International Journal of Scientific & Engineering Research, Volume 6, Issue 11, November-2015 64

The XPS, depth profile analysis and
photoluminescence studies of pulsed laser
deposited SrAl,O4:Eu”*, Dy’" thin films
prepared using different laser fluencies

P.D. Nsimama®, O.M. Ntwaeaborwa® and H.C Swart®

! Department of Science and Laboratory Technology, Dar Es Salaam Institute of Technology, P.O. Box 2958, Dar Es Salaam,
Tanzania.

2Phys;ics Department, University of the Free State, P. O. Box 9300, Bloemfontein, South Africa.

Corresponding author; pnsimama@yahoo.com

Abstract

SrAl,04:Eu®, Dy3+thin films were grown on silicon (Si) (111) substrates using the pulsed laser deposition (PLD) technique to investigate the influence of
the laser fluence on the structure, morphology and photoluminescent properties of the films. The atomic force microscopy (AFM), scanning electron
microscopy (SEM), X-ray Diffraction (XRD), energy dispersive x-ray spectroscopy (EDS), photoluminescence (PL) spectroscopy and the x-ray
photoelectron spectroscopy (XPS) were used to characterize the films. The SrAl,04:Eu®, Dy3+ thin films gave two green PL emissions peaks coming
from Eu®* ions occupying the two Sr** sites in the SrAl,O, host lattice. The green emissions were attributed to 4f°5d* — 4f transitions of Eu®". The films
with well-defined grains gave superior PL intensity and long afterglow characteristics. The EDS and XPS results showed that the films consisted of all
the major elements (i.e. Sr, Al and O) present in SrAl,04:Eu®, Dy3+ material. The carbon (C) and the Si peak from the substrate were also identified.
The XPS depth profile results showed a linear relationship of the film thickness with the laser fluence. The variations of surface morphological and
topographical properties of the films with the laser fluencies are discussed.
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1. Introduction

There has been an increase in the reports on SrAl204:Eu?, Dy* phosphor in the past few years due to its potential application in
infrastructure. This follows from the fact that the material can glow for more than 50 hours after cutting off the excitation source
[1]. The afterglow property of SrAl2Os:Eu?,, Dy** makes it a potential candidate for luminous paints in highway poles, glowing
house numbers, rural lighting, etc. For industrial applications, thin films are preferred because of better thermal stability, less
out gassing and better adhesion to the solid substrate. Among the popular thin-film preparation techniques, the pulsed laser
deposition (PLD) technique has become increasingly important because of its use of small target materials, high deposition rate
and capability stoichiometric transfer [2]. The control of the SrAl:Os:Eu?, Dy** film properties using the PLD deposition
parameters have been reported elsewhere [3-7]. Ntwaeaborwa et al. [3] and Sato et al. [4] reported that brighter green emissions
were coming from SrAlOs:Eu?, Dy? films deposited on a 350-400° C substrate temperature range. It was also noted [3] that
SrAl.04:Eu*, Dy* films deposited using higher number of pulses gave better PL and afterglow properties. Nsimama et al. [5]
reported that SrAl>O4:Eu?, Dy* thin films deposited in the argon and oxygen gas atmospheres had AFM images with well-
defined grains, superior PL emission intensity and long lifetimes compared to the films prepared in vacuum.

More investigations on the influence of PLD deposition parameters on the PL properties of pulsed laser deposited SrAl.Os:Eu?,
Dy?* thin films need to be done in order to optimize luminescent properties of SrAl-O4:Eu?, Dy?*. The laser fluence is one of the
critical deposition parameters in PLD experiments. This is due to the fact that, the energy absorbed in the target material per

unit surface area depends on the laser fluence implying that the ablation rate is a function of fluence [8]. The primary objective
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of this study was therefore to investigate the influence of the laser fluence on the surface states and PL properties of
SrAl2Os:Eu?, Dy?* films prepared by the PLD technique. The elemental composition analysis was done by using the X-ray
photoelectron spectroscopy (XPS).

2. Experimental details

Pellets for ablation were prepared from a commercial SrAl.Os:Eu?, Dy** powder phosphor from Phosphor Technology in the
United Kingdom. The deposition chamber was evacuated to a base pressure of 8 x 10 mbar. The Lambda Physic 248 nm KrF
excimer laser was used to ablate the phosphor pellet in the oxygen atmospheres. The laser fluence was varied during
depositions while other deposition conditions were kept constant. The oxygen pressure (purity 99.999 %), substrate
temperature, and the substrate-distance were fixed at 348 mTorr, 400° C and 6 cm respectively. The films were deposited on Si
(111) substrate with an area of 1 cm?2 The Shimadzu Superscan SSX-550 system was used to record the SEM and EDX data. AFM
pictures were obtained from the Shimadzu SPM - 9600 model. The SIEMENS D5000 diffractometer using Cu Ka radiation of A =
1.5405 nm was used for XRD data collection. The PL data were collected by the PL system using the 325 nm He-Cd laser as the
excitation source, and the decay curves were recorded from the Cary Eclipse fluorescence spectrophotometer using
monochromatic xenon lamp as excitation source. The XPS data were obtained by using a PHI 5000 Versa probe — Scanning
ESCA Microprobe. The XPS surveys were done with a 100 pm 25 W 15 kV Al monochromatic x-ray beam and the depth
profiling analyses were done with a 2 kV 2 pA 2x2 mm raster — Ar ion gun. The sputter rate was 8.5 nm/min.

3. Results and Discussion

3.1 SEM Results

Figure 1 shows the SEM images of SrAl.Os:Eu?*Dy?* thin films deposited at different laser fluencies. The film deposited at the
lowest laser fluence of 1.03 J/cm? (Fig.1 (a)) has a surface consisting of microcracked feature with several spherical droplets
formed from agglomeration of phosphor grains. The film deposited at laser fluence 1.27 J/cm? consists of a relatively smoother
layer and few phosphor grains of spherical and irregular shapes. The surface of the film deposited at 1.78 J/cm? laser fluence
consists of spherical grains covering the entire area. The microcracks for this sample are most pronounced, the result that is
attributed to the higher temperature of the deposited particles at higher laser fluence [9].
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Fig. 1. The SEM images for thin films deposited at different laser fluencies; (a) 1.03 J/cm?, (b) 1.27 J/cm? and (c) 1.78 J/cm?

The EDS elemental compositions for the films deposited at different laser fluencies are shown in Figure 2. The films display EDS
spectra consisting of all the main elements of SrAl:O4:Eu?*Dy?, (the host material) i.e. Sr, Al, and O. The Si substrate and
adventitious C were also detected. In all the spectra, Sr peaks were embedded on the Si peaks. The intensities of O and Al were
varying proportionally with the laser fluencies and inversely proportional with the Si. It can be observed from the results that
the sample deposited at the highest laser fluence gave the highest intensity of O and Al and lowest value of Si, due to the
substantial film thickness resulting from the high laser fluence. The results suggest that, the films deposited at higher fluencies
have lower contents of Si and C and higher contents of Al, O and Sr.

o E : +— N2 z4] ® ! ——[ng 73]
g : : [Peslz] g : [Pepk]
a : . . i . i . o ] | H
S0 R EE R e EEEE e EEEE L PERRTLEEE SRR CERRRT EECEERRRE OO = |
1 e S
10000 -1 IR ARRREE P ARRREREE P - '
| e L R @@  lHiiP
i : i :
44 ! . 44 !
H H !
: =] |
o | H . |
b o i o i |
@ LR A Ry A LA LA AR LN LAY LARR! RN A MR L T T T T T T
z 4 3 ] 10 12 14 z 4 3 8 10 1z 14
@ @
[KeY] [EeV]
(a) (b)
IJSER © 2015

http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 6, Issue 11, November-2015

ISSN 2229-5518

[Counts]

E — (N8 384]
: ;
| i | i | [Peak]
4000 oo T P R
il
: :
S IEIE - - - - - - - - -~ - - e e e e e an
: :
1 1
& 1 1
o : :
e S e
& 1 1
1 1
1 1 1 1
JI— :
oy .
L’,J"m I .
o T T T T T T T T T T ¥ T
z 4 & ] 10 1z 14
@
[Ee¥]
(c)

67

Fig. 2. EDS spectra for PLD SrAl204:Eu?, Dy* thin films deposited at different laser fluencies; (a) 1.03 J/cm? (b) 1.27 J/cm?, (c)

3.2 AFM Results

1.78 J/cm2.

The AFM images of SrAl2O4:E*,Dy?® thin films deposited at different laser fluences are shown in Figure 3. The surface of the
film deposited at 1.03 J/cm? was characterized by poorly-defined grains and agglomeration of nanoparticles. Well-defined grains
are observed on the surface of the AFM image of the film deposited at 1.27 J/cm? laser fluence. The surface of the film deposited

at highest fluence is characterized by particles agglomeration forming big vertical clusters. The particles in this case seem to be

bigger
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Fig. 3. The AFM images of SrAl2Os:E*,Dy?* thin films ablated at different laser fluencies; (a) 1.03 J/cm? (b) 1.27 J/cm?, (c) 1.78
J/cm?

than in the other two samples and the shadows observed are resulting from erected agglomerated nanoparticles. It can be
deduced from the AFM results that, films with well-defined grains favour the intermediate values of laser fluencies. The next
sections discusses the structure and PL properties of the three films.

3.3 XRD Results

The XRD results for our as-deposited thin films were all amorphous (not shown). Amorphous structures for the as-deposited
SrAl.04:Eu?, Dy? thin films have also been reported in previous works [3-5, 7].

34 Photoluminescence (PL) Results

The room temperature PL results for the SrAl.O4:Eu?,Dy* films deposited at different laser fluencies are shown in Figure 4. All
the films give green emission with varying intensities. Films deposited at lower laser fluencies (1.03 and 1.27 J/cm?) give green
emission peaks at two different positions coming from two different crystallographic positions of Eu?in SrAl.Os:Eu?,Dy?
material [10]. The film deposited at 1.78 J/cm? have only one green peak, suggesting that at higher laser fluencies only one Sr2*
site is actively involved in the SrAl.O4:E*,Dy% green emission process. The PL shoulder at around 621 nm recorded by this
sample is possibly coming from unreduced Eu®* during the powder preparation process as reported elsewhere [11]. It is also
worth noting that there is a red-shift of the main green peak position for the sample deposited at highest laser fluence, attributed
to the increased particle sizes. The highest green emission intensity is recorded by the film deposited at 1.27 J/cm? laser fluence.
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Fig. 4. The room temperature photoluminescence spectra of SrAl.O4:E»,Dy?** thin films deposited at different laser fluencies.
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Fig. 5. The deconvoluted Gaussian peaks for SrAl.Os:Eu?,Dy?® thin films deposited at different laser fluencies.

The green and red emissions comes from the 4f¢5d' — 4f” and *Do — 7D: transitions of Eu?* and Eu** [5] respectively. It can also
be observed that all the films have shoulders on the range 444-447 nm. This is the first time PL shoulders in the blue region are
reported from pulsed laser ablated SrAl.Os:Eu,Dy? thin films deposited at 400 °C temperature. Sato et al. [4] reported on the
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blue PL peak from pulsed laser deposited SrAl2Os:Eu?,Dy?* thin films at about 450 nm which featured only at lower
temperatures (< 200 K). They attributed the peak to the other site of Sr?*in the crystal host.

The deconvoluted Gaussian multiple peaks for the three different film spectra are shown in Figure 5. The deconvoluted peaks
positions didn’t go beyond the wavelength of 597 nm and the peak positions for films deposited at lower fluencies were similar
(447, 530, 567 nm and 447, 525, 574 nm for the film deposited at laser fluencies 1.03 and 1.27 J/cm? respectively). They differed
slightly from the film deposited at the highest laser fluence (447, 444, 538, 619 nm).

Figure 6 shows the long afterglow (phosphorescence) characteristics of the thin films deposited at different laser fluencies.
Consistent with the PL data in Figure 4 and 5, the film prepared at laser fluence of 1.27 J/cm? has the highest initial intensity
followed by the film deposited at the laser fluence of 1.78 J/cm?.
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Fig. 6. The afterglow curves for PLD SrAl>Os:Eu?, Dy?** thin films deposited at different laser fluencies.

It is evident from the results that better PL and afterglow properties are coming from the films with well-defined grains AFM
images, consistent with the previously published results [5, 7]. However, one would expect the film deposited at the highest
laser fluence to give the brightest emission, since it is the thickest as observed in the depth profile results in section 3.6 of this
work and thicker films (deposited at higher number of pulses) tend to have superior PL properties [5]. A possible explanation to
this trend is that the previous investigation holds only at lower fluencies (0.74 J/cm?). It is reasonable to conclude that a
combination of higher laser fluence and larger number of laser pulses (25,000 this work) is not desirable for high PL intensity
desirable for high PL intensity of laser ablated SrAl>O4:Eu?,Dy?* thin films.

3.5 The XPS results

Figure 7 shows the XPS spectra of the SrAl.Os:Eu?,Dy?® thin films deposited at different laser fluencies. The survey spectra for

films deposited at different laser fluencies (Fig 7 (a)) display similar peaks, coming from O, Sr, C and Al. The comparisons of
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Al2p, Sr3d and Ols spectra are shown in Figure 7 (b)-(d). A similar pattern is observed in all spectra with the exception of some
small shifts from the sample deposited at 1.27 J/cm? in the Al2p and Sr3d spectra.
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Fig. 7. (a) The XPS survey spectra for SrAl-Os:Eu?,Dy?* thin films (b)-(d) are the comparisons of Al2p, Sr3d and Ols spectra for
films deposited at different laser fluencies.

The XPS fittings for the three oxidation states Al2p, Sr3d and Ols of SrAl2Os:Eu?,Dy?* thin films were also similar for all the
films in this work. Figure 8 shows the fittings for film deposited at 1.78 J/cm?2. There are two peaks on the Al2p region (Figure 8
(a)) one at 74.02 eV from SrAloOs and another at 74.05 eV from Al:Os. These peak positions are relatively lower than those
reported in our previous results [10] where the peak positions for the two materials were at 74.3 eV and 74.8 eV for SrAl20s and
Al20:s respectively. In the case of Sr3d region, (Figure 4(B) (b)) there are four peaks in total; Two peaks at 132.6 eV and 134.8 eV
from Sr-3ds2 compared with 134.9 eV and 135.8 eV [10]. Two other peaks at 132.8 eV and 134.9 eV from Sr-3dsz compared with
133.2 eV and 134.3 eV [10]. The two crystallographic positions of Sr?* positions give rise to the two oxidation states, Sr-3ds2 and
Sr-3dse. On the Ols region, (Figure 8 (c)) two peaks are recorded at 530.4 eV, from SrAl:Os and another peak at 531.7 eV from
Al20Os. These two peak positions compare well with those reported in the literature, i.e. 530.6 [10] and 531.8 eV [12] for SrAl.O4
and Al20s respectively.
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Fig. 8. The XPS fittings for (a) Al2p, (b) Sr3d and (c) Ols oxidation states for SrAl-Os:Eu?,Dy?* films deposited at 1.78 J/cm?
fluence.

3.6 The XPS depth profile results

Figure 9 shows the XPS survey spectra for the depth profiled films of a film deposited at 1.27 J/m2 at the beginning (Figure 9 (a))
of depth profiling and after 78 seconds (Figure 9(b). The survey spectrum at the beginning is mainly characterized by the
binding energies of O, Sr and Al. However, after 78 seconds, the substrate seems to have been reached as can be substantiated
by the emergence of Si2p from the substrate. There is also a Sr2s peak and Al2p traces.
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Fig. 9. The XPS depth profile spectra of SrAl>O4:Eu?,Dy?® thin films deposited at laser fluence of 1.27 J/cm? at t = 0 minute and t =
78 minutes in Argon atmosphere.

The XPS depth profile in atomic concentration for the SrAl2Os:Eu?,Dy?* thin films are represented by Figure 10 (a), 10 (b) and 10
(c) for films deposited at laser fluencies of 1.03 J/cm? 1.27 J/em? and 1.78 J/cm? respectively. All depth profiles are characterized
by the main elements of SrAl2Os:Eu?,Dy?* material, i.e. Sr, Al, and O. The C was coming from the atmospheric contamination
while Si was coming from the substrate. The films show a good distribution of elemental compositions across the entire film
thickness. In all the depth profiles, the concentration of O was the highest followed by Al and then Sr. The concentrations of C
and Si were at the values close to zero across the film layer. In our previous results [10], Sr element had higher elemental
percentage compositions in the SrAl.Os:Eu?,Dy? than Al. The higher number of pulses (25000) and higher temperature (400 °C)
compared to the previous results (8000 pulses) and 200 °C are possibly the contributing factor to the layers arrangements.
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Fig. 10. The XPS depth profile spectra of SrAl.Os:Eu?,Dy* thin films deposited at laser fluencies (a) 1.03 J/cm? (b) 1.27 J/cm? and
(c) 1.78 J/cm2.

Another observation which slightly differs from our previous [5] results , is that C was decreasing with sputter time before
attaining the lowest value, but this time its variation is constant throughout the sputtering process. This suggests that the films
from the current work were less contaminated by the atmosphere compared to those of our previous work. The Ar ion gun
sputter rate was the same (8.5 nm/min) for all the films, the time taken to sputter the films deposited at 1.03 J/cm?, 1.27 J/cm? and
1.78 J/cm? laser fluencies were 48 min, 78 min and 220 min respectively. Their respective thicknesses were 408nm, 663 nm, and
1870 nm. Thicker films were obtained from higher laser fluencies because the thickness depends on the laser fluence [9]. It can
also be noted that the approximate average atomic percentage Sr/Al ratio for the thin films decreased from 0.76 to 0.63 for the
films deposited at the laser fluencies of 1.03 J/cm? and 1.78 J/cm? respectively.

4, Conclusion

Long afterglow SrAl.Os:Eu?,Dy* thin film phosphors were successfully deposited on Si substrates by pulsed laser deposition
technique. The laser fluence has proved to be a key deposition parameter in the preparations of SrAl.Os:Eu?,Dy?* thin films.
SrAl.04:Eu?,Dy? thin films gave two green emission peaks coming from two sites of Sr>* in the crystal host. Well-defined nano-
grains were found to be accompanied by superior PL intensity and afterglow properties. The film with optimum PL properties
was obtained from the intermediate laser fluence (1.27 J/cm?) and the upper/lower values gave lower PL and afterglow
intensities. The green emission peaks were attributed to the 4f65d! — 4f’ transitions of Eu?* ions. The as-deposited films were all
amorphous. The EDS and XPS spectra contained all the main elements of the host material, i.e. Sr, Al, and O plus the
adventitious C. The depth profile analysis showed a uniform distribution of atomic elemental composition across the film.
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