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Growth and luminescence properties of micro- and nanoneedles
in sintered CdSe
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Sintering CdSe powder under argon flow at temperatures in the range 800-900 °C produces the
formation of needles on the sample surface. Bundles of parallel needles of a diameter of about 50
nm give rise to a domain-like appearance in the sample. In addition, rods and needles with a wide
range of dimensions up to several microns appear distributed in the surface. The influence of ball
milling of the starting powder on the formation of the needles is investigated. Cathodoluminescence
in the scanning electron microscope has been used to characterize the sintered sar2pl@$. ©
American Institute of PhysicgDOI: 10.1063/1.1830083

Fabrication and characterization of low-dimensionalvisible range were recorded with a Hamamatsu R928 photo-
elongated semiconductor structures such as nanowires, nanowltiplier and the CL spectra were obtained with a
tubes, or nanorods is a subject of increasing interest due tdamamatsu PMA-11 CCD camera.
their potential use in future nanoelectronics systems or other Treatment at 600 °C has not been found to produce
technological applications. Fabrication and properties othanges in the sample appearance as observed in the SEM.
such nanostructures of different semiconductors as, for inSintering at 800 or 900 °C dumn5 h modify the sample
stance, znd;® Sif Ti0,,” Sn0,%? Ga,0,,' have been surface, leading to the growth of different elongated struc-
reported in the past years. Thermal evaporation of the semiures. These changes are more marked at the higher tempera-
conductor powder and deposition on a substrate under a gasre.
flow is the most widely reported method to grow elongated  Sintering the milled powder at 900 °C leads to formation
structures. In the recent years, nanocrystalline CdSe has beefi protruding elongated structures distributed over the
obtained by several methods, such as ion implantdfion, sample surface. They form a light interconnected network of
chemical depositioh® sol-gel method$? molecular-beam long needles and rods that can be readily detached from the
epitaxy;> metalorganic chemical vapor deposititfnor me-  rest of the sample. The drastic change of the sample surface
chanical ball milling!’ but there are only few reports on the can be observed with naked eye. SEM observations show
synthesis of elongated or quasi-one-dimensional CdSe nanthat in addition to the long protruding structures, the mor-
structures. Maet al*® recently reported a single-crystal nan- phology of the surface background, which we describe first,
oribbon structure of wurtzite CdSe. In this work, rod- andis strongly modified by the sintering treatment. Figure 1
needle-shaped micro- and nanostructures were grown durirghows the SE image of the sample background. Bundles,
sintering treatments of CdSe powder. The morphology andvith a size of several microns, formed by parallel oriented
size of the structures have been investigated by scanningeedles with transversal dimensions of about 50-100 nm are
electron microscopy(SEM), while additional characteriza- observed. The bundles have different orientations, which
tion was performed by cathodoluminescen@l) in the gives a domain-like appearance to the sample surface. This
SEM and by x-ray diffractiofXRD). suggests an association to grains on which the growth of

The starting material was commercial CdSe powder withneedles, with orientations related to the grain orientations,
a nominal purity of 99.999%. The powder consisted of par-
ticles with sizes ranging from hundreds of nanometers to a
few microns, as observed in the SEM. The powder was ball
milled for 20 h in a centrifugal ball mil{[Retsch S10pwith
20 mm agatha balls. This treatment leads to aggregates of
smaller particles, of about 100 nm, and a more homogeneous
size distributiort’ Samples were prepared by compacting the
powders under a compressive load of 1 ton to form disks of
about 7 mm in diameter and 2 mm thickness. The disks were
then sintered under argon flow at temperatures of 600, 800,
or 900 °C. XRD measurements were performed in a Philips
diffractometer working at 45 kV and 40 mA, using Cy K
radiation. Secondary electrg8E) and CL observations were
performed in a Leica 440 SEM or a Hitachi S2500 SEM. The
CL measurements were carried out at liquid nitrogen tem-
perature with a beam energy of 20 keV. CL images in the

FIG. 1. SE image of the background of sample obtained from milled powder
¥Electronic mail: piqueras@fis.ucm.es and sintered at 900 °C.
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FIG. 2. SE image of the background of sample grown from unmilled pow- FIG. 4. SE image of rods grown on sample treated at 800 °C.
der and sintered at 900 °C.

) o . edge transitions, a shoulder at 1.77 eV possibly related to
takes place. This possibility is supported by the observatiopjisiocations'® and a broad band at 1.69 eV, which includes
of the sample sintered under the same conditions of temperagyeral donor—acceptor transitions. In the samples sintered at
ture and flow, but prepared with unmlll_ed powder. In this ggg °C, only the high-energy band, peaked at about 1.81 eV,
case, most of the grains have larger sizes and the needigSopserved, which would be due to annealing of dislocations
seem to be in a preliminary stage of formation. Figure 23nq other defects during the high-temperature treatment. CL
shows some of these grains on which parallel needles, whosgectra of areas formed mainly by the protruding structures
growth axis depends on the grain, are observed. A similagho the near-band-edge emission band as well as emission
structure of parallel needles, but in a less compacted surfacggnds in the range 1.65-1.75 eV depending on the sample
is observed in the sample sintered at 800(F@. 3). and on the area probed. CL images and local spectra reveal

Regarding the long protruding structures, the needles ofyat the needles often show regions with enhanced CL emis-
rods can reach a length of about 106 as Fig. 4, of the  gjon in the range 1.6-1.7 eV. The high CL intensity regions
sample treated at 800 °C, shows. Some of the needles appegk usually sets of parallel rings transverse to the needle axis.
to develop on the top of well-faceted rods as those shown itjgyre 7 shows the CL image of a tree-like needle arrange-
Fig. Y&, while in other cases a tree-like growth of large ment showing the luminescent rings. It is suggested that the
needles is observeiérig. Xb)]. No significant differences are origin of the high CL intensity of the rings is the accumula-
observed in the protruding structures in samples prepareghn of radiative centers, related to point defects or stacking
from milled and from unmilled powder. XRD shows that the fgts during the growth process.
structures are highly oriented, with peaks corresponding to  Ajthough most of the elongated structures have a needle
hexagonal wurtzite with an inteng@001) peak. Since the or rod shape, hexagonal rods with thick walls and a central
preferred growth direction in wurtzite structure is #xis,  hollow have been occasionally observed. This would corre-
this would be the axis of the needles. Milled powder pre-spond to an early stage of rod or needle formation and indi-
sented before the sintering treatment a mixture of hexagongltes the possibility of fabricating tubular structures by the
and cubic phases. _ _ method described here. Figure 8 shows the SE and CL im-

CL spectra of as-received and of milled powder haveages of one of the tubes. It is observed that the internal part
been previously describéd.Milling causes the appearance of the tube presents enhanced CL emission.
of an emission band at 2.5 eV associated to the presence of Ag mentioned earlier, thermal evaporation of powders
nanocrystals with dimensions of_ some nanometers. Figure Gnder a gas flow followed by a deposition on a substrate has
shows the CL spectra recorded in the surface background gfeen often reported as a method to obtain nanowires, nano-
the samples sintered at 800 and 900 °C, respectively. Thggs, or nanotubes of different semiconductors. The growth
spectrum after the 800 °C treatment consists of a bangykes place either by catalyst-assisted techr’lfhue by a
peaked at about 1.79 eV, which corresponds to near-bandmpor-solid proceskin the present work, the source, a disk-

FIG. 3. SE image of the background of sample obtained from milled powdefFIG. 5. Scanning electron micrographs (af faceted rod with needle and
and annealed at 800 °C. (b) tree-like needles.
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E FIG. 8. SE(a) and CL(b) images of a CdSe tube.
15 16 17 18 18 20 structure. CL measurements show the presence of different

Photon energy (eV) low-energy emission bands in the sintered samples as well as
regions of enhanced intensity in the needles.
FIG. 6. Normalized CL spectra recorded at liquid nitrogen temperature on
sample treated at 900 °@ontinuous ling and 800 °C(dashed ling This work has been supported by MEQProject

MAT2003-00455.
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