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Abstract 
In this study, Lead sulphide (PbS) thin films were deposited on glass substrates using the thermal vacuum 

evaporation technique at pressure 10
-6

 torr. The films were annealed to 250°C by using oven under vacuum at  

pressure 10
-2

mbar and they were irradiated by CO2 laser of power (1 watt) and wavelength (10.6) μm at distance 

(10 cm) from the source for (5 sec) . The optical characteristics of the prepared thin films have been investigated 

by using IR spectrophotometer in the range (400- 4000) cm
 -1

. Optical constants such as  absorption , reflection 

,absorption coefficient (α), optical band gap (Eg), extinction coefficient (K), refractive index (n), and complex 

dielectric constants (r&i) were evaluated from transmission spectra. From the result we conclude that the 

irradiation by laser causes decreasing in transmittance, reflection, band gap energy, refractive index  and in the 

real part of dielectric constant while increasing in the absorption, extinction coefficient and imaginary part of 

dielectric constant. 

Introduction:  
PbS has a direct narrow gap semiconductor which is 

suitable for infrared detection applications [1]. At 

room temperature, its energy band gap is 

approximately 0.37– 0.41 eV at 300 K [2-3]. This 

material has also been used as photoresistance, Pb
2+

 

ionselective sensors, diode lasers, humidity and 

temperature sensors, decorative coatings and solar 

control coatings [4]. These properties have been 

correlated with the growth conditions and the nature 

of substrates [5]. For these reasons many research 

groups have an increasing interest in the development 

and study of this material by various deposition 

processes such as electrodeposition, spray pyrolysis 

[6] photoaccelerated chemical deposition, 

microwaveheating and chemical bath deposition 

(CBD) [7].  

Experimental details: 
PbS thin films were prepared, from the pure PbS 

powder with purity 99.99% by thermal vacuum 

evaporation using an Edward coating unit on the glass 

substrate. The substrate were washed with distilled 

water and with the ethanol and finally the substrates 

were put in the Ultrasonic device for 10 minutes. The 

deposition chamber was evacuated to pressure 10
-6

 

torr, prior to all deposition experiments. Molybdenum 

boats (Mo) were used in this experiment and the 

distance between the PbS powder and the substrate 

was 16 cm. All the samples were prepared at room 

temperature and they annealed in 250 °C by using 

under vacuum oven at pressure (10
-2

mbar). The 

thickness of the prepared films was 300 nm.  After 

prepared the samples we irradiation it by using CO2 

laser of power (1 watt) and wavelength (10.6 μm) at 

distance (10 cm) from the source during (5 sec)and 

from transmittance spectra by using IR 

spectrophotometer we calculated the others properties 

before and after irradiation by CO2 laser at room 

temperature and  at 250 °C. 

 Results and discussions: 

In this research we calculated the absorption and 

transmittance spectra and from absorption and 

transmittance spectra we calculate the others 

properties such as the reflectance spectra which 

calculated from the following relation : 

(A+T+R)=1….(1) 

Where R is reflectance  T is transmittance and A  is 

the optical absorbance , which calculated from the 

relation: 

A=Log 1/T …. (2) 

The absorption spectra as a function of the 

wavelength at room temperature and at 250 °C before 

and after irradiation with CO2 laser are shown in 

Figure (1), we noted an increasing in the absorption 

value with increasing  in wavelength also we noted  

the absorption is small in short wavelengths less than 

wavelength of band gap ,then the absorption value 

increase with increasing wavelength because when 

photon energy incident equal or greater than the value 

of band gap energy cause direct transition from 

valance band to conduction band [8]. Also, figure (1) 

shows that the value of the absorption increasing after 

irradiation by CO2 laser , because the irradiation 

causes some structural defects in the  films[7]  , these  

may be attributed to the creation of energy states have 

been created in the region between the conduction 

and the valance band that will be available for the 

incident photon to be absorbed. 
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Figure (1) absorption as a function of  wavelength (µm) before and after irradiation with CO2 laser  (a) at 

room temperature  (b) 250 °C 

 

Figure (2) are shown the transmittance spectra as a 

function of the wavelength at room temperature and 

at 250 °C before and after irradiation with CO2 laser , 

which shows that the value of transmittance is high at 

the short wavelengths and decrease in the long 

wavelengths and is showing a small decrease in the 

value of transmittance after irradiation by CO2 laser , 

because  the absorption value increases. 

 

 
Figure (2) transmittance as a function of wavelength (µm) before and after irradiation with CO2 laser (a) 

at room temperature (b) 250 °C. 

 

Figure (3) shows the reflectance spectra as a function 

of the wavelength at room temperature and at 250 °C 

before and after irradiation with CO2 laser, from this 

figure we notes the value of reflectance increase with 

increasing wavelength until it reaches a maximum 

value then decreasing. Also we notes decreasing in 

reflectance value after irradiation with CO2 laser 

because the irradiation causes increase in absorption 

value so the  value of reflectance decreases  [9]. 
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Figure (3) reflectance as a function of the wavelength before and after irradiation with CO2 laser(a) at 

room temperature (b) 250 °C. 

 

From the absorbance data, the absorption coefficient 

α was calculated using Lambert law [10]: 

ln (Ιo / Ι) = 2.303 A = αd ….(3) 

where Ιo and Ι are the intensity of incident and 

transmitted light respectively, A the optical 

absorbance and d the film thickness. 

α  = 2.303 A /d  ………(4) 

The relation between the absorption coefficient and 

photon energy hυ is given by  [11,12]: 

α = [Ao (hυ - Eg)
n
 ] / hυ ….(5) 

 

where Ao is a constant which is related to the 

effective masses associated with the bands and Eg is 

the band gap energy , and n is a constant, equal to 1/2 

for direct band gap semiconductors.  

(αhυ)
2
 = Ao(hυ – Eg) .....(6) 

Figure (4) shows a plot of absorption coefficient as a 

function of the wavelength at room temperature and 

at 250 °C before and after irradiation with CO2 laser , 

from this figure we note  that the  value of absorption 

coefficient increase with increasing wavelength 

before and after irradiation with CO2 laser this 

increase in the absorption coefficient due to increase 

in the absorption according to equation (4). 

 

 
Figure (4) absorption coefficient as a function of the wavelength before and after irradiation with CO2 

laser(a) at room temperature (b) 250 °C. 

 

A Plot of (αhυ)
2
 as function of the photon energy for 

PbS thin films at room temperature before and after 

irradiation with CO2 laser is shown in figure (5) .  

Linearity of the plots indicates that the material is of 

direct band gap nature. Extrapolation of linear portion 

of the graph to the energy axis at  α = 0 gives the 

band gap energy Eg , it can be see that the energy gap 

decrease for sample irradiation by laser, which is 

equal to 0.52eV before irradiation and equal to 0.51 

eV after irradiation . Figure (6)  shows  the value of 

the band gap energy for PbS thin films at 250 °C  

before and after irradiation with CO2 laser, which is 

equal to 0.535eV before irradiation and equal to 

0.525 eV after irradiation. The lower value of Eg after 

irradiation was attributed to the creation of energy 

states in the band gap [13] at the time of film 

irradiation. The behavior of Eg after irradiation is 

compatible with other researches [9, 13]. 

 
Eg=0.515 eV 
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Figure (5) the (αhv)

2
 *10

8 
as a function of  the photon energy at room temperature ( a)before irradiation 

with CO2 laser (b) after irradiation with CO2 laser 

 

 
Figure (6) the (αhv)

2
 *10

8
 as a function of the photon energy at  250 °C (a)before irradiation with CO2 

laser  (b) after irradiation with CO2 laser 

 

The Extinction coefficient (K)  has been calculated 

using the well known relation [14]:  

K = λ α /4 π   … (7) 

where λ is the wavelength of incident beam. 

The Extinction coefficient as a function of the 

wavelength at room temperature and 250 °C before 

and after irradiation with CO2 laser are  shown in 

figure (7) , from figure we noted increasing in the 

Extinction coefficient with  increasing wavelength 

before and after irradiation with CO2 laser and this 

behavior  is  similar to the absorption coefficient 

behavior according to equation (7). 

 

 
Figure (7) The Extinction coefficient as a function of wavelength (µm) before and after irradiation with 

CO2 laser  (a) at Room temperature (b) 250 °C. 
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The refractive index (n) is the relative between speed 

of light in vacuum to its speed in material which does 

not absorb this light, the refractive index of samples 

was calculated from the following formula [15]: 
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The dielectric constant is obtained using the relation: 
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 … (7) 

Where εr is the real part of dielectric constant, while 

εi imaginary part of dielectric constant represents the 

absorption associated with free carriers.  

The variation of the refractive index with wavelength 

are shown in figure (8). It is observed that the 

refractive index increased with increasing wavelength 

until it reachs a maximum value then decreases. Also 

we noted that  the refractive index decreases after 

irradiation with CO2 laser  this  is similar to the 

behavior of  the reflectance value . 

 

 
Figure (8) The refractive index as a function of wavelength (µm) before and after irradiation with CO2 

laser (a) at Room temperature (b) 250 °C. 

 

The real part of dielectric constant variation as a 

function of wavelength are shown in Figure (9) , we 

noted that the real part of dielectric constant  are  

gradually increased with increasing the wavelength  

until reaches a high value then decrease as 

wavelength increasing. The high value of the real part 

of dielectric constant indicate that the PbS film has 

ability to polarize. Also we note that  the value of  the 

real part of dielectric constant decreases after 

irradiation with CO2 laser , and  it is observed that the 

plot shape of ɛr as the same shape of n , that is 

because ɛr  values depend on  n values  [16].  

 

 
Figure (9) The real part of dielectric constant as a function of wavelength (µm) before and after 

irradiation with CO2 laser (a) at Room temperature  (b) 250 °C 

 

 

The imaginary dielectric constant (ɛi ) various 

wavelength is shown in figure (10) , the behavior of   

ɛi  is similar to α and K [16]. 
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Figure (10)  The imaginary part of dielectric constant as a function of wavelength (µm) before   and after 

irradiation with CO2 laser  (a) at Room temperature  (b) 250 °C. 

 

Conclusions: 
From the results we can conclude that the irradiation 

PbS thin film by CO2 laser caused  increased in the 

absorption value, absorption coefficient α, the 

extinction coefficient K and imaginary part of 

dielectric  constant, while decrease in the 

transmittance T, reflectance R  ,the value of the 

energy gap Eg  ,refractive index n  and in the real part 

of dielectric constant . 
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 CO2بميزر  ةوالمشعع الرقيقة  PbSألغشية يةالبصر دراسة الخواص 
 3غيداء كائن صالح،  2يسنود  عمياء نجاح ، 4عواطف صابر جاسم ، 4نجاة احمد دحام

 ، جامعة تكريت ، تكريت ، العراقكمية العموم قسم الفيزياء ،  1
 ، جامعة تكريت ، تكريت ، العراقكمية التربية قسم الفيزياء ،  2
 ، بغداد ، العراق ، الجامعة التكنولوجية كيروميكانيكالقسم  3

 الممخص
 10 )عمى قواعد من الزجاج والمحضرة بطريقة التبخير الحراري الفراغي تحت ضغط   PbSتم في ىذه الدراسة ترسيب اغشية رقيقة من مادة 

-6
 

torr)  غشية وتم تمدين اال( 250بدرجة حرارة°C)  10)باستخدام فرن مفرغ من اليواء وبضغط
-2

mbar)   تم تشعيع العينات بميزرقد و CO2 ذو 

ان دراسة الخواص البصرية لألغشية المحضرة قد  . sec 5)ولمدة ),  من المصدر10Cm) )وعمى بعد  (10.6μm)وطول موجي   (1watt)طاقة 
cm (4000 -400)ضمن مدى IR مطياف تمت باستخدام 

 االمتصاصيةبصرية مثل . ومن خالل دراسة طيف النفاذية تم حساب الثوابت ال1- 
العزل الكيربائي وابت ثو  (n)معامل االنكسار و  (K)معامل الخمود و  (Eg)جوة الطاقة البصرية ف و (α)  معامل االمتصاص البصريواالنعكاسيو و 

واالنعكاسية وطاقة الفجوة ومعامل االنكسار والجزء الحقيقي  ستنتج ان التشعيع بالميزر ادى الى نقصان في النفاذيوالنتائج ن. ومن (ɛr&ɛi) المعقد
 والجزء الخيالي لثابت العزل.ومعامل الخمود  ومعامل االمتصاص االمتصاصيةلثابت العزل بينما تزداد كل من 


