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Structural characterization of nanocrystalline Al-doped ZnTe semiconductors, obtained by
mechanical milling from ZnTe and Al,O; powders, is presented. The samples were
analyzed by X-ray diffraction (XRD), scanning electron microscopy (SEM), X-ray absorption
full spectroscopy (XAFS) and positron annihilation lifetime (PALS) measurements. The
results suggested that Al atoms are substitutional incorporated into the ZnTe cubic
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1. Introduction

Among II-VI semiconductors zinc telluride (ZnTe) is very
attractive for optoelectronic device applications in the green
spectral range, due to its direct wide band gap (~2.26 eV)
[1-3]. It usually has a cubic crystal structure; it is a material
of high absorption coefficient and shows p-type character-
istics. Since zinc telluride can be easily doped and being a
low cost semiconductor material, it can be used as different
constituent for solar cells, for example, as a back-surface
field layer and p-type semiconductor material for a CdTe/
ZnTe structure [3—5] or as the inorganic element in hybrid
solar cells. ZnTe alloys have been obtained with different
morphologies and using a variety of methods such as

electrodeposition [6], pulsed laser deposition (PLD) [7],
thermal evaporation [8,9], molecular beam epitaxy (MBE),
magnetron sputtering [10] and mechanical alloying tech-
niques [11,12].

Mechanical alloying (MA) is a room temperature solid-state
route able of synthesizing a variety of equilibrium and non-
equilibrium alloys, including nanocrystalline phases and
amorphous compounds [13,14]. This technique in addition to
its versatility has many advantages, like low cost, easy control
of composition and large scale production.

It is known that solar cells efficiency may be improved
increasing charge carriers densities and interfacial processes.
New kind of materials, different assemblies, etc has been
studied during the last decades. In particular, the develop-
ment of nanomaterials production has opened a great amount

* Corresponding author. Instituto de Fisica La Plata (IFLP, CONICET), 1900 La Plata, Argentina.
E-mail addresses: mareto@upvnet.upv.es (M.D. Reyes Tolosa), mhernan@upvnet.upv.es (M.A. Hernandez-Fenollosa), damonte@fisica.

unlp.edu.ar, ledamonte@gmail.com (L.C. Damonte).

0360-3199/$ — see front matter Copyright © 2013, Hydrogen Energy Publications, LLC. Published by Elsevier Ltd. All rights reserved.

http://dx.doi.org/10.1016/j.ijjhydene.2013.12.051


mailto:mareto@upvnet.upv.es
mailto:mhernan@upvnet.upv.es
mailto:damonte@fisica.unlp.edu.ar
mailto:damonte@fisica.unlp.edu.ar
mailto:lcdamonte@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijhydene.2013.12.051&domain=pdf
www.sciencedirect.com/science/journal/03603199
www.elsevier.com/locate/he
http://dx.doi.org/10.1016/j.ijhydene.2013.12.051
http://dx.doi.org/10.1016/j.ijhydene.2013.12.051
http://dx.doi.org/10.1016/j.ijhydene.2013.12.051

8698

INTERNATIONAL JOURNAL OF HYDROGEN ENERGY 39 (2014) 8697—8701

of research in this area. In this sense, our goal is investigate
nanopowders and nanocolumns, prepared by low cost
methods [15,16] and its doping with donor elements. In pre-
vious works we have successfully obtained ZnO nanopowders
and nanocolumns doped with Al and In and analyzed their
structural and optical properties [16,17].

Recently, other II-VI semiconductor as ZnTe and ZnSe
were subjected to mechanical work and their structural
characteristic were studied by means of X-ray diffraction and
positron annihilation measurements.

In this work, we concentrate in the Al doping of ZnTe by
mechanical milling and its structural characterization.
Nanosized doped powders were analyzed by X-ray diffraction,
X-ray Absorption Full Spectroscopy (XAFS), scanning electron
microscopy (SEM) and positron annihilation lifetime (PALS)
measurements. The results, compared with undoped pow-
ders, will allow us to improve the performance of hybrid
organic/inorganic solar cells.

2. Experimental procedure

Stoichiometric quantities were weighed to obtain mixtures of
ZnTe (99.99% from Aldrich Chemistry) with 5 at% ALO;
(99.9%), powders provided by Alfa Aesar Johnson Matthey Co.
The powders were milled in a steel cylinder (8 cm®) with one
steel ball (diameter 12 mm) in air atmosphere being the
ball mass to powder mass ratio of 10/1. The mechanical
milling was performed in a Retsch MM2 horizontal vibratory
mill at a frequency of 30 Hz during different milling times (1, 5
and 10 h).

Starting and milled powders were characterized by X-Ray
diffraction (XRD) performed with a Philips PW1710 Diffrac-
tometer with CuKa radiation in the National Diffraction Lab-
oratory (LANADI-UNLP).

Powder microstructure was also investigated by scanning
electron microscopy (SEM) with a JSM—6300 (JEOL Scanning
Microscopy) operating at 10 kV in the UPV (Valencia —
Spain).
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Fig. 1 — X-ray diffractograms for pure and doped ZnTe, at
different milling times.

X-ray Absorption Full Spectroscopy (XAFS) measurements
were taken at room temperature in transmission mode at the
Zn K-edge, using a Si(111) monochromator at the XAFS1 beam
line of LNLS (Campinas, Brazil).

Milled powders were then compacted under uniaxial
pressure of 150 MPa into disk-shaped pellets (diameter 8 mm).

+
Spectrum 1

2pm

Fig. 2 — SEM micrographs for: A) pure ZnTe after 10 h of
milling; B) and C) Al-doped ZnTe after 1 and 10 h of milling.
Insent show EDS analysis at the signed region.
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Positron Annihilation Lifetime measurements (PALS) were
done in a conventional fast—fast coincidence system with two
scintillator detectors (one BaF, and one plastic BURLE) pro-
vided a time resolution (FWHM) of 260 ps. A ?>NaCl (10 uCi)
radioactive source deposited onto a kapton foil (1.42 g/cm?)
and sandwiched between two identical samples was used.
The source contribution and the response function were
evaluated from a Hf metal reference sample using the RESO-
LUTION code [18]. Positron lifetime spectra of 3 x 10° counts
each were recorded at room temperature and analyzed with
the POSITRONFIT program [18].

3. Results and discussion

The XRD patterns for the ZnTe powders, as received and
milled 1, 5 and 10 h with 5 at% Al,0s, are shown in Fig. 1. For all
of them, the diffractograms display the reflection lines of
cubic (F43m) ZnTe, with a peak broadening, consequence of
grain size reduction [19]. For doped samples no additional
peaks are observed, even for those samples after low milling
times where a low contribution from Al,O; is expected.

Fig. 2 shows SEM micrographs for pure and Al-doped
ZnTe after milling. The inset displays EDS analysis result
at the indicated site. As milling proceeds, grain size dimi-
nution and agglomeration are observed. In Al-doped sam-
ples, the presence of Fe atoms, evidenced from EDS
analysis, indicate iron contamination from milling tools.
The Fe atomic % increases with milling time from 0.19 to
0.59, while for pure ZnTe no contamination is observed even
after 10 h of milling. This low content of Fe was not reported
in the X-ray analysis.

In order to get information on doping atom incorporation
into the host semiconductor some XAFS analysis were done.
Fig. 3 shows the XAFS function ¥(R) for Al-doped ZnTe as
function of milling time. For comparison undoped ZnTe is also
shown. The results were analyzed using the IFFEFIT software,
with the Athena implementation. In a very preliminary way,
we conclude that the distance from Zn to nearest neighbours
do not change, neither with milling time nor with the addition
of dopants. There is a diminution in the principal peak
amplitude in all cases with respect the starting material. Also,
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Fig. 3 — XAFS function for pure and doped ZnTe as milling
time increases.

both, milling and doping processes have a little effect at low
values of R to the left of the main peak.

Fitting procedure was carried out using the FEFF7 phase
and amplitudes. The ATOMS code was used as a tool to
generate the input files for FEFF7 based on the ZnTe crystal-
lography data. The Fourier Transformed (FT) EXAFS data of
ZnTe starting sample is shown in Fig. 4. If TeO, is include not
significant improvement is observed. Instead, for milled pure
and doped ZnTe the inclusion of zinc and telluride oxide,
improve the fits at low values of R. We take into account only
the first coordination sphere of both oxides that corresponds
to Zn—O0 and Te—O distances. Although this incorporation,
they have relatively low amplitudes. Moreover, we try the
inclusion of Al,05; or Al metal in order to analyze the incor-
poration of the dopant atom into the ZnTe structure but the
final fit was not better. The results are shown in Fig. 5.

The lifetime spectra for all samples consist in various
exponential decays

n(t) = > _Texp(~t/z)

being the relative intensities I[;, normalized, S; = 1. After
background subtraction, and convolution with the resolu-
tion function, the parameters that characterized each
positron state, ; annihilation rate (4; = 1/¢;) and its intensity
I;, are obtained by means of POSITRONFIT program [18]. The
PALS spectra were decomposed into two exponential de-
cays, assuming a source correction with two components,
one of 386 ps of 15% intensity assigned to kapton foil and a
second one of around 1 ns with less than 1% intensity due to
annihilation in the surroundings of the source. The pres-
ence of two lifetime components is an usual feature for
II-VI semiconductors compounds, since intrinsic and
extrinsic defects introduced during crystal growth and
doping are unavoidable [20]. Also mechanical milling in-
troduces a certain amount of defects such as vacancies,
interstitials, etc [13]. All these point defects constitute
positron trapping centers leading to similar positron life-
time components unable to be separate. So we have evalu-
ated the average positron lifetime defined by
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Fig. 4 — (R) for pure ZnTe, red line represent the result of
the fit. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of
this article.)
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Table 1 — Average positron lifetime for pure and Al-doped
ZnTe.

Sample

Milling time (h) Tave(PS)
ZnTe 0 321
10 342
Al-ZnTe 0 351
5 353
10 357

It can be seen that the values for Al-doped ZnTe are similar
to the pure and milled compound. As was already conclude for
doped ZnO [16], this fact can be interpreted as an incorpora-
tion of doping atom into the semiconductor structure since no
other lifetime contribution is observed.

4, Conclusions

It is proved that mechanical milling is a simple, cheap and
effective method to obtain nanocrystalline aluminum doped
zinc telluride powders from ZnTe and Al,O; mixtures. From X-
ray diffraction and SEM images the nanocrystalline nature of
the powders is confirm. Also, no trace is observed of other
compounds than ZnTe. XAFS measurements gave informa-
tion of a kind of surface oxidation since the results admit a
small contribution of ZnO and TeO,. In addition, since no
aluminum compound can be included in the analysis they
also give evidence of aluminum incorporation into the ZnTe
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Fig. 5 — y(R) data together with fitting results: A) pure ZnTe,
B) Al-doped ZnTe after 1 h of milling, C) Al-doped ZnTe
after 1° h of milling. Orange lines represent the result of the
fit including the oxides. (For interpretation of the
references to colour in this figure legend, the reader is
referred to the web verson of this article.)

crystalline structure. Moreover, positron annihilation lifetime
spectroscopy became an effective tool to sense dopant incor-
poration into ZnTe power through the average lifetime evo-
lution with milling time. However, a slight iron contamination
from milling tools is observed from EDS analysis for the doped
samples.

Optical characterization is now in course in order to give
support to dopant incorporation into the semiconductor
structure and its effect on the specific properties towards their
photovoltaic applications.
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