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Abstract  

We describe the growth of patterned cobalt onto a mechanically scratched copper substrate. The deposition of patterned 
cobalt thin-films was carried out by electrodeposition from a sulphate bath at room temperature. A uniform copper surface 
was mechanically polished with a fine polishing paper to form periodic ditches on the substrate. This pre-patterned substrate 
has been utilized for the electrochemical deposition of the patterned Cobalt Thin Films. It is apparent from X-ray diffraction 
(XRD) analysis that the style of the surface pattern of a substrate influences the deposits. The results presented here provide 
a natural and alternative view for the engineering of patterned arrays of cobalt.  
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1. Introduction 

In the recent years, patterned nanocrystal materials have 

become a branch of vital interest in fundamental and 

technological studies in the field of nanodevice fabrication.[1-3] 

Highly engineered nanocrystals with controlled size, 

composition and particular area of growth play a crucial role 

in nanoscale engineering. Due to their peculiar physical and 

chemical properties, they are the potential candidate materials 

for different optical, electronic, mechanical and catalytic 

applications.[4-10] However, the realisation of these 

technological applications demands precise control over 

growth, spatial ordering, or even patterning of materials with 

the provision of tailoring and altering different physical 

properties. For instance, patterned arrays of magnetic 

nanostructures can be useful for magnetic nano-device 

applications. Various approaches have thus been employed to 

achieve patterning of the materials. These approaches are 

mainly grouped into two types[11] viz., Top-down methods such 

as lithography, stamping,[12] and a bottom-up methods such as 

self-assembling, self-organisation approach.[13] 

Template directed patterning of the materials and 

engineering is a well-organised method for the study of 

surface structures by scanning probe microscopy manipulation 

techniques.[14-22] However, Top-down and scanning probe 

surface (SPS) manipulation approaches have significant 

shortcomings in terms of process-related damages, chance of 

losing a pattern, requirement of sequential steps, area of 

patterning and finally they are not cost-effective and feasible 

for mass production. Various attempts have been made to 

improve spatial ordering during the growth of the materials on 

either nanocrystalline oxide materials [23-27] or the metal and 

semiconducting surfaces.[28,29] In the case of oxide materials, 

nano-crystallinity of the oxide materials used for the ordered 

growth[23-27] and for metals and semiconductors, the surface 

dislocation densities and lattice mismatch are the means for 

the uniform ordering of the material deposits. 

The conventional technique used to fabricate artificial 

magnetic materials is molecular beam epitaxy, but nowadays, 

electrodeposition is an inexpensive alternative to this 

conventional technique.[30] The deposition of cobalt starts with 

the nucleation. The chemical as well as physical properties of 

these nanomaterials can vary with their atomic structure, 

composition, and dimension.[31-36] Scanning electron 

microscopy (SEM) is nothing but the two-dimensional (2D) 

representation of the three dimensional (3D) objects by certain 

viewing angles.[37] It is an excellent method for the 

characterisation of size and shape of the nanoparticles.[38-40] 

No single best method is available for the preparation of all 

the nanomaterials. The performance of the method is 

determined by the characteristics of the nanoparticles, the 

properties, or the quantities to be measured. Thus, sample 

preparation is the key step on which the quality, size and shape 
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of SEM nanoparticles are strongly dependent. The 

electrodeposition of cobalt has found various applications in 

nanomaterial fabrication and fuel cell.[41-45] 

Here, we have demonstrated a novel approach towards 

electrochemically patterning of cobalt nano-crystallites onto a 

copper substrate[30] by mechanically scratching the substrate 

and rooting predefined patterns on the substrate surface to 

form patterned cobalt thin films (PCTF) where patterns can be 

readily tailored and altered by mechanical means. The present 

study focuses on the nucleation and growth mechanism 

leading to the patterned growth of the cobalt thin films and 

their structural, morphological and magnetic properties. 

 

2. Experimental section: 

2.1. Materials and equipment 

For the electrochemical growth of PCTFs, the chemicals used 

were of AR grade purchased from Loba Chemie Pvt. Ltd., 

India. X-ray diffraction studies were carried out using an X-

ray diffractometer (Model Bruker D8 Advance) with Cu Kα 

(1.54Å) radiations and used for the structural and textural 

calculations. Surface morphological studies of the 

electrodeposited PCTFs were performed on a scanning 

electron microscope (JEOL, Analytical scanning electron 

microscopy Model JSM – 6360A). The magnetic 

measurements were done using a standard vibrating sample 

magnetometer (LAKESHORE 7307 Model) at room 

temperature with the magnetic field perpendicular to the film 

plane. 

 

2.2. Electrodeposition of PCTF 

The electrodeposition of PCTFs has been described in our 

previous letter.[30] The electrodeposition of PCFs was carried 

out using CoSO4·7H2O as a metal ion source with NaCl and 

boric acid as a supporting electrolyte in the mole concentration 

of 0.1 M with 0.05 M respectively. The pH of the bath was ~ 

4. The electrochemical reaction taking place in the chemical 

bath thereby resulting in the cobalt deposition as: 

CoSO4·7H2O + 2NaCl Boric Acid Co(s) + Na2SO4·2H2O  

+ Cl2 (↑) + 5H2O 

During the electrodeposition in an aqueous solution, a parallel 

process of hydrogen evolution may occur. The addition of 

boric acid in the electrolyte limits the hydrogen evolution, and 

acts as a buffer. As in our case, the deposition process is carried 

out at room temperature (~25 oC), the buffering action of the 

boric acid provides the direct reduction of cobalt ions[46] 

thereby depositing pure cobalt on the cathode surface. The 

deposition is carried out on mechanically scratched copper 

substrate (cathode), where the scratched patterns guide the 

growth of cobalt fabricating PCTF. The deposited cobalt thin 

films were studied further for their growth, morphological, 

structural, and magnetic properties. 

 

3. Results and discussion 

3.1 Growth of PCTFs 

Electrochemical characterisation of the chemical system 

reveals essential details of the energetics of Cobalt deposition. 

PCTFs were deposited from a cobalt sulphate bath at room 

temperature. Provision was made to control the growth 

direction of cobalt nanoparticles. Interestingly, patterns can be 

fabricated by only varying the surface structure of the 

substrate by just mechanically polishing it to form scratches 

required for the desired pattern. Advantageously, in the 

employed method patterning of cobalt nanocrystalline thin-

films was achieved without any external boosting and 

template assessment. In this kind of deposition where the 

material (deposits) has a different lattice constant than that of 

substrate, spontaneous strain relief patterns are formed by the 

formation of dislocations.[47] Dislocations are often strongly 

repulsive towards adsorbed atoms diffusing over the substrate 

and hence act as templates for the ordered growth of 

materials.[28,29] Here, we have used a heterogeneous system 

composing of copper (substrate) and cobalt (deposit) 

possessing mismatch in their lattice constants (Cu fcc~3.6Å, 

Co hcp~2.5Å). According to the continuum theory,[48] the 

degree of lattice mismatch can be estimated by, f = (as–af)/af, 

where, as and af are the unstrained lattice constants of the 

substrate and film respectively. For the discussed system the 

lattice mismatch, f is ~ 7.2% which causes the system to be 

under comprehensive local strain. Further, the substrate is 

mechanically-modified for different surface morphologies. 

The growth of cobalt is studied developing the concept of 

locally varying strain preferably nucleating on some 

favourable nucleation sites. The substrate surfaces were 

mechanically polished in a different direction from linear to a 

circular pattern. The patterns are formed in the form of 

uniform and orderly trenches on the substrate surface, and 

these trenches are formed in an orderly manner so that they 

have a wavy surface profile with a specific pattern depending 

on the direction of scratching. Such pre-patterned substrates 

with vertical, diagonal, horizontal, and even circular patterns 

were then utilized for the deposition of cobalt. 

 

3.2. Morphological properties of PCTF 

Figures 1(a-c) shows a considerable influence of the substrate 

surface waviness on the growth pattern of cobalt nanocrystals. 

On such an inhomogeneous surface, shape, size, and even 

growth pattern of the materials are profoundly affected which 

has a significant dependence on various movements of the 

atoms that they can make on the surface during diffusion. The 

movements of ad-atoms have a natural energy barrier, which 

is associated with the local co-ordination of the atoms. In the 

case of thicker films, the local strain mediated growth 

morphology supports higher growth which is more evident 

where the grain size is more and has a high rate of 

agglomeration at the protrusion region (Figures 2(a-b)). Our 

observed results are in line with the previous reports[25,26,49-52] 

which also suggest the mesoscale deposition. The effects of 

patterned surfaces of the substrate have been cross-checked by 

depositing the material onto a flat surface, which does not  
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              (a) (b) (c)  

Fig. 1 SEM images of PCTFs on pre-patterned (scratched) copper substrates with (a) Vertical (b) Horizontal and (c) Diagonal 

morphologies. 

 

show any order during the growth process as there are no 

regions to ease the strain and also the dislocations are in a 

bulk-like form and are not mobile enough to order into a 

periodic pattern (Figs. 2(c-d)). 

We consider that the film surface profile tends to adopt an 

in-phase configuration with the substrate surface profile. The 

randomly scratched substrate also proves to be the cause of 

disturbance in the pattern and alters the shape of cobalt grains. 

A random scratching disturbs the periodicity of the substrate 

surface profile and hence perturb the favourable nucleation 

sites (protrusions) anywhere, as a consequence the periodic 

and orderly growth is not achieved, the cobalt grains change 

their shape and size to relieve strain (Fig. 3). 

The deposition of cobalt, manipulated by the simple means 

of mechanical pre-patterning of the substrate produces highly 

aligned chains of sub-micron and even nanoscale cobalt 

particles. The alignment of the particles can be possibly 

extended up to the active area (can be several cm2) of the 

substrate using electrochemical deposition. With more 

deposition, the alignment and uniformity of aligned chains can 

be sustained but with higher thickness of the film, 

agglomeration of particles takes place and affects the 

uniformity of the chains. Interestingly, patterning is achieved 

not only for linear but for any kind of substrate surface profile 

manipulation by means of scratching, for example, circularly 

patterned cobalt thin films can also be fabricated (Fig. 4).    

 
Fig. 2 SEM images of electrodeposited PCTFs on a copper substrate with different magnifications, (a-b) on pre-patterned substrates 

and (c-d) on un-patterned substrates.  

(a) (b)

(c) (d)
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Fig. 3 SEM images of PCTFs with thickness ~ 100 nm. 

 

 
Fig. 4 SEM image of PCTFs onto circular morphology of 

substrates.  

 

3.3. Structural properties of PCTF 

Structural calculations for different patterns along with an un-

patterned (flat) cobalt thin film were evaluated by X-ray 

diffraction (XRD). Fig. 5 depicts 2θ scans for the different 

patterns of the films. From Fig., it is clear that the pattern of 

the films has a strong influence on the texturing of the films. 

Crystallites for all the PCTFs are of only hexagonal phase 

along (100), (002), (101), and (110) planes; hence the 

electrochemically deposited samples of cobalt are highly 

crystalline with the sole presence of Co (hcp hexagonal closed 

packed) phase.[53] However, patterning the cobalt has affected 

the preferred orientations of the crystallites as the intensities 

of peaks are different for some of the patterns, which can be 

attributed to the preferred orientation of the crystallites in the 

respective type of pattern. In the vertical, horizontal PCTFs 

and flat cobalt thin films no such preferred orientations were 

observed, however in case of circular and diagonal patterns 

peaks at (101) and (002) planes, respectively were found to be 

much intense/dominant as compared to the reflection 

intensities of the other planes. Neglecting the peak broadening 

due to lattice strain, crystal size for each pattern is calculated 

by using Scherrer formula and found to be ~ 25 nm. Also, 

neglecting the effect of crystal size on the broadening of peaks, 

lattice strain is estimated to be ~ 0.85 by using the formula B 

strain = η tan θ; where η stands for lattice strain.[54] 

 
Fig. 5 XRD of PCTFs onto a copper substrate for different 

patterns in comparison with cobalt thin films electrodeposited on 

a flat copper substrate (Color online). 

 

3.4. Magnetic response of PCTFs 

In the case of thin films, the film morphology has a significant 

impact on the magnetic response of the material. Both, the film 

imperfections and the film structure along-with interface 

roughening play a major role in determining the magnetic 

properties of the films.[55-58] Fig. 6 shows the magnetic 

responses of different patterns in comparison with the un-

patterned films. All the PCTFs samples were estimated to 

saturate at 2800 Oe with the coercivity (Hc) ~ 170 Oe; 

however, the saturation magnetization (Ms) and remnant 

magnetization (Mr) are much varied in each sample in the 

order of, Vertical = Horizontal > Circular > Diagonal > Flat 

cobalt Film 

The magnetic data are summarized in Table 1. The 

magnetic properties of the materials are largely characterized 

by the surface, shape, magneto-crystallinity, stress, and effects 

of the ordering and periodicity of the magnetic neighbors to 

(a) (b)
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Fig. 6 Hysteresis loops for the PCTFs in comparison with the flat 

cobalt thin films (Colour online). 

 

the individual grain. As a consequence of less periodicity and 

orderly arrangement of the cobalt grains in the un-patterned 

(flat) films, the magnetic responses are drastically reduced as 

compared with the other patterned samples. However, 

magnetic constants in other samples are varied, too. There can 

be many possible explanations for these variations, in this 

respect, the effect of surface and shape anisotropies can be 

neglected because of the roughly circular shape of the cobalt 

grains and due to large thickness of the films; however, the 

contribution of magnetocrystalline and stress anisotropies may 

affect the shape of hysteresis as well the Mr and Ms values. 

The later can be considered as an outcome of scratching 

(surface roughening) the substrate in different directions, 

which leads to the different stress distribution. From the X-ray 

diffraction measurement, the effect of the former is implicit; 

the X-ray diffraction data reveals the presence of preferred 

orientations along (002) and (101) planes in case of diagonal 

and circular PCTF samples, respectively. Correlating this with 

the hysteresis data indicate that the (002) and (101) orientation 

are the hard axis of magnetization thereby suppressing the 

magnetization in case of diagonal and circular patterns; 

however, the hysteresis and all the magnetization data is same 

for the vertical and horizontal PCTFs. This is because the net 

magnetization is dependent on the orientation of 

neighbours[59,60] and both the vertical and horizontal PCTFs 

have same orientation of neighbours and hence have same 

magnetization data.  This signifies that the (100) and (110) are 

the easy direction for magnetization, which is implicit because 

the mentioned peaks are suppressed in case of diagonal and 

circular PCTFs. 

Nano meter-sized cobalt crystallites of about 20 nm 

magnetically form a single domain; this smaller size has a 

significant effect on the interaction with its magnetic 

neighbors causing the net magnetic moment to decrease. 

Magnetic responses of such systems are analogously described 

as paramagnetic and these materials are called as “Super-

paramagnetic”. For the deposited films the estimated values of 

crystalline size by XRD analysis are small enough that the 

magnetic responses of nano-crystalline cobalt thin films are 

much varied from usual ferromagnetic behavior to super-

paramagnetic properties since these are inversely dependent 

on crystal size and hence more is the diversion from 

ferromagnetic to super-paramagnetic nature. 

Table 1. Magnetisation Data of PCTF Film. 

Pattern Arrays 
Ms 

(emu/g) 

Mr 

(emu/g) 
Mr/Ms 

Coercivity 

(Oe) 

Vertical PCTF 17.6 5.95 0.33  

Horizontal PCTF 17.6 5.95 0.33  

Circular PCTF 6.79 1.94 0.28  

Diagonal PCTF 4.26 0.95 0.22 170 

Flat cobalt Thin 

Film 
2.64 0.95 0.35  

 

4. Conclusions 

The studies we presented here facilitate us to fabricate patterns 

of cobalt system onto a pre-patterned copper substrate by 

electrochemical deposition. We have demonstrated a novel 

approach towards patterning with a simple means of 

mechanical manipulations. This provides a perspective for 

engineering a nanocrystalline cobalt system with profound 

spatial ordering in which the textural morphologies and 

magnetic properties can be tailored. Advantageously, in the 

employed method patterning is achieved without any external 

boosting and template assessment with high quality of 

deposition and with high output at room temperature. The 

results presented here were studied further with 

miniaturization at the nanoscale that can lead us to design and 

grow 2 or even 1-dimensional nano-structural systems of 

different metal and semiconductor materials and can also be 

helpful for further understanding of the process of patterning 

to promote applications for nano-devices fabrication where 

patterning is desired. 
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