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ZnTe nanocrystals (NCs) were successfully grown in a UV transparent, vitreous substrate synthesized by
fusion and then annealed. The formation of dot structures, emitting in the UV-range, was investigated by
optical absorption (OA), atomic force microscopy (AFM) and Raman spectroscopy. Dot growth was evi-
denced by an OA band red-shift with increasing annealing time. Average sizes of the ZnTe dots were

determined using the effective mass fit model with OA spectra and comparing the results with estimates
from AFM images. A UV-transparent PZABP vitreous matrix was used because it allowed ZnTe NC growth
and displayed typical Raman active phonon modes.

© 2010 Published by Elsevier B.V.

1. Introduction

The I1I-VI semiconductor family, based on zinc telluride (ZnTe),
has a zincblend crystalline structure with an exciton Bohr radius
of 5.2 nm [1]. Due to its wide energy gap (2.26 eV) at room tem-
perature [2-5], ZnTe is attractive for the manufacture of optoelec-
tronic devices such as light emitting diodes, green-range laser
diodes [6,7], electrochemical solar photocells [8,9] and efficient,
phosphorus based displays. ZnTe has also attracted much atten-
tion because of its very high electro-optic coefficient and dielec-
tric constant in the terahertz range - properties which can be
advantageous as electro-optic field detectors [4,6,9,10]. Until
now, ZnTe nanostructures have been synthesized by different
techniques such as thermal evaporation, hot wall evaporation,
radio frequency cathodic evaporation, solvothermal processes,
molecular beam epitaxy [2,6,11-13] and colloidal solutions
[5,14]. Most of these ZnTe structures have been obtained in the
form of monocrystalline nanowires [6,9] and, more recently,
nanocrystals [5]. Interest in NC band-gap is mainly due to its
quantum confinement effect which is strongly dependent on NC
size [15]. This study shows, probably for the first time, clear evi-
dence of ZnTe nanocrystal growth in a vitreous matrix synthe-
sized by fusion.
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2. Experimental details
2.1. Sample preparation

ZnTe NC growth was detected after lengthy manipulation of the
PZABP matrix yielding a UV-transparent template with final nom-
inal composition: 65P,05-14Zn0-1Al;05-10Ba0-10PbO (mol%),
with homogenized and weighed 1Te (wt.%). Standard sample prep-
aration procedures were followed that included mixing and fusing
powder at 1300 °C for 30 min and then quickly cooling the melt to
room temperature. To obtain different sized NCs, the samples
underwent annealing at 480 °C for different time periods (2, 4, 6
and 8 h). Annealing not only favored controlled diffusion of Zn**
and Te? jons but also stimulated the nucleation and growth of
ZnTe NCs in the manipulated PZABP template. Average dot size
was proportional to annealing time.

2.2. Instrumentation

OA spectra demonstrated optical transitions in the UV-range
from 200 to 800 nm and were measured with a UV-3600 UV-
VIS-NIR Shimadzu spectrometer, operating from 190 to 3300 nm.
AFM images were obtained with a Multimode Nanoscope Illa (Dig-
ital Instruments — Veeco). Finally, Raman spectra were detected in
the 50-800 cm~! UV-range using the 514.5 nm line of an Argon
laser. All measurements were taken at room temperature.
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3. Results and discussion
3.1. Optical absorption spectra

Figure 1 shows OA spectra from the pure, manipulated PZABP
matrix (bottom line) and five samples containing ZnTe NCs with
480 °C post-growth annealing for 2, 4, 6 and 8 h. It is apparent that
the PZABP substrate is transparent in the UV and visible ranges
while ZnTe NCs absorb or emit light. Thus, this new matrix was
essential to optically observe and control the growth of ZnTe NCs
through OA spectra. It is possible to identify two distinct OA spec-
tra bands for ZnTe dots grown in the Te doped PZABP matrix, both
with and without thermal treatment. These bands are centered
near 390 nm (3.18 eV) and 535 nm (2.33 eV), as shown by the trace
labeled 0 h in Figure 1. This clearly shows that the cooling rate
used was not high enough to impede Zn?* and Te?~ ion diffusion
and ZnTe NC growth. The band near 390 nm underwent a red-shift
as annealing time increased. This is a clear signature of quantum
confinement in dots of increasing size. However, the band at about
535 nm was not sensitive to the heat treatment. This absorption
could be attributed to ZnTe clusters formed during melt cooling.

Average ZnTe dot sizes were determined by effective mass
approximation (EMA) [16,17] where transition energy between
electron and heavy-hole states was estimated by:

2.2 2
Eory —E, 4+ 1% _18°

where E; is the bulk semiconductor energy gap, u is the electron-
hole reduced effective mass (uznre = 0.1mg=9.11 x 10732 Kg) and
R is the radius of the spherical confinement region. The third term
is an estimate of electron-hole Coulomb interaction where ¢ is
the dielectric constant (&zyre=8.7) [18]. Estimated average sizes
(R) for the ZnTe QDs were 2.024nm, 2.058 nm, 2.106 nm,
2.144nm and 2.170 nm for O, 2, 4, 6 and 8 h annealing times,
respectively. If the third term in the EMA model is replaced by
the bulk heavy-hole exciton binding energy (Eexznte =18 meV)
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Figure 1. Room temperature OA spectra of ZnTe NCs grown on the UV-transparent

PZABP template. Heat treatment time controls the average dot size in the sample.
Even without annealing, this matrix displays two Gaussian optical bands.

[18] it was observed that the structures formed over the new PZABP
templates exhibited bulk properties beyond R = 5.39 nm.

3.2. AFM images

The left panels of Figure 2 show AFM images of ZnTe NCs grown
in the new PZABP matrix with sizes proportional to the thermal
treatment at 480 °C for O h (a), 6 h (b) and 8 h (c). A clear increase
in dot size can be seen which is in agreement with the estimated
values using the simplified EMA model and the OA energy peaks
from the band at 390 nm (Figure 1). The right panels of Figure 2
show regions where the samples have ZnTe bulk-like properties
in the new PZABP matrix.

3.3. Raman spectra

Finally, Figure 3 shows the Raman spectra for the same samples
described in Figure 1 and for bulk ZnTe (top trace). The Raman
transitions near 108, 216, 283, 323, 428, and 644 cm™! correspond,
respectively, to the normal phonon modes: (i) second order trans-
verse acoustic (2TA) [19-21], (ii) first order longitudinal optical
(1LO) [2,11,12,19-21], (iii) second order longitudinal acoustic
(2LA) [19-21], (iv) third order transverse/longitudinal optical cou-
pled to the first order longitudinal acoustic (TO/LO + LA) [19,20] (v)
second order longitudinal optic (2LO) [2,11,12,19,21,22], and (vi)
third order longitudinal optic (3LO) [2,11]. It should be noted that
this new PZABP matrix not only allows ZnTe NC growth but is also
UV-transparent.
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Figure 2. AFM images of ZnTe NCs grown on the new PZABP matrix, thermally
annealed at 480 °C for (a) Oh, (b) 6h and (c) 8 h. These images illustrate dot
morphology (left panels) and cluster regions (right panels) with ZnTe bulk-like
properties.
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Figure 3. Room temperature Raman spectra from the same samples in Figure 1. The
top trace shows the Raman spectrum for bulk ZnTe semiconductor crystals.

4. Conclusion

A new PZABP glass matrix was synthesized that allows ZnTe NC
growth and is transparent for a wide range of electromagnetic radi-
ation used in many experiments. NCs were synthesized by fusion
and annealed post-growth to control average dot size. Sample
properties were investigated by OA, AFM and Raman spectroscopy.
An OA red-shift indicated a dot size increase proportional to
annealing time. The samples displayed two distinct bands, one sen-
sitive to heat treatment and the other with ZnTe bulk-like proper-
ties. Average dot size estimated with the EMA model agrees with
the values determined from the AFM images. The Raman spectra

gave strong evidence for ZnTe NC growth in the new PZABP glass
matrix. It is hoped that these results may stimulate further re-
search into new substrates that not only work in visible and
broad-spectrum UV ranges, but also allow NC growth based on
semiconductors with desirable properties for optoelectronic device
applications.
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