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Abstract.  The geometric structures for ferromagnetic Zn1-xCrxTe films grown by molecular beam epitaxy were 
investigated by fluorescence XAFS measurements in order to elucidate the relationship between the geometric structure 
and the magnetic properties.  XAFS analysis suggested that the majority of Cr atoms doped in CrTe substituted the Zn-
site in the ZnTe lattice below the Cr content x = 0.048, and formed Cr-Te compounds such as Cr2Te3 and CrTe above x 
= 0.090.  It is suggested that ferromagnetism of the Zn1-xCrxTe films above x = 0.090 is due to the formation of Cr-Te 
compounds. 
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INTRODUCTION 

For the last decade, diluted magnetic 
semiconductors (DMS’s), which combine 
semiconductors and magnetism, have been extensively 
studied from the perspective of using spin degrees of 
freedom in semiconductor devices [1].  Recently, 
ferromagnetic behaviors were observed in Zn1-xCrxTe 
with Cr contents x reaching a few percent [2], and then 
the room-temperature ferromagnetism was reported in 
Zn1-xCrxTe in x = 0.20 [3].  However, the origin of the 
ferromagnetic transition in highly Cr-doped ZnTe is 
not yet fully understood.   

In the present work, (Zn,Cr)Te films grown by 
molecular-beam epitaxy (MBE) were investigated by 
fluorescence x-ray absorption fine structure (XAFS) 
measurements using synchrotron radiation in order to 

elucidate the relationship between the local structures 
around the Cr atoms and the magnetic properties. 

EXPERIMENTAL 

The (Zn,Cr)Te films were grown by the 
conventional MBE.  Details of the growth process 
were described previously [4].  A ZnTe buffer layer 
was grown on a GaAs(001) substrate and then a 
(Zn,Cr)Te layer with a thickness about 300 nm was 
grown on this buffer layer.  The features of the 
samples are summarized in Table 1.  The Cr 
composition was measured by electron probe 
microanalyzer (EPMA).  Magnetic properties was 
investigated by superconducting quantum interference 
device (SQUID). 

The EXAFS measurements were performed at the 

 
TABLE 1. List of Zn1-xCrxTe films used in this study with Cr concentration, Curie temperature, and results of XRD.  [Cr] 
were determined by EPMA. 
 

Samples Cr content 
: x [%] 

Curie temperature 
: Tc [K] 

XRD measurements 

#A 0.009 5 (Zn,Cr)Te 
#B 0.048 30 (Zn,Cr)Te 
#C 0.090 125 (Zn,Cr)Te 
#D 0.173 275 (Zn,Cr)Te 

#E 0.414 318 
(Zn,Cr)Te 

 and Cr2Te3 (or CrTe) 

 



beam line BL12C at the Photon Factory in Tsukuba 
with a Si(111) double crystal monochromator and a 
bent cylindrical mirror using synchrotron radiation 
from the 2.5 GeV storage ring [5].  The EXAFS 
spectra were measured in the fluorescence-detection 
mode.  The intensity of the incident X-ray beam was 
monitored by a nitrogen-filled ionization chamber, 
while the X-ray fluorescence signal was detected by an 
array of 19 elements of Ge solid state detectors. All 
the XAFS measurements were performed at 70 K in 
order to reduce thermal vibration. 

RESULTS AND DISCUSSION 

Figure 1 shows the Cr K-edge k2χ(k) EXAFS 
spectra for the Zn1-xCrxTe samples and Cr2Te3 powder.   
It is found that the amplitudes of the EXAFS spectra 
decrease with increasing Cr content of the Zn1-xCrxTe 
samples, while the periods of the EXAFS spectra are 
almost the same.  Figure 2 shows the Fourier 
transformed Cr K-edge EXAFS spectra for the         
Zn1-xCrxTe samples and Cr2Te3 powder.  For all the 
samples, striking main peaks were observed at 2.5 Å.  

The height of the main peaks decreases with 
increasing Cr content.  Shift of the main peaks is not 
observed for each sample.  The feature of the main 
peaks in the Cr2Te3 powder resembles that of the 
substitutional model in Fig. 2(b).  Thus, it is difficult 
to deduce whether the Zn1-xCrxTe samples form the 
substitutional structure or Cr2Te3 from Fig. 2. 

In order to get the details of the measured EXAFS 
spectra, parameter fitting was conducted with the 
theoretically generated spectra.  The curve-fitting was 
carried out with theoretically calculated spectra using 
FEFF8 [6].  Figure 3 shows structural parameters 
which were obtained by the curve-fitting.  For the   
Zn1-xCrxTe samples except #E, substitutional model 
was fitted best.  Obtained coordination numbers are 
close to 4, which coincides with that for the 
substitutional model.  Thus, it is expected that the 
majority of Cr atoms doped in the samples below the 
Cr content x = 0.173 substitute in the Zn-site in the 
ZnTe lattice.  However, it is found that for the Cr2Te3 
powder the substitutional model is also fitted well, 
although Cr2Te3 forms a Cr2S-type structure.  
Therefore, it is difficult to distinguish between the 
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FIGURE 1.  Cr K-edge EXAFS oscillation functions 
k2χ(k) spectra for (a) Zn1-xCrxTe films and Cr2Te3 powder, 
(b) theoretical EXAFS spectrum for the substitutional Cr 
atom on the Zn-site in the ZnTe lattice.  The Debye-Waller 
factor was assumed as 0.05 Å for the bond length below 
4.0 Å and 0.075 Å for the bond length above 4.0 Å.  The 
theoretical EXAFS spectrum was generated by FEFF8. 
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FIGURE 2.  Fourier transform of Cr K-edge EXAFS 
oscillation functions k2χ(k) spectra for (a) Zn1-xCrxTe films 
and Cr2Te3 powder, (b) theoretical EXAFS spectrum for 
the substitutional Cr atom on the Zn-site in the ZnTe 
lattice.  The Fourier transformation was performed in the k 
range of 3.0 – 13.0 Å-1.  The Debye-Waller factor was 
assumed as 0.05 Å for the bond length below 4.0 Å and 
0.075 Å for the bond length above 4.0 Å.  The theoretical 
EXAFS spectra were generated by FEFF8. 
 



substitutional and Cr2S–type structure by EXAFS 
analysis. 

Figure 4 represents Cr K-edge XANES spectra for 
Zn1-xCrxTe films and Cr2Te3 powder.  Compared to 
each spectrum, it is found that the spectral features are 
divided into two types.  For the samples #A and #B, 
the small ridges indicated by allow were observed at 
6.000 keV.  On the other hand, for the samples #C, #D, 
and #E, no ridge was observed at 6.000 keV, which 
resembles that for the Cr2Te3 powder.  The XRD 
results showed that the sample #E contained Cr2Te3 
and/or CrTe compounds.  Thus, it is expected that the 
samples #C, #D also contain the Cr-Te compounds 
such as Cr2Te3 and CrTe, although for the samples #C 
and #D Cr-Te compounds were not observed by XRD.   

The XAFS results suggest that for the samples 
below a Cr content of x = 0.048 the majority of Cr 
atoms substituted in the Zn-site of the ZnTe lattice, 
and for the samples above x = 0.090 the Cr atoms 
forms Cr-Te compounds.  Cr2Te3 and Cr0.88Te show 
ferromagnetism with Tc = 322 K and 354 K, 
respectively [7,8].  Thus, it is suggested that the 
ferromagnetism for the samples above x = 0.090 is due 
to the formation of Cr-Te compounds.  
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FIGURE 4.  Cr K-edge XANES spectra for Zn1-xCrxTe 
films and Cr2Te3 powder. 
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FIGURE 3.  Variation of the bond length (rCr-Te), 
coordination number (NTe), Debye-Waller factor (σCr-Te), 
and R-factor versus Cr content (x).  F-factor is the 
discrepancy index defined as  
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the experimental and theoretical EXAFS, respectively. 
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