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Detection of “Exotic” Dopant-Related Macrodefects
in Vapour Grown CdTe:Cr Single Crystals
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SEM observation of non-typical macrodefects in the form of needle-like second phase particles in highly doped

CdTe:Cr single crystals, grown by the modified physical vapour transport method, was reported. They form
regular network parallel to the {111} and {100} planes. In the combined analyses using energy dispersive X-ray
profiling and high-angle annular dark-field elemental mapping, it has been determined that the observed needle-like
aggregates are composed of Cr–Te intermetallic compound, most probably cadmium doped Cr3Te4.
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1. Introduction
Cadmium telluride is a well-known compound semi-

conductor, which is intensively used as a material for un-
cooled radiation detectors, photorefractive and electro-
optic components, laser windows and substrates for fab-
rication of IR-source devices [1]. All above applications
require homogeneous single crystalline samples with min-
imum amount of extended and bulk defects. However,
structural quality of CdTe crystals suffers from the pres-
ence of a considerable number of second phase parti-
cles [2, 3]. Due to the peculiar thermodynamic prop-
erties of CdTe (higher retrograde solid solubility of Te
compared with that of Cd and, inversely, much higher
partial pressure of metal constituent at applied growth
temperature leading to the Cd loss during growth run [4])
tellurium inclusions and/or precipitates are commonly
present in the as-grown crystals [5–9], although cadmium
macrodefects were also observed in the material obtained
under Cd-rich conditions [10, 11]. At the same time, ex-
trinsic second phase separation was more rarely reported
in CdTe crystals [12–16].

In this paper we present the results of preliminary stud-
ies of unusual dopant-related macrodefects in vapour-
grown CdTe:Cr single crystals using scanning electron
microscopy (SEM), scanning transmission electron mi-
croscopy (STEM), energy dispersive X-ray (EDX) and
high-angle annular dark-field (HAADF) analyses. Cad-
mium telluride doped with chromium has attracted at-
tention of researchers as material for tunable near-
infrared lasers [17] and as perspective diluted magnetic
semiconductor (DMS) for applications in spin-dependent
electronics [18].

2. Experimental and results
Investigated crystals were highly doped CdTe:Cr sin-

gle crystals obtained by the modified physical vapour
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transport (PVT) method [16]. The charge for crystal
growth were prepared from the (Cd,Cr)Te polycrystalline
ingots with 2.5 and 5 at.% of chromium in the initial
feed synthesized at the temperature as high as 1300 ◦C.
As-grown crystals were cleaved along the {110} crys-
talline planes into the wafers. Samples were prepared
by chemo-mechanical polishing of the (110)-oriented sur-
face of the wafers with 5% bromine solution in the
ethyleneglycol-dimethylformamide mixture. Morphology
of both cleaved and polished surfaces were examined us-
ing Tescan Vega 3 scanning electron microscope equipped
with EDX-based Bruker Quantax microanalysis system.

Fig. 1. (110)-oriented surface of CdTe:Cr single crystal
grown from the charge with 5 at.% of Cr in the initial
feed: (a) cleaved, (b) chemo-mechanically polished with
second phase macrodefects.
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The cleaved crystal surfaces were smooth, flat and
mirror-like with sets of terraces but with no visible sec-
ond phase aggregates (Fig. 1a). After polishing, a num-
ber of macrodefects appeared on the surfaces (Fig. 1b).
Besides well-known near isometric sub-µm particles, un-
usual type of defects were observed in the form of needles
with the thickness of several hundred nm and up to sev-
eral hundred µm long. They are arranged in the sets of
parallel strips along three different directions. The angle
between the directions was found to be about 70◦30′ and
54◦50′ indicating that the needle-like defects are aligned
parallel to the {111} and {100} planes of the zinc-blende
structure [19]. It is worth noting that such macrodefects
were not observed in the CdTe:Cr crystals grown from
the charge with lower chromium content suggesting that
these defects are caused by dopant separation.

Fig. 2. EDX profiles along (b) and perpendicular (c) to
the needle-like defects (a) on the chemo-mechanically
polished (110)-oriented surface of the singe crystal
grown from the charge with 5 at.% of Cr in the
initial feed.

In order to identify the distribution of Cd, Te and Cr
in the observed defects, EDX profiling was done along
the needle axis as well as in the direction perpendicu-
lar to the needle, as it is shown in Fig. 2a. It is clear

from Fig. 2b that tellurium and chromium concentra-
tions change simultaneously, reaching at the needle posi-
tion the values much higher than those in the surrounding
crystalline matrix. In contrast, cadmium content behaves
in the opposite way decreasing toward this defect. At the
same time, the change of composition along the needle
axis does not reveal any distinct trend (Fig. 2c). It can
be inferred from the profiles that second phase defects are
enriched with dopant, probably in the form of Cr–Te in-
termetallic compound. However, correct identification of
the phase is hindered due to possible excitation of char-
acteristic X-rays in the neighboring crystal areas, which
can contribute to the recorded EDX signals.

Fig. 3. Map of elements for the chemo-mechanically
polished {110} surface of the single crystal, grown from
the charge with 5 at.% of Cr in the initial feed.

In order to confirm the above suggestion about the
nature of the extended defects, the lamellar was pre-
pared for STEM investigations by thinning of the sample
in the vicinity of one of the needle using Ga+ beam of
Quanta 200i SEM-FIB microscope. Elemental mapping
was done in the defect and in surrounding crystal bulk
by the HAADF STEM method using FEI Tecnai Orisis
TEM/STEM microscope (Fig. 3). The results of quanti-
tative determination of the composition are given in Ta-
ble I. Considering the molar Cr/Te ratio in the defect, it
is most likely composed of Cr3Te4 [20] doped with Cd.

TABLE I

Composition of CdTe:Cr host matrix and needle-like de-
fect, derived by means of HAADF STEM measurements.

Region
Composition, [wt.%] Composition, [at. %]
Cd Te Cr Cd Te Cr

Defect 4.44 71.21 24.35 3.71 52.36 43.93
Matrix 46.41 52.24 1.35 48.68 48.26 3.06

The only information about chromium separation in
CdTe:Cr was reported by Nouruzi-Khorasani and Dob-
son [14]. They revealed triangular sub-µm precipitates
composed of alloys of Cr and Te in the as-grown crystals,
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obtained by solvent evaporation method. After Cd-rich
annealing the precipitates changed their morphology as
well as composition and shaped into the needles contain-
ing more than 95% of chromium. At the same time,
needle-like aggregates of several mm long, parallel to the
{111} planes, in sublimation grown CdTe:V and CdTe:Ti
crystals was identified as V2Te3 and Ti2Te3 microinclu-
sions, respectively [15]. It is known that inclusions in
CdTe are originated by melt or solution droplet capture
on the growth interface, whereas native precipitates are
formed from the clusters of point defects during post-
grown cooling due to retrograde character of cadmium
and especially tellurium solubility in solid CdTe [4]. Typ-
ically, the lateral precipitates size is far less than 1 µm,
while inclusions are much bigger, with dimensions up to
several hundred µm. In our case it is hard to refer the
observed needle-like particles to inclusions or precipitates
based only on the dimension criterion. We are now per-
forming crystallographic investigations in order to deter-
mine their exact origin and formation mechanism.

3. Summary and conclusions

To conclude, we observed for the first time non-typical
needle-like second phase macrodefects in heavily doped
CdTe:Cr single crystals obtained by the modified PVT
technique. We also determined that these defects are
chromium telluride compound (most probably Cd doped
Cr3Te4) and originate from the dopant separation in the
grown crystals. Finally, it must be emphasized that for-
mation of extrinsic ferromagnetic Cr–Te phase, such as
revealed Cr3Te4 one, can influence the magnetic proper-
ties of CdTe:Cr DMS.
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