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Photoluminescence measurements have been carried out for
Zn1-xCdxSe:Co and ΖnSxSe1-x:Co mixed crystals. Changes of recombina-

tion channels are observed in mixed crystals as compared to the emission
of host binary compounds. Character of changes is slightly different for the
alloys with cation and anion substitution. Photoluminescence kinetics of the
L-line and of two other Co 2 + intra-shell emission bands was measured to
determine radiative decay rates.

PACS numbers: 71.55.Gs, 78.20.Wc

Transition metal impurities are well known as optically active centres in
semiconductors. They have been the subject of manifold experimental and theo-
retical  investigations for binary II-VI and III-V compounds. Their properties in
ternary mixed crystals are, however, less understood. In this paper we present the
first results of photoluminescence (PL) study of cobalt doped Zn1- x CdxSe and
ΖnSxSe1-x  alloys.

PL spectra were measured at low temperature for the ternary alloys of
ZnCdSe and ZnSSe with the wide composition range of Cd (x = 0 ¸ 0.5) and
S (x = 0 ¸ 1.0). All the samples studied were grown by a chemical transport
method and were doped with Co to the level of 10 8 cm-3 . The PL excitation was
provided with 441.6 nm He-Cd laser line, and PL spectra were recorded at 5 K
with a SPEX 1401 spectrometer working in the spectral range of 0.7-2.8 eV.

The results of PL investigations are presented in Figs. 1 and 2. The PL spec-
tra of ternary crystals with relatively small Cd and S content are dominated by the
socalled L-line emission, which for the binary ZnSe:Co crystals was related to the
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doublet-quartet intra-shell d—d PL transition of Coe+ from unidentified doublet
state to the ground 4Α2 (F) state [1, 2]. For higher Cd and S fractions the char-
acter of PL changes is different for Zn1- x Cdx Se:Co and ZnSxSe1-x:Co alloys. For

ZnSxSe1-x:Co crystals (0.3 >x> 0.1) besides the L-line two additional PL bands
with a fine structure appear; these are analogies of the M- and N-lines observed in
absorption spectra of binary ZnSe:Co crystals [1], but not in PL spectra [3]. These
two transitions involve two unidentified doublet excited states of Co 2 +, likely of
the same origin as the L-line related state [3], located very close to the conduction
band edge of ZnSe. For ternary ZnSSe alloys these two states separate from the
conduction band edge and PL emission from these states can be observed. This
effect, rather than a change of a local symmetry in the alloys, results in M- and
N-line PL.

For Zn1- x Cdx Se:Co alloys L-line and its phonon replica are observed till
x = 0.05 (see Fig. 2), i.e., the effect of cation substitution on PL alloy broadening is
more pronounced. Figure 2 shows also that two additional PL spectra are observed.
The first emission, with a fine structure, is observed near the band gap energy. This
PL is probably due to a shallow donor—shallow acceptor pair (DAP PL in Fig. 2)
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recombination and shifts down in energy with increasing Cd fraction following the
changes of the energy gap. The second broad and intensive PL dominates in alloys
with a large Cd content. The nature of this broad band is unknown, but likely it
is an analogue of a self-activated PL (SA PL) often observed for the wide band
gap II—VI compounds. Besides the strong PL in the visible region of emission, two
broad and weak infrared (IR PL in Fig. 2) emissions are observed in the spectral
range of 1.5-1.7 eV. These bands were also observed for the ZnSSe:Co alloys but
were weaker and are not seen in Fig. 1.

We have studied PL kinetics to determine identity of the observed PL bands.
The PL decay time of the L-line emissions depends strongly on the Cd and S com-
position. Whereas for the pure ZnSe:Co this decay time is about 2 ns, it rapidly de-
creases to about 330 ps for ZnS0.001 Se0.999 :Co (Fig. 3). Such rapid decay suggests
very enhanced nonradiative recombination transitions. The PL kinetics studies
(PL decay times measured are given in Fig. 3) allowed a clear distinction between
corresponding spin-allowed 4Τ1 (P) —> 4Α2 (F) transition and spin-forbidden tran-
sitions from the excited doublet state (L level in Fig. 3) to either the 4Τ1 (F) or to
the ground 4Α2 (F) state. We conclude that infrared PL at about 1.6 eV consists
of two overlapping bands with different spin selection rules for PL recombination.
Of these two bands one starts from the same excited state as the L-line PL, as is
shown in Fig. 3.

Concluding, recombination channels in alloys of Zn1- xCdxSe:Cο and
ΖnSx Se1- x :Co were studied. We report different PL changes for alloys with cation
and anion substitution. However, the character of the changes depends mainly on
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a relative position of the excited Coe+ levels versus edges of conduction band in
alloys than on e.g. alloy broadening. From PL kinetics measurements we resolve
also overlapping PL bands in the infrared region of the emission.
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