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Abstract 
In this study, Co and Mn doped ZnO thin films were 
deposited on glass substrates by dip coating method. 
Characterization techniques of XRD, SEM and UV-visible 
spectra measurements were performed to investigate the 
effects of Co and Mn doping on the structural and optical 
properties of ZnO thin films. Zno thin films were prepared 
with three different growth time of 3hr, 4hr and 5hr at low 
temperature of 90°c. Cobalt (Co) and manganese (Mn) was 
doped with the prepared ZnO thin film in three different 
growth layer concentrations of 1%, 2% and 3%.  
Key Words - ZnO thin film- Dip coating - Cobalt (CO) - 
Manganese (Mn)  
 

1.Introduction 

Due to the excellent electrical, optical and structural 
properties, Zinc oxide (ZnO) thin films have wide 
applications as solar cells [1] gas sensors [2], light emitting 
diodes (LED’s), laser systems [3] and transparent 
electrodes [4].  Moreover, they can be prepared by different 
techniques, such as magnetron sputtering [5], dip coating 
method [6], atomic layer deposition [7], and thermal 
evaporation [8].  Among the above methods to prepare 
ZnO,  dip coating method is extremely attractive due to its 
advantage our features, such as  its simple low temperature, 
low cost, easy coating of large surfaces and low 
evaporation temperature.  
 

Various dopants such as Co, Al, Sn, In and Ge can be 
doped with ZnO to get high quality doped samples. The 
dopants are added in order to improve the optical and 
electrical properties of ZnO films. In cases of ZnO with 
different dopant the orientation and morphology are 
modified either by thermal treatment or by the 
concentration variation and the type of dopants. [9]. Cobalt 
nano-particles are of interest because of their unique 
optical, electronic and magnetic properties. They have an 
excellent chemical stability, therefore it is a promising 
choice for high density magnetic recording, bio-molecule 
separation, biomedical drug delivery, catalysis, magnetic 
resonance imaging, biocompatible magnetic nano-particles 
for magneto-optical devices [10].Recently, there are many 

reports on the structural, magnetic, optical, and electrical 
properties of Al, Sn, Cu, Na, Ga, In, Mn, Fe, Ni, Li, and co-
doped ZnO thin films [9 and 11]. 

Various physical and chemical techniques that has been 
used to deposit Mn: ZnO thin films and nanofilms includes 
rf or d.c. sputtering, pulsed-laser deposition (PLD), ion 
plating, chemical vapor deposition (CVD), thermal 
evaporation, spray pyrolysis, molecular beam (MBE), etc.. 
Chemical techniques are relatively simpler and cost 
effective [12, 14].Especially, group II–VI compound 
semiconductors have drawn much attention due to their 
several advantages [13]. In this paper, the structural and 
optical properties of CZO and MZO films were discussed 
in detail.  

2. Experimental 

The dip coating method was applied in the present 
work to prepare ZnO seed layer on glass substrates 
because of its low cost and easy approach. All 
chemicals applied were analytical grade and supplied 
by Merck Company. ZnO growth layer was prepared 
by adding 30 ml of de-ionized water, 0.36 gms of 
Zinc Nitrate (Zn(NOR3R)R2R.6HR2RO) and 0.84 gms of 
hexamethylenetetramine (CR6RHR12RNR4R) and mixed well 
by magnetic stirrer for 1 hour. 1%, 2% and 3% of 
cobalt (Co) and manganese (Mn) was added with 
10ml of de – ionized water separately and stirred for 
1 hour.  
 
10 ml of ZnO growth layer solution was individually 
mixed into cobalt and manganese mixture and stirred 
for 2 hours. Cobalt and Manganese doped ZnO thin 
films were grown on ZnO seed coated glass 
substrates by hydrothermal technique.  In the growth 
process the above solution was taken in a beaker with 
seed coated substrates and heated in hot air oven at 
90°C for three different growth periods of 3 hours, 4 
hours and 5 hours. At the end of the growth period, 
the substrates were removed from the solution and 
immediately rinsed with de ionized water to remove 
the residuals from the surface and dried in air at room 
temperature. Then the above films were annealed in 
muffle furnace at 500°C for 1 hour. The crystal 
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structure and morphology of Co and Mn doped ZnO 
nano rods were investigated by X-ray diffraction 
(XRD) and Scanning Electron Microscope (SEM). 
The absorbance spectra have been recorded using a 
spectrophotometer JASCO V-570. The magnetic 
properties were studied using VSM. 
 

I. Results And Discussion 

XRD STUDIES 
XRD patterns of the Cobalt and Manganese doped 
ZnO with three different molar concentrations of 1%, 
2% and 3% were shown in the figure. All the 
diffraction peaks were indexed as hexagonal ZnO 
phase. From the XRD patterns it is clearly seen that, 
as the concentration of Cobalt increases from 1% to 
3% the diffraction peaks were oriented strongly along 
the (100) peak. In 1% cobalt concentration, (101) and 
(002) peak is very low and (100) peak has not 
appeared. As concentration increases from 1% to 2%, 
very low (101) and (002) peaks were suppressed and 
(100) peak appeared strong. As again cobalt 
concentration increased to 3%, only (100) peak is 
shown and it is very strong. This is shown in fig1. 

 Fig. 1: XRD patterns of cobalt doped ZnO thin films 

Fig. 2 shows the XRD patterns of Manganese doped 
ZnO thin films in three different molar concentrations 
of 1%, 2% and 3%. From the XRD patterns it is 
clearly seen that, as the concentration of manganese 
increases from 1% to 3% the strength of the (002) 
diffraction peak is decreased. In 1% manganese 
concentration, very low (100) peak and very strong 
(002) peak is observed. As concentration increases 
from 1% to 2%, (100) peak is not seen and (002) 
peak is suppressed. As again manganese 
concentration increased to 3%, the (002) peak is still 
suppressed. This implies that, as the Mn 

concentration increases the c-axis orientation 
decreases which is in accordance with SEM images. 

Fig. 2: XRD patterns of manganese doped ZnO thin 
films 

 

SCANNING ELECTRON MICROSCOPY (SEM) 
 

The SEM images of the Cobalt doped ZnO 
were given in Fig.3 with different concentrations of 
1%, 2% and 3%. In the SEM image of 1% cobalt 
concentration, the hexagonal structured nano sized 
crystals were seen clearly. As the cobalt 
concentration increased from 1% to 2%, the crystal 
structures were suppressed and flake like structures 
were introduced. As the cobalt concentration again 
increased from 2% to 3%, the flake like structures 
was increased. This Sem images were accordance 
with the XRD results.                                                     

(a)                                    (b) 
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Fig 3: SEM images of Cobalt doped ZnO (a) Co 
1% (b) Co 2% (c) Co 3% 

The SEM images of the Cobalt doped ZnO were 
given in Fig.3 with different concentrations of 1%, 
2% and 3%. In the SEM image of 1% cobalt 
concentration, the hexagonal structured nano sized 
crystals were seen clearly. As the cobalt 
concentration increased from 1% to 2%, the crystal 
structures were suppressed and flake like structures 
were introduced. As the cobalt concentration again 
increased from 2% to 3%, the flake like structures 
was increased. This Sem images were accordance 
with the XRD results.                                

 

(a)                                    (b) 

 

 

 

 

 

 

(c) 

Fig 4: SEM images of manganese doped ZnO (a) 

Co 1% (b) Co 2% (c) Co 3% 

 

The SEM images of the manganese doped ZnO were 
given in Fig.4 with different concentrations of 1%, 
2% and 3%. In the SEM image of 1% manganese 
concentration, the hexagonal structured nano rods 
were seen clearly. As the manganese concentration 
increased from 1% to 2%, the width of the nanorods 
was decreased.  As the manganese concentration 
again increased from 2% to 3%, the width of the 
nanorods was further deceased and number of rods 
was increased. This SEM images were accordance 
with the XRD results which indicates that, as c-axis 
orientation decreases the size of the nanorods were 
decreased.  
 
EDAX 

Fig 5 : Edax spectrum of cobalt doped ZnO 
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Table 1 Data of EDX spectrum of Cobalt doped ZnO 
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Fig 6 : Edax spectrum of manganese doped ZnO 
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Table 2 Data of EDX spectrum of Manganese 

doped ZnO 

The EDX spectroscopy was used to know the 

percentage of the element present in the sample. The 

obtained percentages of the elements for the cobalt 

doped ZnO are shown in fig 5. From the obtained 

data we found that the Zn, O and Co was present in 

the 73:22:5 percentages as shown in table 1. The 

obtained percentages of the elements for the 

manganese doped ZnO are shown in fig 6. From the 

obtained data we found that the Zn, O and Mn was 

present in the 62:27:2 percentages as shown in table 

2. No other elements were observed which may be 

the best result of elemental analysis with minimal net 

count errors, due to correct mixing of solvent and 

base materials used in the reaction. 

 

UV - ABSORPTION 

Fig.7 shows the absorption spectra of cobalt doped 

ZnO nanorods. The intensity of the optical absorption 

edge is very high at cobalt concentration is at 1%. 

When the concentration is increased to 2%, the 

intensity of the absorption has been suppressed to a 

very large extent. Again when the concentration of 

the cobalt is increased to 3%, again the intensity gets 

decreased. From the results, as cobalt concentration is 

increased the intensity of the absorption gets 

decreased. This result is in accordance with XRD and 

SEM.   

Fig. 7 UV-Vis absorption spectra of Cobalt doped 

ZnO 

 

Fig.8 shows the absorption spectra of manganese 

doped ZnO nanorods. The optical absorption edge 

has a tendency to shift to an upper wavelength with 

increase in manganese concentration. The intensity of 

the optical absorption edge is low when manganese 

concentration is at 1%. When the concentration is 

increased to 2%, the intensity of the absorption has 
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been increased to a very large extent. Again when the 

concentration of the manganese is increased to 3%, 

again the intensity gets increased. From the results, as 

manganese concentration is increased the intensity of 

the absorption gets increased. 

Fig. 8 UV-Vis absorption spectra of manganese 
doped ZnO 

 

UV – TRANSMISSION 

Fig. 9 UV-Vis transmission spectra of cobalt 

doped ZnO 

 

 

 

Fig 9 shows the optical transmittance spectra of 

samples with three different concentration of cobalt. 

The transmittance spectra are in the visible range 

nearer to infrared wavelength region. The effect of 

change in the cobalt concentration on the optical 

transmittance was investigated. A slight decrease in 

average transmission was observed with the increase 

of cobalt molar concentration and was attributed to 

the increase of surface roughness. The optical 

transmittance of cobalt doped ZnO films was found 

to decrease from 80%, 60%, to 50% with the increase 

of cobalt concentration. 

Fig. 10 UV-Vis transmission spectra of manganese 

doped ZnO 

Fig 10 shows the optical transmittance spectra of 

samples with three different growth percentage of 

Manganese doped ZnO with 1%, 2% and3%, 

annealed at constant temperature of 500°C for 1 hour. 

The effect of change in the manganese concentration 

on the optical transmittance was investigated. A 

slight decrease in average transmission was observed 

with the increase of manganese molar concentration 

and was attributed to the increase of surface 

roughness. The optical transmittance of Mn doped 
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ZnO films was found to decrease from 70%, 60%, to 

45% with the increase of manganese concentration. 

 

III. CONCLUSION 

The characteristic properties of cobalt and manganese 

doped ZnO thin films were analyzed and studied in 

the present work. Cobalt and manganese doped ZnO 

nano rods had been successfully synthesized in a dip 

coating method at low growth temperature of 90°C 

for three different molar concentration of 1%, 2% and 

3% and annealed at 500°C. The crystalline structure, 

morphology and optical properties were investigated. 

The films had good adherence to the substrate. In 

XRD, at lower concentration of Co doping, the X-ray 

diffraction pattern showed that the ZnO thin films 

possess the hexagonal wurtzite structure. As 

concentration increases, the wurtzite structure 

collapsed and turned into flake like structures which 

is seen in SEM. In Mn doping, as concentration 

increases, the width of the nanorods decreased. In 

UV absorption, the intensity of the absorption edge 

shifts to a higher wavelength in both cobalt and 

manganese doped ZnO. In UV transmission, a slight 

decrease in the percentage of the transmission is seen 

in both the cases. Finally from the results, it clearly 

indicates that, in both Co and Mn doping with ZnO, 

the lower concentration gives better results. These 

prepared Co and Mn doped ZnO thin films can be 

sued for magnetic materials. 
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