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Ce-doped CaGa;,S; and SrGa;S, thin films were prepared for the first time by the flash
evaporation method. The films were characterized before and after annealing in
H;S(10%)+Ar gas stream by measuring photoluminescence and absorption spectra, X-ray
diffraction and electron probe micro analyses (EPMA). X-ray diffraction curves and
absorption spectra before annealing show amorphous behaviour, whereas the annealing leads
to a significant crystallization and improves the stoichiometry of the films. Based on the
performance data obtained from dispersive type EL cells using CaGa,;S4:Eu powder together
with photoluminescence property comparison between CaGa,;S4:Eu and CaGa;S4:Ce powders,
the annealed films prepared by flash evaporation can be considered to become one of the
candidates for TFEL flat panel devices.
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1. Introduction

The cerium-activated calcium and strontium thiogallate (CaGa;S4:Ce, SrGa,S,:Ce)
thin films are regarded as one of the most promising pure blue phosphor materials and
successfully used as thin film electroluminescent (TFEL) flat panel devices [1]. There are
various techniques to obtain the CaGa,Ss and SrGa;S4 thin films. Molecular Beam Epitaxy
(MBE) [2], sputtering [1], deposition from binary vapours (DVB) [3], etc. are usually used for
preparing of TFEL devices.

In the present paper, optical characterizations of Ce™" activated CaGa,S, and SrGa,S,
thin films prepared by the so-called flash evaporation method are given for the first time.
This method is simple and inexpensive as compared with the above mentioned methods.
Feasibility of TFEL device construction from CaGa;S4:Ce® and SrGa,S;: Ce’' thin films is
discussed based on operational data of dispersive type EL cells made from CaGa;S4:Eu
powder.

2. Experimental
CaGa;8,4:Ce and SrGa,S4:Ce thin films were prepared by the flash evaporation method.
Prior to thin film preparation, polycrystalline powders of CaGa,S4:Ce (3 af.%) and
SrGa,S4:Ce (3 at.%) were prepared by solid-state reaction of a mixture of high purity CaS,
Ga,S;, CesSy and SrS, GasSs, Ce;S; powders, respectively, at 900°C for 24 hofifs under
H>S(10%)+Ar stream. The obtained powders were ground and discretely evaporated onto a
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quartz substrate from a tantalum boat by means of a special feeding appliance. The
temperature of the boat was kept approximately 1500 °C. The substrate was heated by
radiation from the boat. The temperature of the substrate depended on the distance from the
boat and could be changed in the range of 200 - 600 °C. The thickness of the obtained film
depended on the number of discrete evaporation and varied within 100 - 2000 nm. An
annealing process of the film was performed under H,S(10%)+Ar gas stream at 750 °C for 1
hour.

X-ray diffraction curves of the samples were measured by a diffractometer (Rigaku,
RAD Ii1) using the Cu-Ka radiation (1.54065 A). The composition analyses of the samples
were accomplished by an electron probe micro-analyzer with an energy-dispersive X-ray
(EDX) mode (JEOL, 3203-JXA N2426) using a 10 keV electron beam.

Measurements of photoluminescence and absorption spectra were performed at room
temperature using a 441.6 nm He-Cd laser (Omnichrome, 4056-M-A10) for the former and an
Xe arc lamp for the latter, respectively. The luminescence from the samples was dispersed
through a grating monochromator (Nalumi, RM-23) and was detected by a photomultiplier
(Hamamatsu, R943-02) with a photoncounter (Hamamatsu, C767). The film thickness was -
measured by the interference method using a microscope (Nikon, Optiphot). Time decay of
the photoluminescence were measured at room temperature. The excitation source was a dye
laser (Lambda Physik, FL 3002, stilbene 420, 4250 A) with 15 ns pulse duration pumped by
an Xe-Cl laser (Lambda Physik, LEXTRA 200) operating at 10 Hz. Temporal variation of the
output from a photomultiplier (Toshiba, PMSS) in conjunction with a monochromator
(Instruments SA, HR-320) was displayed on a digital oscilloscope (Sony Tektronix, TDS
380P).

Dispersive type EL cells were prepared by spreading a mixture of CaGa;S4:Eu (1 at.%)
powder and glue on a SnOy/glass substrate. Aluminium was evaporated on the mixture to
make another electrode. The EL cells were driven by a function generator (Hewlett Packard,
8166A) coupled with an amplifier (Aiwa, MX-R). Luminance of the EL cells was measured
using a luminance meter (Minolta, T-1).

3. Results and Discussion
X-ray diffraction patterns for CaGa;S4:Ce and SrGa;S4:Ce powder samples confirmed
the formation of polycrystalline structure, which possess the orthorhombic modification. The
obtained powders can be practically considered as the mono-phase compounds, though a few
weak lines are seen indicating the presence of a little amount of Ga,S;, CaS, SrS phases.

The photoluminescence spectra of CaGa;S4:Ce and SrGa,S;:Ce powder samples
showed the characteristic emissions consisting of double bands with peaks at 470 nm and 515
nm for the former, and at 450 nm and 495 nm for the latter, respectively. The emission is
considered to arise from the parity-allowed transition between the 5d and 4f states of the Ce**
ion. The energy difference between two emission peaks in both compounds is about 0.27 eV.
This value is in good agreement with the value of 0.28 eV, as the difference reported for two
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lowest states “Fs; and *Fyp of single 4f electron configuration of trivalent cerium [3]. For
CaGasS4:Ce and SrGa;S4:Ce, the decay time constants were found to be 24.2 and 24.3 ns,
respectively. The values are in good agreement with the value of 24.5 ns reported earlier [4,5].

X-ray studies showed that the CaGa,S4:Ce film immediately after deposition exhibited
amorphous behaviour in the whole substrate temperature range studied. Fig. 1(a) shows an X-
ray diffraction curve of the film deposited at 490 °C. For SrGa;S4:Ce the situation was
similar. EPMA results show some sulphur deficiency in the films. The thermal treatment of
the films in H,S(10%)+Ar stream leads to significant crystallization of amorphous films.
Figure 1(b) shows the X-ray diffraction curve for the annealed CaGa,S4:Ce thin film. EPMA
measurements of CaGa;S4:Ce films after annealing indicate nearly the stoichiometric
composition. In the case of SrGa,;S,:Ce films the ratio of Ga to S was found to be close to
1:2, though one cannot determine the composition of Sr due to strong overlapping of Sr signal
and Si signal from the quartz substrate. Thus in both films the annealing in H,S atmosphere is
considered to recover the sulphur deficiency.
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Fig. 1 X-ray diffraction curves for a CaGa;S4:Ce film before (a) and after (b)
annealing under H>S(10%) + Ar gas stream at 75001 for 1 hour.

Figure 2 shows the optical absorption spectra of CaGa,S4:Ce film before and after
annealing. The shapes of the spectrum before annealing is quite similar to the imaginary part
of the reported dielectric function spectrum of amorphous CaGa,S,4 obtained by rapid-cooling
of molten CaGayS4 [6]. The energy difference between the absorption edges of amorphous
and crystalline phases in Ref. [6] was reported to be about 0.3 eV. The annealing of the film
seems to produce this corresponding shift of the edge towards higher energies as seen in Fig.
2. The same situation takes place in SrGa,S4:Ce films. Optical absorption edges of these
films after annealing were found to be at 4.15 eV and 4.35 eV, corresponding to the reported
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band gap energies [6, 7] of crystalline CaGa,S4 and SrGa;Ss compounds, respectively. The
amorphous phase of the flash-evaporated films could be related with the rapid cooling process
of the substance from the evaporating temperature of 1500 °C to the substrate temperatures of
200 - 600 °C. During this process a loss of sulphur could occur, causing the deficiency of S
atoms in the films.
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Fig. 2 Optical absorption spectra of a CaGa;S4:Ce film before (broken line) and after (solid
line) annealing under H,S(10%) + Ar gas stream at 7500 for 1 hour. The thickness of
the film was 900 nm.

Figure 3 shows the photoluminescence spectra of the CaGa;S4:Ce film before and after
annealing. Figure 4 shows a photoluminescence spectrum of an annealed SrGa;S4:Ce film.
CaGa,S4:Ce and Sr(Ga;S4:Ce films before annealing exhibited the weak emission consisting
two-emission bands at the same wavelength regions as the corresponding powder samples,
However, the intensities of these emissions decreased with time and disappeared within a few
days. The characteristic double-band emissions seen just after the deposition could be
attributable to the short-range interaction of Ce*" ions with the nearest-neighbouring sulphur
atoms, constituting the circumstance similar to the crystals. The degradation possibly may be
due to the diffusion of either Ce’* ions from active sites or S atoms with time in amorphous
phase.
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Fig. 3 Photoluminescence spectra of a CaGa;S4:Ce film before (broken line) and after (solid
line) annealing under H,8(10%) + Ar gas stream at 750°C for | hour.
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Fig. 4 Photoluminescence spectra of a SrGa,S4:Ce film annealed under H2S(10%) + Ar gas
stream at 750°C for 1 hour.

After annealing under H,S(10%)+Ar atmosphere the emission show no degradation
and the intensity becomes much higher. Luminescence decay time constants of the annealed
films were found to be close to the values for powder samples (for example, in case of
SrGa;S4:Ce film 24 ns).

Dispersive type EL cells using CaGa»S4:Eu powder give luminance of about 12 cd/m®
at 500 Hz with operating voltage of 250 V. Usually film type cells have advantages in
operating characteristics over dispersive type cells. According to Bénalloul et al., the
SrGayS4:Eu (2 at.%) TFEL cell prepared by the sputtering method showed higher luminance
by about 20x in comparison with the above value at nearly the same operating condition [8].
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Since the observed decay time constants of our annealed films are close to the value reported
[4] for powder samples with 1 at. % Ce concentration, the emission in our case can be
considered not to be affected seriously by non-radiative transition. Photoluminescence
quantum efficiencies as high as 73 % [9] and 30 % [10] were observed for CaGa;S4:Ce (0.8
at.%) and for CaGa,S4:Eu (1 at.%), respectively. Since the excitation mechanism is different
for photoluminescence and TFEL cells, prediction of performance capability for the
CaGa;S4:Ce TEFL cells is difficult. However, if we consider simply both differences of the
quantum efficiency and the spectral luminous efficacy between the Eu and Ce emissions, the
luminance of thin film Ce EL cells, if constructed, would be about one half of the Eu EL cells.

The conventional conductive layers such as ITO and SnO; on glass substrates are not
stable at the annealing temperatures of the present films (700 - 750 °C). The utilization of
more stable layers or the reduction of annealing temperature is necessary for making TFEL
cells using the flash evaporation method. Recently, CaGa;S4:Ce TFEL devices were reported
to be obtained from electron beam evaporated films with annealing in H,S stream at 600°C
[L1]. For our case of the flash evaporation, the annealing temperature could be reduced with
longer annealing time.
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PARTLAYIS BUXARLANMASI USULU VASITOSILS HAZIRLANMIS Ce
ASQARLI CaGa,S, VO SrGa,S, PLYONKALARININ OPTIK XUSUSIYUYSTLORI

QOMBOROV E.F., MOMMODOVA A.X., BAYRAMOV A.I.

ilk dofs olaraq ce agqarh CaGa,S, ve SrGa,S, plyonkalan partlayig buxarlanmasi iisulu
ile hazirlanmigdir. Hazirlanmis niimunalerin fotolyuminesensiya, udullma spektrleri, rentgen
difraksiyast vo ERMA todgqiqatlari, niimunsaler 10%-li H,S+Ar miihitinde qizdinlmaqgdan
avvel ve sonra yerine yetirine yetirilmisdir. Rentgen sualarmin difraksiyasi ve udulma
ayrilerinden melum olur ki, qizdirilmadan evvel materiallar amorf xarakterli oldugu halda,
qizdinldiqdan sonra materiallarda kifayet geder kristallasma miisahide olunur ve onlarin
stexnometriyas: yaxgtlagir. Tadqiqgatlarin naticeleri gostorir ki, hazirlanmis materiallar nazik
tobagali elektrolyuminesensiya panellerinin hazirlanmasinda miiveffoqiyystle istifade oluna
biler.

ONTUYECKUE CBOMCTBA Ce-JIEFTUPOBAHHBIX CaGa,S; M SrGa;S, IVIEHOK,
INOJIYYEHHBIX METOAOM B3PBIBHOI'O UCITAPEHHSA

TAMBAPOB E.®., MAMEJIOBA A.X., FAHPAMOB A .

[Tnenxku CaGaSsy u SrGa,S,, nerupopanusie Ce, Brepswie MOJyYEHB! METOAOM
B3peIBHOrO Hcnapeuus. [nenkn Obinv uccnenoBansl A0 M nocne orxura B nortoke 10%
H,S+Ar nytem u3Mepenuit crieKTpoB (OTONMOMUHECLEHIHH, MOrMOJILIEHUA, PEHTTEHOBCKOM
andpaxkuyn v EPMA. Kpuseie pentreHOBCKON Judpakuuyu W NMOrMOLIEHUS YKa3biBalOT Ha
amMOp(HbIA XapakKTep NUJICHOK A0 OTXHMra , B TO BpEMs Kak, mocjie omkura Habmopaetcs
3HaYHTENbHAs KPHCTANIM3AUMA W YNYUUIEHHE CTEXHOMETPMM MNONYYEHHBIX MNNEHOK.
Pesynbrarel HCCNENOBaHMH MOKA3BIBAIOT, YTO MONYHYEHHBIE NMIEHKM MOryT ObiTh ycnewmso

HCTIONIL30BAHb! B CO3AaHHH TOHKOTJICHOYHBIX JIEKTPOIIOMHHECUHEHTHBIX naHesne.
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