
 

FIR optical investigations of Fe-based semimagnetic
semiconductors
Citation for published version (APA):
Witowski, A. M., Wieck, A., Twardowski, A., Jonge, de, W. J. M., Mycielski, A., & Demianiuk, M. (1989). FIR
optical investigations of Fe-based semimagnetic semiconductors. Acta Physica Polonica A, A75(2), 269-271.

Document status and date:
Published: 01/01/1989

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 04. Oct. 2023

https://research.tue.nl/en/publications/0f2a5f85-9039-4510-b80d-2af25a0e38ac


Vol. A75 (1989) ACTA PHYSICA POLONICA 

FJR OPTJCAL INVESTIGATIONS OF Fe-BASED 
SEMIMAGNETIC SEMICONDUCTORS*·** 

BY A. M. WiTOWSKI1, A. WIECK2 , A. TWARDOWSKI1 , w. J. M . DE JONGE3 , 

A. MYCIELSKl AND M. DEM1ANIUK5 

1 Institute of Experimental Physics, Warsaw University*** 

2 Institute of Applied Physics, University of Hamburg, Hamburg, FRG 

3 Physics Department, Technical University of Eindhoven, Eindhoven, The Netherlands 

4 Institute of Physics, Polish Academy of Sciences, Warsaw, Poland 

5 Institute of Technical Physics, WAT, Warsaw, Poland 

(Received May 20, 1988) 

No 2 

The results of transmission, magnetotransmission and reflectivity in the far infrared 
spectral region for ZnFeSe, CdFeTe and CdFeSe are reported. 

PACS numbers: 78.30.Fs, 78.20.Ls, 71.55.Gs, 71.70.Ch 

The Far Infrared (FIR) investigations of the manganese-based semimagnetic semi
conductors (SMSC) have shown the host crystal reststrahlen band and additional structures 
due to the manganese impurity modes [1 , 2) (local and "acoustic"). In the iron-based SMSC 
one could expect the observation of similar phonon modes as well as transitions between 
crystal field and spin-orbit split 5 E electronic levels (as observed for Fe-doped II-VI com
pounds [3]). In order to study these effects, we measured the transmission, magneto
transmission and reflectivity of Zn J-xFe .. Se (x < 0.06), Cd1 _xFe .. Te (x < 0.04) and 
Cd 1 - xFe .. Se (x < 0.03) in the spectral range I 0 cm- 1 - 380 cm- 1 and at temperatures 
from 1.3 K to RT. 

For ZnFeSe in the energy range 10 cm- 1 
- 60 cm- 1 two absorption lines are observed 

as shown in Fig. 1. The position and shape of these lines are magnetic field dependent. 
This pronounced field dependence proves that they are due to the transitions between 
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Fig. 1. The magnetotransmission data taken for Zn1 - xFexSe with x = 0.015 at 1.3 Kin the energy range 
from 10 cm- 1 to 60 em- ' . The upper curve is taken without magnetic field. The lower one at field of 3 Tes!a. 

The changes of line position and shape are clearly seen 
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Fig. 2 . The transmission of Cd 1- xFex Te with x = 0.03 versus photon energy between 20 cm-1 and 100 em- ' 
at three temperatures. The solid I me is for data taken at about 15 K, the dotted line represents data for about 
80 K and dashed line data for RT. In the inset, the energy levels of 5E iron term are presented (based on 
paper [31). The discussed in the text allowed electric dipole and magnetic dipole transitions are marked 

by the solid arrows and by the dashed arrow, respectively 
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electronic states. Since the experiment was performed at 1.3 K, only the ground state (f 1) 

of Fe term 5 E is populated. Therefore, we ascribe these transitions to the r 1 --+ r 4 and 
f 

1 
-t r 

5 
transitions (see inset in Fig. 2) as in Ref. [3]. Magnetic field lifts the threefold 

degeneracy of f 4 and r 5 levels, what results in splitting of absorption lines [3]. In our 
case this splitting is unresolved being observed as a change of the line shape only. The blue 
shift of the lines with magnetic field is in accordance with theoretical predictions. 

The transmission data for CdFeTe in the energy range 20 cm-1
- 100 cm- 1 are pres

ented in Fig. 2. The temperature dependence of absorption lines suggests that they could 
be due to the transitions from r 4 to r 5 and r 2 levels (inset in Fig. 2). However, the reflec
tivity measurements have shown that the Fe local mode appears at about 183 cm-1 e.g. at 
the same energy as Mn local mode [1, 2]. This means that the force constants for Mn and 
Fe in CdTe are almost the same because there is practically no atomic mass difference 
between these atoms. Consequently, one should expect that the other impurity modes 
observed for manganese exist also for iron at the same energy (e.g. about 55 cm- 1

) and 
the lower absorption line (Fig. 2) could be due to such a mode. Both explanations are not 
consistent with that given in [3]. It should be pointed out that the low-energy r 1 --+ r 4 

and r 
4 

--+ r 3 transitions are below our energy range (about 18 cm- 1 [3]). Further 
experiments (with magnetic field) should be made to find the proper explanations of the 
origin of the absorption lines observed for CdFeTe. 

In the case of CdFeSe no pronounced absorption structures are visible below 100 cm-1
. 

If there occurs absorption due to the transitions between iron 5 E levels or due to the Fe 
impurity modes it is masked by the absorption due to the existence of impurities at the 
level of 1015 cm-3 (hopping and free-carrier absorption like in the CdMnSe). At higher 
energies the absorption due to the iron local mode is observed but due to the thickness 
of sample its energy could not be established. 

Part of this work has been done within collaboration program between the University 
of Hamburg and the University of Warsaw. 
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