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Abstract Sintering of a mixture of TeO2 and ZnO pow-

ders under an Ar flux leads to the formation of elongated

Te-doped ZnO nano- and microstructures on the sample

surface. The growth of the structures occurs via a vapour–

solid process. Cathodoluminescence (CL) and energy

dispersive spectroscopy (EDS) measurements show an

inhomogeneous incorporation of Te along the growth axis

of the structures. An enhancement of the band edge

emission upon Te doping is attributed to the passivation of

oxygen vacancies by Te atoms, which reduces the deep

energy level-related recombination path.

Introduction

Low-dimensional semiconductor structures, in particular of

ZnO, are the subject of increasing interest due to their

potential applications in several fields from optoelectronics

to gas sensing or catalysis. Among the properties of this

material, a wide direct band gap (3.37 eV) and a large

exciton binding energy (60 meV) are playing a main role in

a number of applications. However, the difficulty to pre-

pare ZnO with p-type conductivity is hampering its

extensive use in many electronic applications [1–3]. The

role of defects in compensation mechanisms in bulk

materials is in general well known, but in the doping of

nanomaterials self-purification processes have been pro-

posed to be determinant [4–6]. Recently, Erwin et al. [7]

suggested instead that the adsorption of impurities on the

nanocrystal surface during growth determines the effi-

ciency of the doping process. Isovalent impurities in II–VI

compounds produce several effects on their physico-

chemical characteristics [8]. In the case of Te-doped ZnO,

passivation of O vacancies by Te atoms should be expec-

ted, since Te atoms could occupy both Zn and O sites.

In the present work, Te-doped ZnO elongated nano- and

microstructures have been grown by thermal treatment of a

compacted mixture of ZnO and TeO2 powders under argon

flow. This vapour–solid (VS) method has been reported to

lead to the growth of elongated nanostructures of oxides

such as ZnO [9], SnO2 [10], Ga2O3 [11], GeO2 [12] or

In2O3 [13] on the surface of the sample so that neither a

catalyst nor a foreign substrate is used. The obtained

Te-doped ZnO structures have been characterized by X-ray

diffraction (XRD), scanning electron microscopy (SEM),

X-ray energy dispersive spectroscopy (EDS) in SEM and

cathodoluminescence (CL) in SEM.

Experimental

The raw materials were ZnO (99.9%) and TeO2 (99.9995%)

commercial powders. Samples containing 1, 5 and 10 wt.%

of TeO2 were prepared by milling in a Retsch S100 cen-

trifugal ball mill with 20 mm agate balls for 10 h. The

milled powders were compacted under a 2 tons compres-

sive load to form disc-shaped samples of about 7 mm

diameter and 2 mm in thickness. The samples were then

placed on an alumina boat near the gas inlet in a furnace,
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and sintered at 1,270 �C under 2 L/mi argon flow for 15 h.

Morphology and CL studies have been performed in a

Leica 440 SEM. CL images were recorded by using a

Hamamatsu R928 photomultiplier and CL spectra were

obtained with a Hamamatsu PMA-11 CCD camera. XRD

characterization of the samples was carried out in a Philips

diffractometer working at 45 kV and 40 mA, using Cu Ka
radiation. X-ray microanalysis was performed using a

JEOL JXA-8900 Superprobe by EDS.

Results and discussion

Different elongated microstructures have been observed on

the sample surface after the thermal treatment. Their

morphology has not been found to depend on the nominal

Te content in the starting mixture. Some needle-like and

pencil-like structures are similar to those grown by the

same method in undoped ZnO [9, 14] while others, as those

shown in Fig. 1, are characteristic of the doped samples.

The arrows shown in Fig. 1, have a large range of sizes,

corresponding to different stages of growth, and show an

increasing cross-sectional dimension from the bottom to

the top. The longer structures reach lengths of hundreds of

microns.

The CL spectrum of undoped ZnO is very well known

and consist of two main bands centred at about 3.3 and

2.5 eV related to band edge and defect levels, respectively.

Deconvolution into Lorentzian curves shows the complex

character of both bands. The different components of the

low-energy band can be ascribed to several defects such as

zinc vacancies [15], O vacancy-related centres [16, 17], or

insterstitial Zn [18–20]. The ZnO band edge emission is

centred at hmmax & 3.26 eV according to the values pre-

viously reported [19, 21, 22] and the typical width

(FWHM) is about 0.10 eV. However, an additional com-

ponent observed at 3.10 eV could be related to the

contribution of defects such as dislocations [20, 20],

interstitial Zn [19], or grain boundaries, which introduce a

level at 0.33 eV below the conduction band [23].

Upon Te doping some changes in the CL emission are

observed, however since the Te incorporation is not

homogeneous, there is no apparent correlation between

these changes and the nominal doping concentration.

Nevertheless, the comparison of CL and EDS results

indicates that some changes in CL spectra may be related

to changes in Te incorporation.

CL spectra of the doped samples over a relatively wide

surface region (Fig. 2), where no structures were grown,

show a main intense peak in the violet region with the

energy maximum shifted to energies lower than that of

pure ZnO which can be related to Te doping [24, 25]. On

the low energy side a long-exponential band tail is

observed, associated to structural disorder, which intro-

duces localized levels and extends the band into the energy

band gap [26]. The corresponding tail parameter is

E0 & 0.34 eV. By Lorentzian fitting the main peak was

found to be at about 3.13 eV with FWHM & 0.19 eV and

it overlaps with a small peak at about 3.28 eV with

FWHM & 0.043. No green–yellow defect band is present,

which could be related to the substitutional Te in the O

vacancies and passivation of the defects in the sample

under treatment.

Figure 3b shows the CL image of the large structures of

Fig. 3a. The image shows that CL intensity increases from

the bottom to the top. CL spectra recorded at different

points of the structure (Fig. 3c) show that the relative

intensity of the defect band is higher in the base of the

structure and decreases towards the tip. The near band edge

emission appears shifted to lower energies as compared

with pure ZnO which indicates the formation of the ternary

compound ZnTexO1-x. The peak position ranges from

Fig. 1 Arrow-like microstructures observed in the Te-doped ZnO

samples
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Fig. 2 Typical CL spectrum of the Te-doped ZnO sample surfaces
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about 3.08 eV at the tip to 3.17 eV at the base, which

according to the values of band gap for ZnO (3.26 eV) and

ZnTe (2.26 eV), and using the linear approximation for the

band gap energy of the ternary,

Eg(x) ¼ (1� x)EgZnO þ xEgZnTe

[27, 28] x values of 0.19 and 0.12 at the tip and the base,

respectively, are obtained. EDS measurements performed

in different positions along the axis of the structures in

which the CL spectra were recorded, show the same ten-

dency, with a lower Te signal at the base of the structures.

The discrepancy of the values between CL and EDS

experiments can be explained on the basis of better sensi-

tivity of the first technique. A similar CL behaviour has

been observed in the smaller arrows, as those of Fig. 1.

However, the well-faceted structure of the arrow enabled

EDS measurements to be performed on the different facets.

The results are shown in Fig. 4, and show that the Te

incorporation is a function of the face.

The fact that the relative intensity of the deep level band

decreases towards the tip would indicate a reduced con-

tribution of oxygen vacancies, involved in this emission

[19, 20] which supports the incorporation of Te in O sites.

A different behaviour is observed in the hedgehog-like

structures shown in Fig. 5. They are formed by needle-like

(A) and pencil-like (B) structures, with aspect ratio of about

30, which show high-luminescence intensity. The CL

spectra show that the defect band is practically absent and

the intensity of the band edge emission decreases and its

width (FWHM) increases as we move towards the tip. An

analysis of the low energy side of this band gives expo-

nential behaviour, which corresponds to the presence of a

band tail. The tail parameter E0 ranges from about 100 meV

in the base to 470 meV in the tip, which means that the
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Fig. 3 SEM (a) and CL (b)

images of mace-like

microstructures in a Te-doped

sample. (c) CL spectra recorded

in different points of one of the

structures. Te content ranges

from 0% at the base to 0.09% at

the tip

Fig. 4 SEM image of arrow-like structures. Te content estimated

from EDS spectra recorded on different faces is indicated (A faces 0%

Te; B faces: 0.09% Te; and C faces: 0.26% Te)
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structural disorder increases from base to tip. EDS experi-

ments do not detect the presence of Te although the shift of

the band edge peak with respect to the value of ZnO suggest

the formation, albeit to a little extent, of the ternary com-

pound. The non-radiative levels associated to the structural

disorder present in these structures would compete with

some other kinds of defects, thus decreasing the intensity of

CL.

Conclusions

Te-doped ZnO-elongated microstructures have been grown

by a vapour–solid process. CL and EDS show the incor-

poration of Te in the microstructures. Arrow-shaped

structures show an increase in Te content from the base to

the tip and a corresponding enhancement of the near band

edge emission and a reduction of the defect band. It is

suggested that this is due to the Te incorporation in O sites.

The incorporation of Te has been also found to depend on

the facet of the elongated structure.
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