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(1-x) xAbstract: Stoichiometric bulk ingot materials of the ternary mixture Cd Mn Se ( ) were

prepared by direct fusion of the constituent elements in vacuum sealed silica tubes. X-ray diffraction

studies indicats that the investigated sample exhibited a hexagonal structure. The calculated lattice

parameters varied linearly with Mn content, following Vegard’s law. Thin films were deposited by thermal

evaporation from the pre-syntesised ingot material, onto glass substrates. X-ray and electron diffraction

studies  on the as-deposited and annealed films revealed an amorphous-to-crystalline phase transition at

aT  . 453 K. EDAX studies on the prepared films show that the as-deposited films are nearly

(1-x) xstoichiometric. The transmittance and reflectance of the deposited Cd Mn Se films, were measured at

normal light incident in the wavelength spectral range 500-2500 nm. Analysis the transmittance spectra

in the entire wavelength range allowed to the determination the refractive index. The dispersion parameters

have been calculated, from which the static refractive index as well as static dielecric constant were

calculated.  Analysis of the absorption coefficient of the investigated films revealed the existence of two

optical transition mechanisms: allowed direct and forbidden direct, the corresponding energies were

estimated. 
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INTRODUCTION

Diluted magnetic semiconductors (DMS), also

known as semimagnetic semiconductors, are a group of

materials that have attracted a great deal of attention in

the recent past because of their unique properties which

promise many potential applications . DMS differ[l,3 ]

from ordinary semiconductors because a fraction of

their metallic ions are replaced by some species of

magnetic ions. A typical example which has attracted

(1 -recent interest is magnetic alloys of the type A

x) xMn ,B , where A  and B  represent elements fromII V 1 II V I

groups IIB and VIA of the periodic table. Mn  ions2+

can be incorporated into a A B  semiconductor host inII V I

large proportions without substantially altering the

crystallographic quality of the material. Furthermore,

Mn  has a relatively large magnetic moment (S = 5/2)2+

due to the 4s  3d  electronic configuration in its outero 5

shells. In these materials, the large sp-d exchange

interaction between magnetic ions and electrons in

valence band can lead to a number of unusual

electronic, optical and magneto-optical properties

including the ability to magnetically tune the band

gap . These properties make DMSs promising[1 ,3]

candidates for fabricating magneto-optical devices such

as magnetic field sensors, isolators and magneto-optical

switches . Thin film formation of these materials have[4]

been carried out employing different techinques,

includes thermal evaporation , molecular beam[5 ,7 ]

epitaxy  hot wall epitaxy  low-pressure metal-[8] [9 ,10]

organic CVD  and chemical bath deposition . [11] [12 ,13]

(1 -x) xCd Mn Se belonge to the DMS materials. Of

course, the material serving for applications within the

branches mentioned must exhibit a high optical quality.

(1-x) xThus the optical properties of Cd Mn Se films must

be known very well. Unfortunately, so far a sufficient

attention has not been devoted to the study of the

optical properties of these films. Only very few reports

on the structure and optical properties of the chemically

(1-x) xdeposited Cd Mn Se thin films .   [12 ,13]

Accurate knowledge of the refractive index,

absorption  coefficient  and  optical  band  gap  of

(1-x) xCd Mn Se  thin  films  is indispensable for the

design and analysis of various optical and magnetio-

optical devices. So that the present work aims to

present the stractural  characterization  of  the ternary

(1-x) xmixture Cd Mn Se and the corresponding deposited

films and review the optical parameters of those films

which are-up to our knowledge-not reported yet.

Namely, there are no reports that analyze the

transmission spectra, identify the variation of refractive

index as function of wavelength and calculate the

dispersion as well as the static dielecric constant and

static refractive index.  
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MATERIALS AND METHODS

(1-x) xBulk  ingot materials of the ternary Cd Mn Se,

( ) were prepared by the direct fusion of

pure (5N) individual elements in stoichiometric
proportions. The mixture was contained in a precleaned

silica tubes, sealed under vacuum at pressure ~10  Pa.-3

The sealed tubes were baked in a high temperature

furnace at 1375 K for about 48 h. 

(1-x) xThin films of Cd Mn Se were deposited at room

temperature by thermal evaporation under vacuum of ~
Pa using a high vacuum coating unit (Type Edwards

E306A). The deposition process was carried out on
precleaned glass substrates and carbon stub. The film

thickness and the deposition rate were controlled during
evaporation process via quartz crystal thickness monitor

(Type Edwards, FTM4).  Several trials were conducted
to adjust the evaporation conditions in order to avoid

the material spillage or decomposition by overheating
during evaporation process.

The crystal structure of the prepared ingot
materials and the corresponding deposited films were

examined using a Diano Corporation X-ray

adiffractmeter (XRD). CoK  radiation (l= 1.7093 A<)

was used with normal focus. Differential thermal

(1-x) xanalysis (DTA) of the prepared Cd Mn Se powder

 has been carried out using

Shimadzu DTA-50 apparatus to investigate the

ccrystallization peak temperature, T  and the melting

mtemperature, T . Transmission electron microscope
(TEM) (Type JEOL-JMS 1240) was used to investigate

the microstructure of the deposited films. The elemental

(1-x) xcomposition and surface morphology of Cd Mn Se

thin film deposited on carbon stub was exmained using
energy-dispersive analysis of X-ray (EDAX), interfaced

with the scanning electron microscopy (Type JEOL-
JSM 840A).  

A double beam spectrophotometer, with automatic
computer data acquisition, (Type JASCO Corp., model

V-570) with photometric accuracy of ±0.002
absorbance and ±0.3% transmittance was employed to

record the optical transmission and reflection spectra of
the deposited films over the wavelength range of

500–2500 nm, at normal light incidence. The optical
measurements were carried out on various parts of the

deposited  films,  scanning the entire sample and a
very good reproduction of spectra was generally

achieved.  The optical measurements were carried out
at room temperature.

RESULTS AND DISCUSSION

Structural Characterization: 

Structural Characteristics of the Prepared Bulk
Materials: Fig.1 illustrates the X-ray diffraction

(1-x) xpatterns carried out for the prepared Cd Mn Se ingot

materials in powder form. Although, the general form

has the same feature, the intensity of the reflecting
plane varies and the peak positions shifts slightly on

passing from one composition to other. This finding is
due to the partial replacement of Cd  ions by Mn+2 +2

ions. The observed peaks in the powder diffraction
pattern were indexed by trial and error using two

programs; TREOR version 5  and ITO version[14 ,16]

13 . It was found that the computed direct cell lattice[17]

parameters for different composition corresponding to
hexagonal system. The unit cell lattice parameters are

given in Table 1 and shown in Fig. 2. They decreased
linearly with Mn content, in accordance with Vegards

law, confirms the formation of substitutional solid

(1-x) xsolution of Cd Mn Se. The inset of Fig. 2 shows the

variation ratio c/a with the Mn content.  The c/a ratio
change from 1.632 to 1.637 as x increases from 0.05

to 0.90 in a good agreement with that for hexagonal
phase (c/a =1.63) . The observed decrease in lattice[18]

parameters with Mn content was attributed to the fact
that the radius of Mn ion (0.171 nm) is less than that

for Cd ion (0.18 nm).  The results obtained in the
present work are in good agreement with that reported

in Ref. . Similar results  reported wurtzite[12] [19 ,20]

1-x xstructure in nano-structured Cd Mn S films deposited

on glass substrates by pulsed laser deposition (PLD)[19]

in the composition range x=0%-46% and by thermal

evaporation  in the composition range x = 0%-43%.[20]

Fig. 3 shows the differential thermal analysis (DTA) of

the representative samples. The DTA curves shows a
single endothermic phase transition peak located at 490

cK corresponding to crystallization temperature, T  and
other exothermic peak at about 730 K corresponding to

mmelting temperature, T . 

(1-x) xStructural characteristics of  Cd Mn Se thin films:

(1-The X-ray diffraction patterns for a representative Cd

x) xMn Se films (x = 0.3, 0.5 and 0.7) deposited at room
temperature (not shown) indicated that the as-deposited

films are amorphous. However, a thin film annealed in
vacuum at temperature 423 K for 1/2 h (Fig. 4a) shows

a polycrystalline structure indicates an amorphous-to-
crystalline phase transition. The observed crystalline

phase is characterized by the predominant appearance
peaks which varies in intensity and slightly shifts its

position as a function of Mn content. Analyses of this
diffraction pattern confirm the hexagonal phase of the

(002)deposited film. The interplanar spacing d  and the

ounit-cell lattice constant c  are in good agreement with

(002)the d  of the corresponding bulk material. The

calculated lattice parameter   is also listed

in Table 1.  A similar conclustion can be drawn for
films annealed in vacuum at 453 K for 1/2 h (Fig.4b),

wheras the X-ray diffraction pattern reflects an
increasing  in the relative intensity of the main

observed planes, due to increases the volume fraction
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Table 1: Values of lattice constants, a, c and the volum e of the unit cell for different compositions.

density, r g.cmCom p. (x) a   [nm] c [nm]  [nm] V=(3 /2) a c [nm] -3
1/2 2 3

0.7010  -----CdSe 0.4299 a  -----  ----a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.05 0.4283 0.6991 0.7082 0.1111 5.620

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.10 0.4275 0.6982 0.7049 0.1105 5.563

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.30 0.4262 0.6967 0.6992 0.1096 5.272

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.50 0.4251 0.6955 0.6955 0.1088 4.953

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.70 0.4242 0.6942 0.6916 0.1082 4.634

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.90 0.4234 0.6931 0.68936 0.1076 4.298

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.5910 ----M nSe 0.3630 b ----- -----b

 JCPDS-ICDD Cards (No: 8-459). a

 JCPDS-ICDD Cards (No: 26-1247).b

(1-x) xFig. 1: X-ray powder diffraction patterns of Cd Mn Se .

of crystalline phase, besides appearing a new minor

peaks corresponding to binary CdSe or MnSe, phase

(1-x) xwhile Cd Mn Se still as a major phase. The

appearances of these new peaks corresponding to the

binary phases indicats that phase separation have

begain to occured. 
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Fig. 2: Variation of lattice parameters with Mn content. Inset show the c/a ratio with Mn content.

Fig. 3: DTA curves for typical representative samples, x =0.3,0.5 and 0.9.

Fig. 5 shows the transmission electron micrograph

and the corresponding electron diffraction patterns for

a  typical  representative as-deposited and annealed

(1-x) xCd Mn Se films (film thickness 106 nm). The

amorphous state of the as-deposited films was

confirmed from the observed diffuse rings pattern

shown in Fig.5-a and the corresponding TEM

micrograph, which contains randomly distributed tiny

crystals cover most of the film surface. Improvement

in the crystallinity of the deposited film was observed

after annealing the deposited film in vaccume at 423 K

for 1/2h Fig.5-b. The corresponding diffraction pattern

gave sharp rings pattern indicating polycrystalline

structure. The increase in the intensity of the diffraction
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(1-x) xFig. 4: X-ray diffraction patterns of Cd Mn Se thin films annealed at 423 K (a) and 453 K (b).
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Fig. 5: TEM micrograph and the corresponding electron diffraction patterns of as-deposited film (a), and that

annealed at 423 K (b), x=0.3.

(1-x) xFig. 6: EDAX spectra of Cd Mn Se thin films on carbon stub, x=0.5. Inset show the surface morphologhy.

rings depends on the shape and volume of the

diffracting crystals. The X-ray and TEM observations

indicated that an amorphous–to-crystalline phase

(1-x) xtransition of Cd Mn Se films annealed at temperature,

c (T  is the crystallization temperature as

determined from DTA).

The chemical compositions of the constituents

(1-x) xelements of Cd Mn Se films deposited on carbon

stub have been investigated. Fig.6 shows a typical

energy dispersive X-ray spectrum (EDX) and the

corresponding surface morphology of an as-deposited

film (x=0.5). The obtained data for different Mn

concentrations revealed an excess of Cd and/or Mn

with deficient in selenium. The deficient in Se element

may be due to its high vapour pressure. The slightly

deviation in stoichiometry for the deposited films is

comparable with the experimental errors and

consequently the films composition could be considered

nearly stoichiometric. Table 2 gives the obtained results

of the elemental chemical compositional for different

value of x. 

Optical Properties:

Refractive Index and Dispersion Parameters: The

optical system under investigation corresponding to

homogeneous and uniform thin films deposited on

thick, finite transparent glass substrates. The thermally

evaporated film had thickness, t, and complex

refractive index, , where n is the refractive

index and  is the extinction coefficient.  

Fig. 7 shows the optical transmission spectra, T of

(1-x) xCd Mn Se thin films and reflection spectra, R at

normal light incident in the wavelength range 600–2500

nm. The figure depicts that the interference effects

disappear in the region of very strong absorption, while

the maximum amplitude is observed in the transparent

region, where the envelope method can be applied

more accurately. It should be also noted that for all the

investigated samples in the transparent region, almost

R+T .1, within the experimental error, indicating no

scattering or absorption in this region. These results

confirmed the homogeneity of the deposited films and
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(1-x) xTable 2: Elemental analysis of Cd M n Se thin films deposited on carbon stub.

x Cd at.% M n at% Se at. % Exact chemical formula

0 .98 0 .04 0 .980.05 57.78 1.17 41.05 Cd M n Se

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0 .91 0 .14 0 .950.10 55.34 4.13 40.53 Cd M n Se

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0 .68 0 .35 0 .970.30 44.89 11.14 43.99 Cd M n Se

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

 0 .55 0 .52 0 .930.50 38.02 17.47 44.51 Cd M n Se

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

 0 .38 0 .72 0 .900.70 28.43 26.55 45.02 Cd M n Se

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

 0 .14 0 .98 0 .880.90 11.69 38.59 49.72 Cd M n Se

(1-x) xFig. 7: Transmittance and reflectance spectra of Cd Mn Se  thin  films deposited on glass

substrate, along with the transmittance spectra of the identical un-coated glass substrate.

uniformity  of  the  film thickness. The refractive

index, n and film thickness, t have been calculated

from  the  fringe  patterns  using transmission

spectrum according to  m ethod proposed by

Swanepoel`s . However, in the strong absorption[21]

region,  the  refractive  index,  n  can  be estimated

by  extrapolating  the  experimental  values  of n in

the  other  region using the two-term Cauchy

dispersion relation, . It is clearly seen

from  Fig.  8 that for all the investigated samples the
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Fig. 8: Spectral variation of the refractive index. Inset show the plot of vs .

experimental and calculated values of the refractive

index are extension to each other. The slightly variation

between  the  two  values in the wavelength range

600-1300 nm was attributed to the presence of the

absorption in this region. Also, for all compositions,

the refractive index decreases with increasing

wavelength and becomes fairly flat above 1300 nm

showing normal dispersion behaviour, in addition, the

magnitude of refractive index increase notably with

increasing Mn content. At the shorter wavelength

region, l<1300 nm the refractive index rises rapidly

showing a typical shape of a dispersion curve near an

electronic interband transition.

The data of the dispersion refractive index, n(l),

may be analyzed using the singe-effective-oscillator

Wemple and DiDomenico model . The model[22]

suggests that the data could be described by,

        (1)

dwhere E  is the oscillator strength or dispersive

oenergy and E  is the oscillator energy. Plotting

 against photon energy, E  allows the2

determintion  of  the  oscillator  parameters, o d E ,  E

by  fitting  a linear function to smaller energy data.

The fitting of the above reported function is illusterated

o din inset of Fig. 8. The calculated values of E , E ,

static refractive index,  as well as the

static dielectric constant,  or different Mn

content oare listed in Table 3. It was found that, E

decreases with increasing Mn content. This can be

attributed to the observed shift of the optical

transmission spectra in the short wavelength region,

which shifts the absorption edge towards lower

energies. Fig. 9 shows the variation of the static

refractive index, n(0) versus the value of x. It was

found that the static refractive index vary lineally with

Mn content according to the imperical linear relation:

         (2)

dIn the other hand, the dispersion energy, E , is a

measure of the strength of interband optical transitions

and can be considered as a parameter having very

close  relation  with  the  charge distribution within

unit  cell and therefore with the chemical bonding.

This parameter follows a simple empirical relationship

of the form . [22]

        (3)

where â is a constant whose value depends on the

chemical bonding character of material. It was declared

that the constant â according to Wemple and

DiDomenico  can assume two values of 0.37±0.05 eV[20]

for covalent crystalline and amorphous materials and

c0.26±0.04 eV for halide and most oxide materials, N

is the coordination number of the cation nearest-

a neighbor to the anion, Z is the formal chemical

a evalency of the anion, (here Z =2), and N  is the total

number of valence electrons per anion. The values of,

cN  were calculated for the investigated samples and

listed in Table 3.  
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(1-x) xTable 3: Optical prameters of thermally evaporated Cd M n Se thin films

dielectric constant

d o c cx t [nm] E  (eV) E  (eV) n (0) ---------------------------- N N/M [10 cm ]     - ÷* 20 -3

s r
e e

0.05 719.6 20.183 3.841 2.501 6.235 6.517 3.226 2.99 0.045-0.149

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.10 709.1 19.487 3.665 2.513 6.315 6.602 3.098 3.21 0.102-0.160

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.30 807.4 19.257 3.556 2.533 6.416 6.729 2.737 3.61 0.115-0.179

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.50 636.6 19.008 3.439 2.555 6.528 6.871 2.466 3.89 0.124-0.193

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.70 729.7 18.931 3.343 2.581 6.662 7.041 2.225 4.37 0.139-0.217

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.90 697.4 18.668 3.189 2.618 6.854 7.272 2.019 4.61 0.147-0.299

Fig. 10: A plot of  vs Mn content in the wavelength spectral range 1900-2500 nm.

For further analysis of the obtained refractive index

data, the contribution of the free carrier electric

c rsusceptibility, c , to the real dielectric constant, e  can

be discussed according to the Spizer and Fan model ;[23]

 (4)

and 

where is the high frequency dielectric constant in

the absence of any contribution from the free carriers

(or lattice dielectric constant), is the carrier

concentration to the effective mass ratio, e is the
electronic charge, and c is the velocity of light. Plot of

n  aganist l  (not shown) is also linear for different Mn2 2

content vervaying Eq.4. The estimated values of the

rreal dielectric constant, g  and are also listed in

Table 3. The disagreement between the values of the

static and real dielectric constant may be attributed to
the free carrier contribution . Fig. 10 shows the[24 ,25]

variation of versus in the wave length

spectral range 1900-2500 nm. The figure depicts that

 increases in magnetiude with increasing Mn

content. A good fit to a straigh line is seen from which

the values of the free carrier suseptibility at the
extremes of the investigated range were estimated;

these values are summerized in Table 3. 

Absorption Coefficient and Band Gap: The low

1-wavelength absorption data for the deposited Cd

x xMn Se thin films is related to the fundamental
absorption, which refers to the band-to-band transition,

i.e. to the excitation of an electron from the valence
band to the conduction band.
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Fig. 11: Variation the absorption coefficient, á vs photon energy, . 

gd gfdFig. 12: Variation of the estimated direct, E  and forbidden direct band, E . gaps vs Mn content.

According to Connell and Lewis . Fig. 11 shows[26]

the spectral variation of the absorption coefficient, a, as

a function of the photon energy, (£w) for different
values of x. The figure depicts systematic shift of the

optical absorption edge towards lower photon energies
with increasing Mn content. The fundamental

absorption, which corresponds to electron excitation
from the valance band to conduction band, can be used

to determine the nature and value of the optical
bandgap. The relation between the absorption

coefficients (á) and the incident photon energy  can

be written as[27]

          (5)

gwhere A is a constant and E  is the bandgap of the
material and exponent g depends on the type of

transition. For direct allowed g = 1/2 , indirect allowed
transition, g = 2, and for direct forbidden, g = 3/2.  To

determine the possible transitions, vs. Photon
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energy,  were plotted and corresponding band gaps

were obtained from extrapolating the straight portion of

the graph on  axis at á = 0.  The result of these

plots indicated that, in photon energy range 1.37–2.06

eV, a linear plot is obtained corresponding to allowed

direct optical transition. However, in the photon energy

range 1.2-1.74 eV a forbidden direct optical transition

dominated. Figure 12 shows the variation of the

estimated band gap values for different Mn content.

The direct bandgap values of the films decreases with

the increase of Mn content (lie in the range 1.703 to

1.21 eV)  which are comparable to that reported in

gdRef. . The dependence of the direct band gap E  on[13]

the Mn content, x can be fitted to a third degree

polynomial function of the form: 

gdE  = 1.724 – 0.541x + 0.495x  – 0.522x  (eV)     (6)2 3

1-x xConclusions: Nearly Stoichiometric Cd Mn Se thin

film ( ) was thermally evaporated at room

temperature  onto  glass substrates  from the

corresponding pre-syntesised ternary mixture. X-ray

diffraction studies of the prepared powder have

indicated that the material corresponds to a hexagonal

structure. The linear behaviour for each of the  lattice

parameters, a and c with Mn content in accordance

with Vegard’s law, indicates the formation of complete

(1-x) xsolid solutions of Cd Mn Se.  X-ray and electron

diffraction studies on the as-deposited and annealed

films revealed an amorphous-to-crystalline phase

atransition at T  . 453 K.  

(1-x) xOptical measurments for Cd Mn Se thin films

revealed that the maximum values of the transmission

spectra lie at solar maximum and exceed 90% for

different Mn content, indicats that the deposited films

are optically transparent enabling them to be

promissing candidates for magneto-opto-electronic

applications. T he refractive  index-wavelength

dependence has been calculated from the recorded

transmittance spectra. The dispersion parameters were

determined and studied as a function of Mn content.

The static refractive index varies lineally with Mn

content. The carrier concentration to the effective mass

ratio as well as the the free carrier electric

csusceptibility, c  have been also analysis as a function

of Mn content. Analysis of the absorption coefficient

for the deposited films revealed the existence of both

allowed direct and forbidden direct optical transitions.

gdThe dependence of the direct band gap E  on the Mn

content, x described a third degree polynomial function.
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