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Introduction 

Doping of semiconductors leads to better thermal and chemical stability, larger stokes shift 

between absorption and emission peaks and enhancement of emission color tunability [1]. 

The aim of present paper is to study the effect of doping level on composition, surface 

morphology, nano-structural, optical, and photoluminescence properties of ZnO:Mn films. 

 

Experimental  

Nanocrystalline ZnO:Mn thin films were deposited on glass substrates. Preparation of 

precursor solution for chemical bath deposition was achieved by dissolving the solutions of 

zinc acetate and hexamethylenetetramine with molar ratio of 1. Then manganese acetate 

solution was added in desired amounts. It should be mentioned that the Mn
2+ 

to Zn
2+

 molar 

ratio in the precursor solution was varied from 3:100 to 10:1. Chemical deposition was 

carried out at 75 °C.  

 

Results and Discussion  

XRD patterns for nanocrystalline Mn doped ZnO thin films exhibit main diffraction features 

correspond to (100), (002), (101), (102), (110), (103), (200), (112) and (201), planes; the 

peaks position match well with the standard pattern of the ZnO hexagonal phase [2]. The 

diffraction peaks in all diffractograms are relatively broadening due to finite crystalline size 

of the ZnS:Mn thin films.  

SEM images of the nanocrystalline ZnO thin film in early pace (seed) reveal that the film 

surface is homogenous and uniform. Also, the grains have also placed in thoroughly dense 

way with a grain size of 200 nm. While, for the ZnO:Mn films deposited at 75 °C, the 

hexagonal shape of doped nanocrystals remains the same as un-doped structure with slight 

increasing in perpendicular thickness. This result is in correspondence to XRD pattern.  

The photoluminescence (PL) emission spectra of thin films were recorded at different molar 

ratio of Mn:Zn. The multi-peak spectrum is obviously observed as have been reported by 

others [3]. ZnO systems typically exhibit near band edge ultraviolet and defect related visible 
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light emissions. Free exciton (Mott-Wannier) recombination was observed in lower 

wavelength of PL spectra. But due to the manifestation of high density of deep defect states 

in wide band gap semiconductors, the near band edge emission is significantly declined. Six 

kind of defect state were introduced up to now that known as zinc and oxygen vacancies, 

interstitials and anti-sites. In addition, introduction of dopant element makes the near band 

edge emission exceedingly suppressed. The following peaks are observed in the PL spectra; a 

shoulder around 398 nm attributed to band gap emission [4], a peak position at 424 nm is 

likely due to photo-generated hole in valence band and electron in zinc interstitial [5], the 

more intense peaks located around 486 nm and 530 nm are the recombination possibilities 

through oxygen vacancy and oxygen antisite, in sequence. Furthermore, relatively intense 

peak around 572 nm is characteristic of Mn dopant levels [6]. It is well known approximately 

that, disregarding the nature of host structure and composition, Mn dopant elements make 

their own emission in the orange region.   

 

Conclusions 

Mn-doped ZnO films have been prepared by chemical deposition method at 75 °C. The XRD 

pattern reveals that the films exhibited hexagonal crystal. SEM images show the surface 

uniformity is good and the hexagonal columnar shapes have well adherent onto the substrate 

vertically. The photoluminescence spectra showed multi emission peaks at around 400 - 570 

nm. It was clear that the PL intensity of the films is strongly dependent on doping level and 

intensity of the orange peak around 572 nm corresponding to Mn dopant levels increased 

significantly with increasing Mn
2+

 concentration, and showed a maximum when the Mn
2+

 to 

Zn
2+

 molar ratio was 1 in the precursor solutions.  
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