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Nickel thin films have been deposited on silicon (100) substrates by pulsed laser 

deposition at various substrate temperatures, Ts, in the range 100 - 700 ºC. X-ray 

diffraction analysis confirms nickel phases are present for Ts in the range 100 - 300 ºC, 

while above 500 ºC Ni-Si phases were observed. The grain size and roughness of thin 

films were in the range 30 nm - 590 nm and 4.3 - 15.7 nm respectively for thickness of the 

films is in the range 45 nm - 100 nm. Systematic variation with Ts was found for these 

morphological parameters, as well as the ratio of the remnant to saturation magnetic 

moment, magnetic coercivity and magnetoresistance. 

 

(Received October 23, 2020; Accepted May 1, 2021) 
 

Keywords: Nickel thin films, Pulsed laser deposition, Vander Pauw method, Electrical  

                  resistivity and magnetoresistance  
 
 
1. Introduction 
 

Nickel thin films can be used for a variety of applications including magnetic recording 

media, magneto caloric refrigeration, and as catalyst for carbon nanotube growth [1-4]. During the 

last few decades, several groups focused on the growth of nickel thin films on the silicon [6-8] 

because of their use in the fabrication of ohmic contacts and interconnect of CMOS devices. There 

have been various studies of microstructure, mechanical and electrical properties using sputtering 

[6-10], thermal evaporation [11,12] chemical bath deposition [13] as well as pulsed laser 

deposition (PLD). Hattar et al, (2008) deposited nickel thin films on the rock salt by pulsed laser 

deposition and investigated that large grains cause defects like twins, dislocation lines, small 

dislocation drops and stacking–fault tetrahedral which strongly influenced the structure and 

macroscopic mechanical properties [14]. Anca Largeanu et al (2011) deposited nickel thin films 

on steel substrates by using pulsed laser deposition at room temperature to 400
 
ºC. The smooth 

growth of film was reported at high temperature [5].  

In the present studies, we employed PLD to deposit the nickel thin films on silicon (100) 

substrates. Pulsed laser deposition is widely used technique to grow thin films from few 

nanometers to micrometers with easy, simple and rapid process in clean environment. The films 

were grown in base vacuum at 1×10
-7

 mbar at four different substrate temperatures. Various 

properties of the Ni thin films such as micro structural, magnetic and electrical properties strongly 

depend on the substrate temperature. These properties can be enhanced due to improvement in the 

crystallinity at higher substrate temperature. The effect of substrate temperature on the 

morphology, thickness and grain size has been investigated. The electrical (sheet resistance, 

electrical resistivity) and magnetic properties (coercivity, saturated magnetization and magnetic 

residual ratio) have been studied as a function of substrate temperature.   
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2. Experimental 
 

PLD of Ni films was performed in a stainless-steel chamber with a base vacuum of 

1.1×10
-7 

mbar. The output from the third harmonics (355nm) of Nd: YAG Laser (Q-smart 850, 

Quantal) with repetition rate 10 Hz, pulse duration 5 ns, laser fluence 2.4×10
10 

watt/cm
2
 was 

focused on rotating Ni-target (99.99% pure, Testborne UK) by a quartz convex lens (f = 50 cm). 

The resulting plume of the ablated Ni-material was deposited on Si (100) surface having 

dimension (10×10×0.5) mm
3
 placed at 4 cm normal to the target. Substrates were carefully cleaned 

by acetone and ethanol. Both the substrate and target were set in continuous rotation throughout 

the deposition process of 45 minutes. Four substrate temperatures, Ts were utilized: 100 ºC, 300 

ºC, 500 ºC and 700 ºC keeping all other deposition parameters constant.  

 

 
 

Fig. 1. XRD data of nickel thin films deposited on Si -substrates at Ts of (a) 100 ºC°C,  

(b) 300 ºC
 
(c) 500 ºC

 
and (d) 700 ºC. Various reflections are labeled. 

 

 

Room temperature x-ray diffraction (XRD) and x-ray reflectivity (XRR) were employed 

for the structural analysis and for the measurement of thickness of nickel thin films respectively, 

using CuKα (wavelength = 1.5418Å) as a x-ray source. Atomic force microscopy (AFM) was used 

to study the surface morphology and topography of the thin films, and estimate the grain size and 

roughness. Magnetic measurements were made with Vibrating sample magnetometer (VSM) at 

room temperature and ultrasonic wire bonding with Al-Si wires in Vander Pauw geometry was 

used to determine the electrical properties, including the anisotropic magnetoresistance.  

 
 
3. Results and discussion 
 

Structural and morphological analysis of thin films was carried by XRD, SEM and AFM. 

Fig. 1 shows the XRD spectra of the films deposited for various Ts. For Ts = 100 ºC, the diffraction 

peaks at
 
56.5º

 
and 76.5º correspond to (111) and (220) reflections of nickel respectively [10, 15]. 

Whereas the peak observed at 61.84º
 
is identified as the (220) reflection of NiO [16]. For Ts = 300 

ºC the (200) reflection of Ni is additionally observed at 52.0º
 
[10, 15, 17]. These data confirm the 

polycrystalline structure of thin film at deposition temperature in the range 100 - 300 ºC.  At 

higher Ts = 500 ºC- 700 ºC, no reflections corresponding to Ni or NiO were observed, but instead 

clear evidence of the formation of a Ni-Si phase: the peak at 31.9º corresponds to (011) of NiSi 

verified by the card No (38-0844) (for Ts = 500 ºC) and similarly the NiSi (002) reflection 

corresponds to peak at 36.4º (at Ts = 700 ºC) verified by reflection JCPDS card No (03-1069). The 

presence of nickel silicon phases at higher deposition temperature is assumed to be due to 

diffusion and intermixing of Ni with the Si substrate and formation of NiSi phase is similar to that 

as reported by Tasi et.al [18].  
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3.1. Atomic force microscopy 

Atomic force microscopy (AFM) was used to study the surface topography by scanning 

the thin films in tapping mode. Fig. 2 shows the AFM results including the roughness, grain size 

and representative scan of film texture. Fig. 2(a) monotonically increased with Ts from ~30 nm to 

~ 600 nm over the range of Ts studied, concomitantly the root mean square (RMS) roughness 

(estimated via a scanned area of (5×5) µm) increased from ~ 4 nm to 16 nm.
 
The grain size and 

surface morphology of the film are shown in Figure 2(b-c).  The correlation between grain size and 

roughness is reasonably given the enhanced adatom mobility at higher Ts; similar results are 

reported previously [7]. The thickness of thin films grown at different substrate-temperature was 

estimated by using X-ray reflectometry (XRR), and the variation with Ts is shown in Figure 2(b).
 

Thickness of thin film increased at higher TS which is responsible for the formation of large grain 

growth due to the higher thermal energy. The particle /species of ablated material diffuse to form 

the big grain or density of the material on the surface of substrate increases and as a result 

thickness of thin film increases [19]. 

 

 

 
 

Fig. 2. (a) RMS –roughness, and (b) Grain size, thickness and of thin films as a function of TS, lines are a 

guide to the eye. (c) Representative AFM image of a nickel thin film for Ts = 500 ºC. 

 

 

3.2. Magnetic and transport measurements 

Magnetic measurements were made at room temperature using a vibrating sample 

magnetometer with the applied field, H, in the plane of all samples. The M-H data for various Ts 

are shown in Fig. 3(a). We note that the data for Ts = 700 °C is significantly more noisy. The 

variation of magnetic coercive field (Hc) versus Ts is shown in Figure 3(b). While the latter show a 

clear monotonic decrease with Ts, the form of Hc (Ts) is less clear, with the value of Hc at Ts = 300 

°C data being anomalous as reported earlier [20]. The enhanced roughness and thickness of the 

films at higher Ts reduces the shape anisotropy which tends to make the in-plane direction a 

relatively easy axis. Therefore, at higher roughness and thickness the films show more hard axis 

behavior.  The nucleation sites support the growth of crystal structure and grain size increases and 

this effect causes a reduction in the HC and MS of thin films.  
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Fig. 3. (a) Room temperature M-H plots of nickel thin films for various Ts. Inset:  

data for Ts = 700 ºC. (b)  MS and Hc Vs Ts. 

 

 
AFM image also confirms the increase in the grain size with increased substrate 

temperature. The x-ray diffraction (XRD) micrographs of deposited nickel thin films show that at 

low substrate temperature (100 ºC -300 ºC) films are rich in nickel. Therefore, nickel thin films 

grown at low substrate temperature have a high value of the magnetic moment, residual magnetic 

ratio and saturated magnetization. But at high deposition temperature 500 ºC-700 ºC, poorer 

crystallinity of Ni is observed and NiSi phases were formed which causes a decrease in 

magnetization. At higher deposition temperature, the nickel diffuses into silicon substrate as a 

result NiSi is formed (as confirmed by XRD). The saturated magnetization and magnetic moment 

were estimated (0.995 - 0.468) ×10
-7 

(A/m) and (0.984 - 0.372) ×10
-7

 (A-m
2
) respectively at TS 

varied from 100 ºC -700 ºC. 

The sheet resistance was measured using Vander Pauw geometry and the longitudinal 

resistivity, xx, was calculated using the thickness obtained from the XRR data. The resistivity of 

the films initially increases from 0.82µ
 

Ω-m× 10-6(Ω-m)to 0.86 µ
 
Ω-m × 10-6(Ω-m)with 

increasing Ts from 100- 300 ºC and is significantly lower than 2 - 2.6 µ
 
Ω-m reported by Poyang 

Motamedi et.al at similar deposition temperature [21].× 10-6(Ω-m) But further increase in Ts of 

500 ºC resistivity sharply reduced to 0.10 µΩ-m due to improvement of crystallinity and is close to 

that of bulk Ni 0.07µΩ-m [22]. Presumably this trend is a competition between the increase in 

grain size at higher Ts, which lowers xx, and the increase in roughness and Si inter-diffusion 

which would increase xx. The variation of electrical resistivity with TS is illustrated in Fig. 4(b). 

The magnetoresistance (AMR) was also measured in the longitudinal configuration at room 

temperature when current passed in a direction longitudinal and transverse relative to the magnetic 

field. The AMR in both geometries decreased as Ts increased, and lies in the ranges (1.06 - 0.009) 

% as shown in Fig. 4(a). 

 

    
 

Fig. 4. The variation of (a) longitudinal % AMR and (b) ρxx of thin films vs Ts 
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4. Conclusions 
 

Using pulsed laser deposition nickel thin were deposited on Si (100) substrate at four 

different temperatures 100 ºC, 300 ºC, 500 ºC and 700 ºC. Grain size, roughness and thickness 

were increased at higher deposition temperatures. Magnetic parameters like saturated 

magnetization (Ms), magnetic moment (Mr), coercivity (Hc) and residual magnetic ratio (Ms/Mr) 

strongly depends on the substrate temperate and were decreased with increased TS from 100 ºC -

700 ºC. Electrical resistivity and anisotropic magneto resistance (AMR) of nickel thin films was 

measured with Vander Pauw four-point technique at room temperature. At high substrate-

temperature, electrical resistivity was dropped from 0.82- 0.10 µ
 
Ω-m. Both the transverse and 

longitudinal mode of magneto resistances of thin films were decreased at higher TS. 
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