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We record the two-dimensional laser-induced fluorescence (LIF) on multiple plasma
constituents in a YBiO3 plasma. This allows us to directly link the influence of oxy-
gen present in the background gas during pulsed laser deposition to the oxidation of
plasma species as well as the formation of epitaxial YBiO3 films. With spatiotemporal
LIF mapping of the plasma species (Y, YO, Bi, and BiO) in different background gas
compositions, we find that little direct chemical interaction takes place between the
plasma plume constituents and the background gas. However, a strong influence of
the background gas composition can be seen on the YBO film growth, as well as a
strong correlation between the oxygen fraction in the background gas and the amount
of YO in the plasma plume. We assign this correlation to a direct interaction between
the background gas and the target in between ablation pulses. In an O2 background, an
oxygen-rich surface layer forms in between ablation pulses, which provides additional
oxygen for the plasma plume during target ablation. This differs from our previous
observations in STO and LAO plasmas, where species oxidation primarily takes place
during propagation of the plasma plume towards the substrate. © 2016 Author(s).
All article content, except where otherwise noted, is licensed under a Creative
Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
[http://dx.doi.org/10.1063/1.4971349]

It is widely accepted that pulsed laser deposition (PLD) allows for the stoichiometric transfer of
complex materials, making it a very powerful and universal deposition technique for the growth of
thin films of complex crystalline oxides such as to impose ferro-electricity,1 two-dimensional electron
gases at heterointerfaces,2 or superconductivity at interfaces,3 among other applications.4 Recently,
a new class of materials, so-called topological insulators (TIs), have attracted much of attention5,6

due to their unique quantum-mechanical properties that provide time-reversal-symmetry-protected
surface states.7 Many different TIs have already been identified,6 specifically thin films based on
bismuth such as BiTe3

8 and BiSe3.9,10

Based on first-principles calculations11,12 and preliminary growth studies,13 YBiO3 (YBO)
appears to be of particular interest in the search for new topological materials. Although YBO thin
films have been grown by chemical solution deposition,14,15 so far very few successful attempts to
grow single-crystalline films with PLD have been made, as concluded from the lack of publications.
A first difficulty for growing YBO via PLD may be related to an unfavorable ratio of the ionic radii of
the cations, which can prevent the growth of bulk and single-crystalline films. A quantitative descrip-
tion of the latter is based on Goldschmidt’s tolerance factor, which depends on the ratio of the radii
of the two cations. For growth of a stable perovskite, the factor has to be larger than 0.7116 while,
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for YBO, this factor is slightly smaller, 0.669, indicating that the perovskite crystal structure might
easily become distorted during growth.

A second problem with stoichiometric growth of YBO in PLD is found in the volatility of Bi,
and that Bi hardly oxidizes. These properties result in a low sticking factor, causing little Bi to be
available for synthesizing a stoichiometric YBO film.

The actual degree of influence of these factors on the much reduced reliability and predictability of
appropriate growth parameters for PLD yielding stoichiometric YBO is unknown. A central question
is, e.g., to what degree Bi is oxidized by the O2 background gas before deposition onto the substrate
or whether the oxygen background rather leads to oxidation only at the substrate, after an atomic
deposition of Bi and Y. In our previous work involving SrTiO3

17 and LaAlO3
18 we have found that the

plasma dynamics and chemistry and, particularly, where and when in the plume oxidation occurs, is of
decisive influence on the morphology of the grown films. There we showed that using laser-induced
fluorescence (LIF) spectroscopy, spatially and temporally resolved distributions of constituents of the
plasma can be obtained that allow to trace the underlying dynamical and chemical processes, such
as the propagation and oxidation of the most relevant plasma species.

Here we focus on the propagation and oxidation of the constituents in an YBO plasma. We
record the spatiotemporal distributions of Y, Bi, and YO while systematically varying the chemical
composition of the background gas. The latter is achieved via changing the relative concentrations
of O2 and Ar, while maintaining the absolute total pressure constant. The composition of the plasma
plume is then linked to the film growth and composition, using sensitive X-ray diffraction (XRD)
and X-ray photoelectron spectroscopy (XPS) measurements.

The spatiotemporal mapping of the plasma constituents is carried out in a custom built PLD
chamber (Twente Solid State Technology), a detailed description of which can be found in previous
articles of ours.17,18 The target ablation is carried out with laser pulses generated by a KrF excimer
laser (248 nm, 30 ns duration FWHM, operating at 2 Hz). A mask with a rectangular hole, placed in
the KrF laser beam to select a spatially uniform part of the beam, is imaged onto the target, resulting
in a laser spot of 0.91 × 2.42 mm2 in size. Through control of the laser output energy, the laser fluence
at the target is kept constant at 1.3± 10% J/cm2. A sintered target consisting of 99.99%-purity Y2O3

and Bi2O3 in a one-to-one molar ratio was used during all measurements.
A fixed value for the total background pressure of 0.1 mbar is chosen. At this pressure the plasma

expansion is no longer in the ballistic regime but undergoes a strong interaction with the background
gas, moderating the kinetic energy of the ablated species.19 The choice of a mixture of argon and
molecular oxygen as background gas is motivated by their similar single particle weight. Thereby
the PLD plasmas exhibit very similar expansion dynamics, propagation speed, and collision rates,
for all gas mixtures, ruled by the total pressure and rather independent of the partial pressures of
Ar and O2.20 As the ablation laser fluence is kept constant for all measurements, changes in plasma
composition will be primarily caused by a change in chemical processes and not by any changes in
dynamics.

For spatiotemporal analysis of the plasma dynamics and chemistry, we use laser-induced fluo-
rescence (LIF). This technique enables to excite and detect ground state species at freely selectable
locations and times, and in a chemically specific manner. The UV excitation wavelengths we use for
generating LIF in the YBO plasma range from 250 to 350 nm and are generated by frequency doubling
the output of a dye laser, pumped with the second harmonic (532 nm) output of a Q-switched Nd:YAG
laser (7 ns FWHM). The UV output has a pulse duration of 4 ns FWHM, a spectral bandwidth of
1.6 pm and an energy of 80 µJ/pulse. Using cylindrical telescope optics the LIF excitation beam is
transformed into a thin sheet. It illuminates a cross section of the plasma plume in the plane of the
forward propagation from the ablation spot on the target to the center of the deposition substrate. The
sheet has an in-plane focus of approximately 0.4 mm thickness and a width of 50 mm.

To image the neutral yttrium distribution in the plasma plume, we use a transition from the
atomic ground state (d5s2 a2D) to the d25p x2D state at 294.8403 nm. Relaxation occurs to the
d25s a2F, d25s a4P, and d25s b2D states via fluorescence at several lines between 535 nm and
565 nm.21 A colored glass filter with a bandpass of 525–575 nm transmits the LIF of Y while
suppressing most of the thermally induced spontaneous emission (SE) and blackbody radiation of the
plasma.
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The excitation of yttrium oxide is achieved using a X3Σ → A2Π transition at 597.22 nm,22

followed by detection of red-shifted fluorescence (around 600 nm) through a 575–625 nm transmission
filter.

The excitation of atomic bismuth is done at the transition from the ground state (6p3 4S◦) to
the 6p2(3P0)7s excited state at a wavelength of 306.7700 nm.23 Relaxation to the 6p3 2D

◦
state

via emitting fluorescence at 472.25 nm is used for detection. A dielectric filter with a bandpass of
465–485 nm transmits the LIF. To remove residual thermal emission from the plasma that is transmit-
ted by the bandpass filters, a background subtraction using measurements with the LIF beam blocked
is applied to all LIF measurements. The influence of shot-to-shot fluctuations is reduced by averaging
the recorded fluorescence images over 30 shots. Averaging over more than 30 shots was found to not
significantly improve the results.

To improve the sensitivity and accuracy of the spatiotemporal mapping, we decided to carry out
the measurements with the substrate removed, to avoid unwanted reflections at the substrate of the
LIF beam that traverses the plasma plume at an oblique angle with respect to the axis between target
and substrate. This modification prevents artifacts in the spatial distribution mapping for the relevant
observation times, when the plume arrives at the location of the substrate.

The films deposited for the XRD measurements are grown on a substrate heated to 670 ◦C. The
influence of substrate heating on the propagation dynamics of the plasma plume,24 present during
deposition but absent during LIF measurements, is largely avoided by using laser substrate heating
instead of the more commonly used resistive substrate heating. We performed comparative measure-
ments of plume propagation with either a laser heated target at 710 ◦C or at room temperature,25 which
showed little difference, demonstrating the validity of the LIF measurements without heated substrate.
In contrast, plume propagation with a resistively heated substrate at 710 ◦C showed, compared to
room temperature, large changes in propagation similar as described by Sambri et al.24

To be able to relate the LIF signal to the material density, all excitation transitions used are driven
into saturation. In saturation, a variation in laser power, for example, pulse-to-pulse fluctuations,
typically around 10%, or spatial inhomogeneities in the LIF sheet, resulted in only small variations
in the LIF signal of <2% in our setup. Thereby, the LIF signal becomes close to proportional to the
density of the excited species. However, a calibration factor is required to convert the relative density
maps recorded by the iCCD camera into maps that display absolute values of the particle density.

As the method to provide this calibration factor we have chosen absorption spectroscopy (AS),
similar to the method described by Dutouquet and Hermann.26 The AS measurements are done using
the same setup and wavelength as the LIF measurements, except that the LIF beam intensity is
strongly attenuated to be allowed to make use of Lambert-Beer’s absorption laws.

With AS we measure the optical thickness (τ = ln(I/I0)) of the transition used for LIF, where I0

and I are the intensities of the laser beam before and after passing through the plasma, respectively.
The optical thickness of the transition can be related to the total number of particles in the beam
(∫ Ni(x)dx) by the following:27 ∫

τ(ν)dν = πr0cfik

∫
Ni(x)dx, (1)

where r0 is the classical electron radius and f ik the absorption oscillator strength of the transition.
The calculated number of particles in the ground state can be used to calculate the calibration factor
CLIF for the LIF measurements, ∫

Ni(x)dx =CLIF

∫
SLIF(x)dx, (2)

where SLIF is the measured LIF signal, thus providing an absolute density map as shown in Figure 1.
In our experiments, the absolute calibration of LIF with AS was only applicable to the atomic

species and not to molecules for several reasons. First, molecules typically have an absorption cross
section that is several orders of magnitude lower than the absorption cross section of atoms, which
rendered the absorption to be lower than our detection limit. Second, for the molecules investigated
here, the absorption cross sections are not well known, such that it is difficult to translate absorption
signals into molecular densities. Lastly, for atoms it can be assumed that the vast majority is in
the ground state, as the plasma temperature (approximately 5.000 K after <10 µs26) is too low to



126102-4 Orsel et al. APL Mater. 4, 126102 (2016)

FIG. 1. Density distributions of several components of an YBO plasma plume cross section in the propagation plane from
the target (z = x = 0 mm) to the center of the substrate position (x = 0 mm, z = 50 mm). The lhs of each picture displays
the ground state density as recorded in 0.1 mbar of pure O2 background gas and the rhs displays the density in a 0.1 mbar
pure Ar background. All pictures are normalized, with the normalization factor shown in the bottom. The densities shown are
measured at 35 µs delay after ablation. The lack of signal close to the center of the target (x = 0, z = 0) is caused by the target
holder obscuring one edge of the LIF excitation beam.

thermally excite electronic transitions in the atoms. In contrast, molecules can be excited at much
lower energies in the form of rotational and vibrational transitions. Therefore, a significant fraction
is expected to be in an excited state due to thermal excitation. Because the temperature distribution
of the plasma plume is not known, it is not possible, without additional information, to correct for the
ratio between the ground-state and excited-state populations to obtain a measurement of the absolute
density.

To investigate the chemical composition of the plasma plume and, more specifically, the effects
of the background gas composition on the oxidation of the plasma constituents, we aimed to map
the spatiotemporal distribution of all relevant and expectantly dominant plasma constituents which
are Y, YO, Bi, and BiO. From the spatial density distribution of these species we can determine
the plasma composition when it reaches the substrate position. All species are mapped in a back-
ground gas of which the total pressure is held constant at 0.1 mbar. The partial pressure of O2

is stepwise increased from 0% to 100% in order to determine whether this stepwise increases the
oxidation of Bi and Y in the plasma plume. Measuring BiO densities, however, proved to be not
feasible with our experimental equipment, as we attempted it using any of the excitation lines at
338.10 nm, 343.44 nm, 670.88 nm, and 693.65 nm described by Pearse and Gaydon.22 As several of
these transitions are described as strong resonance lines, we suspect that the concentrations of BiO
are very low due to a weak oxidation, lower than the detection limit of our setup. Unfortunately, as
the detection limit of our setup is dependent on several species-specific factors, such as the strength
of the transition being used and the wavelength being detected, no quantitative value for the upper
limit can be given for how low the BiO density is.

Figure 1 shows typical results of distribution measurements for a cross section of the plasma
plume in the propagation plane from the target (z = x = 0 mm) to where the substrate is positioned
during growth experiments (x = 0 mm, z ≈ 50 mm). Two images of half of the plasma plume are
shown next to each other for easy comparison. The lhs of each image displays the ground state
density distribution as recorded with a 0.1 mbar background consisting of 100% O2, whereas the rhs
displays the distribution recorded with a pure Ar background gas. All measurements shown in Fig. 1
are carried out at 35 µs delay after ablation, when the front of the plume starts reaching the region
of the substrate (around z = 50 mm). The peak intensity in all images is normalized to 1/cm3, with
the normalization factor displayed in the bottom, which corresponds to the highest density present in
each picture. Figure 1(a) shows the Bi distribution for YBO ablation in pure O2 and pure Ar, side by
side. Although visually appearing quite similar in spatial shape, a factor of 2.5 difference in absolute
density is present between the two cases. It should be noted that a significant amount of Bi appears
to remain close to the ablation target, while all other species we have studied propagate towards the
substrate, similar to Y in Figure 1. The distribution of Y, as shown in Fig. 1(b), displays fairly similar
spatial distributions in O2 and Ar again but does show a very large difference in absolute density by
almost two orders of magnitude.
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The largest difference in the spatial distribution for a species formed after ablation in either pure
O2 or Ar is visible in YO (Fig. 1(c)). The maximum absolute density is only slightly different for the
two different background gas compositions, indicating little change in the amount of YO present (see
also Figure 2 below). However, in pure O2 the YO distribution has propagated significantly farther
towards the substrate location (z = 50 mm) as compared to the distribution in pure Ar. The propagation
dynamics of the plasma species are nearly identical in both Ar and O2,20 and the relatively small
amount of Y in Ar that oxidizes in O2 (see Fig. 2(b)) does not warrant the significant change in
distribution of YO. Therefore, we assign this difference to a change in composition at the surface of
the target after repeated ablation in either an Ar or O2 background gas. In pure Ar, an oxygen-poor
top-layer forms directly after each ablation, resulting in Y in the front of the plasma plume and YO in
the back. In an O2 background, an oxygen-rich top-layer forms in between ablation pulses, resulting
in full oxidation of Y and a more homogeneous distribution of YO in the plasma plume.

To reveal more details, Fig. 2(a) shows the ground state population densities of Y, YO, and Bi
along the propagation axis, z (at x = 0 mm in Fig. 1), at 50 mm from the target, as a function of the
partial pressure of O2 in the background gas mixture. The shown measurement data are recorded at
35 µs delay after the onset of target ablation. It can be seen that the density of Y decreases by almost
two orders of magnitude with an increase of O2 up to 60%, above which it remains stable with further
increasing the O2 concentration. The density of YO only increases significantly in the range from
0% O2 to 20% O2, beyond which an increase in oxygen fraction has very little influence on the YO
density. In contrast, the Bi density is almost independent of the composition of the background gas,
i.e., it shows only a marginal decrease for increasing O2 fractions.

In Fig. 2(b) we show the total (i.e., spatially integrated) amount of Y, YO, and Bi present in the
plume as a function of partial pressures of O2 as measured at 35 µs delay from target ablation. This
plot allows us to identify the overall rate of chemical processes taking place anywhere in the entire
plasma plume.

The total number of particles, either atoms or molecules, shown in Fig. 2(b), is determined by
spatially integrating the LIF signal for Y and Bi over the entire plasma plume, assuming a cylindrical
symmetry around the z-axis (x = y = 0). To calculate the amount of YO present in the plume, we
assume that the primary oxidation product for Y is YO. This assumption is supported by the fact that
the total number of Y-containing particles, i.e., NY + NYO, remains nearly constant for all oxygen
fractions.

To determine the total number of Y-containing particles present in the YBO plasma plume with
an independent approach, we determined the total amount of ablated material using a measurement
of weight reduction of the target. This measurement yielded a number of around 1 × 1015 atoms in
total being ablated per pulse. Since one fifth of the atoms in a plasma produced by ablating YBiO3

are Y, we obtain NY + NYO = 2·1014 per pulse.

FIG. 2. (a) The ground state population densities of Y, YO, and Bi measured along the propagation axis, z (x = 0), at 50 mm
from the target, at stepwise increased partial pressures of O2. (b) Total number of ground state particles of Y, YO, and Bi
present in the plasma plume vs. increasing partial pressure of O2. All measurements are done at a delay of 35 µs from target
ablation and in 0.1 mbar total background pressure.
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Comparing this number with Fig. 2(b) shows that, even in pure Ar, a significant amount of Y is
oxidized (>50%). When more oxygen is supplied via the background gas, the amount of Y further
decreases until the oxidation appears to reach a chemical equilibrium between loss to YO and the
reverse reaction for an oxygen fraction of 60% and above. The amount of YO increases slightly when
going from pure Ar to 20% O2, beyond which it remains the same for higher oxygen fractions. The
amount of Bi displays a steady decrease with an increase in O2 to half the amount of Bi in pure
oxygen as compared to pure Ar. As oxidation of half of the amount of Bi to BiO would lead to a BiO
density that should fall well within the detection limits of our setup, we assume that this is not the
primary channel for the loss of Bi. Alternatively, if BiO is formed, a secondary chemical reaction,
e.g., formation of Bi2O,28 might take place at such a high rate that no significant amount of BiO is
ever present.

Our physical interpretation of the spatiotemporal data in Figures 1 and 2 is that only limited chem-
ical interaction takes place between the plasma plume and the oxygen in the background gas. Thereby
the measurements in the YBO plasma show remarkable differences in comparison to oxidation studies
done on STO17 and LAO.18

To better describe the difference to those observations, in the oxidation studies of Ti and Al,
we recall three distinct features that can be found as a characteristic for oxidation of a plasma
species by O2 from the background gas. First, oxidation should be largely absent from the plasma
for ablation in pure Ar, only appearing when oxygen is added to the background gas. Second, when
increasing the oxygen fraction, species should start to oxidize primarily on the outer edges of the
plume, since in this region the interaction between the plasma plume and the background gas is
strongest. Only in a background gas close to pure oxygen, oxidized species can also appear in the
center of the plasma plume. And third, a loss of the atomic species on the edges of the plasma
plume should be accompanied by the appearance of the oxidized species in these regions, follow-
ing a chemical reaction converting the atomic species (e.g., A) to the oxidized species (A + O2

→ AO + O).
None of these previously observed features of oxidation by reactions with the background gas

appear to be present in the oxidation of Y. Rather, from Figure 1 it is evident that large amounts of
YO are present in the plasma plume when ablating in pure Ar, while the oxidized species appear
to emanate from the center of the plume, and the Y density decreases homogeneously, instead of
primarily at the edges.

These differences lead us to conclude that, in an YBO plasma, the atomic oxygen provided
to the plasma from the target via ablation is the primary source of oxygen for the oxidation of Y.
The increase of YO with an increase of the O2 background fraction might be caused by oxidation
of the target surface in-between ablation pulses. As a supporting argument for this suggestion, it
has previously been shown that repeated ablation can lead to a change in target composition on the
surface.29 Here, in the case of an YBO target, repeated ablation in pure Ar might have led to partial
depletion of oxygen at the surface of the target. However, when ablating the target in a background
with O2 present, the surface of the target can oxidize in-between ablation pulses, thereby replenishing
the oxygen content of the target.

Bismuth appears to hardly oxidize at all, which is consistent with the observation that the reaction
between Bi and O2 is endothermic.30

To be able to link the changes in plasma and background gas composition directly to the thin film
growth, we have grown YBO films on Lanthanum Strontium Aluminium Tantalum Oxide (LSAT)
under the same conditions, again varying the Ar/O2 mixture at constant pressure, with the substrate
placed at z = 50 mm, for a subsequent analysis with X-ray diffraction (XRD).

Figure 3 shows symmetrical XRD scans of YBO films deposited with a total of 900 ablation
pulses on LSAT. The strong peaks visible at all oxygen fractions at 23.0◦ and 46.9◦ correspond to the
(001) and (002) Bragg reflections of the LSAT substrate, respectively. A weak Bragg reflection can
be seen at 29.0◦ for deposition in pure Ar and 10% O2. Additionally, at an oxygen fraction of 10%,
a peak at 33.7◦ appears. These two peaks correspond to polycrystalline Y2O3, at (222) and (400),
respectively.31 The peak at 33.4◦, visible for all oxygen fractions of 20% and above, corresponds
to epitaxially grown YBO ((200) Bragg reflection). At 80% and 100% O2, a weak YBO peak at
28.7◦ is present, which indicates the presence of a small amount of non-epitaxial YBO in the (111)
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FIG. 3. XRD scans of YBO grown on LSAT. The vertical black lines indicate several Bragg reflections of the substrate and
the thin film. These XRD scans are carried out on samples grown with a total of 900 ablation pulses at different partial oxygen
pressures while maintaining a total pressure of 1 · 10−1 mbar. At oxygen fractions below 20%, only peaks corresponding to
polycrystalline Y2O3 are visible. For fractions of 20% O2 and higher, an epitaxial YBO layer of approximately 35 nm thick
is grown, as indicated by the (200) peak. At oxygen fractions higher than 60%, a small amount of YBO appears to grow in a
different, non-epitaxial orientation, corresponding to the (111) peak (Bragg reflection at 28.7◦), indicating an increase in the
nucleation rate of YBO at the substrate surface.

orientation.32 Using atomic force microscopy, all YBO films were determined to be approximately
35 nm thick.

Figure 4 shows XPS measurements of several of the YBO films. The spectra of the samples
grown at O2 fractions of 60% and 80% are nearly identical to the film grown in pure oxygen. A
striking transition is visible when increasing the O2 fraction from 10% to 20%, as Bi appears to be
absent from the grown film in 0% and 10% oxygen, preventing the formation of any YBO phase.

At low oxygen fractions (0% and 10%), only small amounts of Y2O3 form on the surface of the
substrate. When increasing the O2 to 20%, an epitaxial layer of YBO suddenly appears. For higher
oxygen fractions, additional growth of YBO in a non-epitaxial orientation appears, as indicated by
the (111) peak at 28.7◦. We address this to an increase in the nucleation rate of YBO with increasing
availability of O2 on the substrate surface.

The remarkable transition from the absence of YBO growth in pure Ar to the growth of a full
epitaxial layer in 20% O2 can be partially explained by the increase in available YO at the substrate
position, as shown in Figure 2(a). However, already at 10% O2 a significant amount of YO is available;
yet no YBO appears to grow. In previous research,17,18 we found that the oxidation state in which
the plasma constituents arrive at the substrate can influence the stoichiometry of the film growth;
yet, film growth would still take place. In other research where the background gas is modified,
either its pressure or its composition, to investigate its influence on the film growth33,34 shows similar

FIG. 4. XPS spectra for YBO grown on LSAT at different partial oxygen pressures. The vertical black lines indicate peaks
corresponding to Y and Bi. At oxygen fractions below 20%, no Bi peaks are visible, indicating that no Bi is present in these
films. At O2 fractions of 20% and above, bismuth is present in the films.
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results. That is, a change in stoichiometry is present for certain background gas compositions and
pressures, but film growth is still present. We therefore conclude that, here, an additional mechanism
is responsible for the sudden appearance of an YBO film at 20% oxygen. Since Bi appears to arrive
largely in its atomic, non-oxidized form, an additional source of oxygen is necessary to form YBiO3

from YO and Bi. We reason that the oxygen from the background gas, after the arrival of Bi on the
substrate, is an essential component for the synthesis of YBO on the substrate surface.

We have mapped the dynamic oxidation and propagation processes of Y and Bi in the plasma
plume during PLD of YBO. From the optically recorded Y, YO, and Bi spatiotemporal distributions
in the plasma, we find that little direct chemical interaction appears to take place between the plasma
plume constituents and the background gas. However, a strong influence of the background gas
composition can be seen on the plasma composition, which appears not to be caused by a mixing and
reaction of the plasma plume with the background gas, but by reactions between the background gas
and the target.

Via comparison of the spatiotemporal distributions in the plasma with X-ray diffraction data of the
grown material quality, we find a strong increase in the nucleation rate of YBO on the substrate surface
with an increase in oxygen fraction in the background gas. Below 20% O2, no YBO is deposited,
only polycrystalline Y2O3. At oxygen fractions of 20% and above, the nucleation rate is high enough
for a YBO film to grow on the substrate. Around 80% O2, the nucleation rate has increased enough
for a non-epitaxial orientation of YBO to appear, suggesting that the oxygen fraction can be used to
fine-tune the film growth.

Remarkably, these transitions in film growth do not coincide with a significant change in plasma
composition. This lets us to conclude that the strong influence of the background gas composition
seen in the XRD measurements enters via the actual synthesis of the YBO film from the plasma
constituents at the surface of the film, and not via the plasma plume composition. O2 from the
background gas appears to be a crucial building block for forming, at the surface of the substrate,
YBiO3 from the Bi and YO provided by the plasma plume. Although beyond the scope of this paper,
we will show in a follow-up investigation that by manipulating the laser repetition rate, it is possible
to obtain in YBO films a stoichiometric ratio of Bi:Y of 50:50.
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