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Abstract 
The growth and study of CdMnS nanocrystalline films on glass substrate using chemical bath deposition technique up to 15% of 
Mn doping level has been done. The layer thickness was found that decrease with increase in Mn2+ concentration. The crystal 
structure of the samples was studied by X-ray diffraction. All films show a strong preferential orientation at (2ϴ = 26.6) of were H 
[002] / C [111] planes parallel to the substrate surface. The lattice constant C raises with increasing Mn concentration is 
observed, it is clear that the different types of (CdMnS) films have different values of lattice constant. The crystallite size 
continuous decrease with increasing Mn concentration is observed. The optical transmission of the Cd1-xMnxS thin films lies in 
the 90 – 93% range, for wavelength above the band gap absorption; these make them ideal as window material in hetrojunction 
solar cells. The band gap increases with the increases in manganese ion concentration, might be ascribed to the size effect of the 
small grains and to the fact that Cd was substituted by Mn in the CdS structure. Ternary thin films exhibiting high photosensitivity 
photosensitivity (σp/σd> 105) for Cd0.93Mn0.07S and high photoconductivity, approximately 1 Ω-1cm-1 (projected values for air mass 
AM2), conforms the use of Cd0.93Mn0.07S  as photoconductive detector with high spectral responsivity of 0.028 A/W at visible 
wavelength. 
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1.1 Introduction 
Nanoscience and nanotechnology attracted much attention in these years because of its size controlled properties. The 
nanoparticles shows interesting physical and chemical properties as size quantization, improved optical properties and 
catalytic properties for their wide applications in optoelectronic devices. CdS is widely used as a window layer material in 
CdTe and CuInSe2 based solar cells. Alloyed ternary materials are attracting a great deal of attention in the scientific 
community because one can tune in them basic material characteristics such as energy gap, the effective mass and the lattice 
constants, merely by varying their materials composition[1]. 
Diluted magnetic semiconductors (DMS) are alloys with magnetic ions diluted in nonmagnetic semiconductors [2,3]. 
Diluted magnetic semiconductors (DMS’s) are potential high performance candidates and are II-VI, IV-VI, II-V and III-V 
compounds in which a sizable numbers of nonmagnetic ions (e.g. Mn2+, Fe2+, Co2+) offer a variety of cooperative effects 
(not present in nonmagnetic semiconductors) via spin-spin exchange interaction. These materials, especially II-VI and IV-VI 
compounds, have the general configuration of type AII

1−xBxCIV [where AII
1−x = {Cd, Zn, Hg}, Bx = magnetic ions (Mn, Fe, 

Co) and CIV = {S, Se, Te}]. They have been extensively studied devoting to the semiconducting magnetic structures of the 
selenides, and tellurides; sulphides being less investigated. Among DMS’s studied, Mn-based DMS’s can be grown over a 
wide range of composition than the others and due to their tunable lattice parameters and energy gaps, these Mn-based 
alloys are excellent candidates for fabrication of quantum wells and super lattices [3,4]. In CdMnS, Mn2+ ions provide 
good traps for the excited electrons, which give rise to its potential use in optoelectronics, nonlinear optics, luminescence 
and electronics devices. In nanocrystalline films, the surface to volume ratio of nanocrystals being large, leads to an 
increase in surface states, which take active part in the photoluminescence process [5]. 
In the present work we report a preliminary study on the preparation, optoelectronic and optical characterization of the 
Cd1-xMnxS with x= 0.04, 0.07, and 0.15. To the best of our knowledge no reports on the optoelectronic of Cd1-xMnxS thin 
films are available. 
 
1.2 Experimental 
The preparation of CdMnS thin films on glass slides was carried out using the chemical bath deposition process. The 
glass slides, which were first cleaned in distilled water in order to remove the dust and residues from their surfaces, 
followed by rinsing in chromic acid (for one day), to introduce functional groups called nucleation and / or epitaxial 
centers, which formed the basis for the thin films growth [5]. Then the samples were washed repeatedly in de-ionized 
water, and finally put in ultrasonic agitation with distilled water for 15 min then dried. 
 
These glass slides were used as substrates to deposited films by 0.1M 3CdSO4.8H2O, 15 ml NH3 solution and distilled 
water are mixed slowly at room temperature with continuous stirring, and an appropriate MnCl2.4H2O solution was added 
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in the reaction bath. Substrates were immersed in a beaker containing the reaction mixture. The beaker was placed in a 
water bath at temperature (80   2 oC). The solution was stirred with a magnetic stirrer type (MSH 300). It was heated 
with continuous stirring to the required temperature of deposition, 30 ml of 0.2 M thiourea solution was then added with 
continuous stirring, and the pH was measured using pH meter (pH=11.1). 
After 30 min, the coated substrates were washed with de-ionized water to remove loosely bound nanocrystalline powders 
and dried in air. To enable optical measurements, the nanocrystalline films on one side of the each substrate were 
removed by cotton swabs dipped in diluted HCl. 
The structural properties of the prepared films were studied by X-ray diffraction measurements (Philips PW 1050 X-ray 
diffractometer, with CuKα radiation (λ= 1.54059 Å)). 
For the study the optical properties, the optical transmittance was recorded using a UV-VIS Spectrophotometer in the 
wavelength range 380 – 900 nm. Ellipsometer equipped with a He-Ne laser source (λ= 632.8 nm) were conducted to 
calculate film thickness. 
The electrodes were deposited onto film surface by thermal evaporation of aluminum in vacuum system. To study the 
electrical characterization of the TiO2 films, electrical resistivity measurements were performed using two point probe 
method. 
Photocurrent measurements are done under light by a Halogen lamp which is connected to a variac and calibrated by 
power meter. The current measurements carried out by applying voltage  supplied to the sample from a stabilized d.c. fine 
power supply, type L 30 – 2 Farnell of range (0.1 – 5)V. The current passing through the device was measured using a 
Keithley (602) electrometer. 
 
1.3 Results and discussion 
1.3.1. Structural studies 
The XRD pattern of CdMnS films at various manganese ion concentrations from 0 to 0.15 are shown in the inset of Fig.1. 
These patterns display an intense diffraction peak at approximately (26.6º) which coincides with the H[002]/C[111] 
diffraction line of the (CdS) hexagonal/cubic crystalline phase. The film deposited with X=0 shows high degree of 
crystallinity and as manganese ion concentration increases, the degree of crystallinity gradually decreases (the peaks have 
a large width) due to quantum confinement. 
The lattice constant C of each film is obtained from d-value of the H [002] peak. These are shown in Figure (1) as a 
function of Mn contain. In this graph, it is clear that the different types of (CdMnS) films have different values of lattice 
constant. For the case of X= 0 films, the C-lattice constant is approximately smaller than the corresponding lattice 
constant of bulk (CdS). The average value of the C-lattice constant for the X= 0.07 films is approximately 0 .6685  nm, 
which are approximately smaller than value of material in the bulk state. The lattice of (0.15) films is relaxed because its 
C-lattice constants have approximately the same value as bulk (CdS). The shrinkage in the C-lattice constant, which is 
along the [002] direction, shows that films are under tensile strain along the substrate layer interface. This effect has 
commonly been observed in chemically deposited (CdS) films. The results show that the amount of tensile strain at the 
substrate layer interface depends on the amount of manganese ions in the reaction solution. These results are consistent 
with other published results such as results of M.B.O Rtuno-Lopez et al. [6]. The crystallite size estimated using Debye–
Scherrer’s formula is shown in Figure (2b) continuous decrease in grain size with increasing Mn concentration is 
observed. 
 

 
Figure 1: The lattice constant and grain size of CdMnS films as a function 

of Mn contains. Inset shows the XRD patterns of CdMnS films. 
 
1.3.2. Optical properties 
Optical transmission spectra depend on the chemical and crystal structure of the films, and also on the film thickness and 
on films surface morphology. The spectral transmittances of the CdMnS films are displayed in Figure 2. Thin films 
exhibited high transmittance of over 90% 500 – 900 nm. It was found that increase in Mn2+ concentration lead to decrease 
the layer thickness of films; these results are consistent with other published results [3, 7].  Conversely, the reflectance of 
the films is low (8-20%) within the same region. These high transmittance and low reflectance properties may make the 
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films good materials for antireflection coatings, solar thermal applications in flat-plate collectors, house heating for solar 
chick brooding, etc. 
Figure (3) shows the optical absorption spectra recorded for the CdMnS films for different samples. It is clear that the 
films have high absorption coefficient at short wave length range (375 – 500 nm), then decrease at different rates 
dependence on the films structure to reach constant values at long wave lengths which it above from the (520 nm), where 
the films become transparence at this wave lengths. 
The energy gap values depends in general on the films crystal structure, the arrangement and distribution of atoms in the 
crystal lattice, also it is affected by crystal regularity. The energy gap (Eg) value is calculated by extrapolation of the 
straight line of the plot of (αhυ)2 versus photon energy for different samples as shown in the inset of Figure (4). The 
linear dependence of (αhυ)2 with (hυ) indicates direct band gap. In general, the band gap increases with the increases in 
manganese ion concentration (Fig. 4). The band gap energy of films varies from 2.43 to 2.72 eV, which closely agree 
with the values reported for thin films obtained by CBD [3,7]. The differences in band gap energy values are clearly 
indicated by the thin film colors. The yellow color of thin films turned to orange or yellowish-red one as much as the 
value of band gap energy diminishes. The dependence of the band gap energy value on doping atom suggests that doping 
atoms enter into the CdS structure merely by substitution [3]. The minimum in the band gap energy could be attributed to 
exchange interactions of the conduction and valence bands electrons with the Mn2+ d electrons [4]. The optical band gap 
energy is dependent not only on doping content but also on grain size (quantum size effect). These results are consistent 
with other published results such as results of S. Sain, S.K. Pradhan [8]. 
 

 
Figure 2: Spectral transmission of CdMnS thin film at different manganese content. 

 
Figure 3: Absorption Coefficient (α) as a Function of Photon Energy. 

 
Figure 4:  Dependence of band gap energy on Mn content, Eg. Inset Plots of (α hυ)2 as a Function  

of  PhotonEnergy for CdMnS and CdS Thin Films. 
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Figure 5: photocurrent response for CdMnS thin films at different manganese content. 

 
1.4.3. Photocurrent response measurements 
The effect of different manganese content on the photocurrent of the chemically deposited thin films is very significant, as 
seen in Figure (5). Here plots represent the films photocurrent recorded after 8 min of illumination at 600 Wm-2. The 
photocurrent in thin films follows the models of Orton et al.[9]. On the basis of these models, the photoconduction in the 
thin films is mainly ascribed to photogenerated electrons. The photogenerated holes make a rather indirect contribution 
by enhancing the electron mobility when the trapping of the photogenerated holes at the intergrain barriers reduces the 
barrier height, thereby promoting the electron transport. 
In CdMnS films, under illumination the photocurrent rises sharply, but is not saturated after about 8 min of illumination 
and post-illumination the current still persists. For each growth process and with the photocurrent rise and fall profiles 
remain essentially the same. Where the Cd0.93Mn0.07S films with x= 0.07 has high photoconductivity, the films have large 
grain size, which is in accordance with the models of Orton et al.[9]. From the observed peak photocurrents of the films, 
it could be inferred   that recombination in the thin films is dominated   by recombination centers, because high density of 
recombination centers in the bulk and surface of a material reduces the lifetime of carriers and consequently current, and 
shortens the photocurrent fall times. 
 
1.4.4. Spectral Responsivity 
The spectral responsivity represents the ratio between the output generated current to the incident power and it is very 
important because it specifies the performance range of detection. Figure (6) shows the variation in spectral responsivity 
for CdMnS films deposited in different manganese content. 
We can recognize three different regions on the curve. The first one at short wavelength ( h >Eg) implies a considerable 
increase in the responsivity and this increase relates to the high absorption coefficient. This leads to lower absorption 
depth and large surface recombination processes. In the second region, we observe the highest value of the responsivity, 
because the region at 460 nm is related to CdMnS band   gap. In the third region, (>500 nm),   the incident light 
( h >Eg) is absorbed within the material where the film has a high transmission and less absorption. 
One can notice that the Cd0.93Mn0.07S film with x= 0.07 high responsivity which could be attributed to the same reason of 
high photo conductivity. 

 
Figure 6: Spectral responsivity as a function of wavelength for CdMnS in different manganese contant. 

 
CONCLUSION 
The chemical bath deposition method has been successfully implemented to deposit CdMnS thin films on glass substrates. 
To summarize, Thin films Cd1-xMnxS exhibited high transmittance of over 90%, for wavelength above the band gap 
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absorption. Conversely, the reflectance of the films is found to be low (8-20%) within the same region. These high 
transmittance and low reflectance properties make the films ideal as window material in hetrojunction solar cells. 
 Cd0.93Mn0.07S thin film exhibiting high photosensitivity (σp/σd> 105), conforms the use of it as photoconductive detector. 
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