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Abstract. Luminescent properties of J#Al,Ga)0:,:Ce" thin films were studied.

Y 5(Al,Ga)s01,:Ce** phosphor powder was used as target material faeBulaser Deposition
of the thin films at different substrate temperatuin an @ background atmosphere. X-ray
diffraction indicated that the films have the sacubic polycrystalline phase structure as the
powder. Atomic force microscopy revealed poorlyinked grain growth for films ablated at a
substrate temperature of 22°C and 500°C but wéithelé grain growth was observed for films
ablated at a 300°C substrate temperature. Augetrefespectroscopy depth profile of the film
ablated at 500°C indicated that Si has diffused ihe thin film. The highest photoluminescent
(PL) intensity was observed for films depositedhat substrate temperature of 300°C. A slight
shift in the wavelength of the PL spectra was algdifor the thin films with respect to the
powder due to a change in the crystal field.

I ntroduction

Y3Als0.,:Ce* or YAG:Ce is used in several applications suctsall state lighting and displays.
When Ga is added and substituted for Al to forg{Af,Ga)s0,,:Ce, this phosphor has the potential
to be applied in the fabrication of Light emittidgpdes especially if the phosphor is used in the th
film form. Thin films offers several advantages dadheir good luminescence characteristics, higher
image resolution from small grains, better therstability and good adhesion to the substrate [ti¢ T
substrate temperature plays a critical role in ¢newth of the films during the Pulsed Laser
Deposition (PLD). The mobility of the atoms depediton the surface is directly dependent on the
temperature of the substrate. The activation enefggrocesses that takes place on the surface is
influenced by this dependency [2]. The movement iatetaction on the surface of the substrate of
different particles (atoms, ions, electrons etigdt tmnakes up the plume is mainly determined by the
substrate temperature and the energy of theseitlpparticles [3]. The crystallinity of the as-gno
films has been shown to be highly dependent onptioeessing temperature [4]. Research on the
influence of substrate temperature offAf,Ga)s0,,:C€e" thin films is of great importance to establish
the optimum substrate temperature range for aiigioluminescence (PL) intensity. In this paper we
report on the luminescence and morphological pt@seof Ys(Al,Ga)sO:.:Ce™ thin films prepared by
PLD. The aim was to establish the optimum substeateerature that will produced thin films with a
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high PL intensity as well as structural propersisilar to the ¥(Al,Ga)0.,:C€e" phosphor in the
powder form.

Experimental Setup

Y 5(Al,Ga)0,,:Ce* powder phosphor obtained from Phosphor Technolad$) with Commission
Internationale de I'Eclairage (CIE) coordinates:0806, y=0.521) and non-uniform particles with
median particle size of 24m were used in this study [5]. The Ga to Al ragcabout 60:40 in the
Y3(A,Ga)x0,,:Ce” crystal structure. The powder was pressed withouders to make a pellet which
was used as a target for PLD. Si (100) wafers wesed as substrates. They were cut into
approximately 2 cm by 2 cm pieces and cleaned iacaétone ultrasonic bath for 15 minutes. A layer
of SiO, was grown on some of the Si substrates. The ploogplget and one Si piece at a time were
inserted into the PLD chamber. An Nd:YAG 266 nmelawias used for the deposition. The laser
fluency was kept at 0.78 J/émwith a 10 Hz frequency. The target to substrastadice was kept at 6
cm. The chamber was evacuated to a base press8réxdf®® torr. Then the chamber was backfilled
with O, gas to a chamber pressure of 1X10rr. The ablation was performed for substrate
temperatures of 22°C, 100°C, 300°C and 500°C. dhenrtemperature samples were deposited on the
Si(100) without SiQ while the higher temperature samples were degabsih the Si/Si@substrates.
The films were then annealed at 800°C for 2 haurgpien air. Atomic Force Microscopy (AFM) was
used to obtain micrographs of the surface usingSthienadzu SPM — 9600 model. PL excitation and
emission spectra ware recorded using a Cary Eclipseescence spectrophotometer (Model: LS 55)
at room temperature using a 140 W monochromatizebX flash lamp as an excitation source. X-
Ray Diffraction (XRD) data was collected by usin®@@000 diffractometer using Cukradiation ofA

= 1.5405 nm in thef@range from 24° — 40°, with a counting time of fbseach step size of 0.0302°.
Auger Electron Spectroscopy (AES)’s depth profilesd AES survey test of the surface where
performed using a PHI 700 Scanning Auger Nanopr8BsS surveys were done with a 25 kV 10 nA
electron beam. Depth profiles were done by sputjenith a 2 kV, 2 pA ion beam, at 1x1 mm raster
area with a sputter rate of 27 nm per min. Scankiegtron Microscope (SEM) images were obtained
with a 25 kV, 10 nA electron beam. Line profilesrevdone with a 25 kV, 10 nA electron beam.

Results

Figure 1 shows the XRD patterns of the films allatedifferent substrate temperatures together with
the powder pattern. The ICSD file number 2925088 ahown. Crystalline thin films with the same
cubic polycrystalline phase structure as the powgkre obtained during the PLD. XRD results show
a constraint in the growth of the crystals due tova atomic mobility at a deposited temperature of
22°C. An increase to 100°C and 300°C supplied tbms on the substrate surface with more thermal
energy and thus increased their surface mobiligt tead to better crystallization at the higher
temperatures. However too high temperatures su@@@%C can decrease the crystallinity of the thin
films due to interdiffusion, desorption or dissditia of atoms and molecules.
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Figure 1. XRD patterns of ¥(A,Ga)0,,:Ce** powder and films
deposited at different substrate temperatures.
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Figure 2. SEM images of films ablated at Figure 3. AFM images of films ablated at
substrate temperatures of (a) 22°C, (b) 300°C and substrate temperatures of (a) 22°C, (b) 100°C
(c) 500°C. (c) 300°C and (d) 500°C

Effects of substrate temperature on the morphotbgimoperties of YAl,Ga)0,,:Ce** thin films are
shown in Figure 2 and Figure 3. For a substrat@éeature of 300°C, a well-defined grain growth is
obtained seen on the AFM image in Figure 3(c). & laf uniformity is observed for films ablated at
22°C (Figure 2(a) and Figure 3(a)) where big andlsparticles are seen due to the low mobility of
the atoms on the surface of the substrate. Fig(beshows a better grain growth but with big and
small particles still seen. A poor defined grairowgth resulted for films ablated for a substrate
temperature of 500°C. For these films shown in fédli(c) and 3 (d), the surface appears melted with
a decreased in surface roughness due to the Higitrate temperature.
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Figure4. (a) Cross sectional SAM image and (@pss sectional SEM images of the film ablatea at
substrate temperatures of 300°C.

Figure 4 (a) and (b) show a typical cross secti@#ell image and (bgross sectional SEM image of
the film ablated at a substrate temperatures of@ODifferent regions and layers are indicated by
solid and dotted lines on the cross sectional SiElsie. It is clear that the deposited film consist o
homogenous thin film and additional big particusaté several hundred nanometer on top of the film.
The uniform phosphor layer thickness was estimategbout 160 nm. Similar images were obtained
for the other films. The generation of particulatksing the deposition process, is not ideal fa th
application field and is one of PLD’s disadvantadéswever Coetsee et al. [11] pointed out thatehes
particulates may have an advantage due to the higlhéntensity coming from these particles on the
thin film. During the investigation of the CL intgity degradation of tin oxide coatedGs:Ce thin
films grown by PLD it was observed that more phesteniting these spherically shaped particles in
comparison with the uniform thin layer where theotaim get totally internally reflected [11]. The
depth profiles were performed at the positions o gurface (indicated by the blue squares in the
SEM images in Figure 2) between these big partahesare shown in Figure 5.
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Figure5. Depth profiles performed of the different substtatmperature films.

Figure 5 shows depth profiles of the films depasaeé (a) 22°C, (b) 300°C and (c) 500°C. The depth
profiles are from the é(AI,Ga)solz:Ce3+ thin films and the Si@on top of the substrates. A much
higher Y concentration as expected were obtainedl #te substrate temperatures. By using the point
(depth) where the Y concentration is about 50%hefrhaximum Y concentration as an estimation of
the film thicknesses for the 22°C, 300°C and 50pf€pared layers, the thicknesses were determined
as 152 nm, 153 nm and 144 nm respectively. Sintilexkness values were also found for cross
sectional measurements of the films. All the filssem to have almost the same thickness and
substrate temperature does not have a significk@tteon this regard. The concentration of the
elements making up the films also remain more $8 the same as the substrate temperature is varied.
Please note that Y is not actually diffusing irtte SiQ layer as observed on the depth profiles. What
IS seen as Y concentration increasing inside tk® Biyer is actually as a result of the Si 1739 eV
peak from Si@ monitored overlapping with the Y 1748 eV peak ae¢d to be removed in future
studies. The distribution of elements, however significantly affected at the interface of the
phosphor/Si@at the higher substrate temperature during deposits indicated by the depth profile
of the film deposited at the 500°C substrate teatpee (Figure 5 (c)). It can be seen that the Si ha
diffused into the phosphor thin film with the cogeent broadening of the interface. The 500°C
substrate temperature seems to promote this dffus Si into the phosphor thin film layer.
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Figure 6. PL intensity of the films deposited in
1x10%torr O, at various substrate temperatures.



Y3(AI,Ga)5012:Ce3+ in powder form has 60% Ga and 40% Al, this resultsthe PL emission
wavelength of 512 nm and 565 nm [6]. Figure 6 shtvesPL emission of ¥Al,Ga)sO.,Ce" thin
films which peaks at around 495 nm and 542 nm. Waigelength shift can be attributed to the change
in Ga/Al ratio within the crystal lattice which prarily affects the crystal field around the Ce ion
which is responsible for the emission.>Céoped phosphors typically have two emission bahmsto

the true levels ofFs;, and ?F;, of the configuration of Cé [9, 10]. Each C¥ site gives rise to
transitions from the 5d to the two (therefore tvemks) 4f energy level$Rs, and’F;, due to crystal
field splitting). The substitution of Ga into thesXls0,,:Ce" lattice result in a decompression of
oxygen atoms directly coordinated to the"'den and the structure becomes more cubic. Thiagha

in structure directly affects the 5d orbitals o € as it moves it from the bottom of the conduction
band and likewise the PL characteristics as sedahédghift in Figure 6 [7]. It can also be seemfro
Figure 6 that the PL intensity increased with aaréasing substrate temperature up to 300 °C.
Substrate temperature improved the crystallinitgh Arminescent intensities of thin film phosphors.
Interdiffusion of the Si at 50C however lead to a decrease in the PL inten€ity et al. [8] noted

the same effect during the investigation of optisaiperties of sol-gel derived,®@s:Eu** thin film
phosphors for display applications.

Conclusion

Thin films of the Y(Al,Ga)0.,:Ce" phosphor powder were successfully prepared aerdiit
substrate temperatures using the PLD technique. XRived that the crystallinity of the films has
improved with an increasing substrate temperatpréou300°C. The crystallinity was affected by
interdiffusion at 500°C. The films deposited at 3DMalso showed the highest PL intensity. AFM
images showed nano-meter sized grains and at a #3€rate temperature there was a mixture of
small grains and large grains. As the substratg@é¢eature was increased to 300°C larger and more
uniform grains formed that increased the surfaaghoess. At 500°C, a decrease in the surface
roughness was, however, observed. The resultsaitedibat a substrate temperature of 300°C inan O
atmosphere provides good conditions to grow filnithwigh PL intensity and good morphological
characteristics.

Acknowledgments

Gratitude to Brian Yalisi and Dr Lorinda Wu at tNeC, CSIR in Pretoria for assisting with the film
growth using the PLD technique. Dr Coetsee-HugaNflanoSAM measurements. This work is based
on the research supported by the South African &eleChairs Initiative of the Department of
Science and Technology and the National Researchdadion of South Africa. The University of the
Free State is acknowledged for financial support.

References

[1]1Bae J S, ShimK S, Kim S B, Jeong J H, Yi S8 Rark J C 2004. Cryst. Growth 264 290

[2] Christoulakis S, Suchea M, Katsarakis N and #amas E 200Appl. Surf. Sci. 253 8169.

[8] Fan X M, Lian J S, Guo Z X and Lu H J 208ppl. Surf. Sci. 239 176.

[4] Eason R (Editor), Pulsed laser deposition ah thims application-led growth of functional
materials, Wiley Interscience, 2006.

[5] http://www.phosphoo-technology.com/products/ctr .htm [Accessed 29 May 2012]

[6] Dlamini S T S, Swart H C and Ntwaeaborwa O M12(ol. State ci. 10.1016/j.solidsate-
sciences.2013.06.009

[7] Wu J L, Gundiah G and Cheetham A K 2@THhem. Phys. Lett. 441 250

[8] Cho J Y, Ko K and Do Y R 200vhin Solid Films 515 3373.




[9] Hua R, Lei B, Xie D and Shi C 20QB Solid State Chem. 175 284
[10] Obrien T A, Rack P D, Holloway P H and ZeriiC 1998J. Lumin. 78 245
[11] Coetsee E, Swart H C and Terblans J J 200&c. Sci. Technol. A 25 4



