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Zn1-xMnxSe Diluted magnetic semiconducting films with x = 0.00, 0.10, 0.15 and 0.20 were formed at 523 K on glass 
substrates by co-evaporation. X-ray diffraction studies revealed that the films were polycrystalline in nature with zinc blende 
structure with preferential orientation along (111). Optical transmittance studies indicated a nonlinear variation of band gap 
with ‘x’ exhibiting a downward bowing at lower concentrations. All the films showed photoluminescence with composition 
dependent intensities and emission wavelengths. 
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1. Introduction  
 
Diluted magnetic semiconductors have attracted a 

great deal of attention due to their unique electronic and 
magnetic properties [1]. DMS are formed by randomly 
replacing a fraction of the cations in a compound 
semiconductor with magnetic ions. In particular, the sp-d 
interaction between the magnetic ions and the band 
electrons leads to many interesting physical effects such as 
extremely large Faraday rotation, giant negative 
magnetoresistance. The fact that their electronic properties 
are tunable both by composition and magnetic field has 
made DMS materials as potential candidates for use in 
novel optoelectronic devices. 

ZnSe based semiconducting materials find wide range 
of applications in optoelectronic devices such as 
photodetectors, light sources for the UV and visible 
spectral regions and electrooptical waveguide modulators 
[2]. Among ZnSe based DMS, ZnMnSe is extensively 
studied due to high solubility of Mn in ZnSe. 
Incorporation of Mn into ZnSe lattice gives rise to 
required changes in the electronic and optical properties. A 
nonlinear dependence of optical band gap in Mn content 
has been reported in Zn1-xMnxSe films formed by 
sophisticated techniques like molecular beam epitaxy,  hot 
wall epitaxy, metal-organic vapour phase epitaxy and RF 
sputtering etc. [1, 3-6]. In this paper we have reported the 
preparation of Zn1-xMnxSe films formed by co-evaporation 
technique and studied the influence Mn concentration in 
the structural and optical properties of ZnMnSe films. 

 
2. Experimental  
 
In the present investigation, Zn1-xMnxSe films have 

been prepared using a relatively simple, low cost thermal 
co-evaporation technique. Thin films of Zn1-xMnxSe were 
formed on glass substrates by using a Hind Hivac (India) 
vacuum coating unit model 12 A4D. Two independent 

evaporation sources of Mo boats were used for ZnSe and 
MnSe for deposition of Zn1-xMnxSe films. 4 N pure ZnSe 
was used as host, to obtain Mn doped ZnSe films, freshly 
prepared MnSe in cubic phase was used in appropriate 
proportion for Zn1-xMnxSe films of different compositions. 
Blue star glass slides were used as substrates. Different 
substrate temperatures were tried in the range 300 – 573 
K. The optimum growth temperature to yield good 
uniform films was established after a great deal of trial and 
error procedure. Lower deposition temperatures resulted in 
poor adhesion and Se rich films, higher temperatures 
resulted in Se low and re-evaporation of the films. A 
substrate temperature of 523 K was found to be optimum 
to form uniform films. The Zn1-xMnxSe films with x = 
0.00, 0.10, 0.15 and 0.20 were deposited by co-
evaporation of ZnSe and Mn from the pre calibrated 
deposition rates using quartz crystal thickness monitor. All 
the Zn1-xMnxSe films grown in the present study were 
uniform and pin hole-free.  

In the present investigation, Siemens X-ray 
diffractometer (Model D-5000) with Cu Kα source (λ = 
1.54056 Å) was used for structural studies. The 
transmittance spectra were recorded at room temperature 
in the wavelength range 300 - 1500 nm using Hitachi U: 
3400 UV-Vis-NIR double beam spectrophotometer in 
order to determine the optical parameters such as optical 
absorption coefficient and optical band gap. 
Photoluminescence spectra (PL) of films were recorded at 
room temperature using Hitachi 650 - Ios UV fluorescence 
spectrophotometer with two double grating 
monochromators and a 450W Xenon lamp as source. The 
emission was detected by a Hamamatsu 928F 
photomultiplier tube. A Carl Zeiss (Model MA15) energy-
dispersive X-ray spectroscopy (EDS) was used for 
composition analysis studies. An SPA 400 atomic force 
microscope (AFM) was used for surface morphological 
studies of the films. 
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3. Results and discussion 
 
The Mn content in the films estimated by EDS 

analysis was found to be within ± 3% of the above 
specified compositions. EDS spectra of the Zn1-xMnxSe 
films deposited at 523 K for x = 0.10 and 0.20 are shown 
in Fig. 1.  

 

 
(a) 

 

 
(b) 

 
Fig. 1. EDS spectra of Zn1-xMnxSe films for (a)  x = 0.10 and,   

(b) x=0.20. 
 

3.1 Structural analysis 
 
To study the crystallinity and orientations of the Zn1-

xMnxSe films, XRD studies have been carried out on films 
of all compositions (x = 0.00, 0.10, 0.15 and 0.20) 
deposited at 523 K and the XRD patterns are shown in Fig. 
2. All the deposited films are polycrystalline with 
zincblende structure. The films show a marked tendency to 
preferential (111) orientation, which is also the close 
packing direction of the zincblende structure. Only Wang 
et al. [7] reported (111) orientation with zincblende 
structure at lower Mn concentration (0≤x≤0.19, mixed 
phases of zincblende and wurtzite structures at higher 
concentrations (0.19≤x≤0.52). In bulk form Shilaja 
Mahamuni et al. [8] and Sayan Battacharya et al. [9] also 
reported the (111) orientation along with (220) and (311) 
reflection. Hetterich et al [10], Kim et al. [11] and Yu et al. 
[12] reported (200) and (400) as preferred orientations of 
zincblende in Zn1-xMnxSe films. 

It is also observed from the XRD pattern that with 
increasing Mn content, the (111) peak position shifted to 
lower values of 2θ. It implies that the lattice parameter 
increases with increasing Mn content. This is consistent 

with the ionic / covalent radii of their constituents. The 
covalent radii of Zn and Mn are 1.266 A0 and 1.326 A0 
respectively [1]. 
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Fig. 2. XRD patterns of all Zn1-xMnxSe films. 

 
Hence substitution of Mn for Zn should increase the 

lattice parameter, accordingly all 2θ values decrease with 
increase in Mn content [Fig. 2]. The plot of lattice 
parameter with ‘x’ is shown in Fig. 3. It is obvious that the 
lattice parameter increases linearly with Mn concentration 
following Vegard’s law. [1], conformity that Mn 
substitutes for Zn in the present films. This also implies 
that the lattice parameter is tailorable with composition in 
this system. A similar behavior was observed by Hetterich 
et al. and [10] Yu et al. [12] in Zn1-xMnxSe films. From the 
full width at half maximum (FWHM) intensity of the 
(111) peak, the average grain sizes were estimated and 
were in the range of 22 – 55 nm in films of all 
compositions. The average grain size of the films 
decreased with increase in Mn concentrations. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Variation of lattice parameter with Mn  
concentration in Zn1-xMnxSe films. 
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3.2 Surface morphological studies 
 
The surface morphological studies of the Zn1-xMnxSe 

films were carried out by using atomic force microscope. 
AFM images of the Zn1-xMnxSe films deposited at 523 K 
for x = 0.00 and 0.20 are shown in Fig. 4. The morphology 
of the films significantly varied with Mn concentration. 
The rectangular grains were observed in x = 0.00 and 
needle like grains observed in x = 0.20 films.  From the 
figure the estimated grain sizes of the films were 
decreased with Mn concentration. The grain size of the 
films for x = 0.00 and 0.20 are 58 nm and 25 nm 
respectively. These values are good agreement with XRD 
reported values. The estimated root mean square surface 
roughness of the films is also observed to be increased as a 
function of Mn concentration and found to be increased 
from 6 nm to 14 nm.    

 

 
a 
 

 
b 
 

Fig. 4. The AFM picture of Zn1-xMnxSe films grown at  
various Mn concentrations x = 0.00  and (b) x = 0.20. 

 
 

3.3  Optical studies 
 
3.3.1 Transmission spectra 
 
The optical transmission spectra of Zn1-xMnxSe films 

recorded at room temperature (300 K) are shown in Fig. 5. 
The optical transmission spectra show a sharp fall in the 

transmittance near the fundamental absorption region. It is 
evident that the optical transmittance of the films 
decreases with increasing Mn content. The thickness of the 
Zn1-xMnxSe films as estimated from the optical 
transmittance spectra was in the range 350 – 380 nm. 
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Fig. 5. Optical transmittance spectra of Zn1-xMnxSe films. 
 
The absorption coefficient (α) was obtained from the 

optical transmission spectra near strong absorption region. 
The plots of (αhυ)2 versus hυ for Zn1-xMnxSe films of 
different composition (x=0.00, 0.10, 0.15 and 0.20) are 
shown in Fig. 6. Extrapolation of the linear portion of the 
curve to α = 0 gives the optical band gap of the                    
Zn1-xMnxSe films. A plot of optical band gap (Eg) versus 
Mn concentration (x) is shown in Fig. 7. It is obvious from 
the figure that the energy gap values do not vary linearly 
with ‘x’ and show downward bowing at lower Mn content. 
The reason for this anomalous behavior is the strong Sp-d 
interaction between the magnetic ions and the band 
electrons in Zn1-xMnxSe films [13]. A similar trend has 
been observed in Zn1-xMnxSe films deposited by various 
techniques [14-18].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Plots of (αhν)2 versus (hν) of  Zn1-xMnxSe films. 
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Fig. 7. Variation of optical band gap with the Mn  
concentration in Zn1-xMnxSe films. 

 
3.3.2 Photoluminescence studies 
 
Photoluminescence (PL) spectra of all the films of 

Zn1-xMnxSe (x = 0.00, 0.10, 0.15 and 0.20) were recorded 
at room temperature in the wavelength range  400 – 600 
nm with an excitation wavelength of 360 nm, and are 
shown in Fig. 8. These show the presence of emission 
bands spread over the wavelength range 550 – 563 nm 
with unambiguous peaks lying in the wavelength range 
558 – 563 nm. Further, the peak position varied with 
concentration of Mn. Initially the peak shifted towards 
higher wavelength but for higher concentrations the peak 
shifted towards lower wavelengths. This transition seems 
to occur around x ≥ 0.15. 
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Fig. 8. PL emission spectra of Zn1-xMnxSe films. 
 
Luminescence in semiconductors occurs due to 

defects and band edge recombinations. The defects in the 
present case are Mn2+ atoms themselves and the bands are 

formed due to ligand field. Generally 4T1→6A1 transition 
is observed in this and similar other II-VI diluted magnetic 
semiconductors. However, this transition occur around 2.2 
eV in all the II-VI magnetic semiconductors [1]. Another 
source of luminescence is the band gap luminescence 
itself. The position of the PL peak gets modified towards 
higher wavelength due to stable exciton formation. 
Excitons are stable electron – hole pairs forming hydrogen 
atoms like structures and states with or with out mobility. 
In II-VI diluted magnetic semiconductors these pairs 
recombine to emit a higher wavelength than the interband 
transition. As seen from Fig. 8 this particular exciton 
emission wavelength first increased with Mn concentration 
and then decreased for higher Mn concentration. This is 
consistent with the general variation of band gap with 
composition observed in optical transmittance spectra 
(Fig. 6). The excitonic peak energy showed bowing with a 
minimum occurring around x ~ 0.15. A similar behavior 
was reported by, Yu et al. [12], Kolodziejski et al. [17] and 
Chou et al. [18] in Zn1-xMnxSe films. In bulk some of the 
others [8, 19] have reported Mn2+ related emission at        
~ 560 nm. 

 
4. Conclusions 
 
The Zn1-xMnxSe films with different compositions                

(x = 0.00, 0.10, 0.15 and 0.20) were grown by thermal co-
evaporation on glass substrates at 523 K. XRD studies 
showed that the films were polycrystalline with zincblende 
structure with a preferred (111) orientation. The lattice 
parameter (5.671 Å-5.699 Å) increased linearly with Mn 
content following Vegard’s law. The AFM studies 
indicated that the grains sizes are decreased and root mean 
square values are increased with Mn content. Optical 
Transmission spectra showed sharp fall in transmittance 
near the fundamental absorption region. The variation of 
optical band gap with the Mn concentration exhibited 
downward bowing at low Mn content, which is attributed 
to strong sp-d interaction. PL emission spectra peak 
position initially increased to higher wavelength with 
increase of Mn. Further increase in Mn content, shifted the 
peak position to lower wavelengths. This observation is in 
conformity with band gap dependence on composition. 
Thus, it is concluded that the photoluminescence in the 
present investigation may be due to exciton recombination. 
Studies over a wide range of dopant concentration are 
under process. 
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