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Undoped CdS and doped with iron CdS:Fe
+3

 thin films have been prepared by chemical spray 

pyrolysis method on The glass different temperatures substrate of cadmium nitrate solution 

with constant thickness (450 ± 5 nm), and study the effect of the percentage of doping with 

iron on optical properties of prepared films. 

The optical properties have been studied from transmittance and absorbance spectral within 

wavelengths range (380-900 nm). The results showed that all the prepared films have direct 

electronic transitions and optical energy gap between (2.31-2.44 ) eV. They also showed that 

the transmittance and optical energy gap of films prepared from nitrate solution increase with 

increasing of substrate temperature, then transmittance start downward with The continued 

increase in temperature (673, 723) k, and a decrease in the optical energy gap with increasing 

doping percentage with iron..  
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خلاصـةال  
والمشوبة بالحديد )( CdSتم في هذا البحث تحضير اغشية رقيقة من كبريتيد الكادميوم غير المشوبة ) 

+3
CdS:Fe )

بسمك  على قواعد زجاجية وبدرجات حرارة مختلفة من محلول نترات الكادميوم (CSP)بطريقة التحلل الكيميائي الحراري 

على الخصائص البصرية للأغشية المحضرة. تم دراسة  ودراسة تأثير نسب التشويب بالحديد( nm 5±430ثابت )

بينت النتائج  (.nm-380 900الخصائص البصرية من خلال دراسة طيفي النفاذية والامتصاصية ضمن الاطوال الموجية )

كما  (.eV-2.31 2.44ان جميع الاغشية المحضرة تمتلك انتقالات الكترونية مباشرة وبفجوة طاقة بصرية تتراوح بين )

ظهرت نتائج القياسات البصرية للأغشية المحضرة من محلول النترات زيادة في قيمة النفاذية وفجوة الطاقة البصرية مع ا

, ونقصان في فجوة k (723 ,673)زيادة درجة حرارة القاعدة , ثم تبدأ النفاذية بالنقصان مع استمرار زيادة درجة الحرارة 

 .الطاقة البصرية نتيجة التشويب بالحديد

 

Introduction 
The term thin films is used to describe a layer 

or several layers of solid atoms that are depos-

ited on a solid substrate so that the thickness of 

the thin films is less than (1μm) [1]. 

Thin-film technology is one of the most im-

portant technologies that has contributed to the 

development and study of semiconductors, 

which have recently gained considerable inter-

est in nanotechnology researchers and have 

given a clear idea of many of the physical and 

chemical properties of these substances whose 

properties are difficult to obtain naturally [2]. 

The importance of semi-conductor materials in 

the scientific and industrial fields has been em-

phasized for its unique physical characteristics. 

It is used in many applications such as transis-

tor, integrated circuits, diodes used as emitters, 

light emitting diodes, solar cells, photovoltaic 

filters, reagents And magnetic memory devices 

[3][4].  

The optical properties of the (Fe
+3

)
 
non - de-

formed and iron-coated (CdS) thin films were 

studied. The permeability and absorption meas-

urements of all samples were included within 

the range of wavelengths (380-900) nm, the 

reflectivity and many optical constants were 
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calculated by studying the spectral change of 

permeability and absorption of these thin films 

such as absorption coefficient, optical Energy 

gap, coefficient of inertia, refractive index and 

real and imaginary electrical insulation con-

stant. 
 

Materials and Methodology 
Cadmium supplied thin films were introduced 

in a chemical degradation manner: 

The water solution of the cadmium hydrother-

mal nitrate Cd (NO3)2.4H2O was a quick solu-

ble white substance in water of molecular 

weight 308.47g / mol and purity 99.999 % 

which was a source of cadmium ions Cd
+2

 

0.1M by dissolving a certain weight of cad-

mium nitrate using a magnetic mixer in a cer-

tain volume of distilled water according to the 

following relationship (1) [5].  
 

M =
wt

Mwt
×

1000

V
 (1) 

 

Where M: Molecular concentration, Wt  :The 

weight required to melt, V: Volume of distilled 

water, and Mwt :Molecular weight of matter. 
 

In the same way, the thiourea solution CH4N2S, 

a white soluble powder 76.11 g/mol with purity 

99% and 0.1 mg, is a source of sulfur ions S
-2

. 

Prepare the iron nitrate solution after dissolving 

a certain weight of iron nitrate in distilled water 

and (0.1 M) in the same previous way. The iron 

nitrate solution is added to the cadmium nitrate 

solution at different volume rates (1, 3, 5) % 

and at a temperature of 623k. 

CdS thin films were prepared from the solution 

of the cadmium nitrate, and thiourea on the 

substrate glass at temperature degree 623k, ac-

cording to the chemical reaction that follows: 
 

Cd(NO3)2 + CH4N2S ⟶ CdS + CH4 + N2 +
2NO3  
 

CdS:Fe
+3 

thin films Iron-coated were prepared 

from the solution of the cadmium nitrate, thiou-

rea and iron nitrate on substrate glass at tem-

perature degree 623k with precipitation ratios 

(1, 3, 5) % , according to the chemical reaction 

that follows: 
 

Cd(NO3)2 + CH4N2S + Fe(NO3)2 ⟶ 

CdS: 𝐹𝑒+3 + CH4 + N2 + 5NO3 

Table (1): shows the volume ratios of iron nitrate solu-

tion used in thin films preparation. 

CdS (ml) Fe(NO3)2 (ml) Percentage ( Fe% ) 

100 0 0 

99 1 1 

97 3 3 

95 5 5 

 

The solution has an important role in the ho-

mogeneity and adhesion thin films and degree 

of crystallization where the solution of cad-

mium nitrate was used to prepare CdS thin 

films, As well as the iron nitrate solution to 

prepare the doping thin films CdS: Fe
+3

. 

Place the substrate on the center of the electric 

heater plate to obtain homogeneity in the films 

and the spray device is vertical on the sub-

strate. 

We obtained that the best result was at a height 

of (29±1) cm. Increasing this distance leads to 

the volatilization of the solution spray away 

from the substrata surface. Reducing this dis-

tance leads to the concentration of the solution 

spray in one spot and thus the substrata are not 

homogeneous. 

The spray rate is calculated by the flow of the 

solution of the solution per minute. The best 

spraying rate in this experiment is 6 ml / s. 

In this study, the solution was sprayed 8s fol-

lowed by a (2) min and repeated several times 

until the required thickness was reached. 

Air pressure was installed in the glass chamber 

of the spray device when all thin films were 

prepared up to (10
5
 N/m

2
) for homogeneous 

membranes. 
 

Results and Discussion  
Figure 1 shows the change in Transmittance 

(T) with wavelengths for pure and doping with 

iron thin films (CdS) and the different con-

centrations. The results show that the permea-

bility increases with the wavelength of all thin 

films increasing, decreasing with the increase 

of the doping ratio and increasing at the rate of 

doping (5%) due to the change in Transmit-

tance and absorption, the change in the energy 

gap and the formation of localized levels with-

in the energy gap. 
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Figure 1: The relationship of a transmittance as a func-

tion of the wavelength for the Pure and doping with iron 

thin films 

. 

Figure 2 shows the change in absorbance (A) 

as a function of the wavelength of non-porous 

and iron-coated thin films where we observe 

that absorption decreases with increasing 

wavelength of all thin films. This is because 

the energy of photons falling at high wave-

lengths (where low energies are insufficient), 

Figure 2 shows the increase in absorbance with 

the doping ratios and decreases with the rate of 

doping (5%). This may be due to the localized 

levels within the energy gap due to the change 

in doping ratios, which caused a change in both 

absorption and transmittance of the thin films. 
 

 
Figure 2: The relationship of absorbance as function of 

the wavelength for the Pure and doping with iron thin 

films. 

 

The reflectivity of the surface of the thin films 

of both pure and doping with iron cadmium 

sulfide was calculated from the absorption 

spectra (A) and Transmittance (T) under the 

energy conservation law as a function of the 

projected photon wavelength according equa-

tion (2) [6]. 
 

R + A + T = 1 (2) 

 

From Figure 3, which represents the change of 

reflectivity as a function of the wavelength of 

the pure and doping with iron (CdS ) thin 

films, we observe that the reflectivity increases 

with increasing wavelength at the shorter 

wavelengths (380–480)nm, and then decreases 

with increasing wavelength at higher wave-

lengths (480 – 880)nm. And that the reflectiv-

ity changes with the increase in the rate of dop-

ing because the increase in the rate of doping 

changes the surface roughness, causing a 

change in reflectivity. 

 

 
Figure 3: The relationship of a reflectivity as a function 

of the wavelength for the Pure and doping with iron thin 

films. 

 

According to the absorption coefficient (α) us-

ing the following formula (3) [7]. 
 

α = 2.303 
A

t
 (3) 

 

Where t : thickness of the thin film. 

Figure 4 shows the change in the absorption 

coefficient as a function of the wavelength of 

the pure and doping with iron (CdS) thin films. 

We note that all thin films have a high absorp-

tion factor (α > 104 Cm
-1

). This indicates direct 

electron transitions. The results showed that the 

increase in the rate of doping resulted in a 
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slight increase in the values of the absorption 

coefficient compared to the before doping con-

dition at the lower energies and then began to 

decrease slightly at the doping rate (5%). Also, 

the absorption limits creep slightly with in-

creasing doping. The formation (generation) of 

local levels within the energy gap in turn led to 

a mutation the photons with energies of low - 

lying and then change in the absorption coeffi-

cient values. 
 

 
Figure 4: The relationship of the absorption coefficient 

as a function of the wavelength for the Pure and doping 

with iron thin films. 

 

The optical Energy gap (Eg
opt

) was calculated 

using the following relationship (4) [8]. 
 

αhv = B(hv − Eg
opt

)r (4) 

 

Where B represents the proportionality con-

stant depends on the nature of the material and 

r: is the order of the optical transition, depends 

on the nature of the electron transmission. 

And by drawing a graphic relationship between 

(hυ) and (αhυ)
2
 as in Figure 5. The energy gap 

is calculated when (αhυ
2
 = 0) is from the inter-

section area of the tangent with the ( hυ) axis, 

so the intersection point represents the energy 

gap and we note that The values of the optical 

energy gap (Eg
opt

) decrease with the increase in 

the rate of doping because of the formation of 

the local levels within the energy gap and then 

increase slightly at the ration of (5%), as in 

Figure 6. 
 

 

 
Figure 5: Relationship (αhυ)

2
 with photon energy for the 

Pure and doping with iron thin films at different rates. 
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Figure 6: Relationship of the Energy gap with the dop-

ing ratios. 

 

The Extinction coefficient (ko) was calculated 

according to the following equation (5) [9]. 
 

Ko =  
αλ

4π
 (5) 

 

Where λ: Wavelength of the electromagnetic 

spectrum radiation. 
 

Figure 7 shows the change in the Extinction 

coefficient as a function of the wavelength for 

Pure and doping with iron (CdS) thin films. 

Note that the Extinction coefficient decreases 

by increasing the wavelength, and a sharp de-

crease at wavelength (λ > 500 nm) as in Figure 

(7), due to the decrease in absorbance at high 

wavelengths. When the falling photon energy 

is less than the energy gap value, the results 

showed that the increase in doping rates led to 

a change in the values of the Extinction coeffi-

cient compared with its value before doping. 

The reason for this change was due to the local 

levels within the energy gap that led to in-

creasing the absorption coefficient and then 

changing the Extinction coefficient. 

The refractive index (no) was calculated using 

the following relationship (6) [10]. 
 

no = [ ( 
1 + R

1 − R
 ) 2 − ( Ko2 + 1) ]

1 2⁄

+  
1 + R

1 − R
 (6) 

 

Note from Figure 8, which represents the 

change of refractive index as a function of the 

wavelength of the milled and undamaged 

membranes and that the refractive index in-

creases with wavelength increase when 

(λ<500nm). Then starts with decreases when 

(λ>500nm) and that the refractive index chang-

es with increasing deflection. 
 

 
Figure 7: The relationship of Extinction coefficient as a 

function of the wavelength for the Pure and doping with 

iron thin films. 

 

It is also noted that the nature of the refractive 

index curve is similar to the nature of the re-

flectivity curve and that the highest value of the 

refractive index curve corresponds to the ener-

gy gap, indicating that direct electronic transi-

tions occur in that range of energy.  
 

 
Figure 8: The relationship of the refractive index as a 

function of the wavelength for the Pure and doping with 

iron thin films. 

 

The Dielectric constant was calculated by its 

real (εr) and imaginary (εi) parts according to 

the two equations (7) (8) [11]. 
 

r =  no
2– ko

2 
(7) 

i =  2noko 

 

Note that the values of (εr) and (εi) increase 

with wavelength increase up to (λ ≈ 500 nm) 

and then start with decreases and for all thin 
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films. Also note that the values of the dielectric 

constant in its parts change with increasing 

doping ratio and that the real part values are 

greater, than the imaginary part values as in 

figure 9 and 10 representing the change of the 

real and imaginary dielectric constant respec-

tively as a function of the wavelength. 
 

 
Figure 9: The relationship of real part of dielectric con-

stant as a function of the wavelength for the Pure and 

doping with iron thin films. 

 

 
Figure 10: The relationship of imaginary part of Dielec-

tric Constant as a function of the wavelength for the Pure 

and doping with iron thin films. 

  

Conclusions 
Iron replaces in lower concentrations and be-

comes interstitial with increased concentration 

in the nitrate-forming thin films and the optical 

energy gap of the pure CdS is greater than the 

optical energy gap of the Thin films CdS: Fe 
+ 3

 

and the energy gap decreases with the increase 

of the doping rate and 

The change in the doping of the thin films in 

iron led to a change in the values of the ex-

tinction coefficient, refractive index and die-

lectric constant in real and imaginary parts 

within wavelengths (380 - 520) nm. 

References 
[1] L. Eckertova , ''Physics of Thin Films'', Plenum 

press, New York and London, (1977). 

[2] P. Radi, A. Brito-Madurro, J. Madurro and N. Dan-

tas, "Characterization and Properties of CdO Nano-

crystals Incorporated in Polyacrylamide" , Brazilian 

Journal of Physics, V. 36, N. 2A (2006) pp. 412-

414. 

[3] D. Greve, "Semiconductor Devices and Technolo-

gy ", (2012). 

[4] J. Singh, "Electronic and Optoelectronic Properties 

of Semiconductor Structures", Cambridge Univer-

sity Press (2003). 

[5] E. Igbinovia, and P. Ilenikhena, International Jour-

nal of the Physical Sciences, 5, 1770-1775(2010). 

[6] I. Gusev and S. V. Rempel,''X-ray diffraction study 

of the nanostructure resulting from decomposition 

of (ZrC)1 – x (NbC)x solid solutions",Inorganic 

Materials, 39 ( 2003) 43-46.  

[7] N. F. Mott and Davis, "Electronic Processes in 

Non-Crystalline Materials" , 2nd Ed., Clarendon 

Press, Oxford, (1979). 

[8] M. S. Dresselhaus, "Optical Properties of Solids", 

Part II (1998). 

[9] Boukhachem, B. Ouni, A. Bouzidi, A. Amlouk, K. 

Boubaker, M. Bouhafs and M. Amlouk, "Quantum 

effects of indium ytterbium doping on ZnO-like 

nano-condensed matter in terms of urbach-

martienssen and wemple-didomenico single-

oscillator models parameters", ISRN Condensed 

Matter Phys., (2012) 1-10. 

[10] W. Tan, K. Koughia, J. Singh, and S. Kasap, "Fun-

damental Optical Properties of Materials I", John 

Wiley and Sons (2006). 

[11] H. Ali, H. Mohamed, M. Wakkad and M. Ha-

saneen, "Properties of Transparent Conducting Ox-

ides Formed from CdO Alloyed with In2O3", Thin 

Solid Films, V.515 (2007) pp. 3024-3029. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0

50

100

150

200

250

380 480 580 680 780 880

CdS -pure

CdS+Fe(1%)

CdS+Fe(3%)

CdS+Fe(5%)

0

1

2

3

4

5

6

7

8

380 480 580 680 780 880

CdS -pure

CdS+Fe(1%)

CdS+Fe(3%)

CdS+Fe(5%)


