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Abstract 
CdMnSe dilute semiconductor or semimagnetic semiconductors have became the focus of intense 
research due to their interesting combination of magnetic and semiconducting properties, and are 
employed in a variety of devices including solar cells, gas sensors etc. A series of thin films of this 
material, Cd1−xMnxSe (0 ≤ x ≤ 0.5), were therefore synthesized onto precleaned amorphous glass 
substrates using a solution growth technique. The sources of cadmium (Cd2+) and manganese (Mn2+) 
were aqueous solutions of cadmium sulphate and manganese sulphate, and selenium (Se2−) was 
extracted from a reflux of sodium selenosulphite. The different deposition parameters such as 
temperature, time of deposition, speed of mechanical churning, pH of the reaction mixture etc were 
optimized to yield good quality deposits. The as-grown samples were thin, relatively uniform, smooth 
and tightly adherent to the substrate support. The colour of the deposits changed from deep red-orange 
to yellowish-orange as the composition parameter, x, was varied from 0 to 0.5. The terminal layer 
thickness decreased with increasing value of, x. The optical energy gap decreased from 1.84 eV to 1.34 
eV for the change of x from 0 to 0.5. The coefficient of optical absorption is of the order of 10-4 - 10-5 

cm−1 and the type of transition (m = 0.5) is of the band-to-band direct type. The dc electrical 
conductivities were measured at room temperature and in the temperature range 300 K - 500 K. It was 
observed that the room temperature electrical conductivity increased with the composition parameter x 
up to 0.1, gradually decreasing thereafter. The thermo power measurements showed n-type conduction 
in these flms. 
 
Keywords: Dilute semiconductor, reflux. 
 
1. Introduction 
Magneto-optic semiconductors are known for their peculiar properties arising out of the 
exchange interaction between the mobile spins of the conduction electrons and localized 
spins of the incorporated magnetic elements [1-3]. It is, therefore, an interesting area of 
research in basic physics, with the task to learn how the magnetooptical phenomenon 
changes material properties in low dimensional nanostructures. In these structures, an 
electron wave function is transformed due to the quantum confinement effect, which in turn 
effects the exchange interaction between the conduction electrons and the localized magnetic 
moments [4, 5]. In addition, magnetic properties due to interaction between the localized 
moments should also be affected due to a finite volume. Therefore, dimension and size of the 
magneto-optic system are of great technological importance as these parameters control the 
magneto-optic properties. This is an attempt to synthesize a Cd1−xMnxSe magneto-optic 
system in its thin film form and to study its kinetics of film formation and a few of the 
physical properties. 
 
2. Experimental Details 
A series of Cd1−xMnxSe thin films of various x values (0 < x < 0.5) were obtained onto 
optically flat and thoroughly cleaned glass substrates by a solution growth technique [6 - 8]. 
For deposition, solutions of cadmium sulphate (1 M), manganese sulphate (1 M) and sodium 
selenosulphite (1 M, refluxed) in stoichio-metric proportion were mixed as the sources for 
Cd2+, Mn2+and Se2−, respectively. Aquammonia (NH3) was added into the reaction container 
as a complexing agent and to adjust pH of the reaction mixture. The film deposition 
stoichiometry was maintained by adjusting atomic weights of the elements in solution for  
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each of the compositions. Well-cleaned glass substrates were 
mounted on a bakelite substrate holder and the holder was 
kept rotating in a reaction mixture by means of a constant 
speed gear motor. This provides a continuous and uniform 
mechanical churning of the reaction mixture. To obtain good 
quality samples; the deposition time, temperature, pH and 
speed of the substrate rotation were optimized using a 
method described in [6]. The terminal layer thicknesses of 
these as-deposited samples were measured using an 
interference technique. The film composition was checked 
by an energy dispersive spectroscopy technique. An X-ray 
diffraction method was used to determine the crystal 
structure of the samples. The range of scanning angles was 
from 20 to 800. A Hitachi-330, spectrophotometer, was used 
to record the optical absorbance of the samples over the 
wavelength spectrum 400-1000 nm wavelength range. The 
optical gap Eg, absorption coefficient and mode of 
transitions were then determined from these studies. The 
films were then characterized through the electrical 
conductivity and thermoelectric power measurement 
techniques measured over the temperature ranges 300 - 600 
K and 300 - 450 K, respectively. A two-point probe contact 
method was used for these studies. Contacts at the ends of 
the films were constructed with silver paint. The activation 
energies, carrier concentration, mobility and intergrain 
barrier potentials were determined from these studies and the 
possible modes of conduction mechanism have been 
discussed.  
 
3. Results and Discussion 3.1. Reaction mechanism, 
growth kinetics and physical observations 
Co-deposition of Cd2+, Mn2+ and Se2− ions to form 
Cd1−xMnxSe thin film structures was carried out in an 
aqueous alkaline medium (pH = 10.5 ± 0.2) and with x in the 
range 0 x 0.5. The deposition was initiated on the glass 
substrates in a reaction container consisting of a complex 
formed by salt solutions of cadmium, manganese, selenium 
and aqueous ammonia. A series of reactions are proposed as 
follows: 

900C 
Na2SO3 (aq.) + Se (metal)   −−−−   Na2SeSO3(aq.)   (1) 
9 hrs 
CdSO4 + 4NH3 −−−−  [Cd(NH3)4]2+     (2) 
MnSO4 + 4NH3 −−−−  [Mn(NH3)4]2+     (3)       

50 0C 
 n [Cd(NH3)4]2+ + n [Mn(NH3)4]2+ + Na2SeSO3(aq.)  −−−−    
Cd1−xMnxSe (thin solid flm) + Na2SO4+ 8NH3 "  
pH=10:52            (4) 

At room temperature and a few degrees above no film 
formation was observed, the reason being that, at such low 
temperatures, almost all the ions are in a complex-bound 
state [6-8]. The temperature of the reaction container was 
therefore varied from 30 0C to 70 0C, at which temperature, 
film formed and terminal layer thickness was measured. It 
was observed that the layer thickness increased almost 
linearly with increasing deposition temperature, to around 50 
0C, but then decreased at higher deposition temperatures. 
Deposition thickness as a function of temperature is shown in 
Figure 1a. At temperatures up to 50 0C, thermal energy is 
sufficient to release ions from complex state thus enhancing 
layer thickness. Above this deposition temperature, the rate 
of reaction shifts towards precipitation rather than film 
formation; this is indicated by the presence of precipitate in 
the reaction container. As a result layer thickness decreased. 
The duration of the film growth was also studied. For this, 
the film deposition was prolonged up to three hours. The 
layer thickness was measured every half an hour and is 
plotted against time as shown in Figure 1b. It is seen that 
film growth is time-dependent and is initially quasilinear, 
then saturates. These observations have been understood 
from the fact that the volumetric ion concentration to surface 
substrate ratio decreases as time passes and finally results in 
a terminal layer thickness where this ratio is practically zero. 
The film growth was also examined for other crucial 
parameters, namely, speed of the substrate rotation and pH of 
the reaction mixture. A moderate speed of the substrate 
rotation (70 2 rpm) was selected to obtain a sufficient layer 
thickness. The pH dependence of the film growth suggests 
that the films are porous, non-reflecting, flaky or powdery 
and adhered weakly to the substrate support for low values of 
the pH (7.5 to 9.5). On the other hand, at high deposition pH 
values (9.5 to 11), relatively uniform, nonporous, reflecting 
and tight adherent deposits are obtained. A pH value of 10.5 
0.2 was therefore selected and kept constant throughout the 
deposition. Figure 1c shows a sketch of the average pH value 
versus the film layer thickness. The as-grown CdSe samples 
are deep orange red in colour whereas the colour of the other 
compositions changed gradually to yellowish orange as x 
increased from 0 to 0.5. The change in color with the 
increased composition parameter x is an indication of 
substitution of Mn2+ in the host CdSe lattice. The terminal 
layer thickness was determined and is found to decrease as 
the composition parameter x increased. This is shown in 
Figure 1d. 
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3.2. Film composition studies 
The film constituents (Cd2+, Mn2+ and Se2−) were determined 
quantitatively by an energy dispersive spectroscopy 
technique. As-grown CdSe is slightly Cd2+ rich and addition 
of Mn2+ in CdSe substitutes Cd2+, whereas Se2− content is 
practically constant. The contents of Cd2+, Mn2+ and Se2− for 
various film structures are shown in Table. It appears from 
the table that content of Cd2+ decreased with increasing Mn2+ 

content in the sample. 
 

Table: Compositional analysis of Cd1−xMnxSe thin films. 
 

Composition 
(x) 

Cd content 
wt% 

Mn content 
wt% 

Se content 
wt% 

0.00 55.45 ---- 44.55 

0.01 53.61 ---- 44.81 

0.025 52.94 0.91 46.15 

0.075 52.19 1.37 46.44 

0.10 56.17 1.81 42.0 

0.15 52.19 3.98 43.83 

0.30 50.77 4.14 45.09 

  
The X-ray diffraction analysis of the samples was carried out 
over the 2Ѳ range 200 ≤ 2Ѳ ≤ 800. The samples are 

hexagonal dominant polycrystals of the Cd1−xMnxSe type and 
are oriented along (100) direction. Upto x = 0:1, addition of 
Mn2+ in the CdSe lattice shifts the peak position towards the 
lower 2Ѳ side and above x = 0.1 towards the higher 2Ѳ side. 
 
3.3. Optical properties 
To obtain information on the optical characteristics of these 
materials, studies were conducted on these composite 
structures, to determine optical constants such as the 
absorption coefficient, optical gap Eg and nature of the 
transitions. For all compositions, the absorption coefficient is 
of the order of 104 to 105cm−1 and the absorption edges were 
determined by extrapolating the steep portion of the, vs. h√ 
plots on the energy axis. The optical gaps were then 
determined by plotting (αh√)2 vs h√, as shown in Figure 2. It 
is seen that pure CdSe exhibits an optical gap equal to 1.84 
eV, but decreases down to 1.34 eV as the Mn2+ concentration 
in the CdSe lattice increases to x = 0.5. Figure 3 shows 
variation of the optical gap with the composition x. It appears 
that the variation is almost linear and continuous. Figure 2 
also show straight-line segments showing direct-type of 
transitions involved in these samples. These transitions were 
also supported by evaluation of the transition index m from 
variation of ln (αh√)2 vs ln (h√-Eg) as shown in Figure 4 [8, 9]. 
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3.4. Transport properties 
The electrical conductivities of all these as-deposited 
structures were measured in the 300 K to 600 K temperature 
range and their temperature dependence can be plotted to an 
usual Arrheneous relation as 
 
σ = σ0 exp(−Eaσ/KT)        (1) 
 
where Eaσ is the activation energy of an electrical conduction 
process and other terms have their usual significance. The 
plots of logσ vs inverse absolute temperature for these films 
were evaluated to determine the mode of conduction 
mechanism and the electron activation energies in the high 
and low temperature regions. It has been seen for the all the 
compositions that the conductivity increased with 
temperature and the activation energies in both low and high 
temperature regions are computed. The conductivity 
activation energy in the intrinsic conduction region varied 
from 0.792 to 0.864 eV as x was varied from 0 to 0.5. 
Whereas, it varied from 0.264 to 0.251 eV for the same 
change of Mn content in the samples for extrinsic 
conduction. In both these cases variations are similar and 

magnitudes of activation energies decreased initially, attain 
minimum at x = 0.1 and increased again for higher contents 
on Mn in CdSe. Figure 5 shows conductivity as a function of 
film composition, x at temperatures 298 K and 398 K. As 
one can readily see conductivity increased with Mn2+ 

concentration up to x = 0.1, after which it decreased with 
further addition of Mn2+ in CdSe. The initial increase in the 
electrical onductivity is obviously due to the decrease in the 
band gap and enhanced grain structure of the material 
whereas the decrease in conductivity after x = 0.1 can be due 
to the increased disorder caused by the addition of increasing 
amount of Mn2+, which caused the carrier mobility to 
decrease. The variation of electrical conductivity with 
temperature shows two distinct conduction regions 
corresponding to two activation energies and conduction 
mechanisms. Evaluation of these conduction mechanisms in 
two different regions is therefore of importance. Figure 6 
shows an analysis wherein the high temperature region is 
characterized by a grain boundary-limited conduction 
mechanism, and hopping conduction mechanism is a 
characteristic of conduction in the low temperature zone [8, 10, 

12]. 
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The thermo-emf character of the samples was measured by 
establishing a temperature gradient and measuring the 
resulting voltage across the ends of each sample. The 
thermally generated voltage was measured in the temperature 
range 300 K to 450 K. The thermoelectric voltage was found 
to be negative in all samples, indicating n-type conduction in 
the samples. It is also observed that the temperature variation 
of thermo power is approximately linear at low temperature, 
but exhibits non-linear behavior at higher temperatures, 
obeying the power law dependence of temperature. This 
suggests that the material is of non-degenerate type and, for 
such semiconductors the thermo power is week. The thermal 
power can be expressed as  
 
P = −K/e[(r + 5/2) + ln(2{2ІІmd*KT)3/2 /nh3 })],  (3) 
 
Figure 7 is a plot of the carrier density n and mobility as a 
function of the composition parameter x. It is seen that the 
carrier density and mobility varies with the film composition 
and temperature; the variation in carrier mobility is 
significant compared to the carrier concentration. This is 

suggestive of the scattering mechanism associated with the 
inter crystalline barrier potential [12]. The intercrystalline 
barrier potentials VØ were therefore calculated for all the 
compositions and its composition dependence is shown in 
Figure 8. 
 
4. Conclusions 
The synthesis of Cd1−xMnxSe (0 ≤ x ≤ 0.5) composite diluted 
semimagnetic semiconductor thin films is made feasible 
using a simple chemical growth process. The preparation 
parameters such as deposition temperature, time, pH, 
concentration of the basic materials and speed of the 
mechanical churning etc. were optimized to obtain good 
quality material. The samples were further characterized 
through some of the properties such as the materials 
composition, its crystallography, electrical conductivity, 
optical absorption, thermo power measurements etc to 
determine the materials characteristics, viz. mechanism of 
the conduction process, type of conduction, carrier density, 
mobility, optical band gap, type of transition etc., and their 
composition and temperature dependence. 
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