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Abstract. 1D Permalloy refers to an alloy of Ni and Fe with 80% and 20% composition 

respectively. 1D Permalloy nanowires are particularly attractive because of their high 

permeability, low coercivity, near zero magnetostriction and high anisotropic magnetoresistance. 

Because of low magnetostriction of Permalloy shape anisotropy plays a very important role. As 

a result, the nanowires show unidirectional anisotropy along their length. Because of this 

property, they can be used in many applications such as recording head sensors, magnetic 

storage devices etc. In the present work 1D Permalloy nanowires arrays were fabricated into the 

pores of self engineered Anodic Aluminium Oxide (AAO) templates by a simple 

electrodeposition technique (EDT). By varying the Anodization voltage and the parameters of 

the electrolytic solutions we developed various AAO templates with different average pore 

diameters. We developed the 1D Permalloy NW’s of different diameters depending on the pore 

size arrangement of AAO templates by varying the deposition conditions. Structural 

characterization of AAO templates and 1D Permalloy NW’s was performed by Transmission 

and Scanning Electron Microscopy (TEM & SEM). XRD studies of 1D Permalloy NW’s shows 

their fcc crystalline structure and the AAO template was found to be amorphous in nature. 

Magnetic studies show the 1D Permalloy NW’s arrays to have obvious anisotropy, and the easy 

axis was found to be parallel to the nanowires axis. We performed the angular dependence 

measurement of 1D Permalloy NW’s. When  the applied magnetic field was parallel to the 

nanowires, the coercivity (Hc) and the maximum remanent ratio  (Mr/Ms)  were considerably 

higher  than  those  while  the  magnetic  field  perpendicular  to  the nanowires. 1D Permalloy 

NW’s developed in this work are expected to be utilize in magnetic memory and magnetic 

recording devices..  

1. Introduction

In the past few years, one dimensional (1D) Permalloy nanostructure material such as nanowires, 

nanochains and nanotubes have attracted attention [1-3], due to their novel properties and potential 

applications in microelectronics and magnetic nanodevices. Permalloy refers to an alloy of Ni and Fe 

with 80% and 20% composition respectively [4]. There are various techniques [2-4], to fabricate these 

magnetic nanostructures. Among these methods, electro deposition technique (EDT) may be a 

promising candidate or competitive technique for the controlled preparation of high-quality 1D 

nanostructure and the simplicity of the required equipment. Porous  anodic  aluminum  oxide  template  

(AAO)  is  one  of  the  templates utilized to fabricate various 1D nanomaterials [5,6]. This has been 

fuelled by their versatile applications in fields of electronics, magnetic [3, 7], energy storage [8] and 

biosensors [9]. Anodic aluminium oxide (AAO) template has remarkable properties such as pores 

uniform in diameter and length paralleling each other. 1D Permalloy  magnetic  nanowire  arrays  have  

the  potential  applications  in  super  high density magnetic recording media and storage devices  

attract more attention in present. In this work, the 1D Permalloy nanowire arrays were fabricated into 
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the nanometer scaled pores of AAO template using a simple electro deposition technique (EDT) and 

the magnetic properties of the nanowires have also been investigated as well as we report a simple and 

low-cost approach to fabricate large-area highly ordered nanoporous alumina films by two-step high-

field anodization. 

2. Experimental Details

In order to prepare alumina membrane in a more simple way, we first try to anodize a thin sheet of 

aluminum (Al) with the thickness of ~ 150 nm and dimension of ~ (5 × 10) mm using oxalic acid 

(C2H2O4) electrolyte solution. The aluminum sheet has the purity of ~ 99.998% and purchased from 

Sigma Aldrich. The sheets are available with prior electro-polished. One side of the sheets is covered 

by a Bakelite structure so that only the other side of aluminum comes to the contact of electrolyte 

solution. Then a two-step anodizing method was employed to obtain the AAO template.  

Table 1. Anodizing conditions and morphologic properties of AAO templates. 

Sample 

No. 

Anodizing 

Voltage (V) 

First 

Anodization 

Time (min.) 

Second 

Anodization 

Time (h) 

Average Pore 

Diameter  

(nm) 

Average Pore 

Distance  

(nm) 

AAO#1 50 15 3 45 78 

AAO#2 55 15 3 58 94 

AAO#3 60 15 3 73 120 

AAO#4 65 15 3 95 138 

The concentration of oxalic acid is taken as 3 wt% as the voltage maintained at a constant value of ~ 50 

to 65 V to achieve a current density of 200-500 Am
-2

. The anodization is carried out at 11
0
 C to 

dissipate the heat generated during the exothermic reaction of conversion of aluminum in to alumina.  

Figure 1. (a) Top view ESEM images of the AAO templates with 45 nm average pore diameter. 

(b) ESEM micrographs of NiFe NWs with 40 nm diameter. 

The first anodization is carried out for 15 minutes. The thin porous alumina layer grown on the 

aluminium foil surface after the first-stage of anodization was removed by chemical etching using a 

mixture of 60wt% phosphoric (H3PO4), 28wt% sulphuric (H2SO4) and 12wt% nitric (HNO3) acid 

solution. The etched Al foil was re- anodized for 3hours for the second time keeping all the anodization 

parameters same as that in the first-stage to obtain more uniform porous structure. Finally the 

hexagonally arranged nanopores structure is detached from the base aluminum using mercury chloride 
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(HgCl2) solution. The as prepared AAO template was dipped inside the 10wt% phosphoric acid 

(H3PO4) solution for 15min for pore widening and pore rounding of the self-organized nanoporous 

template. Consequently, AAO templates with regular pore arrangement were obtained. Table.1 shows 

the anodizing conditions for preparing AAO templates. AAO templates with different pore 

distributions were obtained by changing the anodizing voltage. To use it as an electrode, one side of it 

was coated with a conductive gold layer of 0.1 μm thickness by the thermal evaporation technique. All 

electrochemical deposition of nanowires was carried out using an AUTOLAB-30 potentiostat and a 

conventional three-electrode cell (20 cm
3
 capacity). Electrolyte solution used for the permalloy NW 

deposition consists of 100 g/L NiSO4, 20 g/L FeSO4, 20 g/L ascorbic acid and 30 g/L H3BO3. The pH 

of the solution is maintained at 3.5. Permalloy nanowires were electrodeposited at room temperature. 

The electrodeposition time was 30 minutes. The length of the nanowires obtained was ~14 μm. For 

structural characterization of nanowires, the electrodeposited AAO templates were dissolved in 2M of 

NaOH solution at room temperature. Environmental scanning electron microscope (FEI Quanta-200 

Mark-2) and Transmission electron microscope (FEI TECNAI TF20ST) were used to observe the 

nanowires and their surface morphology and to determine their length and diameter. The crystalline 

structure of FeNi nanowires were investigated by transmission electron microscopy. The phase of the 

samples has confirmed by x-ray diffraction (X’Pert Pro, Panalytical). Magnetic properties were studied 

using a Vibrating sample magnetometer (Lakeshore, model 7144) while the angle θ between the 

nanowires and applied field changed from 0 to 90°. 

3. Results and Discussion

As shown in Fig. 1(b) & 2(a) is the ESEM and TEM image of the Permalloy nanowires prepared on 

AAO templates. The  Permalloy  nanowires  have  the  diameter  of  about  40 & 70  nm respectively  

and  the average length of about 14 μm. This figure also indicates the uniformity in length and diameter 

of the nanowires. The x-ray diffraction (XRD) pattern of the 70 nm sample, prepared by 30 min 

electrodeposition, is shown in Fig. 2(b) for better clarity of the peaks. The XRD peaks correspond to 

either face-centered-cubic FeNi as shown in this figure.  

Figure 2.(a) TEM image of the Permalloy nanowire with the average diameter of 70 nm. 

     (b) XRD image of NiFe NW’s. 

The  magnetic  hysteresis  loops  with  different  θ,  which  means  the  angle  between  the applied 

magnetic field and the nanowires, were shown in Fig.3. The magnetic data, such as coercivities (Hc) 

and maximum remnant ratios (Mr/Ms) are shown in Table.2. For the Permalloy  nanowires with the 

diameter  of  40 & 70  nm,  when  the  applied  field  parallel  to  the nanowires,  θ = 0°, the Hc and 

Mr/Ms are 1307 Oe and 0.75.  In contrast, when the magnetic field perpendicular to the nanowires, θ = 

90°, the Hc and Mr/Ms are much lower to 258 Oe and 0.05, respectively. The magnetic measurement 
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results of Permalloy nanowires with the diameter of 70 nm showed the same phenomenon. The Hc and 

Mr/Ms for Permalloy nanowires of 40 nm are a little higher than those for the nanowires of 70 nm 

because the larger aspect ratio. The change of the magnetic properties demonstrates that the Permalloy 

nanowires prepared in this work show obvious magnetic anisotropy and the easy axis are parallel to the 

nanowires.   

Figure 3. Hysteresis loops of the Permalloy nanowires arrays with different diameters (a) 40 nm and 

(b) . 

Table 2. Hc and Mr/Ms data for FeNi nanowires of different angle θ with applied magnetic field. 
θ(0) 0 15 30 45 60 75 90 

Hc(Oe) 1307 1302 1298 1211 1072 727 258 
FeNi 40nm Mr/Ms 0.75 0.725 0.655 0.53 0.39 0.185 0.05 

Hc(Oe) 1290 1279 1266 1176 1056 713 196 
FeNi 70nm Mr/Ms 0.775 0.75 0.68 0.55 0.415 0.205 0.055 

The magnetic anisotropic property is one important factor for the magnetic recording media materials 

and the maximum coercivity of the Permalloy nanowires, about 1300 Oe, is also proper for the 

magnetic recording technique.  

4. Conclusion

Permalloy nanowires arrays were fabricated into the AAO template and the morphologic and magnetic 

properties of the nanowires were characterized. The AAO templates prepared by two-step anodizing 

method have highly ordered and high density pore arrangement, which is proper for the fabrication of 

1D nanowire arrays. The Permalloy nanowires arrays show obviously magnetic anisotropy with the 

easy axis parallel to the nanowires. Permalloy nanowires have application in magnetic storage devices.  
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