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Cu-doped ZnO deposits obtained by magnetoelectrodeposition

Introduction

Dilute Magnetic Semiconductors consist in an interesting class of materials combining semiconductive and magnetic properties. In this class, ZnO has attracted considerable interest due to its optical and electronic properties [1]. With the addition of transition elements such as copper, ferromagnetism behavior can be observed at room temperature [2]. Many studies have been reported on the electrodeposition of ZnO and doped ZnO due to the fact that electrochemical deposition is a cheap method which can be easily managed [3][4][5][6][7]. It has been proved that magnetic fields applied on an electrochemical cell during materials electrodeposition can modify the electrochemical processes and induce huge changes in morphology, texture and composition of deposits. These results are due to magnetic forces that are efficient during the electrolysis. With a constant and uniform magnetic field, the most important one is the Lorentz force that is responsible for MagnetoHydroDynamics (MHD) effects [8]. Depending on the magnetic field direction towards the electrical current lines, some micro MHD effects are created in the very vicinity of the deposit and are responsible for the changes in the growth process because of changing the electrolytic flow and the gradient concentrations. We have undertaken some experiments on the electrodeposition of undoped and Cu-doped ZnO with magnetic field superimposition. If no magnetic field effect on the composition has been detected, the morphology of the deposit was depending on both the magnetic field and the copper concentration.

Experimental conditions

The electrolytic bath used to prepare the zinc oxide was composed of 0.2 M zinc chloride (ZnCl 2 ), 0.1 M potassium chloride (KCl) and copper(II) chloride (CuCl 2 ) with a concentration up to 12 µM. The pH of the bath was adjusted to 6 ± 0.3. The temperature was maintained constant at 80°C during the deposition process.

Fig.1. Experimental apparatus

A classical three-electrode apparatus (Fig. 1) was used, the reference electrode was a Ag/AgCl electrode, the counter electrode was a platinum sheet and the zinc oxide deposit was obtained on an indium-tin-oxide (ITO) electrode. The electrochemical reaction is the reduction of H 2 O that induces the deposition of ZnO by the successive reactions:

2 H 2 O + 2 e -→ H 2 + 2 OH - (eq.1) Zn 2+ + 2 OH -→ ZnO + H 2 O (eq.2)
We have obtained thin films of ZnO by electrodeposition in a pulsed potentiostatic mode which allows getting a uniform deposit. The pulsed potential was applied during 150 min with alternative steps (Fig. 2). During the 2 min-steps at -1.05 V versus reference electrode, the deposition took place. The application of a higher potential (-0.5 V) during 1 minute was made to avoid zinc deposition that arrived when the -1.05 V as applied for a long time.

Due to the reaction (eq.1), hydrogen can be included in the deposit or be adsorbed at the surface and can react with the zinc oxide (eq. 3)

ZnO + H 2 → Zn + H 2 O (eq. 3)

When the potential is equal to -0.5 V, no water reduction takes place and the hydrogen can be desorbed or released of the surface and no zinc is obtained.

Fig.2.Pulse potentiostatic mode during the electrodeposition of ZnO

Experimental results

The electrochemical cell was put in the gap of an electromagnet which can impose a constant and uniform horizontal magnetic field with amplitude up to 1 T. The substrate surface was horizontal, upward and parallel to the magnetic field.

In this configuration Lorentz force is active during the electrodeposition and MHD effects are expected.

The SEM analyses that have been undertaken have shown that the composition of the thin films was not depending on the superimposed magnetic field up to 1 tesla. The ratios of copper versus zinc in the thin films were respectively 1.4; 5.6 and 6.7 for a concentration of copper(II) ions in the electrolytic bath respectively equal to 3; 6 and 12 µM. Concerning the XRD diffractograms of the ZnO films which have been obtained the (002) peak was the most intense for all the deposits and once more no visible effect of the magnetic field intensity neither of the copper concentration in the electrolyte could be highlighted and no specific texture has been induced by magnetic field or copper doping.

Examples of these XRD diffractograms are given below (Fig. 3) for undoped ZnO deposits, it can be noticed that no peak of zinc exists Fig. 3. XRD diffractograms of ZnO deposit on ITO substrate. The ITO peaks have been normalized to the same value.

In contrast, SEM analyses have shown a hudge effect of the magnetic field on the growth process of the films for the most copper concentrated electrolyte. The plate-shaped crystallites that are formed with no magnetic field superimposition disappear when a 1T-magnetic field is applied on the electrolytic cell and the film has a smooth surface. These images confirm the change of morphology of Cu-doped ZnO electrodeposit with the magnetic field from plateshaped crystallites to cabbage-shaped array. For the first one the plate-shaped crystallites are due to a preferential adsorption of chloride ions onto (0001) plane that slows down the growth of this plane and allows a better growth in the (1010) direction. This lead to the formation of plate shaped-ZnO as illustrated in SEM and AFM images. Some investigations have to be undertaken to analyze the weak brightener effect of copper ion but the effect of the magnetic field can be analyzed as it has been done in previous works where the MHD action on hydrogen and brightener evolutions has explained the high smoothness of the surface [9,10].

Conclusion

Thin films of zinc oxide with or without copper doping have been electrodeposited with or without magnetic field superimposition. No difference on composition and texture of the electrodeposited materials has been noticed but MHD effect on hydrogen and copper ion adsorption can be assumed to explain the brightener effect and the modification of the deposit morphology.

Fig. 4 .

 4 Fig.4. SEM images of ZnO deposited on ITO substrate. without Cu (a) and (b); with Cu 12 µmol/L (c) and (d). Without magnetic field superimposition (a) and (c). With magnetic field (B = 1T) superimposition (b) and (d).

Fig. 5 .

 5 Fig.5. AFM images of Cu-doped ZnO ([Cu] = 12 µM/L in the electrolyte) electrodeposited (a) no magnetic field superimposition B = 0T. (b) under B = 1T magnetic field parallel to the ITO substrate.
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