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Absorption and reflectivity measurements were carried out on
Ζn1-x Mn x Se:Ni solid solutions. The spectra demonstrate the radical change
of the structure of internal Ni2+(3d8 ) transitions at the presence of the Mn
ions and strong dependence on Mn concentration. The threshold energy ħω t h
for the process of Ni photoioni zation to the valence band Νi 2+ (3d8 ) +

→ Ni1 +(3d9 ) + h is shifted to the lower energy by 	 30 meV, but
hardly depends on x despite the essential increase in the energy gap.
PACS numbers: 78.20.Wc, 78.50.Ge

Absorption spectra of II-VI semiconduction doped with 3d transition metal
ions usually demonstrate both intra-configuration d-d transitions and broad charge
transfer band due to impurity photoionization. In ZnSe:Ni one observes besides
Ni2+(3d8) internal absorption [1] a strong absorption band below the band-gap
energy which is attributed to the process of Ni photoionization to the valence
band Νi 2 +(3d8) + ħωth → Νi1+(3d 9 ) + h [2-4]. The threshold energy ħωth gives
the energy position of Ni 1 + ion with respect to the valence band.

It seems interesting to investigate how the extremely large exchange inter-
actions typical of Zn1- xMnxSe even in the absence of applied magnetic field [5]
modify the energies of Ni states.

The single crystals used in this study were grown by Bridgman method.
Manganese and nickel were added to the melt, corresponding to a Ni concentration
of 6 x 1017 cm-3 for all samples and Mn molar fraction from x = 0.0 to 0.30. The
majority of samples were freshly cleaved, the remainder were polished. The samples
were mounted on a copper cold finger attached to a helium bath. Absorption and
reflection spectra were recorded with DFS-monochromator with a photomultiplier
tube connected to a photon counting system [6].

The investigated samples are listed in Table. Reflectivity measurements
(Fig. 1) were undertaken in order to establish band-gap energies for the sam-
ples. The point R 1 / 2 = (Rmax + Rm i n )/2 was used to characterize the free exciton
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energy, where Rmax and Rm in are maximum and minimum of the reflection
coefficient in the region of the excitonic structure. The valuesEFEare listed in Table.

We note that reflectivity features seen by us in Zn1-xMnxSe:Νi are not identical
to the published spectra for Zn 1- xMnxSe [5, 7].

Absorption spectra were obtained in the range 1.5-2.1 eV (Figs. 2, 3). A
broad charge transfer band due to Ni photoionization to the valence band
Νi 2+(3d8 ) + ħω t h → Ni1+(3d9) + h is observed for all crystals. There is no fine
stucture near the threshold energy connected with bound "acceptor" excitons
[Ni1+h], which is usually observed in ZnSe:Ni [2-4]. Figure 2 shows data for the
plot α 2/ 3 against ħω, which is a straight line with intercept ħω th, i.e. the ionization
energy [4]. The threshold energies ħωth are listed in Table.

The value ħω th = 1.850 eV for ZnSe:Ni (x = 0.0) is consistent with previous
results [3, 4]. From Fig. 2 it can be seen that excluding sample with x = 0.05 the
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behaviour of ħωth versus x is as follows: there is an initial decrease in the energy
by 30 meV in comparison with ZnSe:Ni followed by an independence of ħωth
on x. This independence of threshold energy for the process of Nit+ photoionization
to the valence band, despite the essential increase in the energy gap with x for
these samples, may indicate an independence on the absolute energy scale of the
position of the valence band in the Zn1-xMnxSe solid solution.

The initial drop of Νi1+(3d9 ) state energy may be explained as the result
of Ni—Mn complexes formation and strong exchange interactions in these crystals.
It seems that the dramatical change of the stucture of the internal Ni 2+(3d8 )
transitions (Fig. 3) confirms this idea. Instead of the two narrow lines attributable ,

exactly to Νi 2 +(3d8 ) 3Τ1(F) --> 1 T2(G) transitions in ZnSe:Ni we observe the
complicated stucture in Ζn1-x MnSe:Ni solid solutions. With incorporation of
more Mn all peaks broaden but their intensity changes slightly except the peak
corresponding to the initial one of ZnSe:Ni. This peak disappears already at x =
0.05. It may be connected also with the local deviation from Td symmetry in solid
solutions Zn1-x MnxSe [8]. Further investigations, first of all EPR measurements
are necessary to be done to clear up the behaviour of Ni states in the solid solutions.

The authors gratefully acknowledge Yu.N. Ivanov for sample preparation
and W. Dobrowolski for composition measurements.



708 	 S.A. Permogorov' L.N. Tenishev' V.I. Sokolov' T.P. Surkova

References

[1] E.M. Wray, LW. Allen, J. Phys. C, Solid State Phys. 4, 512 (1971).

[2] S.G. Bishop, D.J. Robbins, P.J. Dean, Solid State Commun. 33, 119 (1980).

[3] S.A. Kazanskii, A.I. Ryskin, Opt. Spectrosc. 31, 325 (1971).

[4] J.M. Noras, J.W. Allen, J. Phys. C, Solid State Phys. 13, 3511 (1980).

[5] R.B. Bylsma, W.M. Becker, J. Kossut, 11. Debska, Phys. Rev. B 33, 8207 (1986).

[6]A.Yu. Naumov, S.A. Permogorov, A.N. Reznitsky, V.Ya. Zhulai, V.A. Novozhilov,
G.T. Petrovsky, Fiz. Tverd. Tela 29, 377 (1987).

[7]A. Twardowski, T. Dietl, M. Demianiuk, Solid State Commun. 48, 845 (1983).

[8] W. Giriat, J.K. Furdyna, in: Diluted Magnetic Semiconductors, in series: Semicon-
ductors and Semimetals, Vol. 25, Eds. J.K. Furdyna, J. Kossut, Academic Press,
New York 1988.


