cm™. This is much lower (~20 times
less) than the oxygen areal density contained in a single mono-layer (ML) of stoichiometric
SiO; (~1.25x10% cm2), whose thickness is ~0.3 nm [32]. Thus, it can be reasonably assumed
that, during melt UV-NLA at high energy densities, the prolonged contact of SiO, with high
temperature liquid Si (> 1600 °C) induces a partial degradation of the SiO2/Si interface,
leading to some bond breaking and subsequent injection of O atoms into the substrate. Indeed,
a degradation implying no more than 5 % of the O atoms contained in the 1% SiO, ML is
sufficient to account for the measured amount of in-diffused O in all analysed samples. For
the highest laser energies used in this work (up to 8 J/cm?) it cannot be excluded that the
native SiO2 undergoes an abrupt glass-liquid transition at very high temperature. In such case,
a much higher amount of oxygen atoms would be available for diffusing into the substrate.
However, the maximum oxygen concentration at the surface would still be determined by its
solubility limit in liquid silicon (~5x10'® cm), in agreement with the observed values (cf.
Fig. 4b). Whether or not SiO> achieves a liquid state at the highest laser energies, the
proposed scenario is also consistent with the observed C in-diffusion in samples where C
contaminants are trapped at the SiO2/Si interface prior to UV-NLA (cf. Fig. 8b) [33]. Indeed,
in such samples, the degradation of the SiO>/Si interface can lead to the concomitant release
of both O and C atoms. Although based on a different physical mechanism, it is interesting to
note that SiO>/Si interfacial degradation was already identified as the cause of oxygen in-
diffusion during high temperature furnace annealing (up to 1320 °C, i.e. below melt) [33, 34].

The oxygen penetration investigated in this work is active only when the laser energy
density is sufficiently high. For a 308 nm laser radiation with a 160 ns pulse duration, the
estimated energy threshold is ~5.6 J/cm? for 1 pulse anneals, or between 2 and 4 J/cm? for 10
pulse anneals. Below this threshold, oxygen penetration is totally absent or negligible, in
agreement with previous investigations at lower laser energies and inert ambient [35]. In that
energy regime, O penetration was only observed when anneal occurred in pure Oz ambient



either at atmospheric pressure [36] or at high pressure (4 atm [37]). This explains why in low
energy conditions, any surface oxide layer (native or grown), present during UV-NLA, would
act as a barrier to oxygen penetration. On the contrary, concerning the high energy regime
investigated in this work, the surface SiO- layer acts as the source of the in-diffused oxygen.
For application of UV-NLA in the power device domain, surface oxide removal prior to UV-
NLA is mandatory if oxygen (and carbon) contaminations must be avoided.

4. Conclusions

In this work, we presented a comprehensive investigation of impurity contamination in
silicon during melt laser annealing at high energy density by implementing a methodology
allowing the identification of formed defects and the localization of the in-diffused impurities.
FTIR, photoluminescence spectroscopy and SIMS measurements confirm that a progressive
in-diffusion of oxygen from an external source occurs during UV-NLA at high energy
densities. By investigating in detail the impact of the annealing ambient and of the surface
preparation prior to UV-NLA (including the variation of the surface oxide thickness), we
showed that the source of the in-diffused oxygen is the surface oxide layer. It is proposed that,
at high energy UV-NLA, the prolonged contact of SiO2 with high temperature liquid Si
induces a partial degradation of the SiO2/Si interface, leading to bond breaking and
subsequent injection of O atoms into the substrate. Indeed, a degradation implying no more
than 5 % of the O atoms contained in the 1% SiO, ML is sufficient to account for the measured
amount of in-diffused O in all of the analysed samples.
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