Surface Roughness Analysis of Ni Thin Films, Electrodeposited onto Rotating Disk Electrodes
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Abstract: 

Ni films were electrodeposited onto polycrystalline gold substrates mounted on a rotating disc electrode (RDE). The effects of rotating speed, film thickness and current density on the kinetic roughening of the electrodeposited films were investigated. The film surface roughness was imaged using an atomic force microscope (AFM). The results indicate that the film roughness increases as the film thickness or deposition current density increases. We found that the electrodeposited Ni films exhibit "anomalous scaling" since both the local and the large-scale roughness show a power-law dependence on the film thickness. The effect of electrode rotating speed on the film surface roughness was also investigated. Scanning electron microscopy (SEM) had a good agreement with AFM results. The average crystalline size of the film surfaces is also calculated from X-ray line broadening using (220) peak and Debye–Scherrer formula and the obtained results agree with the AFM and SEM results.
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Introduction 

Kinetic roughening occurs in a wide range of systems where material is added to or removed from a surface far from equilibrium. The material scale ranges from the atomic (in thin films) to the macroscopic scales. The roughness of a growing film may be characterized by the thickness. The scale-dependent surface width w(l, t), is defined as:
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where h is the height of the surface, l is the length-scale over which w is measured and t is the film thickness, or for films grown at constant rate, can be considered as the deposition time. For a growing film w(l) is expected to change with the amount of material deposited, a situation referred to as ‘‘kinetic roughening’’. In many experimental systems, kinetic roughening is described by normal or Family-Vicsek scaling [1]. Normal scaling assumes that w(l,t) saturates for small l and is proportional to tβ for large l; i.e. it is in the form of:
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where H is the Hurst exponent, lc is a crossover length, and β is the growth exponent.

For many real and model systems w(l, t) has been found to follow power laws of the form:
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βloc is called the local roughness exponent and is a measure of how the local roughness changes as the film thickness increases. If the local exponent βloc is nonzero, the system is said to exhibit “anomalous scaling” [2], when both the local and the large-scale roughness show a power-law dependence on the film thickness [3,4].
Experimental and Results

Our Ni films were electrodeposited galvanostatically from a 0.5 M nickel sulphate electrolyte.  In addition to Ni2+ ions, the electrolyte contains 50 mM boric acid as an additive, in order to influence the electrochemical reaction by being absorbed by the electrode surface and make the film surface smooth. 

Glass disks with 0.9 cm diameter were coated by Cr(5nm)/Au(25nm) using evaporation technique, and used as substrates. The substrates can be easily embedded in a teflon coated aluminium sample holder and adjusted to the RDE instrument. The RDE speed of is controlled via a control box and can be varied from 0 up to 9999 rev/min. 

The surface topography close to the centre of each sample was measured in air using a Digital Instrument DI3000 atomic force microscope (AFM) in tapping mode with silicon probe. Scans were taken with resolution of 256×256 pixels. Average values of the surface width w(l) were calculated by applying equation 1 to all square regions of side l in a particular image. 
The effect of rotating speed, current density and film thickness on the surface roughness

In a series of films, the deposition current density and the film thickness were taken as 20 mA/cm2 and 1000 nm respectively, while the rotating speed was varied as 0, 500, 1000, 2000, 4000 and 6000 rev/min.
Our results show that the film's roughness decrease as the rotating speed increases.
In another series of the films, the deposition current density and the rotating speed were chosen as 20 mA/cm2 and 1000 rev/min respectively, while the film thicknesses were varied as 125, 250, 500 and 1000 nm. Our investigations reveal that the film roughness increases as the film thickness is increased. The 

thicker the films the rougher surface is obtained.

In order to study the effect of current density on the surface roughness of electrodeposited Ni films, we investigated the roughness of various films of similar thicknesses which were grown at four different current densities.
In the third series films, the film thickness and the rotating speed were chosen as 1000 nm and 1000 rev/min respectively, while the current density was varied as 5, 10, 15 and 20 mA/cm2. The images results clearly show that the film roughness increases as the current density (growth rate) is increased. The faster the growth rate, the rougher the film surface is obtained.  
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