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Abstract: Nanocrystalline CoNiW thin films were synthesized by electrodeposition method. The CoNiW thin films have been 

coated on the copper substrate by applying a constant current of 7.5 mA for 15 minutes. The CoNiW coated thin films were 

subjected to various characterization techniques like EDAX, XRD, SEM and Vickers hardness test. EDAX investigation gives the 

chemical composition of the coated films. The Co content of 75.37 wt%, Ni content of 13.67 wt% and 10.96 wt% of W were 

determined from EDAX analysis. The surface morphology of the coated film is analyzed by using SEM photographs.  X- ray 

diffraction showed that the existence of nanocrystalline phase of CoNiW. The average crystalline size of CoNiW thin films were 

calculated from XRD is in the range of 34 nm. The Vickers hardness of 105 VHN while applying the load of 25 g. The electroplated 

CoNiW thin films were strongly adherent to the substrate. This was observed from bend and scratch test. 
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1. Introduction 

 

The elements like Fe, Ni, Co, W, Cr have potential 

applications based on their compositions and structural 

properties in the field of magnetic sensor technology, 

computer read/write heads, micro electro mechanical 

systems (MEMS), Nano electro mechanical systems 

(NEMS) and large scale integration (ULSI) devices. In the 

current MEMS technologies may use CoNi, CoW, NiW, 

NiFe are the suitable alloys because of their excellent 

magnetic properties [1- 2]. In this research work the 

CoNiW films are coated by electrodeposition method. 

Compared to other physical chemical methods, 

electrodeposition method have several advantages like low 

manufacturing cost, easy and simple method, easy to oprate 

etc., [3-11]. NiCo alloys are the suitable magnetic materials 

which can be used in several fields such as MEMS and 

NEMS. The addition of W to NiCo alloys may enhance 

their structural, mechanical and magnetic properties. The 

effect of W on CoNi alloys may give good corrosion 

resistance, ductility, good mechanical strength, hardness, 

and magnetic properties [12-14]. Electrodeposition of CoNi 

films and their studies were carried out by a number of 

researchers [15-26]. So we planned to investigate the effect 

of W on CoNi alloy thin films coated from tri sodium 

citrate bath in order to exploit the full potentials of CoNiW 

films. This paper summarizes the synthesis and structural 

characterizations of electroplated CoNiW thin films.  

2. Experimental section 

A copper plate of size 1.5cm as breath and 7cm as length 

were used for substrates. Copper substrate act as the 

cathode and pure stainless act as the anode. Both cathode 

and anode were pre-treated by washing with soap and 

soaking in 10% H2SO4 for 2 minutes. Just before the 

deposition both the plates are degreased by acetone.  

The electroplating bath prepared by all the reagent 

grade chemicals is dissolved in triple distilled water. 

CoNiW thin films were electrodeposited on the copper 

substrate using relevant salts in tri-sodium citrate bath at 

room temperature. The chemical composition and operating 

conditions of the electroplating bath are as shown in Table 

1. An adhesive tape was used to mask off all the substrate 

except the area on which the deposition of films was 

desired. All the reagent grade chemicals were dissolved in 

triply distilled water. The film was deposited on copper 

substrate by applying a constant current of 7.5 mA for a 

period of 15 minutes at room temperature 

Table 1: List of chemical composition and operating 

conditions. 

S. No 
Name of the chemicals 

and  parameters 
Data g/l 

1 Nickel sulphate 30 

2 Cobalt sulphate 15 

3 Sodium tungstate 7.5 

4 tri sodium citrate 40 

5 Citric acid 8.5 

6 Boric acid 10 

7 pH value 6 

8 Time duration 15 min 

9 Current density 1 mA/cm
2
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3. Result and Discussion 

3.1. Composition of the electro deposited CoNiW thin 

films. 

The chemical composition of the electroplated thin films 

are analysed by EDAX-spectrum. The EDAX spectrum of 

CoNiW thin films are shown in Figure 14. The EDAX data 

of CoNiW thin films are shown in Table 2. 

Table 2: EDAX analysis of CoNiW thin films. 

S.No 
Temperature Co 

Wt% 

Ni 

Wt% 

W 

Wt% 

1 
Room 

Temperature 
75.37 13.67 10.96 

 

Fig.1: Experimental set up of electrodeposited NiCoW thin 

films. 

 
Fig.2: EDAX spectrum of Co-Ni-W thin film 

From EDAX, we conclude that, the electroplated thin film 

have 75.37 at% of Co, 13.67 at% of Ni and 10.96 at % of 

W. 

 

 

 

3.2. Surface morphology of CoNiW thin films 

 

The surface morphology of the electroplated CoNiW thin 

films are analyzed by using SEM pictures. The SEM 

pictures of CoNiW thin films are shown in Figure 3. The 

electroplated CoNiW thin films are smooth, uniform and 

adherent with substrate and gray in appearance. The 

existence of micro voids and cracks are due to internal 

stress. From SEM analysis we conclude that, the formation 

of thin films on the copper substrate is uniform in nature. 

3.3. Structural properties of CoNiW thin films 

 

The crystal structure of the electro deposited CoNiW alloy 

thin films was determined by XRD analysis. X-ray 

diffraction patterns of CoNiW films obtained from tri-

sodium citrate bath at room temperature were shown in 

Figure 4. The presence of sharp peaks in XRD pattern 

reveals that the films are crystalline in nature. Crystalline 

size of the deposits were calculated from the XRD pattern 

using the formula 

 (D=0.954λ/βcosθ) (1) 

 
Fig.3: SEM images of electrodeposited Co-Ni-W thin 

films. 

These values clearly show that the crystalline sizes of the 

CoNiW deposits obtained by electro deposition process are 

in the nanoscale. The crystal size of CoNiW alloy films 

obtained from tri-sodium citrate bath are tabulated as 

shown in Table 3. The XRD patterns of CoNiW films 

revealed the existence of FCC phase with (111), (130) and 

(420) diffraction peaks. The crystalline size decreases with 

increase in bath concentration. 
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Table 3: Crystalline size of Co-Ni-W alloy thin films. 

 

 
Fig.4: XRD pattern of electrodeposited Co-Ni-W thin film 

3.4 Mechanical Properties 

 

Adhesion of the film with the substrate is tested by bend 

(bending the film with substrate to 180 ˚) test and scratch 

test. Draw equal lines by pin and paste an adhesive tape 

over the scratch and pull it. If the film comes with tape then 

the adhesion is poor. This test showed that the film is 

having good adhesion with the substrate. Hardness of the 

films was examined using a Vickers hardness tester by the 

diamond intender method. Vickers hardness test value is 

low in the order of 105 VHT while applying the load of 

25g. 

4. Conclusion 
 

CoNiW magnetic thin films were synthesized by electro 

deposition from tri-sodium Citrate bath concentration at 

room temperature. The nano crystalline films obtained at 

room temperature from higher concentration of citrate bath 

are crack free and uniform. FCC was the dominant 

structure of electro deposited CoNiW thin films. The 

crystalline sizes of the CoNiW deposits obtained by electro 

deposition process are in the nano scale. The average 

crystalline size of CoNiW films is around 34 nm. Hardness 

of this magnetic thin film is 105 VHN. Basedon their 

structural, mechanical and magnetic properties, these films 

can be used in various electronic devices including high 

density recording media, magnetic actuators, magnetic 

shielding, and magnetic writing heads high performance 

transformer cores and MEMS. 
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