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Abstract. SrGaS,:Ce** thin films were prepared by the pulsed reactivessrlaser ablation
(PRCLA) technique. Characterization of the filmsswearried out with scanning electron
microscopy (SEM), atomic force microscopy (AFM) aréray diffraction (XRD).
Cathodoluminescence (CL) and photoluminescence (Pioperties of the films were
investigated. The films were prepared using difieubstrate temperatures, number of pulses
and working pressures. A highly crystalline Sy&aayer was observed when the substrate
temperature of 400°C was used. The XRD patterngvastichat the growth of the films was
sensitive to substrate temperature. PL and CL stiawe broad band that can be fitted with
two Gaussian peaks according to the two’*Qadiative transitions at lower substrate
temperatures, low and high pulses and jratnosphere. At high substrate temperature and in
Ar atmosphere, the emission peaks were red-sHifteeisemble C& emission in a SrS host for
both UV and high energy electrons excitation. THeMAimages before annealing exhibited a
smooth surface at a low substrate temperature, hwhiecame rougher at high substrate
temperatures and after annealing in vacuum at gdsature of 700°C. Non-uniformity in
particles of the films and smooth surfaces werentezl from the SEM images.

1. Introduction

Thin films of SrGaS,:Ce*"phosphor are promising candidates for full coldaceoluminescence (EL)
and field emission displays (FED) because of thesphor’s good optical properties [1]. These films
were previously prepared using different technigsiesh as Rutherford sputtering (RF), molecular
beam epitaxy (MBE), reactive multi-source deposit{®SD), deposition from binary depositions
(DVB), reactive multisource deposition, flash evagtion method, metal-organic chemical vapour
deposition (MOCVD), two target pulse pulsed-elestbmam evaporation (EBE) and Pulsed Laser
Deposition (PLD) techniques [2], [3ln this study the films were prepared using thesgdlreactive
cross laser ablation (PRCLA) technique in whichdhe pulse crosses the laser plume. The structure,
morphology, topography and luminescent (photolusteace and cathdoluminescent) properties of
the films were investigated.

2. Experimental details

Silicon (Si) (100) substrates were first cleanethWllIMTECH SCIENCE KIMWIPES obtained from
Kimberly Clark Professionals. A pellet with a 2.4 diameter and 6 mm thickness was prepared by
pressing the SrG&,:Ce” powder for 1 hour at a pressure of 1.96 X h@ar. The pellet was then
annealed for 6 hours at 600°C in vacuum to impits/éardness. It was then mounted on a rotating
holder lying diagonally to a heater on which Sisudtes were mounted. The distance between the
target and the substrates was maintained at 4 ¢ingdthe deposition of each film. The Lambda
Physik EMG 203 MSC 308 nm XeCl excimer laser wasdu® ablate the target. The films growth
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was carried out in a chamber which was first evirlido a base pressure of 8 X*Ifibar before
backfilling to pressures of 1.0 x ‘fOnbar Ar and 1.0 x I®mbar Q, where Ar and @were used as
pulse gases. The films were deposited at diffesehstrate temperatures ranging from 400°C to 600°C
using 28 800 and 57 600 pulses. The laser beanopexaited at an 8 Hz repetitive rate. The substrate
temperature, number of pulses and the working pressere varied during the deposition of the thin
phosphor films. Characterization of the films wasried out with scanning electron microscope
(SEM), atomic force microscopy (AFM) and X-ray déttion (XRD). Cathodoluminescent (CL) and
photoluminescent (PL) spectra were recorded wiB2800 Ocean Optics spectrometer and Varian
Cary Eclipse fluorescence spectrophotometer reispdct Auger electron spectroscopy (AES) was
used to analyze the elemental (chemical) compaositidghe films.

3. Resultsand discussions

Shown in figure 1 are the XRD patterns and the évliihdices of the SrG&,:Ce™ films prepared at
different substrate temperatures ranging from 406a0C. A highly crystalline SrG&, layer was
observed at the growth temperature of 400°C with8@8 pulses in an Ar environment. From the
comparison with the standard powder pattern of SG&ICPDS file no. 77-1189) all the peaks,
except an identified impurity peak (marked x) &t=2~ 47, in figure 1 (a) were found to belong to the
orthorhombic SrGg, crystal structure. The (10 4 4) diffraction peakmore intense than that
observed from SrG&,:Ce*" powder reported elsewhere [4].
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Figure 1. The diffraction patterns of the SrgaCe** films deposited at different substrate
temperatures.

A preferential growth along the orientation (0 6w&s observed when the substrate temperature was
increased to 500°C and 600°C. In addition, smghaiures of the (3 9 1) and (3 7 5) peaks whioh als
belong to the orthorhombic Sréma crystal structure were detected. Similar resulistree once
observed at 40C and 500C substrate temperatures were reported by Heikkine [5]. The XRD
patterns in figure 1 show that the film growth énsitive to the substrate temperature. The inten$it
the (0 6 2) peak was observed to increase witimenease in the substrate temperature fromygkie=
400°C to 600°C. These results also indicate tigtallinity can be achieved even without post-
deposition annealing. Tanaka et al [6] investigatesl crystallinity of the SrG&,:Ce™ thin films
grown on quarts glass substrates with the MBE tegclen The films were grown at substrate
temperatures of 400°C to 600°C. They reported augadecrease in the XRD peak intensity at
Tsubstrate™ 600°C and Jipsrate< 500°C and found the best substrate temperatui@r(daS, film growth



to be around 560°C. Yang et al [7] reported theesaobstrate temperature as the best for fGa
films growth. The XRD patterns for the films depedi at different humber of pulses and in O

environment exhibited poor crystallinity.

For the range of all deposition conditions investiggl, the SEM images of all films exhibited small
and big spherical particles distributed unevenhtt@smooth surfaces of the films. Auger survey was
performed on the films and the major elements, tan&r, Ga, and S were detected from all the
films. In addition, atmospheric O and C were astected. Shown in figure 2 (a) is the SEM image
of the surface of the SrG&:Ce* film deposited at 40C and in figure 2 (b) is the Auger survey

spectrum for the film.
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Figure 2 (a) TheSEM micrograptand(b) Auger survey spectrum of the SeSaCe® films
deposited at 400°C.

Figure 3 (a) — (c) and (d) — (e) show respectivily AFM images of the films deposited at the
substrate temperatures of 400, 500, andG@@fore and after annealing at 70th vacuum.

Figure 3. AFM images for the un-annealed SsSaCe** films prepared afa) 400°C,(b) 500°C,(c)
600°C. Imagegd), (e) and(f) show, respectively, the films annealed in vacuti#08°C.



At 400°C (figure 3 (a)), the film was smooth with unevestiibution of few spherical particles of
different sizes on the surface. After annealingufe 3 (d)) the surface became rough with an
increased number of spherical particles on theasarfThe smooth surface with steps was observed at
500°C as depicted in figure 3 (b), with few non-uniforcylindrical particles of different sizes.
Annealing the film (figure 3 (e)) resulted in fginough surface covered completely with nano-rods
like particles. The surface became rough af@6Q@igure 3 (c)), with big particles and after aalieg
(figure 3 (f)) the roughness and the number ofndlriical particles on the surface layer increasemhtR
mean square (rms) values of the unannealed filnme weeasured by AFM. For the film prepared at
400°C with 57 600 number of pulses, the rms valas %6.5 nm while that of the film deposited with
28 800 pulses was 35nm. It is therefore clear thatsurface roughness decreased with increasing
number of pulses. This was ascribed to the increatiee thickness of the film’'s layer as number of
pulses were increased, thus improving the film'sibgeneity and planarity [8].
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Figure4. PL spectra of the SrG®:Ce** films prepared afa) different substrate temperaturés),
different number of pulses, afd in Ar and Q atmospheres.

Shown in figure 4 (a-c) are the PL emission spefurathe films deposited at different substrate
temperatures, number of pulses and cross pulse gasand Q) respectively. At 40T, one broad
band that can be fitted with two Gaussian peaksoraing to the two C& emission peaks which are
known to originate from 5d ¢]) — 4f (®Fs») and from 5d (T — 4f (*F,;,) radiative transitions of
Ce* were observed and were similar to the data pusdisisewhere [9]. As the substrate temperature
was increase to 560, a broad band with a small shoulder at approxmat85 nm was observed and
a slight shift of the emission peak to the rightraicated in the figure. In addition, the film deited
with 28 800 pulses was more intense than that degosith 57 600 pulses (figure 4 (b)) as expected
from a thicker layer obtained from the increastheanumber of pulses. A further shift to the riglats
observed for the film deposited at the BDBubstrate temperature in the Ar atmosphere. &hdting
spectrum resembles the emission in a SrS host [10]. While the possiblagas relating to SrS
were not detected in the XRD data, the X-ray pHetten spectroscopy data in ref [4] confirmed that
SrS was formed. Note that the well known two emisspeaks associated with the crystal field
splitting of the C& were clearly resolved and were observed at 47&archm for the film deposited
at the substrate temperature of ®O0Similar results were reported elsewhere [112].[Generally,
the red-shifting of the emission peaks was simelbais with increasing substrate temperatiife
less PL emission in figure 4 (c) for the film deped in the Q@ environment was ascribed to the
possibility of a chemical reaction of strontium kvhighly reactive oxygen to form a non-luminescent
SrO layer, thus affecting the stoichiometry near thterface and causing a reduction in the PL
intensity. Depicted in figure 5 are the CL emissamectra exhibiting the well known two emission
peaks of the C& for the SrGg5,: C€" films deposited at different parameters. At 4D0the film
showed the same pattern as the CL emission ofdielgr phosphor reported in ref [2]. That is, the
two well known emission peaks associated with 5¢) (F 4f (%Fs») and from 5d (39 — 4f CF1)
radiative transitions of Géwere observed at 443 and 585 nm.




Again there was a red-shift of the emission peakth imcreasing substrate temperature. Consistent
with the PL data, the highest CL intensity was obseé from the film deposited with 28 800 pulses as
shown in figure 5 (b). It was again noticed that fim deposited in Ar atmosphere at 80Gvas more
intense than that deposited in &mosphere as shown in figure 5 (c). The insdigofre 3(c) is the
stand alone spectrum of the film deposited jrsbwing that the emission spectrum resemble tbbse
the film deposited at a 480 (figure 1(a)) and different number of pulsesufig 2).
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Figure5. CL emission spectra of the SiSaCe** films deposited afa) various substrate temperature,
(b) different number of pulses afc) in Ar and Q atmosphere.
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4. Conclusion

SrGaS,:Ce* films were prepared successfully for the firstdityy the PRCLA technique. The growth
temperature of 40C showed a highly crystalline Sr¢sa layer and also CL emission pattern similar
to the one of th&rGaS,:Ce** powder was attained at this substrate temperatirkigher substrate
temperatures, a shift to SrS emission occurrethdtin PL and CL emission peaks. Non-uniformity in
particles (big and small) of the films and smoailface were observed from SEM images. The AFM
images showed smooth surface before annealingnasldstrate temperature and at high substrate
temperature the films surface became more roughvedlsas after annealing in vacuum at 700
temperature.
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