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Photoluminescence in Tbh-Doped CuAlS; Single Crystals
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Single erystals of CuAlS, doped wirth Tb were prepared by the iodine vapor transport technique. These crysials showed
bright yellow photoluminescence at room temperature when excited by the 365 am line of a Hg lamp. The photolumines-
cence spectrum consists of a yellow broad band at 2.0 eV and sharp emission lines at 2.278 eV z2nd 2.532 ¢V which are ten-
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tatively assigned to Tb** ion.
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§1. Introduction

The CuAlS; ternary compoung is one of the I-I1T-VI],-
type chalcopyrite semiconductors and is considered to be
a possible candjdate for visible light emitting device ap-
plication since it has a sufficiently wide direct gap of 3.49
eV at room temperature and emits strong purple
luminescence.” However, only a few studies have been
carried out on using this material as a host for
jJuminescence materials. 1t js known that Mn impurity
causes a red photoluminescence (PL) in CuAlS; single
crystals,>¥ this red PL being assigned 10 ligand-field tran-
sition from the lowest excited state ‘T, to ground state
®A, in the 3d* manifold of the Mn?* ion just like the
orange luminescence in ZnS:Mn. Mn-doped CuA)S, also
showed red electroluminescence (EL), the spectrum be-
ing identical to that of PL.* These results suggests the
possibility of realjzing visible EL devices by using the
CuAlS; compound doped with appropriate elements,
such as rare earth atoms, as emission centers.

In this investigation, we prepared CuAlS, single

‘crystals doped with Tb. This element was expected to

show green light emission and has been known as the
brightest EL center of all the rare earth elements in ZnS.*

§2. Experimental

Tb-doped CuAlS; single crystals were prepared by
iodine chemical vapor transport, The starting materials
were CuS powder prepared by sintering appropriate
amounts of Cu and S, as well as the elements of Al, S,
and Tb. The molar ratio of constituent elements in the
starting materials was as follows. Cu:Al:Tb:S=
1:0.955:0.045:2. These materials were sealed in vacuo in
a fused silica ampoule with an inner diameter of 13 mm
and length of 200 mm together with iodine, the concentra-
tion of iodine being 10 mg/cm?® of the inner volume of
the ampoule. Chemical transport was carried out for
seven days in a two-zone furnace, the temperature of the
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source-zone being 900°C and that of the growth-zone be-
ing 750°C. The crystals obtained had a well-developed
{112} plane and a typical size of 3% 1x 0.3 mm®. Incos-
poration of the Tb ions in crystals obtained was confirm-
ed by electron spin resonance (ESR) .measurements.
Details will be published elsewhere.**** In this report
the crystals are re ferred to as CuAlpsssTbo.oss Sz, although
the value is only nominal since no chemical analyses were
performed.

The optical absorption spectrum was measured at
room temperature using a Hitachi U-3410 spec-
trophotometer in polished crystals having the thickness
of about 200 um. For PL measurements, the 365 nm-line
of a superhigh-pressure Hg-lamp was used as an excita-
tion source. The emijtted light was dispersed by a JASCO
CT-50C monochromator (focal length of 50 cm) with a
1200 groove/mm grating blazed at 500 nm, and detected
by a Hamamatsu R928 photomultiplier. For PL-excita-
tion (PLE) spectrum measurements, a 150 W Xe-lamp
combined with a Ritsu MC-10N monochromator was
used as an excitation source. The emitted light was again
dispersed by the JASCO CT-25C (focal length of 25 cm)
with a 1200 grooves/mm grating blazed at 750 nm. Ob-
tained PLE spectra were not corrected for the spectral
distribution of the light source and the monochromator
used.

§3. Results and Discussion

The Tb-doped CuAlS; crystals obtained were col-
orless, although undoped CuAlS; crystals prepared by
jodine vapor transport are usually dark blue or green in
color. Optical absorption spectra of the undoped and
Tb-doped CuAlS, single crystals are shown in Fig. 1. It
can be seen that two absorption peaks at 1.3 eV and 1.9
eV observed in undoped CuAlS; disappear in Tb-doped
CuAlS,. These two peaks have been attributed to the
charge transfer transitions related to Fe'' on the Al-
site.>® The observed elimination of Fe’*-related absorp-
tion bands in Th-doped crystals indicates that the valency
of the Fe ion, substituting the Al-site, has been reduced
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Fig. 1. Optical absorption spectra in undoped and Tb-doped CuAlS,

single crystals measured at room temperature.

from Fe’* to Fe!* by Tb-doping. Such a reduction of the
Fe-ion valency would not have occurred if Tb** had oc-
cupied the Al**-site, since no changes in valency occur in
such a case. This leads to the conclusion that the Tb**
ion substitutes the Cu-site, contrary to our initial idea
that Tb mijght occupy the Al-site. Then the charge-
neutrality condition would require the introduction of
some defects such as the copper vacancy Vc,, or the an-
tisite defect Cuai. Such defect chemistry is the subject of
a future study.

The Tb-doped crystals showed a bright yellow emis-
sion at room temperature when excited by the 365-nm-
line of the Hg-lamp. A typical PL spectrum from a Tb-
doped CuAlS; is shown in Fig. 2(a). The spectrum
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Fig. 2. Photoluminescence spectra of (a) Tb-doped and (b) undoped
single crystals of CuAlS, measured at room temperature. In the inset
of (a), detailed spectrum between 2.24 and 2.3 eV is also shown.
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consists of a yellow broad band at about 2.0eV, and
sharp emission lines at 2.278 eV and 2.532 eV. In the in-
set of Fig. 2 the detailed spectrum between 2.24 and 2.30
eV is illustrated. Such sharp emission lines were observed
in Tb-doped ZnS crystals” and were assigned to the f-f
transitions in the Tb** ion. Since the energy positions of
the observed lines are identical to those reported on
ZnS:Tb, we interpret these sharp lines as originating
from the multiplet transitions in the 4f® manifold of the
Tb** ion. The sharp emission lines may be assigned to
the transitions from the common excited state *D, to the
ground states 'Fs and Fs, respectively, as illustrated in
Fig. 3.9 As shown in the inset of Fig. 2, another sharp
line was observed at 2.262 eV. This line is located on the
low-energy side of the 2.278 eV-line at an energy separa-
tion of about 200 cm ™" and may be assigned to a phonon
replica of the 2.278 eV-line, since the phonon energy of
216 cm~' has been reported for CuAlS,.”

Next we discuss the broad PL band around 2.0 eV, For
comparison, a typical PL spectrum of undoped CuAlS; is
shown in Fig. 2(b). The undoped CuAlS; usually shows
orange luminescence with a peak at 1.8 eV, which has
been tentatively assigned to deep donor levels'® or Fe im-
purities.? :

Our time-resolved measurements showed that the peak
position of the orange band in undoped CuAlS; shifted
towards lower energies with time, indicating that this
band results from the donor-acceptor (D-A) pair recom-
bination.'” The same low-energy shift was observed for
Tb-doped crystals, suggesting that this emission is also
due to the D-A-type recombination. The difference in the
peak energy of the broad band between undoped and Tb-
doped CuAlS, crystals may be explained under the
assumption that the different donor species are involved
in the D-A pairs forming the broad band. Lowering of
the temperature down to 77 K strengthens the broad emis-
sion band, the peak energy position of this band being
shifted towards lower energies. However, no significant
change in the intensities of Tb-originated lines has been
observed.
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Fig. 3. Schematic energy level diagram of Tb’" ion.
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Fig. 4. Photoluminescence excitation (PLE) spectrum of 2.278 eV
emission at room temperature. Photoluminescence spectrum
measured with excitation energy of 3.43eV (PLE peak) is also
shown.

A PLE spectrum for the sharp line at 2.278 eV is
shown in Fig. 4, together wjth the PL spectrum taken
with the excitation energy fixed at the energy of the peak
‘of the PLE spectrum (3.43eV). The PLE spectrum
shows only a broad peak at about 3.43 eV which is just
below the absorption edge shown in Fig. 1. The PL spec-
trum shown in Fig. 4 is quite similar to that shown in Fig.
2(a) which was taken under Hg-lamp 365-nm-line excita-
tion. No excitation was observed at 3.26 eV which is sup-
posed to be the energy position of the excited state *D; of
the Tb** ion. Therefore, we may consider that the ob-
served Tb-related luminescence is not caused by the
direct excitation of the Tb** center but by the energy
transfer from the electronic states related to the host
material.

§4. Conclusions

CuAlS; crystals doped with Tb emit bright yellow
luminescence at room temperature. The emissjion spec-
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trum has been found to consist of a broad band centered
at about 2.0 eV and sharp Tb-related lines at 2.278 eV
and 2.532 eV superposed on the higher-energy edge of
the broad band. An energy transfer mechanism between
the host lattice and the Tb-ion orbitals for excitation of
the Tb-related photoluminescence has been proposed,
taking into account the observed PLE spectrum. De-
tailed studies are planned to obtain further information
on the electronic structure of Tb-introduced energy levels
in CuAlS,.
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