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ABSTRACT. We have studicd the growth of oxide layers obtaincd by dry
oxidation of pure Zinc substrates, under air, at different temperatures. Both Zinc
polycrystalline foils and pure Zn single crystals were considered. X-ray
photoelectron Spectroscopy (XPS) has been used 10 monitor the growth of the
oxide after successive treatments. Furthermore, Scanning Electron Microscopy
(SEM) and X-ray Diffraction (XRD)} wcre used to study the microstructure and
composition of the oxide layers. The results showed the formation of textured
oxide layers on Zn single crysial substrates. The ZnO crystallites have a
preferential oricniation normal to (0001) surface of the substraic. Above the
melting point, the microscopic observations revealed the formation of a high
density of Zn( nanofibers.

1. Introduction

Zinc Oxide (ZnO) i1s an important material of growing interest beeause of its use in a wide
range of applications. It has good conductivity and transparency in the visible light range
in addition to its low cost. These characteristics allow zinc oxide to compete with doped
tin oxide and Indium-Tin-Oxides (ITQ). In addition, ZnO can be used in a wide variety of
technological applications such as gas sensor devices (Kwong ef al. 1995), transparent
electrodes (Major ¢t al. 1986), (Kubon ef al. 1994) and (Amlouk er al. 1994), piezoelectric
devices (Ambia et al. 1992), and varistors (N. Tabet et al. 1994). Zinc oxide has recently
gained a tremendous interest because of its wide direct gap (Eg=3.37¢V) that makes it a
strong candidate for the fabrication of blue Light Emitting Diodes {LEDs) and Laser
Diodes (LDs) (Zu et al. 1997). Actually, ZnO is currently considered as the main
competitor of another direct gap II-VI compound that is GaN (Eg = 3.5¢V). Thc growth of
a ZnO layer of controlled properties would be of a crucial importance towards the
development of ZnO based devices. In this work, we have carried out oxidation
experiments below and above the melting point of zinc (t,, =419 "C). The microstructure of
the oxide layer was characterized by many techniques including Scanning Elcctron
Microscopy (SEM), X-ray Photoelectron Spectroscopy (XPS) and X-ray Diffraction
{(XRD).

197



198 N. Tabet, M Faizand A L. Oteibr

2. Experimental

2.1 Sample preparation and oxidation experiments

Pure Zn single crystals of 10 mm diameter and 3 mm thiekness were mechanically
polished using SiC paper then diamond paste. The polished surface was normal to [000]]
direction of the crystal growth. We have also used polycrystalline Zinc foils of Imm
thickness. The surface of the foils were mechanically polished with SiC paper only and
cleaned with acetone and rinsed with distilled water. Oxidation treatmeuts of various
durations were carried out under air at different temperatures between 400 'C and 500°C.

2.2 Microstructure and composition characterization

The composition of the oxide layer was investigated by XPS while XRD and SEM
were used to analyze its crystallinity and microstructure. The XPS electron Spectrometer
was of the type VG-ESCALAB MKII. The X-ray source was an Aluminum anode (Ka,
1486.6eV). The ineident beam was not monochromatized. The energy resolution of the
Spectrometer was about 1 eV. Zn2p, Zn3dd, ZnLMM Auger, Ols and Cls lines were
systematically recorded. The charge shift corrcction of the binding energies was done by
using, as a refercnce, the Cls line (E, = 284.6eV) stemming from the eontamination layer.
Quantitative analyscs were performed by using a dedicated software (ECLIPSE) that takes
into account the characteristics of the instrument as wcll as the sensitivity factors of the
elements,

1. Results and Discussion

3.1 XPS spectra

XPS analyses of thc samples
were carricd out beforc and after

oxidation. Figure 1 shows the Lo T=a00'C
Ols line recorded  after z |

successive oxidation treatments 2

of Zinc singlc crystal for various 8 ol

durations at T = 400 C. The ‘E

main peak at 330 eV binding z Somn.
energy corresponds to  the s °T © 30iin,
oxygen atoms bound to Zn in b 10min
ZnO. The shoulder obscrved at g .l 0 min.
532 eV has been assigned by T B

many authors to the presence of 52 R = 526
water as its binding cnergy lies Fig. I: Ols linc after oxidation of Zn single crystal at
between 331.53¢V (OH) and T=400C.

533eV (H,0), (Avalle 1992) and
(Meng 1994).

Zn2p and Zn3d lines were also recorded but no measurable change in their respcctive
binding energies was observed becausc the value of the chemical shift resulting from the
oxidation of the Zn atoms is much lowcr than the cnergy resolution of our electron
spcetrometer (1eV).
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3.2 SEM characterization

FigureS 2 a, b show secondary electrons SEM micrographs of the surface of two
single crystals after oxidation treatments under air, at T=400'C, for 24hours and 9 days
respectively.  The inset in Fig.2 b shows the microstructure of the oxide layer at high
magnification (x3000).

200m

Fig. 2: SEM image of the surface of Zn singlc crystals afier oxidation, T-400°C, 24 hours (a) and 9 days (b).

Fig. 3 a, b, and ¢ show the microstructurc of polycrystalline foils after oxidation at
T=400'C, and 500"C. One can clearly notice the presence of a high density of nanofibers
of zinc oxide in Fig.2 b and ¢ corresponding to oxidation treatments carried out above the
melting point of Zing.

1m

Fig. 3: SEM imagcs of Zn [oil after oxidation at T—400C, 7h (a), T=450C, 19h, (b) and T=500C, 6h, (c)

Actually, a close look at Fig. 3 a reveals also the prcsence of a smallcr density of
nanorods of zinc oxide.

We have reported on Fig. 4 the XRD spectra obtained from Zn foils oxidized at
T=500C for 6h and Zinc single crystal oxidized at T=400C for 24h. Wc¢ have also included
the spectra of a  non-oxidized foil of pure zinc and that of a ZnQ powdcr as references.
The XRD experiments were performed using the CuKa line (A = 1.5418A). One can
notice the presence of Zinc peaks after 6h treatment at T=500C indicating that the Imm
foil was not completely oxidized. In addition, the lines are broadcr than those of the ZnO
powder. This broadening is related to the presence of the nanofibers on the surface of the
foil. Tt is worth pointing out the presence of a strong pcak (002) in the spectrum obtained
from the surface of the oxidized single crystal. This suggests a preferential orientation of
the ZnO crystallites along the direction (0001) perpendicular to the surtace of  zinc
substratc.
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Fig. 4, XRD patterns of oxidized single crystals and polycrystalline foil.

4, Conclusion

We have investigated the oxidation of single crystals and polycrystalline foils of pure
zinc. In the case of single crystals, the results revealed the formation of textured
polycrystalline layers of ZnO crystallites with a prcferential orientation perpendicular to
the surface of the substrate. Above the meting point, the SEM observations revealed the
formation of a high density of ZnO nanofibers.
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