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Abstract: The properties of hard magnetic Ferrous Tungstastorous (Fe-W-P) films electrodeposited in
the presence of phosphorous as precursor with n@rgboncentrations were studied for different curren
densities and deposition time in order to get dgfife thickness and uniform deposits. The magnetieration
(My), retentivity (M) and coercivity (i) of the films were studied using vibrating sampbagnetometer.
Magnetic properties of the deposited films weredased with the increase of phosphorous. The ditestsize
and stress of the deposited thin films were catedlaising X-ray diffraction (XRD) studies. Percey@a of
elemental analysis of Fe-W4{i'ms were obtained using energy dispersive X-raglgsis (EDAX). Surface
morphology analysis was carried out using scanelagtron microscope (SEM). The magnetic propedies
structural characteristics of the thin films depediunder various experimental conditions are dised.
Hardness and adhesion of the deposited thin filer@wlso studied.
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1. Introduction

The electrodeposition technique has become therdgomhimanufacturing technology in all new applicatio
such as micro electromechanical system (MEMS) dsyioano electromechanical system (NEMS) devices,
magnetic recording head and data storage rhefli@ advantages of electrodeposition are easwrolé, no
need of vacuum and higher deposition rates. Sihee world is moving towards miniaturization, cost
competitiveness and high performance packagingefaén ferromagnetic materials like Fe, Co and i a
played a vital role in the magnetic data storagee ihtroduction of tungsten into metal depositevad for a
significant improvement of the properties of theéamied coatings, increasing their hardness, camnastiability,

and heat resistance. It is found that tungstenataingy alloys obtained through the galvanic metkeadeed
pure metals of the iron group in corrosion stapititie to the tungsten inertia and the lower poyositthe
coatings. Ferrous—tungsten coating is considerci#paper than those of nickel and cobalt and isactenized
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by higher physicochemical properties in comparigdth pure iron. An iron—tungsten alloy has a higherar
resistance than pure iron. Fe-W alloys are usedoth mechanics and micromechanics. The addition of
phosphorous maintains high corrosion resistanfieere are also some literary reports in the eldeposition

of Ni-Fe-W-P, Co-W-P and Co-W films.

In the present study, we investigated in detail éfffects of various concentration of phosphorousttum
magnetic and structural properties of electrodépdste-W-P thin film.

2. Experimental
2.1 Synthesis and Deposition

A copper substrate of size 1.5 x 5 cm as cathodestainless steel plate is used as anode for gadtatic
electrodeposition method. Current for electroddpastwas passed from a d.c regulated power supply.
Analytical grade chemicals were used to prepark balution. An adhesive tape was used as maskKilftrea
substrate except the area on which depositionirof diesired. The copper electrode was buffed foroneng
scratches by using mechanical polishing wheel wibhuffing cloth containing aluminum oxide abrasigéter
buffing the substrates were cleaned by ce8® or acetone. Before electrodeposition, these satlestiwere
cleaned in an alkaline electro cleaning bath ane $obstrates were rinsed in distilled water. The
electrodeposion was done with different concermratif phosphorous.

Electrodeposition of Fe-W-P magnetic thin film wasated from a bath contained ferrous sulphate
(FeSQ.7H;0) 0.1 M, sodium tungstate (N&O,.2H,0) 0.05 M, tri sodium citrate (N&Hs0;.2H,0) 0.3 M,
boric acid (HBOs;) 0.16 M and ammonium sulphate (Nt50O, 0.3 M, with this composition 0.1 and 0.2 M of
Phosphorous aci@HsPQ;) were added to this bath and their effect on trepegrties of Fe-W-P films was
investigated with different current density like 20A cm? 25 mA cm? and 30 mA crif and different
deposition time like 15, 30 and 45 minutes.. Thevalie was fixed at 8.0 for all the electrodepositbaths.

2.2 Characterization

The thickness of the deposited films was measusgdgudigital micrometer (Mitutoyo, Japan). Magnetic
properties of deposited films were studied withrating sample magnetometry. The structure and nobogly

of the magnetic films were studied using X-ray @ittometer (Rich Seifert, model 3000) and scanalagtron
microscope (JEOL) respectively. The crystalliteesand stress of the deposited Fe-W-P film has been
calculated from the XRD data. Percentage of eleahemtalysis of Fe-W-P film was obtained using EDAX.
Hardness of the deposited thin film was obtainedigud/ickers hardness tester through diamond indente
method. Adhesion of the films was tested by bestldad scratch test.

3. Results and Discussion
3.1 Thickness Study

Table 1 summarizesthe effect of various concentration of phosphoraaisl on the thickness and magnetic
properties of Fe-W-P films obtained under differerperimental conditions. The thickness of the filras
increased with increase in phosphorous as welh@®ase in current density. The magnetic propedighe
thin films were increased with the increase ofkhess.

3.2 Surface analysis
3.2.1 Structural analysis

Electrodeposited Fe-W-P films were obtained from blaths maintained at 30 mA @weurrent density for 45
minutes deposition time with different concentratiof phosphorous acid were subjected to XRD studies
(Figure 1). The X-ray wavelength used was 1.5405 A of Guidiation. The data obtained from the XRD
pattern were compared with Joint committee for pewdiffraction studies data and were found to have
Rhombohedral structure with f#; (0210) plan® and Hexagonal structure with JPe(312) plané
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predominantly. Th&XRD peaks of thin film and metal were shifted daetie stress of the fillnStress of the
films were calculated from XRD data, using the fatay

Young's modulus = Stress / Strain (2)

Stress of the film was low when the bath was indowoncentration of phosphorous (Table 2). Thesstoé the
film increased and crystalline sizes of the filmcamsed when the concentration of phosphorous was
increased. Crystallite size of the deposits weleutated from XRD data using Debye-Scherrer formula

Crystallite size = 02 co® (2)

Crystallite sizes were obtained in the nano scalge.

Table 1. Effect of the thickness and magnetic propertiebafV-P films electrodeposited for different cutren
densities and different deposition times with 0.-ail 0.2 M of HPG:s.

Currgnt Deposition Thickness Magnetic Rem:_ane_nt Coerci
ﬁl' HisPO; | density time of _ saturation polarizatio vity Square
o. | (M) (mA . deposit n ness
cm?) (minutes) (um) (A/m) (A/m) (Oe)

1 15 1.8 4.459 0.341 1261 0.08
2 20 30. 2.5 6.524 0.587 1344 0.09
3 45 3.2 9.269 0.934 1401 0.10
4 15 2.0 5.942 0.524 1315 0.09
5 0.1 25 30 2.8 8.698 0.869 1467 0.10
6 45 3.4 10.656 1.211 1548 0.11
7 15 2.2 7.541 0.650 1398 0.09
8 30 30 3.2 9.948 0.949 1512 0.10
9 45 3.8 12.604 1.578 1754 0.13
10 15 2.5 6.544 0.844 1409 0.13
11 20 30. 3.4 8.658 1.212 1577 0.14
12 45 4.2 11.564 1.865 1648 0.16
13 15 2.7 8.555 1.158 1528 0.14
14 0.2 25 30 3.5 10.451 1.649 1679 0.16
15 45 4.4 13.762 2.754 1720 0.20
16 15 3.4 9.542 1.488 1668 0.16
17 30 30 3.8 12.811 2.577 1725 0.20
18 45 4.8 15.829 3.634 1819 0.23

3.2.2 Morphological observation

Electrodeposited Fe-W-P thin films were obtainemhfithe baths maintained at 30 mAémurrent density for
45 minutes deposition time with different concetitra of phosphorous acid were subjected to SEMUre 2).
The crystallinity of Fe-W-P film mainly depends tite amount of phosphorous which are present irbatle.
The surface scans shown the grain sizes are dedreden the phosphorous content in the bath wasased.
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Figure 1. XRD images of Fe-W-P films electrodeposited an8® cmi? for 45 minutes deposition time with (a)
0.1 M HPG; (b) 0.2 M HPG;

100004 @)
(0210)
8000 -
W 6000+
o
(&) |
N
2 4000+
0
@ ]
9
= 2000- (021)
- (112) (312)
04 JLJ\__-/\‘~.
20 40 60 80 100
2 Theta (deg)
15000 b)
] (0210)
12000 -
© 90004
o
8 4
2> 60004
‘n |
= (021)
L 3000
= ] (112) (312)
. L

20 40 60 80 100
2 Theta (deg)

3.3 Mechanical Properties

Fe-W-P films, which were selected for XRD and SBEMdges, were tested for their Vickers hardness rarmb
(Table 1). Higher concentration of phosphorous in the bath increisedhardness of the film due to the stress
present in the film. Adhesion of the film with teebstrate was found to be good.

3.4 Elemental Analysis

Table 2 representghe results of EDAX. It was observed that all tilves obtained from various baths had less
than 3 % phosphorous. In the higher phosphorousamitent the films showed high magnetic propemigis

improved crystalline structure.

3.5 Magnetic Studies

The VSM images of Fe-W-P electrodeposited thin dilmbtained from the baths contained different
concentration of phosphorous aciBigure 3). On increasing the phosphorous from 0.1 M to 0.2t
coercivity increased from 1754 Oe to 1819 Oe. Thagmatic properties of the film are enhanced due to
increase in phosphorous. The electrodeposited filer® uniform and bright. The morphology of thenfivas
found to be poor when the electrodeposition batiitained lower phosphorous content. With the in@eaas
phosphorous there was significant improvement @ ttiickness as well as magnetic properties of ilhe f
(Table 1). Under the best conditions, 30 mA @rurrent density for 45 minutes deposition timetwdt2 M
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HsPG;, the thickness of the film was found to be gn8 with coercive and remanent values about 1819 Oe and
3.634 A/m respectively.

Figure 2. SEM images of Fe-W-P films electrodeposited atr0cmi ? for 45 minutes deposition time with (a)
0.1 M HPG; (b) 0.2 M BHPG;
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Table 2. Crystalline size, hardness and composition of F-Wms at 45 minutes deposition time.

‘ Vicker Film CI:omp\osition
H3POs C(:j:rnr;?; Cryz?;lellne Stress Hardness
(M) (MA cm™?) (nm) (MPa) N(\U/an’k\Jlf)%r Fe w P
20 30.45 582 154 85.22 | 13.20 1.58
0.1 25 29.96 601 168 86.69 | 11.59 1.72
30 28.29 611 189 87.40 | 10.64 1.96
20 29.44 599 162 85.89 | 12.45 1.66
0.2 25 28.81 610 178 86.94 | 11.12 1.94
30 27.93 619 192 87.64 | 10.20 2.16
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Figure 3. VSM images of Fe-W-P films electrodeposited atr8® cri?
for 45 minutes deposition time with (a) 0.1 MRD; (b) 0.2 M HPO;
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4. Conclusions

The Fe-W-P thin film having good hard magnetic mrbips can be electrodeposited from the higher
concentration bath of phosphorous. When the phaspbovas increased from 0.1 M to 0.2 M, the stoégke
deposited thin film and hardness of the film insexh Also these films have good adhesion with thestsate
and their crystalline sizes are in nano scale. Higgrcivity, remanent and Squareness values weyenadd as
18190e, 3.634 A/m and 0.23 respectively at 30 mAourrent density for 45 minutes deposition timehwit
0.2 M HPG;, This Fe-W-P thin film has enhanced magnetic, stinat and mechanical properties which can be
used in MEMS devices and magnetic data storages.
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