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In this paper we report the studies of photoluminescent properties of
CaS:Eu and SrS:Eu thin films containing up to 3 mole % of Eu, grown by
the atomic layer epitaxy method. The energy transfer and direct intrashell
excitation channels of Eu ions are examined in function of temperature.

PACS numbers: 71.55.Gs, 76.30.Kg, 78.55.Et

1. Introduction

Recent studies revealed that rare-earth alkaline earth sulfides may be applied
in color thin-film electroluminescent (TFEL) panels [1-6]. From a practical point
of view, however, there are still many problems to be solved. The preparation of
alkaline-earth sulfide thin films is more difficult than that of ZnS. The EL excita-
tion mechanism in these materials seems to be significantly different from that of
conventional Mn doped ZnS TFEL devices [7-12]. In this paper the properties of
Eu activated thin films of CaS and SrS are analyzed.

2. Results and discussion

The TFEL devices used in the present study were of double insulating type
with a 1 um thick phosphor layer of EuS doped (1-3 mole %) CaS and SrS sand-
wiched between 0.5 pum thick TayOs insulating layers. The phosphor layers were
fabricated by the atomic layer epitaxy method.
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The photoluminescent spectra of the CaS:Eu and StS:Eu devices measured
at 8 K are shown in Fig. 1. Broad band emissions with peaks at 1.75 eV for CaS and
1.95 eV for SrS are due to the 4f65d(t2) — 47 (8S7/2) transition of the Eu?* ion.
Contrary to the situation in more ionic crystals doped with Eu ions [10], in CaS
and SrS thin films one cannot observe well-separated (in emission or absorption)
purely electronic transition. This is related to significant inhomogeneous effects
due to disturbed crystal structure of thin films and the high concentration of Eu
dopant.

Emission intensity [arb.units ]

Energy [eV]

Fig. 1. The photoluminescence spectra of the CaS:Eu (+) and SrS:Eu thin films mea-
sured at 8 K under 488 nm excitation.

The temperature dependence of the total intensity of Eu?t emission for both
materials is presented in Fig. 2. In both cases, (a) and (b), the emission intensity
decreases monotonically with increasing temperature (starting from 8 K). However,
in the case of SrS:Eu we observe an abrupt increase in intensity for temperatures
higher than 200 K. We explain the observed decrease in the emission intensity I(T)
by thermal ionization of an electron from the Eu?t 4f65d! excited state to the
conduction band (CB) of the host lattice. The temperature dependence of the Eu?*
emission in CaS:Eu is described with a 39 meV activation energy, whereas the I(T)
dependence for SrS:Eu, in the temperature range 8-200 K, has a two-exponential
character with 57 meV and 4 meV activation energies. We tentatively explain
the increase in the Eu photoluminescence (PL) in SrS, in the temperature range
200-300 K, by the existence of a deep electron trap, practically inactive at lower
temperatures. An electron thermally ionized from this trap to the CB may be
captured by the Eud+t center via the 4f65d* excited state of the Eu2t ion.

The temperature dependence of the decay kinetics of Eu?t emission was
measured. In the case of the CaS:Eu thin film we observe two, well-separated, decay
components with lifetimes in the range of 0.4-0.6 us and 1.4-3.2 ps, respectively.
The temperature dependence of both lifetimes is non-monotonic. After a small
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Fig. 2. The temperature dependence of the total emission intensity of Eu?* ions in
CaS:Eu (a) and SrS:Eu (b) thin films under 488 nm excitation. From the theoretical fit
(solid line) characteristic activation energies were determined.

decrease observ@d for temperature values increasing from 8 to 100 K, there is a
significant increase for temperatures higher than 100 K. Another type of behavior
was observed for SrS:Eu thin films. The decay time of the so-called slow component
almost linearly increases with increasing temperature. A weak, fast component
appears only for the highest temperatures (300 K).

The obtained results lead to the following conclusions. The temperature de-
pendence of Eu?t emission intensity in CaS:Eu (3 mole %) indicates that thermal
activation of electrons to the CB.is controlled by the energy level lying approxi-
mately 39 meV below the CB bottom. It is probable that this level is related to
the 4f65d! excited state of the Eu?* impurity. Simultaneously, with an abrupt
decrease in the PL intensity near 100 K, there is a significant increase in the decay
time in the Eu?t emission kinetics. It means that some of the electrons in the
excited states of the Eu?t ion recombine radiatively to the Eu ground state, but
the rest of them is thermally activated to the CB. Some of these free electrons
may be recaptured by ionized europium centers (Eu3t) and they may recombine
radiatively via Eu. However, the rest of the electrons in the CB may find other
recombination paths leading to a decrease in the Eu PL intensity at high temper-
atures.

In the case of the SrS:Eu thin films, the situation is more complicated. There
are two deactivation energies of the PL intensity (57 meV and 4 meV). The decay
time of the Eu emission kinetics slowly and almost linearly risés with increasing
temperature. We indicate that this property of Eu?t PL is not understood at
present and cannot be simply explained by carrier exchange from the excited state
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of the ion to the CB. Several mechanisms considered include Auger type quench-
ing processes, resonant and phonon-assisted energy transfer processes. Additional
experiments are necessary to distinguish between these possibilities.
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