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Abstract:  

Thin films of Cd10Se75Ge15 were prepared by the conventional thermal evaporation technique on glass substrate. The chemical 

composition of the films has been checked using energy dispersive X-ray spectroscopy (EDX). X-ray diffraction (XRD) 

measurements have shown that all investigated compositions in powder and thin film form have amorphous nature. 

Transmittance measurements in the wavelength range (350-2500nm) were used to calculate the refractive index n and the 

absorption index k using Swanepole’s method. The analysis of the optical absorption data revealed that the optical band gap Eg 

was indirect transitions. The optical dispersion parameters Eo and dE  were determined according to Wemple and Didomenico 

method. The optical constants such as optical band gap 
opt

gE , complex dielectric constant and dissipation factor tan  were 

determined. 
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1. Introduction 

Chalcogenide  glassy semiconductors have several useful 

properties that can be employed in various solid state 

devices.They show a continuous change in physical 

properties with change in chemical composition [1]. They 

have also found applications in the fabrication of 

inexpensive solar cells [2], and as reversible phase change 

optical recorders [3]. So it is important to study their optical 

and electronic properties. The addition of an impurity has a 

pronounced effect on the conduction mechanism and the 

structure of the amorphous glass. This effect is widely 

different for different impurities [4]. Impurity effects in 

chalcogenide glasses have a great importance in fabrication 

of glassy semiconductors. These impurities are added to 

these glasses to modify thermal, mechanical, electrical and 

optical properties and enable the development of new 

materials with high quality for device industry. Different 

factors affect the role of impurity atoms in chalcogenide 

glasses, which is related to the composition of the glasses, 

the chemical nature of impurity and the value of impurity 

concentration. Several studies [5-8] have been made and 

reported the impurity effect in various chalcogenide glasses. 

The common feature of these glasses is the presence of 

localized states in the mobility gap as a result of the absence 

of long-range order as well as various inherent defects. The 

addition of metals such as Cd to Se-Ge chalcogenide glasses 

is generally accompanied by a marked change in their 

structural and physical  properties [9-14]. The aim of this 

work was thus to calculate the optical parameters of 

evaporated Cd10Se75Ge15 thin films and to investigate the 

relation to their thickness. 

2. Experimental details. 

Glassy alloys of Cd10Se75Ge15 were synthesized by 

quenching technique.The elementary constituents of each 

composition of purity 99.999% were weighed in accordance 

with their atomic percentage and loaded in a silica tube, which 

was then sealed under vacuum (10
-6

 mbar). The content of 

each tube was heated gradually in an oscillatory furnace to 280 
o
C (   m.p of Se) and kept constant for 2 h. It was raised to 

321 
o
C (   m.p of Cd and kept constant for 2 hrs. Finally it 

was raised to 980 
o
C (  m.p of Ge) and kept constant for 20 h.  

Long times of synthesis and oscillation of the tube are 

necessary for the homogeneity of the synthesized 

compositions. The tube is then quenched in icy water to obtain 

the compositions in the glassy state. Thin films of the 

investigated compositions were obtained from bulk samples 

by a thermal evaporation technique under vacuum on glass 

substrates for structural and optical measurements. The 

substrates was fixed onto a rotatable holder ( up to 240 rpm) to 

obtain homogeneous deposited films at a distance of 25 cm 

above the evaporator. The thickness of film samples was 

measured during deposition using a thickness monitor 

(FTM2). The chemical composition of the investigated 

samples was checked by energy dispersive X-ray analysis 

(EDX) using scanning electron microscope (Joel JSM 5400). 

The structural identification of the investigated compositions 
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in powder and thin film forms were confirmed by both X-ray 

diffraction (XRD) and differential thermal analysis (DTA).   

Transmittance )(T  and reflectance )(R  at normal 

incidence were measured using a double beam 

spectrophotometer (JASCO Corp., V-570, Rev. 1.00.) with 

unpolarized light at normal incidence in the wave length range 

350-2500 nm.   

3. 3- Results and discussion. 

3.1. Structural identification of Cd10Se75Ge15film samples. 

3.1.1. Energy dispersive X-ray spectroscopy. 

Composition of the investigated films was checked using 

energy dispersive X-ray spectroscopy. The obtained 

percentages of their constituent elements are Cd10Se75Ge15. 

Moreover EDX analysis indicates the absence of strange 

elements in the studied composition and illustrated in Fig.(1)a. 

 

Fig.(1)a Energy dispersive X-ray (EDX)- of Cd10Se75Ge15 composition. 

3.1.2. X-ray diffraction characterization. 

X-ray diffraction patterns for the investigated compositions in 

powder and thin film forms are illustrated in Fig.(1)b. No line 

matching is observed in this figure. The absence of the lines in 

the measured pattern indicates the formation of this 

composition have an amorphous structure. 

3.1.3. Differential thermal analysis. 

Differential thermal analysis was carried out at a constant 

heating rate (10 
o
C/min.). The obtained glass transition 

temperature,  Tg for the studied samples is 130 
o
C. 

 

Fig.(1)b X-ray diffraction patterns of Cd10Se75Ge15 in powder and   thin film 

form 

3.2. Optical properties of Cd10Se75Ge15 thin films. 

The study of the optical absorption of the investigated 

compositions, particularly the absorption edge has proved to 

be very important to study the electronic structure of these 

materials. The spectral distribution of the refractive index n , 

the absorption index k  and the absorption coefficient   

were determined using Swanepole’s method [15]. The 

analysis of the absorption coefficient was carried out to obtain 

the optical energy gap opt

gE . Analysis of the refractive index n 

with the help of the absorption index k  was carried out to 

obtain the real and imaginary parts of the complex dielectric 

constant ( 1 and 2 ), the optical dispersion parameters Ed , 

Eoand the dissipation factor tan . 

3.2.1. The spectral distribution of the transmittance and reflectance. 

  The spectral distribution of transmittance T()  and 

reflectance R() of the deposited films were measured at room 

temperature using unpolarized light at normal incidence in the 

wavelength range  (350 - 2500 nm). Fig.(2) show the spectral 

distribution curves of transmittance T() and reflectance R() 

for the examined Cd10Se75Ge15films at the thickness 512 nm. 

It is clear from this figure that at the larger wavelength region 

films become transparent, T+R=1 and no light is absorbed 

(k=0). 

 
Fig.(2)a Spectral distribution of transmittance T()  and reflectance R() 

for Cd10Se75Ge15amorphous film with thickness 512nm. 

 

10 20 30 40 50 60 70 80

Cd10Se75Ge15

Powder

Thin film

In
te

n
si

ty

2q deg

500 1000 1500 2000 2500

0.0

0.2

0.4

0.6

0.8

1.0

R
 &

T
%

(nm)

Cd10Se75Ge15 

500 1000 1500 2000 2500

0.0

0.2

0.4

0.6

0.8

1.0

Cd10Se75Ge15 

T
%

(nm)

 850nm

 512nm

 380nm

 212nm



Structural and Optical properties of Cd SeGe amorphous films .. A. M. Al-Rebati and others 
 

 
30 

 

Fig.(2)b Spectral distribution of transmittance T()  for 

Cd10Se75Ge15amorphous film with different thicknesses. 

3.2.2. The dispersion curves of refractive index (n) and 

absorption index (k). 

The refractive index n and absorption index k for the 

examined compositions were computed from the obtained 

)(T using Swanepoel’s method [15]. The spectral 

distribution of n and k for all investigated compositions are 

shown in Fig.(3) and (4), respectively 

 

Fig.(3) Spectral dependence of the refractive index n  for Cd10Se75Ge15 thin 

films. 

3.2.3. The spectral distribution of the absorption  

coefficient (). 

The spectral distribution of the absorption coefficient of a 

semiconductor near the fundamental edge is of great 

importance for the investigation of the allowed transitions, as 

well as, the energy band structure.The absorption coefficient 

() of the investigated films was calculated by two procedures, 

the first from the relation  = 4 k / , which depends on 

values of k, calculated using Swanepoel
,
s method. The second 

procedure is the calculation of  from the formula [16]

)/)1ln(()./1( 2 TRt   where t is the film thickness. The 

obtained values of   from both procedures have 

approximately the same magnitude. A plot of log as a 

function of photon energy (h) of the incident photons for the 

investigated thin films is illustrated in Fig. (5). Each curve of 

this figure can be divided into two regions[17]. 

 
Fig.(4) Spectral dependence of the absorption index k  for Cd10Se75Ge15 

thin films.. 

 Fig.(5) Plots of log as a function of  photon energy h  for 

Cd10Se75Ge15amorphous films.   

(i) The first region; for the higher values of the absorption 

coefficient,  ()  10
4
 cm

-1
. This corresponds to transitions 

between extended states in both valence and conduction bands, 

where the power law behavior of Tauc[17],   

h  = A ( h - Eg
opt

 )
r
                                 (1) 

is valid. The edge width parameter A representing the film 

quality, Eg
opt

 is the optical energy gap of the material and r is a 

number characterizing the type of the optical transition 

process. The parameter r has the value 1/2 for the direct 

allowed transition and has the value 2 for the indirect allowed 

transition. The usual method for the determination of the value 

of Eg
opt

 involves plotting a graph of (h)
1/r

 against h. The 

relations (h)
1/2

 = f (h) is plotted in Fig.(6) for amorphous 

Cd10Se75Ge15films. This figure shows that (h)
1/2

 = f (h) is 

linear relationship  for all the investigated samples, indicating 

the existence of the indirect allowed transitions. Extrapolation 

of the linear parts dependence of (h)
1/2

 = A ( h - Eg
opt

) to 

the zero absorption with the photon energy axis yields the 

corresponding  band width Eg
opt

. The edge width parameter A 

can be calculated from the slopes of these linear parts for the 

investigated compositions. The obtained values of Eg
opt

 and A 

0 500 1000 1500 2000 2500

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0
 850nm

R
e
fr

a
c
ti

v
e
 i
n

d
e
x
 (

n
)

(nm)

500 1000 1500 2000 2500

2.4

2.5

2.6

2.7

2.8

2.9

3.0
 512nm

R
e
fr

a
c
ti

v
e
 i
n

d
e
x
 (

n
)

(nm)

Cd10Se75Ge15

0 500 1000 1500 2000 2500

2

3

4

5

6

7

8

 380nm

R
e
fr

a
c
ti

v
e
 i
n

d
e
x
 (

n
)

(nm)

0 500 1000 1500 2000 2500

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

 212nm

R
e
fr

a
c
ti

v
e
 i
n

d
e
x
 (

n
)

(nm)

440 460 480 500 520 540 560 580 600

0.0

0.1

0.2

0.3

0.4

0.5

500 520 540 560 580 600 620 640

0.0

0.1

0.2

0.3

0.4

0.5

 850nm

k

λ (nm)
460 480 500 520 540 560 580 600 620 640 660

0.0

0.1

0.2

0.3

0.4

0.5

 512nm

k

λ (nm)

500 520 540 560 580 600 620

-0.05

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

 380nm

k

λ

 212nm

k

λ

1.8 2.0 2.2 2.4 2.6 2.8

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

212nm

 350nm

 512nm

 850nm

lo
g

 (


)

Photon energy (hw)  [eV]

Cd10Se75Ge15



Structural and Optical properties of Cd SeGe amorphous films .. A. M. Al-Rebati and others 
 

 
31 

are given in Table 1. 

 

Fig.(6) Dependence of 2/1)( h  on the photon energy h  for 

Cd10Se75Ge15amorphous films.   

(ii) The second region of the absorption edge is for the 

lower values of the absorption coefficient, that is for()  10
4
 

cm
-1

, where the absorption at lower photon energy usually 

follows the Urbach
 
rule[18] i.e. 

 ()  =  o  exp ( h  / Ee )                       (2) 

where (o) is a constant and (Ee) is Urbach energy which is 

interpreted as the width of the tails of localized states in the 

band gap and in general represents the degree of disorder in an 

amorphous semiconductor [19], the absorption in this region 

is due to transitions between extended states in one band and 

localized states in the exponential tail of the other band [20]. 

  From plotting log as a function of h, shown in Fig.(5), 

values of Ee as a function of thickness can be calculated and 

given in Table 1. 

Table 1. Optical constants the edge width parameter A, the optical energy gap 

Eg
opt  and Urbach energy(Ee) of Cd10Se75Ge15  amorphous films with 

different thicknesses. 

Composition 
Eg

opt   
 (eV) 

A,  
cm-1. eV-1 

Ee 
(eV) 

 

850nm 1.99 3.33E-07 0.12  

512nm 1.9 3.44E-14 0.0581  

380nm 1.88 1.71E-15 0.053  

212nm 1.78 2.32E-16 0.05  

It is clear form this table energy gap and Urbach energy Ee 

decrease with decreases films thickness.  Also, the observed 

change of energy gap for all thicknesses can be explained 

using the density of states model in amorphous solids 

proposed by Mott and Davis [21]. According to this, the width 

of the localized states near the mobility edges depends on the 

degree of disorder and defects present in the amorphous 

structure. In particular, it is known that the unsaturated bonds 

are responsible for the formation of some defects in 

amorphous solids. Such defects produce localized states in the 

band structure.  

3.2.4. Dispersion energy parameters. 

Wemple and Didomenico [22,23] used a single-oscillator d

escription of the frequency-dependent dielectric constant to

 define a “dispersion energy” parameters dE  and oE . The 

refractive index dispersion of the studied samples can be f

itted by Wemple and Didomenico model. The dispersion p

lays an important role in the research for optical materials,

 because it is a significant factor in optical communication

 and in designing devices for spectral dispersion. Althoug

h these rules are quite different in details, one common fe

ature is the over-whelming evidence that both crystal struc

ture and ionicity influence the refractive-index behavior of

 solids in ways that can be simply described [24]. The rel

ation between the refractive index n , and the single oscil

lator strength below the band gap is given by the expressi

on [22,23]: 

22

2

)(
1

hE

EE
n

o

do


+  ,                             (3) 

where dE  and oE  are single oscillator constants, oE  the e

nergy of the effective dispersion oscillator, Ed the so-calle

d dispersion energy, which measures the average strength 

of interband optical transitions. Fig. (8) illustrates the plott

ing of 12 )1( n  versus 2)( h  for the investigated films, 

which yields a straight line for normal behavior having th

e slope 
1)( 

do EE  and the intercept with the vertical axis is 

do EE / . The obtained curves showed a positive curvature d

eviation from linearity at longer wavelength, which is usu

ally observed due to the negative contribution of lattice vi

brations on the refractive index [23]. The obtained values 

of the parameters oE  and dE  are given in Table (2). 

Table 2. The parameters energy of the effective dispersion oscillator Eo, 

dispersion energy Ed and Wemple and Didomenico optical energy Eopt
WD for 

Cd10Se75Ge15amorphous films. 

Composition 
Eo, 

eV 

 Ed, 

eV 

Eopt
WD, 

eV 
ns ns

4 Eopt
WD~60 

212nm 2.93 11.3 1.465 2.204 35 

380nm 3.42 14.7 1.71 2.302 47 

512nm 3.68 17 1.843 2.32 59.54 

850nm 3.94 17.73 1.9723 2.344 59.59 

The obtained values of oE  and dE  for the studied comp

ositions have slight differences with those obtained before

[25], this may be due to the difference in the structure pr

operties and the impurities of the investigated composition

s. Also, the optical band gap values 
opt

gE , were calculated 

from Wemple–Didomenico dispersion parameter oE  using 

the relation 2/o

WD

opt EE   [16]. The obtained values agree w

ith those determined by the other two methods as given in

 Table (1). 
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Fig.(8) A plot of 
12 )1( n  against 

2)( h  for Cd10Se75Ge15  amorphous 

films with different thicknesses. 

3.2.5. Determination of dielectric constant. 

The obtained data of refractive index (n) can be analyzed 

to obtain the high frequency dielectric constant via two pr

ocedures[26]. The first procedure describes the contributio

n of the free carriers and the lattice vibrational modes of t

he dispersion. The second procedure, however, is based u

pon the dispersion arising from the bound carriers in an e

mpty lattice. To obtain a reliable value for the high-freque

ncy dielectric constant ( ),we employed both procedures. 

(i) The first procedure, 

  The following equation can be  used to obtain the high 

frequency dielectric constant[26] 

1 = (L) - B 
2                                       (4) 

where 1  is the real part of dielectric constant, (L) is the

 lattice dielectric constant,   is the wavelength and B is 

given by (e2N / 4
2 o m*c2) where e is the charge of the 

electron, N is the free charge-carrier concentration, o is th

e permittivity of free space, m* the effective mass of the e

lectron and c the velocity of light. It is observed that the 

dependence of 1=n2 (in the transparent region k=0) on 
2

 is linear at longer wavelengths, as shown in Fig. (9). Ext

rapolating the linear part of this dependence to zero wavel

engths gives the value of (L) and from the slopes of thes

e lines we can calculate the values of N/m* for the investi

gated compositions. Values of (L)  and N/m* are given in

 Table (3). 

 (ii) The second procedure,  

The high-frequency properties of the investigated films co

uld be treated as a single oscillator of wavelength o at hi

gh frequency by applying a simple classical dispersion rel

ation [26]. If ns is the refractive index of an empty lattice

 at infinite wavelength o, it will vary as: 

 (ns
2 – 1) / (n2 –1) = 1 – (o/)2                       (5) 

  Where o and ns have been evaluated from plots of (n2 

–1)-1 against 
-2 given in Fig. (10). The values of ns

2 can 

be calculated by extrapolating the obtained lines to the y-a

xis, while o was calculated from the slopes of the linear 

part of the lines of Fig.(10) and equation (5). Values of ns
2 = (s) and o are given in Table (3). 

Values of (L) and (s) obtained by both procedures are a

gree with each other. The reason for this agreement, despi

te the difference in procedures used, is that the lattice-vibr

ations and plasma frequencies wp are well separated from 

the absorption band-edge frequency.   

 

Fig.(9) A plot of 
1   as a function of 2

 for Cd10Se75Ge15

  amorphous films with different thicknesses. 

 

Fig.(10) A plot of 12 )1( n  against 2  for  

Cd10Se75Ge15  amorphous films with different thicknesses. 
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The parameters (L) , s, N/m* , single oscillator of wav

elength o and  plasma frequencies wp  for Cd10Se75Ge15  

amorphous films with different thicknesses. 

Compo

sition 
L  

N / m*  

 ( m-3.Kg-1) 

 o 

( nm) 
wp (s-1) 

s=ns
2 

 

850nm 
3049.5 

 
2.3×1056 656 4.1×1014 5.494 

512nm 6.226 2.8×1056 718 3.6×1014 5.686 

380nm 5.8837 3.1×1056 807.9 1.23×1014 5.297 

212nm 5.6117 4.02×1056 995 4.6×1014 4. 86 

The obtained values of the optical relative dielectric permi

ttivity s = no
2 are in the same order with those obtained

 before [24,25,27] for the investigated films.     

According to Penn’s theory [28], which is applicable to ch

alcogenide semiconductors, we have 

n2  = 1 + ( h wp / Eg
opt )2                       (6) 

where wp is the plasma frequency (a resonant frequency f

or free oscillations of the electrons about their equilibrium

 positions), determined by the ratio 

w
2

p = e2 N / 0L  m*                            (7) 

Using our results of N / m* given in Table 3, wp  can be 

calculated from equation (8) and given also in the same T

able. 

3.2.6. Determination of the complex dielectric constant n

ear the absorption edge. 

The complex refractive index iknn +


 and complex

 dielectric constant 
21  i+


 characterize the optic

al properties of any solid material. The real and imaginary

 parts of the dielectric constants 
1  and 

2  of the inves

tigated films (in the absorption region) were also determin

ed by the following relations [29]: 

2

22

2
22

1
4




 









*
mc

Ne
kn

o

,        (8)  

and 

3

32

2

2
8

2 


w



















c
nk

p
,          (9) 

where   is the high frequency dielectric constant, pw  is 

the plasma frequency,   the dielectric relaxation time and

  4/k .  Values of 1  and 
2  can be calculated as

 it is directly related to the density of states within the for

bidden gap of the investigated compositions[40]. Variation

 of 
1  and 2 with h  are shown in Fig.(11) and  (12) f

or all investigated film compositions. It is seen that both 

1  and 2  follow the same pattern and increase with incr

easing photon energy and values of  1  are higher than th

at of 2 . 

 

Fig.(11) Plots of 
1   as a function of h  for the investig

ated thin films. 

 

Fig.(12) Plots of  
2  as a function of h  for the investi

gated thin films. 

3.2.7. Determination of the dissipation factor tan .  

The dissipation factor (loss tangent) tan  can be calcula

ted according to the following equation [30]: 

1

2tan



  ,                              (10) 

The variation of the dissipation factor of the investigated f

ilms with frequency   is shown in Fig.(13). It is found t

hat tan  increases with increasing frequency. 
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 Fig.(13) Dependence of the dissipation factor tan on the 

frequency   for the investigated  thin films. 

4- Conclusions. 

  The refractive index n and absorption index k were com

puted from the obtained )(T  using Swanepoel,s method.

 The obtained values of the optical band gap 
opt

gE  calcu

lated in terms of Tauc method and Wemple Didomenico 

model 
WD

gE  are in good agreement with each other. The t

ype of optical transition responsible for optical absorption 

is indirect. It must be noticed that values of l  and s

 obtained by two different procedures approximately agree

 with each other.  
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