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The synchrotron radiation was applied to measure resonant photoemis-
sion spectra (Fano-type Gd 4d-4f resonance), constant initial states and con-
stant final states to study the valence band electronic structure of
Sno.g6 Gdo.04 Te crystal. The resonant energy was found equal to 150.3 eV.
The electrons 4f were found to contribute to the valence band of the crystal
with the maximum located at 9.5 eV below the valence band edge whereas
5d electrons contribute at the crystal valence band edge.

PACS numbers: 71.20.Fi, 79.60.—i

Semimagnetic semiconductor (SMSC) [1] or diluted magnetic semiconductor
(DMS) based on IV-VI semiconductor compound was created due to the intro-
duction of the rare earth (RE) Gd cation on the site of Sn cation in SnTe. The
introduction of RE cations on the site of group IV cation leads to the contri-
bution of its 5d and 4f electrons to the valence band of the new ternary alloy,
e.g. Sng.96Gdo.04Te crystal, and it is responsible for magnetic and semimagnetic
properties of the crystal. The aim of our work is to determine the contribution
of Gd 4f and 5d electrons to the valence band of Snj_;Gd;Te and by this way
experimentally verify the model of Gd impurity in SnTe matrix, recently presented
in [2, 3].

The Fano-type resonant photoemission spectra were measured on the unique
line FLIPPER II of the Synchrotron Ring of HASYLAB, DESY in Hamburg. The
vacuum ultraviolet radiation of variable photon energy range between 10 and
200 eV was used. The clean surface of the sample was obtained by the cleavage
of the sample in UHV conditions (p = 3 x 10~1° torr) and the spectra were taken
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in situ. The experimental setup allowed us to take energy distribution curves
(EDCs), constant initial states (CIS) and constant final states (CFS) spectra.

In the resonant photoemission experiment the photon energy is tuned rela-
tively to the energy of optical absorption edge corresponding to the 4d—4f transi-
tion. For this photon energy the Gd ions are excited selectively and locally. The
relaxation of excited Gd ions leads to the additional emission of the Gd electrons.
The contribution of the resonant photoemission can be described by the Fano res-
onance formulas [4, 5]. In the case of Gd the enhancement of the electrons emission
occurs due to the coupling of the discrete excitation

4d04f7 4 hv = [4d°4f8]*  (* — excited state)
with »
4d1%4f7 + hy = 4d'04f6 4 e~ (e~ — ordinary emitted photo-electron)
continuum channel via the autoionization of the [4d°4f%]* excited state.

The cross-section for an isolated resonance interacting with several continua
is given by a Fano type profile

o= 0a+aulg+e/(1+2?)

where o, represents the noninteracting part of continuum excitation, o represents
the interacting part of continuum excitation. € = (A — htges)/I" (htes — in
resonance energy, I' — full width half maximum). The asymmetry parameter ¢
determines the shape of the resonance. The positive value of the parameter ¢
causes the cross-section changes to go through a minimum (antiresonance) below
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Fig. 1. The spectra CIS (initial energy equal to 9.5 eV) and CFS (final kinetic energy
equal to 10 eV) measured for Sng.g¢ Gdo .04 Te crystal.
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Fig. 2. The EDC’s of the Sno.g6 Gdo.04 Te crystal valence band obtained for kv = 50 eV
(highest curve) and SnTe crystal obtained for hv = 51 eV (lowest curve). The difference
between curves is presented as a curve at the middle.

the resonance maximum. In the energy region close to the resonant energy both of
ionization processes (interacting and noninteracting with continuum) contribute
to the measured. spectrum of the EDC changing its shape and intensity of the
peaks. The Fano resonance will result in an enhancement of the photoemission
only for EDC’s taken for photon energies close to the resonance energy.

The value of Fano type resonant radiation energy was determined from con-
stant initial spectra with initial energy equal to 9.5 eV and from constant final
spectra with final kinetic energy equal to 10 eV. The Fano type giant resonance
maximum Gd (4d-4f) was found for energy hv = 150.3 ¢V and this maximum
almost disappears for the antiresonance minimum found for hy = 145.5 eV (see
Fig. 1).

The highest curve in Fig. 2 presents the EDC of the valence band of
Sng.96Gdo.g4Te crystal while the lowest one presents the EDC of the SnTe crystal.
The difference between the highest and the lowest one is presented as a middle
curve in Fig. 2. The lowest energy peak (middle curve in Fig. 2) corresponds to the
Gd 5d electrons and it is located at the valence band edge of the Sng .¢6Gdp.o4Te.
The peak located at energy 6 eV is of unknown origin. The peak located at energy
9.5 eV corresponds to the Gd 4f electrons and its position with giant maximum
was measured for near resonant energy hv = 150 eV [6]. The relative position of
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Gd 5d and 4f electrons obtained in the experiment well corresponds to the relative
position obtained for clean gadolinium metal [7, 8].

The Gd 5d electrons maximum is located at the valence band edge of
Sng.96Gdg.04Te crystal. The Gd 5d electrons position is estimated at 0.19 eV over
the valence band edge of the SnTe crystal. This position well corresponds to the
position used to explain anomalous magnetic and electric properties of the mate-
rial [2, 3].

The Gd (4f) electrons contribution to the valence band of the crystal was
found with a maximum at a distance 9.5 eV below the valence band edge. 4f elec-
trons are responsible for the permanent magnetic moment experimentally observed
in Sny_,Gd,Te [2, 3], but do not contribute to charge transport.

References

(1] R.R. Galazka, J. Magn. Magn. Mater. 140, 13 (1995).

[2] T. Story, M. Gorska, M. Arciszewska, E. Grodzicka, Z. Golacki, R.R.Galazka,
J. Magn. Magn. Mater. 140-144, 2041 (1995).

[3] M. Gdrska, T. Story, M. Arciszewska, E. Grodzicka, Z. Golacki, A. Lusakowski,
Acta Phys. Pol. A 87,197 (1994).

[4] U. Fano, Phys. Rev. 124, 1866 (1961).
(5] B. Sonntag, P. Zimmermann, Rep. Prog. Phys. 55, 911 (1992).

[6] B.A. Orlowski, B.J. Kowalski, Z. Golacki, T. van Gemmeren, T. Buslaps,
R.L. Johnson, in: Hamburger Synchrotronstrahlungslabor HASYLAB am Deutschen
Electronen-Synchrotron DESY, Annual Report, Vol. 1, 1994, p. 239.

[7] F.R. McFeely, S.P. Kowalczyk, L. Ley, D.A. Shirley, Phys. Lett. A 45, 227 (1973).

[8] Donggi Li, Jiandi Zhang, P.A. Dowben, M.Onellion, Phys. Rev. 48, 5612 (1993-1I).



