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Infrared-to-visible conversion following sub-band-gap excitation in MgS:Eu, Sm
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We report here Eu + ~Sm'+ electron transfer by tunneling in MgS:Eu, Sm. Subsequent to expo-
sure to existing Auorescent or incandescent room light, optically stimulated luminescence which in-

volves infrared-to-visible conversion is observed in this material. Room light excites the 480-nm ab-

sorption band of the Eu + ions which is associated with a transition from the 'S»&2(4f) ground

state to the tzg excited level. Some of the electrons subsequently tunnel from the t2g level of the
Eu + ions to the Sm + ions. We also report the optically stimulated luminescence from the V

centers in this material.

I. INTRODUCTION II. KXPKRIMKNTAL DETAILS

Over the last two decades, rare-earth-doped alkaline-
earth sulfides have been studied both for basic and ap-
plied research interests. However, because of the recent
development of TFEL (thin-film electroluminescence)
technology and the advent of a number of infrared-laser
sources, these materials have received renewed attention
for potential uses as ACTFEL (alternating-current, thin-
film electroluminescence) devices, ' optically stimulated
luminescent dosimeters, infrared-laser detectors, and
random-access optically-erasable-memory devices.
Therefore, a thorough understanding of luminescence
mechanisms and charge trapping in these materials is
necessary. In our research endeavor to use these materi-
als as laser-stimulated luminescent dosimeters and in-
frared sensors, we have carried out investigations on
alkaline-earth sulfides doped with a number of rare-earth
ions. It has been observed that the alkaline-earth sulfides
doubly doped with Sm + and Eu + (or Ce ) ions possess
thermally stable deep traps, ' ' ideal for energy-storage
purposes. Optically and thermally stimulated lumines-
cence involving these deep traps has been reported '

with a proposed model. We have also observed' that the
V centers (cation vacancies with a hole trapped in each
vacancy) are formed in the trivalent doped alkaline-earth
sulfides when exposed to ionizing radiation, and the V
centers are the origin of the shallow trap with associated
thermoluminescence near 80 'C.

We have reported ' optically stimulated luminescence
(OSL) in MgS and CaS doubly doped with Eu (Ce) and
Sm ions subsequent to exposure to ionizing radiation.
Our present studies in MgS:Eu, Sm reveal that this ma-
terial can be "charged" by room light; in other words,
OSL can be observed subsequent to exposure to room
light which does not cause band-to-band transitions.
This makes this material attractive for commercial use as
an infrared-laser sensor. We have also observed OSL
from the V centers in this material. In this paper a
physical explanation of the observed results is off'ered.

Magnesium sulfide was synthesized from anhydrous
magnesium sulfate by CS2 reduction. Details of the
preparation and doping have been described elsewhere. '

Experimental samples were prepared by depositing the
phosphor on (25 X 25)-mm glass substrates by sedimenta-
tion and coating the deposited thin layer by Dow-
Corning 805 binder. The samples were mounted in a cry-
ostat with a copper-Constantan thermocouple used to
record the temperature. The data were taken at room
temperature and at 77 K. The samples used for this
study are MgS-I, which is MgS:Eu, Sm with an equal pro-
portion of Eu + and Sm + ions (0.01 mo1%), and MgS-
II, which is doped with 0.01 mol % of Sm + ions only.

Optically stimulated luminescence measurements were
taken using an EGA, G PARC optical multichannel
analyzer. To improve the signal-to-noise ratio, the silicon
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FIG. 1 OSL in MgS-I (MgS:Eu, Sm) at room temperature
subsequent to exposure to 500-nm light for 300 s (solid line) and
3600 s (dashed line).
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It is observed that the intensity of the OSL emission in-
creases with exposure time and saturates at a time of 1 h
exposure. The OSL has the dominant Eu + emission
peaked at -586 nm. There is, however, another emis-
sion which peaks at -495 nm. Figure 2 shows the OSL
at room temperature (RT) and at 77 K. In each case
MgS-I was exposed to 500-nm light for 5 min prior to the
OSL measurements. At 77 K the intensity of the 495-nm
OSL peak increases by a factor of -2.5, whereas the
586-nm peak is reduced by a factor of -20. Figure 3
shows the OSL at RT subsequent to 5 min of exposure to
500-nm light in MgS-II. The dashed lines show the OSL
taken after the sample is heated at 100 C for 5 min subse-
quent to exposure to the 500-nm light.

IV. DISCUSSION

FIG. 2. OSL in MgS-I (MgS:Eu, Sm) at RT and at 77 K. In
each case the sample was exposed to 500-nm light for 5 min pri-
or to the OSL measurement.

III. EXPERIMENTAL RESULTS

We have made a series of OSL studies subsequent to
exposing the sample to (350—650)-nm light selectively
from the xenon lamp. It is observed that ari exposure to
500-nm light generates the most intense OSL. Figure 1

shows the optically stimulated luminescence after MgS-I
is exposed to 500-nm light for 5 min and 1 h, respectively.
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FIG. 3. OSL in MgS-II (MgS:Sm) at room temperature. The
solid line shows the OSL observed after 5 min exposure to 500-
nm light. The dashed line shows the OSL after the sample was
heated to 100'C for 5 min subsequent to exposure to 500-nm
light for 5 min.

diode array was cooled to —25'C. Prior to an OSL mea-
surement, the sample was exposed to selected Wave-
lengths of light from a 300-w xenon source in conjunction
with an Instruments SA, Inc. monochromator. A 1.06-
pm neodymium-doped yttrium-aluminum-garnet
(Nd: YAG) laser was used for optical stimulation.

In MgS:Eu, Sm, OSL has been observed subsequent to
exposure to uv radiation and the resulting emission is the
characteristic Eu + emission. According to our proposed
model some of the electrons which are excited from the
valence band to the conduction band by the uv light
(MgS has a band gap of -5.4 eV) are trapped by the
Sm + ions which possess a net positive charge locally.
When the uv-treated sample is stimulated with a
Nd: YAG laser, the electrons are released from the
Sm +-ion traps and are captured by the holes trapped at
the Eu + ions, resulting in a characteristic Eu + broad
emission.

In our present investigations, however, the OSL was
generated by exposure to 500-nm light (Fig. l) instead of
uv light. The 500-nm light does not cause a band-to-band
transition in MgS:Eu, Sm, but only excites the lower-
energy absorption band of the Eu + ions. The Eu + ab-
sorption involves a 4f 5d transition and -the 5d level splits
into the eg and t2g levels as the Eu + resides in an 0&
point-group symmetry in MgS. Therefore, Eu + absorp-
tion has two transitions, S» &2 (4f )~ Eg (5d) and
S&&&2(4f)~ T2g(5d), which are observed as broad

bands. peaked at 260 and 480 nm, respectively. Struc-
tures due to the spin-orbit interactions are observed in
the excitation spectrum of the Eu + emission.

When this material is exposed to room light, the room
light excites the 480-nm absorption band of the Eu +

ions. OSL is observed subsequent to this exposure on
stimulating with a Nd:YAG laser. We have observed
that 500-nm light generates the strongest OSL in
MgS:Eu, Sm, as shown in Fig. 1. Since the t2g level lies
below the ez level in 0& symmetry, ionization from the
t2~ level to the conduction band is highly unlikely. These
results strongly suggest that the electron transfer from
Eu + to Sm + takes place by tunneling. Some of the ex-
cited electrons from the t2 level of the Eu + ions tunnel
to the Sm + ions, where they remain trapped until stimu-
lated by the ir light. The stimulation spectrum of the
electrons from the Sm +-ion traps shows a broad band in
the region 750—1350 nm. The electron transfer from
Eu + to Sm + ions can also be seen by bleaching the sam-
ple with 500-nm light. It is observed that bleaching by
the 500-nm light reduces the intensity of Eu + and Sm +

emissions. This suggests that the electrons tunnel from
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the t2 level of the Eu + ions to the Sm + ions, quench-
ing the emission of both the Eu + and the Sm + ions.
We also have observed that increasing the concentration
of the Sm + ions in MgS:Eu, Sm decreases the intensity of
the Eu + emission when excited by 480-nm light. This
also indicates that more electrons are transferred from
the tz level of Eu + to Sm +, when more Sm + ions are
present in the sample.

Besides the 585-nm Eu + emission, the OSL spectrum
also shows an emission peaked at 495 nm which increases
at 77 K (Fig. 2). Since the optically stimulated lumines-
cence results when the stimulated electrons from the
Sm +-ion traps recombine with the trapped holes, the
origin of the 495-nm OSL should also be a trapped hole
center. We have observed in TL measurements that be-
sides the hole release from the Eu + ions, which is associ-
ated with a TL peak at -200 C, there is a TL peak at
—80 C due to the thermal destruction of the V
centers. ' With this in mind and observing that the 495-
nm OSL increases at 77 K, where the V centers are
more stable than at room temperature, we performed two
sets of experiments. We used the sample MgS-II where
only the Sm + ions are doped deliberately so that more
V centers are created in the sample. In MgS-I the holes
are trapped predominantly by the Eu + ions and the cat-
ion vacancies. In MgS-II the absence of Eu + ions mini-
mizes the competition for hole trapping by the cation va-
cancies and as such more V centers are produced in this
sample. In the first set of experiments, we exposed the
sample to 500-nm light and performed the OSL measure-
ment by stimulating with a Nd: YAG laser. The OSL in-
tensity of the 495-nm peak increased considerably (Fig.
3), thus increasing the possibility that the V center is
the origin of this OSL. A feeble but unmistakable Eu +

emission was also observed in the OSL, suggesting that
some Eu + ions were present in the material as an impur-
ity. Chemical analysis shows" that Eu + is the chief im-
purity present in Smz03, the starting material used for
doping the Sm + ions.

In the second set of experiments, we exposed MgS-II to
500-nm light for 5 min and then heated to 100'C for 5
min prior to the OSL measurements. No 495-nm OSL

was observed this time. It is known that the thermal de-
struction of the V centers occurs near 80 'C. ' There-
fore, upon heating the sample to 100 C the V centers
are destroyed and as such no OSL emission from them is
observed. This result confirmed the fact that the 495-nm
OSL emission is due to the radiative recombination of
electrons and holes at the V centers. An increase of
Eu + OSL emission after heating to 100'C can be attri-
buted to the fact that some of the holes released thermal-
ly from the V centers can be retrapped by the Eu +

ions, thus increasing the Eu + OSL emission. This result
also supports our earlier assignment that the Eu + OSL
emission results from the deeper trap, which is thermally
stable up to -200 C.

Our results show unambiguous evidence of
Eu + —+Sm + electron transfer, which does not involve
the conduction band, and the OSL from the V centers.
However, it is not clear how the 500-nm light created V
centers and did so more e6'ectively than the uv light. It is
possible that 500-nm light excites the S ions adjacent to
the cation vacancies and the electrons escape to Sm +

ions and the holes are trapped at the cation vacancies,
forming V centers. It is also noteworthy that no
significant Eu + OSL emission is observed at 77 K in the
Eu +-rich MgS-I, suggesting that the Eu + —+Sm +

electron-transfer tunneling process is thermally assisted
and is favored at room temperature. Besides the OSL
due to the Eu + ions and the V centers, a weak OSL
peaked at -440 nm is also observed (Figs. 2 and 3). The
exact origin of this OSL is not known; however, it.may be
due to the formation of a V -center impurity complex or
V center (cation vacancy with two holes trapped) in this
material.
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