
INTRODUCTION
The Semiconductor ZnO has gained Substantial interest in the 
research community in part because of its wide band gap energy 
(3.3ev), eco-friendly and transparency etc. Dilutemagnetic 
semiconductors have attracted a great deal of attention in the past 
few years as enabling materials in the emerging �eld of spintronics1. 
DMS are semiconductor solid solutions where a small percentage of 
cations are replaced by magnetic impurities [1-5]. DMS which 
combine the two interesting properties magnetic and semico 
nducting are considered as an ideal system for spintronic smulti-
functional properties of ZnO make it suitable for applications in 
electronic and optoelectronic devices. Due to its versatility, ZnO has 
drawn considerable attention and has been prepared and 
investigated in various physical forms such as single crystals, 
sintered/ceramic pellets, thick �lms, thin �lms and nanostructures 
etc. Among different physical forms, the thin �lms of ZnO �nd a 
multitude of immensely important applications in electronic and 
optoelectronic devices such as photo thermal conversion systems, 
transparent conductors, gas sensors for toxic and combustible 
gases and heat mirrors among many others. Thin �lms form the 
basis for many electronic components and are of particular interest 
for fabrication of large area arrays. Thus most of the device 
applications require ZnO in polycrystalline thin �lm form [6-10].  Ni 
doped ZnO has been observed as an important candidate in the 
�eld of DMSs [11]. A very few studies has been carried out on NiZnO 
system due to the phase segregation of ZnO and NiO. This happens 
due the large driving force of Ni-O bond as compared to Zn-O bond 
[12].

Electrically ZnO is an n-type degenerate semiconductor with huge 
dielectric constant and exhibits activated conduction behaviour 
[13]. ZnO possess hexagonal wurtzite structure where there is a 
tetrahedral coordination of Zn atoms with four oxygen atoms. The 
Zn s - electrons hybridize with the oxygen p-electrons. Introducing 
impurities by an appropriate method in ZnO not only provides an 
insight into the study of its electronic properties, but also provides a 
great interest in studying its optical properties. The isovalent nature 
of ZnO and transition metal ions (TMIs) has made it possible to dope 
ZnO with Al [14], Ga [5-7], Co, Ni [11], Cd [15]  and Mg [16]. There has 
been a great deal of attention on search for magnetism in transition 
metal (TM) ion doped ZnO [17-23] which will make it an important 
candidate for dilute magnetic Semiconductor (DMS) spintronic 
applications.

This work presents single-step electrodeposition of nickel-zinc 

ferrite thin �lms at room temperature from alkaline solutions. These 
ferrite �lms synthesized are employed for the structural elucidation 
and morphological studies. It is perceived that there is no formation 
of byproduct species and material conservation, revealing the 
method importance in synthesizing single-stroke ferrite �lms at 
ambient temperature.   

Experimental
For the deposition of nickel zinc oxide thin �lms standard three-
electrode system was used. Nickel sulphate and  zinc sulphate 
solutions were used as source for nickel and zinc metal ions, 
respectively. The 0.1 M citric acid was used as complexing agent 
whereas 1 N NaOH was used to make bath alkaline. Preparation of 
nickel zinc oxide thin �lms was carried out at room temperature 
from unstirred electrolyte. Solutions of nickel and zinc sulphates 
were mixed in various proportions to optimize the bath 
composition. The dopant material i.e Nickel is mixed with solution of 
zinc sulphate in various appropriate proportion like 1%, 2% etc. total 
quantity of electrolytic bath was �x (20 ml).  By varying different 
values of currents, and deposition time was optimized. Various 
preparative parameters were optimized to electrodeposits uniform 
and adherent nickel doped Zinc oxide thin �lms, and are 
summarized in Table 1. 

Table 1  Optimized preparative parameters for nickel doped 
zinc oxide �lms 

Blackish colored as-deposited nickel-zinc oxide thin �lms were 
annealed for 1hour at 773K temperature and furnace cooled.  The 
crystallinity of nickel-zinc oxide thin �lms (annealed) were studied 
by X-ray diffraction carried out with Philips PW-3710 X-ray 
diffractometers. 

RESULT AND DISCUSSION
Nickel zinc oxide �lm thickness
For the measurement of thickness of nickel zinc oxide �lm, a 
gravimetric weight difference method was used. Fig.1 shows plot of 
�lm thickness against deposition time for nickel zinc oxide thin �lm 
deposited at applied constant 0.05 �A. From Fig.1 it is observed that, 
�lm thickness was increased with increase in current and attained 
maximum value of 0.72 mm for 25 min time period.  
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Fig 1 A plot of thickness against deposition time for nickel doped 
zinc oxide thin �lms.

XRD Studies
For the structural identi�cation of nickel zinc oxide thin �lm, X-ray 
diffraction technique was used. 

The XRD patterns of the 1wt % Ni doped, 2 wt % Ni doped and 3 wt % 
Ni doped ZnO are shown in Fig.2. a, b and c respectively. The sharp 
and intense peaks indicate that the samples are highly crystalline 
and ZnO nanocrystalline �lms have polycrystalline structure. The 
XRD peaks for (100), (002), (101), (102), (110), (103) and (112) planes 
indicates the formation of phase pure wurtzite structure of ZnO. The 
crystallite size of Ni-doped ZnO is calculated using Scherrer's 
formula [3.4] and given in Table 6.8. It is seen from the �gure 2, for all 
the samples dominant peaks are (100), (002) and (101). For 1 wt% Ni 
doped ZnO the full width half maximum (β) of the above dominant 
peaks are 0.3097, 0.3313 and 0.3261, while for 2% Ni doping the (β) 
of the peaks become 0.3973, 0.3641 and 0.3619. However, that the 
intensities of diffraction peaks decline as the Ni2+ ion concentration 
increases, i.e. the nickel doping within the �lms causes the ZnO 
crystallinity to deteriorate. Since the intensity of diffraction peaks 
becomes weaker and the half-peak width becomes wider with the 
increase of dopant concentration, the Ni2+ ions inhibit the 
aggregation of ZnO nanocrystals [Nina V et al., 2011] and affect the 
crystallization of ZnO. For further increase of nickel that is 3 wt% Ni 
doped ZnO the (β) of the peaks become 0.2769, 0.2629 and 0.2930 
and the crystallite size increases. (002) peak is found to be dominant 
for all Ni doped ZnO �lms for lower dopant concentration. For 3% 
dopant concentration the grains have preferential growth along 
(101) plane by making the corresponding peak with the higher 
intensity.

Fig.2.(a, b and c) XRD patterns for annealed Nickel doped Zinc 
oxide  thin �lms.

Remarkable conclusions
In a single step electrodeposition, nanocrystalline Nickel zinc oxide 
thin �lm formation was made possible at room temperature. Due to 
an alkaline bath, incorporation of oxygen in solid �lm was possible 
and resulted into oxide thin �lm formation. Generally oxide thin 
�lms can be prepared at high temperature and with the use of 
sophisticated instrumentation. But by using this single step 
electrosynthesis method, oxide thin �lm formation at room 
temperature is possible, which avoids many environmental 
hazardous events, as this method is eco-friendly and convenient 
too. Doping of ZnO with Nickel has been achieved. XRD of all the 
�lms contain (100), (002), (101), (102), (110), (103) and (112) peaks, 
which indicate that are all polycrystalline in nature. 
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