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ABSTRACT

In this paper, electroplated NiFe-P have been prepared and studied with different
concentration of ferrous. The X-ray diffraction analysis demonstrates that the electrodeposited
NiFeP thin films consist of face centered cubic phase with diffraction peaks (220), (200) and
(111). The EDAX analysis confirm that the maximum nickel content of 74.49 wt% was obtained for
ferrous concentration 10 g/L. The weight percentage of ferrous increased while ferrous concentration
was increased. The SEM result shows that NiFe-P thin films were bright and uniformly coated on
cathode surface. The Vicker Hardness Tester analysis shows that increases in hardness by
increasing ferrous concentration. Also VSM studies shows decrease in coercivity and increase in
magnetization were achieved by increasing ferrous concentration.

Keywords: Electro deposition, Characterization, Crystal, Magnetization, VSM, XRD,
 Micro hardness, SEM.

INTRODUCTION

Thin film fabricated by magnetic materials
have received much attention due to its potential
applications in micro and nano electro mechanical
systems. Nickel ferrous alloys are broadly used in
electronic industries because of their inimitable

structural and magnetic properties1-3. Nickel ferrous
alloys are used as sensing materials in MEMS and
NEMS for finding stress, magnetic flux and position.
Also Ni-Fe alloy have been used in electronics,
MEMS and NEMS devices such as laser diode,
MOSFETs and sensing radiation. The reduction in
thermal expansion of ferrous nickel alloys confirms
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mechanical stability with the ceramic substrates,
semiconducting devices and glass windows on
packaging. Magnetic materials can be deposited
on the substrate using several methods10-14. Electro
deposition is a important growth technique involving
the materials deposition from an electrolyte bath by
passing electric current at particular temperature
and pressure. Important features of this method are
cost-effectiveness, ability to deposit materials on
substrates with complex geometries and easy
control of the composition15-19. In addition, electro
deposition allows morphology, composition and
thickness of the deposited thin films by varying
deposition parameters like temperature, current
density, pH value and plating time20-22. The nickel
ferrous alloy have been used in storage and
recording devices in electronics,  transformer with
medium response sensitivity for residual current
devices, pulse transformers, shielding for low
temperature measurement and transducers23-28.
The use of  ferrous with NiFe leads to good corrosion
resistance, magnetic properties and structural
properties of the alloy. In this study, the effects of
different concentration of ferrous on NiFeP
films were analysed. This paper explains the
characterization of electrodeposited Ni-Fe-P alloy
thin films with different concentration of ferrous.

EXPERIMENTAL

Electrodeposition of NiFeP alloy films were
prepared with electrolyte  baths  consisting Ferrous
sulphate (10, 20, 30, 40 g/L), Nickel sulphate (50 g/L),
Ammonium formate (40 g/L), Phosphorus Acid
(10 g/L ),  Citric acid (10 g/L) and operating at
temperature (30 oC) .The solution pH was adjusted
to 6.0 by adding NH4OH and electro deposition was
carried out at current density 2 mA/cm2  and electro
deposition time duration was 15 min. In this
investigation, Cu and steel alloy substrates acted
as cathode and anode respectively with dimension
7.5 cm x 1.5 cm 6-9. After 15 min. the cathode plate

was removed from deposition bath and dried for
few minutes. The crystal phases and grain size of
the electrodeposits were identified and analysed
by the instrument X-ray diffractometer (XRD) with
Cu K_ radiation. Morphological studies of Ni-Fe-P
films were performed by the instrument Scanning
Electron Microscope (SEM) and hardness of
deposits was found by Vickers Hardness Test. The
composition of Ni-Fe-P alloy films was found by

EDAX (Energy dispersive X-ray Spectroscopy) and
magnetic properties analyzed by the instrument
vibrating sample magnetometer29-30.

RESULTS AND DISCUSSION

Elemental composition of nifep thin films
The elemental composition of NiFeP films

was determined by EDAX analyser. The obtained
data by this analyser are shown in Table 1. From
result, the films with high concentration of ferrous
sulphate exhibit high Phosphorus content. The high
ferrous concentration of 41.38 wt% was obtained
with ferrous sulphate concentration 40 g/l. Also
nickel content decreases with increase of ferrous
sulphate content. The high content of nickel 74.49
wt% was attained with lower ferrous concentration.

Morphological observation
Surface appearance of NiFeP thin films

with increasing ferrous concentration were analysed
by Scanning Electron Microscope (SEM) images
and they are shown in Fig 1. The thin films are bright
and uniformly coated on the surface. They are crack
free by appearance.

Structural characters
Structural characteristic (from XRD Data)

results of deposited materials prepared with different
ferrous concentration are shown in Fig. 2. From XRD
pattern of FeNiP, crystal formation of deposits can
be concluded. The size of crystals of can be
determined by formula

Crystal Size (D) = (0.955 λ) / β Cos θ

Where, θ is FWHM at 2θ, λ is wavelength
of incident light. The XRD results of FeNiP lms have
shown face centred cubic phase with three diffraction
peaks. The nano crystallite deposits was obtained
and average crystallite size is around 29 nm.

Table 1: EDAX analysis of thin films

S. No Ferrous Fe Ni P
Concentration Wt% Wt% Wt%

(g/L)

1. 10 18.15 74.49 07.36
2 20 21.62 69.73 08.65
3 30 29.03 58.14 12.83
4 40 41.38 44.19 14.43
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(a) (b)

(c) (d)
Fig. 1. SEM images of Ni-Fe-P film for ferrous concentration (a)10 g/L (b) 20 g/L  (c) 30 g/L  (d) 40 g/L

Fig. 2. Ni-Fe-P alloy films-XRD patterns with different ferrous sulphate content  (a) 10 g/L (b) 20 g/L (c) 30 g/L (d) 40 g/L
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The crystallite sizes of FeNiP deposits are
tabulated in Table 2. While ferrous sulphate

concentration is increased from 10 to 40 g/lit, the
crystallite size decreases because of onset
formation of crystal deposits during electro

deposition process.

Mechanical properties
Micro hardness measurement of deposits

was done by Vickers Hardness Tester. The hardness
values of thin films prepared with increasing ferrous
concentration are 78, 107, 149, 206 VHN

respectively. Increasing value of hardness  is
concluded due to increases of ferrous sulphate
content. This happen due to lower stress associated

with thin films. Fig 4 shows the variation of hardness
with increasing ferrous concentration.

Magnetic characteristics
The important magnetic parameters were

observed by vibrating sample magnetometer and
shown in Table 3.The hysteresis curves for Ni-Fe-P thin

Table 2: Ni-Fe-P alloy films -Structural properties

S.No Ferrous 2θ d Particle Size(D) Strain Dislocation
 Concentration (deg) (A0) (nm) (10-3)  Density

(g/L) (1014 / m2)

1 10 51.55 1.881 36.38 0.995 07.56
2 20 50.82 1.913 31.14 1.163 10.31
3 30 50.07 1.915 26.16 1.384 14.61
4 40 51.10 1.909 23.33 1.552 18.37
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 Fig. 3. Ferrous sulphate concentration Vs
Crystal size

films for different ferrous concentration 10, 20, 30
and 40 g/L are shown in Fig. 5. It is noted that
magnetization value increases from 0.0562
emu/cm2 to 0.3093 emu/cm2 when ferrous content
increases from 10 to 40 g/L. So it is confirmed that
the films obtained with higher ferrous concentration
give higher magnetization values. An important
character for Ni based alloy films is low coercivity.
Crystallite size of film deposits decides the
magnetization and coercivity. If the grain size of the
deposits is big, the domain wall movement decide
the magnetic characters of deposited materials. The
magnetic characters can be improved by
decreasing the crystal size of deposits. If crystal size
is in order of nm, coercivity is reduced.

The grain size of deposits is reduced by
increase of ferrous concentration. Because of
smaller crystalline size, Ni-Fe-P thin films obtained
with ferrous concentration 40 g/L have high
saturation magnetization and lower coercivity . From
results, it is known that the best soft magnetic
characters can be obtained with higher ferrous
concentration.
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Table 3: Magnetic Parameters of Ni-Fe-P thin films

S.No Ferrous Coercivity Magnetization Retentivity Squareness
Concentration Hs Ms Mr S(Mr/ Ms)

(g/L) (G) (emu/cm2) (emu/cm2)

1 10 393 0.0562 0.0233 0.4145
2 20 277 0.0793 0.0254 0.3203
3 30 214 0.2470 0.1230 0.4979
4 40 129 0.3093 0.1241 0.4012

CONCLUSION

In summary, an alloy thin films NiFeP have
been prepared by electro deposition method. The

characteristics of NiFeP films were observed. EDAX
result has shown nickel content decreases with
increase of ferrous sulphate content. The high nickel
concentration of 74.49 wt% was obtained with lower

Fig. 5. Ni-Fe-P thin films - Magnetic hysteresis curves for  ferrous concentration
(a)10g/l (b) 20g/l  (c) 30g/l  (d) 40g/l

(a) (b)

(c) (d)
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ferrous concentration. The XRD results of FeNiP lms
have shown face centred cubic phase with three
diffraction peaks and average crystallite size is
around 29 nm. The thin films prepared with ferrous
concentration 10 to 40 g/L are bright and uniformly
coated on the surface. They are crack free by
appearance. The hardness values of thin films
prepared with increasing ferrous concentration are
78, 107,149, 206 VHN respectively. The saturation
magnetization value increases from 0.0562 emu/

cm2 to 0.3093 emu/cm2 and coercivity decreases
when ferrous content increases from 10 to 40 g/litre.
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