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Functionalizing Window Coatings with Luminescence
Centers by Combinatorial Sputtering of Scatter-Free
Amorphous SiAION:Eu”" Thin Film Composition
Libraries 1

Evert P.J. Merkx®!*, Sadiq van Overbeek®!, Erik van der Kolk®

®Luminescence Materials, Delft University of Technology, Mekelweg 15, 2629 JB, Delft
b Physee BV, Molengraaffsingel 10, 2629 JD, Delft, the Netherlands

Abstract

SiAION window coatings are applied on an industrial scale to achieve e.g.
scratch-resistance and anti-reflection. Doping these SiAIONs with rare-earths
adds luminescent functionality, which could be applied in photovoltaics. By
using a combinatorial reactive sputtering approach, an amorphous thin film
composition library with a Si:Al ratio from 0.062 : 1 to 3.375 : 1 and a Eu
doping from 4.8 at.% to 26 at.% is created. This library uniquely combines
high absorption, strong emission and absence of light scattering. By combining
position-dependent EDX measurements with transmission and emission spec-
tra, properties like the index of refraction, absorption strength, emission wave-
length and decay times of the library can directly be related to the composition.
Throughout the library, an index of refraction of 1.63 £ 0.03 is observed, typical
for a film with low nitrogen content. The library also shows a large absorp-
tion coefficient of 1294 £ 8cm™! at.% . Laser-excited emission spectra show
that the library has a strong redshift from 500 nm to 550 nm with increasing Al
concentration. An increase in Eu concentration also causes a shift of the emis-
sion to red. Decay spectra show that a high degree of Si greatly improves the
luminescence intensity. These functionalized SiAION coatings can be of great
interest for transparent and scatter-free luminescent solar concentrators applied
as windows.
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Highlights
e A large library of unexplored SiAION:Eu®" compounds is synthesized.

e The SiAION:Eu thin film library is created using combinatorial reactive
sputtering.

e The luminescence color dependence on host composition is characterized,
with a higher concentration of Eu or more Al over Si leading to emission
shifting from blue to red.

e The compositions in the luminescent thin film library are amorphous and
do not scatter light.

1. Introduction

Thin films coatings based on the elements Al, Si, O and N (SiAION) are ap-
plied routinely by the glass industry on a large scale, e.g. for scratch-protection
and anti-reflection purposes, because of the coatings’ mechanical strength, chem-
ical inertness and thermal resistance[I], 2, [3]. The application range of SIAION
coatings may be expanded by functionalizing them with luminescence centers
that can absorb and convert parts of the solar spectrum for electricity genera-
tion, utilizing the principle of a luminescent solar concentrator (LSC)[4, [5] [6].
The polycrystalline nature of most luminescent films, however, presents a prob-
lem. A polycrystalline material causes light scattering, which lowers applica-
bility for LSCs intended to replace conventional windows. For such a window
coating to find broad application, the absence of scattering (haze) in the visible
spectrum is a strict requirement. Therefore, scatter-free amorphous luminescent
films are desired.

Rare-earth luminescence centers as dopants in SiIAION-based polycrystalline
phosphors (also known as SiAION ceramics) have attracted a great deal of at-
tention for application in white light emitting diodes. In particular, SIAIONs
doped with Eu?", whose emission properties strongly depend on the size and
symmetry of the coordinating ions, are actively researched[7, 8, 9] 10} [IT]. The
SiAION host provides a wide tuning range of luminescence across the visible
spectrum when varying the ratio of Si to Al or the concentration of Eu®"[§].
As a result, a wide range of compositions of polycrystalline SIAION phosphors
exist, where the composition corresponds to emissions ranging from blue to
red. Although the wide range of possible SIAION compositions is beneficial for
tuning, exploring all these compositions is time-consuming and challenging.

In this work we present magnetron co-sputtering of Si, Al and Eu in a reac-
tive O9+Ny+Ar plasma as a technique to explore the luminescence properties
of amorphous thin films within a large composition range, requiring only a sin-
gle deposition. We will show how these SiAION:Eu®" composition libraries are
sputtered and how position-dependent composition is determined through en-
ergy dispersive X-ray (EDX) spectroscopy. Following this, position-dependent
emission wavelength and intensity, absorption strength, index of refraction and
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decay time are determined. Combined with the EDX data, we show how these
position-dependent data are converted to ternary diagrams which directly relate
composition to the properties of the thin film library. These diagrams allow for
a wealth of data to be displayed in a single figure, showing the dependence of a
property on three parameters within a single graph. Ternary diagrams are how-
ever not often encountered in the field of luminescence. In SiAION:Eu, these
diagrams can show the influence of exchanging cations for each other e.g. Si over
Eu, while keeping Al fixed. To read the data in these diagrams, the direction
of the axis ticks should be followed. In the Supplementary Information (Figure
S3) a more extensive guide can be found.

We will further show that the library spans a composition range that is
amorphous, with a haze below 1.1 %, and that the different compositions exhibit
emission colors ranging from blue-green to yellow-orange.

2. Experimental

Library creation. The Eu doped SiAION thin film library was deposited on a
square 50 x 50 mm? single crystal MgF, substrate within an AJA ATC Orion
5 magnetron sputtering system with a base pressure of 1 x 10~ bar, at room
temperature. Prior to the deposition, the substrate had been cleaned for 15 min
in an ultrasonic cleaner with soap solution and had been subsequently rinsed
with acetone, ethanol and DI water. The deposition was carried out with 5.08 cm
diameter metal Al (99.9995 %, Lesker), Si (99.999 %, Lesker) and Eu (99.99 %,
Demaco) targets that were reactively co-sputtered with 75 W DC power, 60 W
RF power and 25 W RF power respectively for 11.25h. The deposition rate
of Eu was reduced with a stainless steel mask, with a pattern of concentric
holes 5.45 mm in diameter, blocking 60 % of the surface of the Eu target. The
process gas flow consisted of 18 sccm 6 N purity Ar, 0.5sccm 5N purity Oy and
13.5sccm 5N purity N, into the sputtering chamber at a working pressure of
4 x 1073 mbar. O, and N, were introduced next to the substrate, while Ar was
introduced at the Al source. To realize a gradient thin film, the substrate was
sputtered without rotation. Hence, the deposition from each source followed a
gradient distribution of the sputtered material on the substrate.

Following the sputter deposition, the library was annealed repeatedly in a
Solaris 150 rapid thermal processing (RTP) system to activate the luminescence,
while avoiding crystallization. The library underwent one RTP cycle of 60 min
at 600 °C, one cycle of 45 min at 650 °C and four cycles of 30 min at 700 °C. The
annealing procedure was optimized such that the highest possible PL intensity
could be reached before crystallization occurred. The annealing temperatures
were reached with a ramp rate of 5°C/s and the RTP system was flushed with 9
SLM N, containing 7% H, (5N purity) during the entire annealing procedure.

Composition analysis. SEM/EDX analysis was carried out using a JEOL IT-
100 operated at 15keV, with PC 70. Low vacuum mode (35 Pa pressure) was
used to facilitate quantitative elemental analysis without a conductive coating.
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Elemental compositions were quantified at 1000x magnification. XRD mea-
surements were performed using a PANalytical X’pert Pro MPD diffractometer
with a Cu Ko anode (A = 0.1540598 nm) operating at 45kV and 40mA. The
area illuminated by the X-ray beam was around 1 x 5mm? in size.

XY-Scanning technique. A PerkinElmer Lambda 950 UV /VIS spectrophotome-
ter with diffuse reflectance accessory was used to measure haze. The sample was
illuminated with a tungsten halogen lamp in the 300 nm to 1300 nm spectral
range using a step size of 1 nm. Because of the low degree of haze, transmission
measurements were carried out by measuring the direct transmittance. The
transmission was measured by placing the film between two 600 pm diameter
multimode optical fibers, terminated on either side of the film with an achro-
matic fiber collimator (74-ACR, Ocean Optics). The top fiber was coupled to
a focused deuterium lamp (Acton Research, Model 775) and functioned as an
unpolarized light source of 4mm in diameter. After passing through the sam-
ple, the transmitted light was collected by the bottom fiber which led to an
Ocean Optics USB4000 CCD Spectrometer. The film was clamped to an op-
tical post placed on top of two stacked Thorlabs DDSM100 linear translation
stages. These stages facilitate movement of the film between the fibers. Trans-
mission spectra were recorded at 24 x 24 positions across the library, at 200 nm
to 850 nm with an integration time of 5 ms and averaged 100x.

The sample stage of the XY-scanner was made of the same stages as the
transmission set-up. An FEkspla NT230 OPO Laser was used as excitation
source, operated at an excitation wavelength of 280 nm. Emission was recorded
across 32 x 32 locations on the substrate, using an Ocean Optics QE65000
CCD Spectrometer with a 325 nm longpass filter to remove reflected laser light.
The emission was corrected for the quantum efficiency and non-linearity of the
detector. Emission was integrated for 500ms and averaged 10x. For decay
studies, the emission, filtered with a 355 nm longpass filter, passed through an
Acton Spect-Pro2300 monochromator, using 2 mm slit width set to let 520 nm
(20nm fwhm resolving power) light through with a 300 grooves/mm grating.
The monochromator led to a Hamamatsu R7600U-03 PMT operating at —600 V,
with the PMT linked to a CAEN DT5730 Digitizer. Decay traces were collected
over 1000 laser pulses. Further details on the operating conditions and proce-
dures of the XY-Scanner can be found in the article by Merkx and van der Kolk
[12].

3. Results and Discussion

3.1. Fabrication of the Library

The SiAlION:Eu composition library is fabricated using three elemental sput-
tering sources (Figure in a reactive Oy + Ny + Ar atmosphere at room
temperature. Following deposition, the luminescence of the library is improved
by repeated heating in a rapid thermal processor. This treatment leads to a
scatter-free thin film, with luminescence clearly visible by the naked eye when
excited with UV light (Figure [1b).
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Figure 1: Compositional library of SIAION doped with Eu. a) Photograph inside of the sput-
tering system. The Ti source is not used. b) Photograph of the library under UV illumination,
after annealing. The triangular cutouts in the film are a result of how the substrate was at-
tached in the sputtering system. The dashed outline indicates the region under investigation.
¢) RGB color mapping of emission emanating from the library after 280 nm laser excitation.
d) RGB mapping of the emission from panel ¢ with normalized emission spectra. Respective
distribution of ) aluminum, f) silicon, g) europium across the MgF, substrate. Presented data
is fit (R%2 > 0.94) based on EDX measurements at 40 positions (white dots shown in panel
g). The presented percentages are relative to the sum of all cations. h) Ternary overview,
here the direction of the axis ticks should be followed to read the data. The gray area is the
total composition space present in the library. The red outline shows the cropping which is
applied in all following ternary diagrams. Blue dots are compositions previously presented in

literature|7, (13, [14, [9} 15} 16} 17, [18] [8 [19].
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With a so-called XY-scanner setup[I12] a rasterized image of the luminescence
is made. Figure[lc/shows such an image, obtained by measuring 32 x 32 individ-
ual points of emission across the area of interest (dashed outline in Figure
after local excitation with a tunable OPO laser at 280 nm. To obtain this image,
the emission spectra are converted to CIE 1931 zyY coordinates, which in turn
are mapped to their respective RGB value. The RGB-based colors shown in
Figure |1 closely resemble the photograph of Figure A clearer view of the
color emitted by the library is obtained by normalizing all measured emission
spectra, which leads to leaving out luminance information captured by the Y
CIE coordinate. These normalized color data are shown in Figure [Id] and will
be used throughout this article to indicate where on the library measurements
were taken.

EDX is carried out on 40 positions across the library (shown in Figure|lg) to
determine the local chemical composition. These measurements are interpolated
using the surface-source equation[I2] [20] to retrieve the continuous composition
spread across the library. Si varies from 5 at.% to 62 at.% (Figure , Al from
18 at.% to 87 at.% (Figure[1f) and Eu from 4.8 at.% to 26 at.% (Figure [Ig).
The curved shapes of EDX mappings are a consequence of the spherical sput-
tering distribution of the individual sources[12]. At the top (y < 20mm) the
shape is mainly dictated by the high sputtering yield of Al. At the bottom
(y > 20mm) the combination of the high yields of Eu and Al makes the white
iso-concentration lines mainly follow the shape imposed by those two sources.
Figure[lh|shows a ternary overview of the total compositional space this library
spans. As can be seen in Figure Eu doped SiAlONs with such high Al
concentration are not often encountered in literature. SiAIONSs richer in Si are
more commonly synthesized|7, [14] 19, @, [16], 17, I8, 21]. Exceptions are the
works by Xie et al. [§], Ho Ryu et al. [15] and Zhu et al. [13], where Al:Si ratios
as high as 2 : 1 are reported. The library under investigation in this work spans
a composition space complimentary to what has been found in the literature
cited above. The onset of loss of external quantum efficiency (EQE) is com-
monly reported at Eu concentrations between 3 at.% and 10 at.% in powdered
phosphors|22] 23], 24], [25]. This EQE loss is caused by concentration quench-
ing outweighing absorption. In these powdered phosphors, the incident light is
scattered, which causes more absorption than in thin film systems[5]. Therefore,
the EQE starts decreasing at higher dopant concentrations in luminescent thin
films. Based on this and (unpublished) preliminary observations, our library
is deposited with Eu concentrations between 4.8 at.% and 26 at.%. This can
be seen as a compromise between absorption and concentration quenching. X-
ray diffraction measurements (Figure S1) confirm the amorphous nature of the
library.

3.2. Index of Refraction and Absorption

Figure 28] shows the direct transmittance and the amount of haze from the
thin film library. The library shows no absorption in the visible range, but
strong 4f — 5d absorption by Eu?" in the UV. The library exhibits a low degree
of haze (the ratio of diffuse to the total transmission) in the visible range, which
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Figure 2: a) Transmittance at locations shown in b). Colored dashed lines are fits to the
transmission data (R? = 0.992+0.005 for A > 310 nm), black dotted lines are the fit corrected
for Eu-absorption. c¢) Thickness (in nm) across the film. Respective ternary plots of d) the
index of refraction (at 589 nm) and e) the extinction coefficient (at 267 nm, multiplied by a
factor 100).

remains below 1.1 %. For comparison, uncoated UV fused silica has a maximal
haze of 0.7 %.

The transmission is measured at 24 x 24 locations across the substrate. The
dashed lines in Figure [2a] are a fit to the interference fringes and provide the
thickness, extinction coefficient and index of refraction n. The fitting procedure
and the extended Sellmeier model behind it[26] are explained in detail in the
Supplementary Information. It follows that the thickness of the film varies from
322nm to 639 nm (Figure as a result of the higher sputter yield of the Al
source in comparison to the yields from the Si and Eu sources.

The fitted values for the index of refraction can be combined with the com-
positional data from Figures[I€]to[Ig] leading to the ternary diagram as seen in
Figure 2dl These ternary diagrams directly relate the composition with other
properties, by leaving out position information. Figure2d|shows that the refrac-
tive index remains quite constant at n = 1.63 £0.03. A minimum of n = 1.46 is
found at 20 at.% Si, 64 at.% Al and 16 at.% Eu. The index of refraction can
assist in clarifying the oxide or nitride nature of the library, which cannot reli-
ably be determined by EDX. Based on the refractive indices of AIN (2.16[27]),
SisNy (2.04]28]), Al,O5 (1.76]29] 4-143]) and SiO, (1.46[29, 10-249]), we can
conclude that the library lies closer to an oxide-type than to a nitride-type ma-
terial. Within a material, the anions are mainly responsible for the value of
n. Since n is constant for most of the library, we can conclude that the O:N
ratio within our SiAIONs are the same throughout the library, with only the
cations varying. The emergence of the minimum of n = 1.46 can however not
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be explained, as it greatly deviates from the gradual change of n observed in
the rest of the library.

The shape of the UV absorption cannot be described with a monotonically
decreasing function as employed by the extended Sellmeier model. However, the
model describes the transmission in the range of low absorption very well. It is
therefore possible to extrapolate this data to the UV and extract the absorption
caused by Eu, expressed as the extinction coefficient, as seen in Figure
Figure [2¢| shows that the extinction coefficient displays a direct correlation with
the doping percentage of Eu, supporting our reasoning that the absorption is
caused by Eu. Across the library, this amounts to a (Napierian) attenuation
coefficient of 1294 +£ 8cm ™! at.% ! at the absorption maximum of 267 nm.

3.3. Luminescent Properties

Figure[Id|shows that the dominant emission color varies across the SIAION:Eu
library from yellow to blue. The emission observed is a broad band (Figure
attributable to 5d — 4f transitions in Eu®?". The wavelength at which the
emission is most intense varies from 550 nm at 59.7 at.% Si, 29.9 at.% Al and
10.4 at.% Eu to 500nm at 82.0 at.% Si, 16.4 at.% Al and 1.6 at.% Eu. This
variation corresponds to yellow emission when the library is rich in Al with
a shift to blue when the Si concentration is increased. A redshift in emis-
sion when the Al:Si ratio increases is often reported in literature for Eu doped
SiAlONs|I5, 7, [8] [17].

Figures to show that the emission can be deconvoluted into three
separate Gaussians. Figure [3a] shows all three Gaussians: an intense band,
centered at 550 nm, and two bands of lower intensity on both sides of this
central band. These three bands change in position and intensity, dependent on
the composition of the library. The band at higher wavelengths starts to become
discernible when starting at the right (Si-rich side) of the library and moving to
a decreasing Si concentration (Figure , with measurement positions shown
in the inset of Figure[3a] The band at lower wavelengths becomes clearly visible
at higher Eu and Al concentrations (bottom left of the library, as seen in the
inset).

The three bands are fit to the spectra of all emission measurements. The
fitting protocol is similar to that for the transmission measurements, explained
in the Supplementary Information. A limitation is placed on how much the
width (fwhm) of each band is allowed to vary across the library. This limita-
tion asserts that the bands have the same physical origin in the host lattice,
as opposed to producing the numerically best fit. This yields a variation of
0.73 £ 0.06 eV fwhm for the band at low wavelengths, 0.64 £+ 0.07eV fwhm for
the center band, and 0.67 + 0.05eV fwhm for the band at high wavelengths.
The center attributed to a band is allowed to vary by at most 0.05eV per step
in position (Az = 1.72mm, Ay = 1.89mm). This limitation asserts that the
gradual shifting of composition is reflected in the fitting of the emission. No
limitations are placed on the maximal or minimal intensity of the bands.

The amorphous nature complicates a discussion of the origin of the lumi-
nescent properties derived from the material’s crystal structure. However, the
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Figure 3: Relation between composition and luminescent emission (Aex = 280 nm) properties
of the library. a) Emission spectrum observed at the red point in the inset, showing the three
different Gaussians that build up the observed emission. The measured emission is a solid
line, fits are dotted. b) Normalized emission spectra (yellow-to-brown points shown in the
inset of panel a) showing the development of the band at high wavelengths (dashed), while
the center and low wavelength bands remain constant. c¢) Normalized emission spectra where
the presence of the band at low wavelengths (dash-dotted) becomes visible (light-to-dark
blue points in the inset of panel a). Ternary diagrams of the deconvoluted intensities of the
normalized spectra for d) the low-wavelength band, €) the center band, f) the high wavelength
band. Centers (in nm) of these bands are respectively shown in g),h),i) (adjusted-R? > 0.99).



widths of the different emissions show limited variation while still producing a
good fit. We can therefore conclude that the observed emissions originate from
three defects for which the first coordination sphere does not change throughout
the library. This corresponds with the constant index of refraction throughout
the library, further establishing that the O:N ratio in the library is constant to
a great degree.

Like the data resultant from the fitting of the transmissions, the properties
of the Gaussians can also be directly related to the composition. Figures [3d]
to Bl show ternary diagrams for the emission intensities and Figures [3g] to [3] for
the center wavelengths of the three deconvoluted Gaussians.

Comparing the ternary intensity diagrams shows that the central band (at
~ 500 — 550 nm) is most intense throughout the entire library. This central
band is therefore mainly responsible for the observed emission color. The band
at low wavelengths (Figuresand becomes relatively more intense at higher
Al concentrations, while the intensities of the other two bands show no clear
correlation with the composition.

From the ternary emission diagrams (Figures|3g]to 7 the influence of sub-
stituting the cations in SIAION:Eu for each other becomes immediately visible.
For the two emissions at higher wavelengths (Figures [3h] and [3i), a shift of the
emission to the red can be observed when (i) substituting Si for Al at a fixed Eu
concentration, and (i¢) increasing the Eu concentration, where Eu substitutes
either Si or Al

In the case of (i), a change in the second coordination sphere surrounding
the emitting Eu can explain the increasing emission wavelengths. In this sec-
ond coordination sphere, the distribution of Al and Si cations can be assumed to
vary statistically, based on the measured composition. Since Al has a lower elec-
tronegativity than Si, it tends to bind the electrons of the neighboring anion less
strongly. Consequently, the anions in the first coordination sphere of Eu®" be-
come more polarizable (i.e. have a higher spectroscopic polarizability[30].) This
increase in polarizability leads to a decrease in centroid energy[30] (difference
between the 4f groundstate and average 5d-level) when the Al concentration
increases, and thus to a higher emission wavelength. This same effect of red-
shifting emission when replacing Si with Al in the second coordination sphere
has been observed in Th*" doped Y,CaySisOg and Y ,AL,O0[31].

The redshift related to an increased Eu concentration (i) can be caused
by reabsorption of the high-energy shoulder of the emission. This reabsorption
effect becomes more profound with more absorbing centers present and will
therefore yield a phosphor emitting at low energy and thus high wavelength[32].

Contrary to the other two emissions, the band at lower wavelength (Fig-
ure remains at a relatively constant wavelength, moving from 444 nm to
452nm. A blue-violet emission in Al-rich SIAIONs has been previously reported
in literature by Zhu et al. [I3] and Yang et al. [I6] It appears that this defect
is located at a site where the emission is unaffected by changes in overall host
composition. The relative intensity of this emission does however start increas-
ing when the concentration of Al is increased (Figure [3d)), as is also observed
by Zhu et al. [I3] This blue-violet emission has been attributed to a defect site

10
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Figure 4: Decay times across the substrate (Aex = 280nm, Aem = 510nm to 530nm). a)
Moving from the locations rich in Si to rich in Al at equal Eu (see inset). b) Ternary plot of
mean decay times (in ps).

with higher oxygen content in its first coordination sphere than defects show-
ing emission at higher wavelengths[13]. This higher oxygen content should go
paired with a lower index of refraction. Figure 2d] confirms that this is indeed
the case, as a lower n is observed at higher Al concentrations, where this defect
becomes visible.

8.4. Luminescent Quantum Efficiency

The photoluminescent (PL) intensity (Figure varies strongly as a function
of position and hence composition. Since the thickness and amount of dopant
vary throughout the film, the PL is not a direct measure for the efficiency with
which the dopants convert the absorbed light [i.e. the luminescent quantum
efficiency (LQE)]|. A measure for the LQE independent of all these parameters
is the decay time, which only depends on properties of the composition itself.

Figure [a] shows that the photoluminescent decay of the library after exci-
tation at 280 nm is strongly non-exponential. Therefore, the decay time cannot
be fitted with a single exponent, which would yield the decay time. To still have
a comparative measure, a mean decay time[33]

11
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S tI(t) dt

Tmean = W (1)

is calculated. Here, I(t) is the emission intensity at time ¢ after excitation.

Figure [4b] shows the mean decay times summarized in a ternary diagram.
The quantum efficiency can be estimated by comparing Timean to an ideal decay
time of an isolated emitting center. Assuming that this ideal decay time does not
vary greatly across the different compositions, Tiyean can be taken as a relative
estimate of the LQE. Figure [4D] shows that an increase in Si concentration over
Al leads to an increase in Tynean- Combined with the higher PL intensity seen in
Figure[1c} we can therefore conclude that when increasing the Si concentration,
also the quantum efficiency increases. This increasing quantum efficiency with
higher Si concentrations agrees with what is observed in literature, where for
crystalline Eu doped -SiAION the highest quantum efficiencies were found for
a Si:Al ratio greater than 5 : 1, with decreasing quantum efficiency as this ratio
decreases|[g].

The decrease in decay time for decreasing Si content over Al might be related
to two different effects. As the Si:Al ratio decreases, the distance between all
atoms increases and the overall structure becomes less rigid[8], [II]. This can
yield a smaller radial overlap between the 4f and 5d orbitals of E112+7 which has
a decreased decay time as a consequence[34]. Another possibility is that the
decrease in decay time comes from a decrease in thermal stability as the Si:Al
ratio decreases. As the 5d energy level lowers towards the 4f level, the parabolas
describing the two in a configurational coordinate diagram will intersect at lower
energy. Physically, this means a higher likelihood of a radiationless transition
at room temperature, which goes paired with a lower decay time.

4. Conclusion

We have shown that it is possible to create an amorphous luminescent thin
film material-library with a specific Al:Si:Eu composition range in a SiAION
host, with a haze below 1.1 % in the visible spectrum and strong PL emission.
The library shows clear composition-dependent emission varying from 500 nm
to 550 nm after UV excitation. An increase in Al concentration over Si goes
together with an increase in emission wavelength. This behavior can be best
explained by that the composition of the second coordination sphere of the
dominant Eu defect shifts the emission to the red. Simultaneously with shifting
the emission to the red, the quantum efficiency drops. We can therefore conclude
that a higher degree of Si in our SiAION:Eu?" thin film improves the quantum
efficiency of the Eu?" emission.

The low haze combined with the amorphous nature of the library opens
up possibilities for functionalizing sputter deposited luminescent SiAIONs as
a luminescent solar concentrator. The Eu doping shown in this article only
absorbs the UV portion of sunlight, which could make for a visibly transparent
luminescent solar concentrator with low power output. However, using the

12
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same methods of library creation with sputter coating and subsequent analysis,
other rare-earths, like Sm?>" and Tm?", can be doped into similar amorphous
SiAION hosts. These rare-earths could expand the absorption range to span the
visible range and therefore greatly increase the total achievable solar-to-electric
conversion efficiency.
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