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2 3 1-x xAbstract: Bismuth sulfide-lead sulfide [(Bi S ) (PbS) ] thin films were prepared by thermal evaporation

2 3 1-x xon to glass substrate from powder (Bi S )  (PbS) .The films were deposited on the substrate maintained

2 3 1-x xat room temperature. Polycrystalline  (Bi S ) (PbS)   thin films were deposited at different ratios of x

[0.1 # x # 0.85] and at evaporation rate about (3 nm/sec).The films obtained are nearly stoichiometric.

2 3 1-x xThe thermally deposited reactions consisted in depositing the (Bi S ) (PbS)  powdered ingots sequentially

from tungsten boat, and allowing the vapor phase interaction at the substrate surface may lead to the

2 3 1-x xformation of the compounds films. The crystal structures of the (Bi S )  (PbS)  powders and thin films

were investigated using Philips PW 1390-X-Ray  diffractometer. The direct transmission spectrum of

2 3 1-x x(Bi S ) (PbS)  thin films has been measured over the range from 300 nm to 2500 nm at room

temperature [300 K], which covers the fundamental optical absorption edge and the inter band transition

gregion of the semiconductors materials.  The values of [á & E  ] as a function of the photon energy [hn]

were obtained at  various ratios. The as deposited films were heat treated under vacuum at different

temperatures 623 K for 1 hour and 723 K for 4 hours.
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INTRODUCTION

2 3Bismuth sulfide (Bi S ) and lead sulfide (PbS) are

 important members of the chalcogenides . Thin films[1]

2 3 1-x xof Bismuth sulfide - lead sulfide [ (Bi S ) (PbS)  ]

were grown by various physica deposition techniques

such as conventional vacuum evaporation of the

compound, flash evaporation and chemical method. The

films obtained by these methods were essentially

polycrystalline with no preferred orientation. Bismuth

2 3sulfide - lead sulfide (Bi S -PbS) is one of such

gmaterials whose band energy, E  lies in the visible

solar energy spectrum and could be increased to higher

energy by change in compositions and reducing film

thickness and/ or grain. In the present work, a

systematic study of the preparation and characterization

2 3 1-x xof thermal evaporated thin (Bi S ) (PbS)  films on

glass  substrates.  A  range  of film thickness was

taken considering different ratios of x (0.1 # x $ 0.85).

The results of a set of systematic experiments made on

2 3 1-x xgrowth of (Bi S ) (PbS)  for studying structure and

optical properties. 

MATERIALS AND METHODS

2 3 1-x x(Bi S ) (PbS)  thin films were prepared by

thermal evaporation on to glass substrate from powder

2 3 1-x x(Bi S )  (PbS) . The powder  was prepared by the

ingot samples which prepared from the pure elements

[bismuth, lead and sulpher]. The films were deposited

on the substrate maintained at room temperature. The

deposition chamber was evacuated to a residual air

pressure of 10  Pa prior to all deposition experiments.-4

Tungsten boats were used as vapor source and were

aligned to provide a near-normal deposition onto

substrates placed at a distance of 10 cm. Polycrystalline

2 3 1-x x(Bi S ) (PbS)    thin films were deposited at different

ratios of x [0.1 # x # 0.85] and at  evaporation rate

about (3 nm/sec)  The films obtained are nearly

stoichiometric. The thickness of the films was in the

range from  200 to ~ 400 nm, and was measured using

the Fizaue multiple beam interference fringes method.

The thermally deposited reactions consisted in

2 3 1 -x xdepositing the (Bi S ) (PbS)  powdered ingots

sequentially from tungsten boat, and allowing the vapor

phase interaction at the substrate surface may lead to

the formation of the compounds films.

RESULTS AND DISCUSSIONS

Structural Analysis: Evaporated films result from

heating a material in a vacuum enclosure to such a

temperature that large numbers of atoms or molecules

leave  the  surface  of  the material and deposit on a
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2 3 0.9 0 .1 2 3  0 .75  0 .25   2 3 0.6 0 .4  Fig. 1: XRD of powdered: [A]:(Bi S ) (PbS)  , [B]: (Bi S )  (PbS) , and  [C]: (Bi S ) (PbS)

2 3 0.45 0.55 2 3  0 .3  0 .7  2 3 0.15 0.85Fig. 2: XRD of powdered: [A]: (Bi S )  (PbS) , [B]: (Bi S )  (PbS) , and  [C]: (Bi S ) (PbS) .

substrate.  Because  of  the low background pressure

in the vacuum system, most evaporated molecules

suffer  no  collisions  with  residual  gas molecules

and travel in straight lines to the substrate. The

evaporation process is completed by condensing

evaporate  atoms  to  form  a film on the substrate.

The  initial  condensation  of  the  evaporated

material involves adsorption of the evaporated

molecules on the surface of the substrate, so  the

condensation of that surface is important in film

growth. The nature of this initial deposit, in turn, has

2 3 1-a  strong influence on subsequent growth . (Bi S )[2]

x x(PbS)   thin  films  were  used for structure and

optical characteristics. 
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Table 1: Comparison between powdered ingots and thermal evaporated thin films

PbS (x) Phase exists in Powder S. G Phase exists in Thin Films S.G

2 3 2 30 Bi S Pbnm Bi S Pbnm
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 3 0.10 Bi S + PbS Pbnm Amorphous
Fm3m

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

2 3 2 3 0.25 Bi S + PhaseIV Pbnm Bi S + PhaseIV Pbnm
Pnam Pnam

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

2 3 2 30.40 Bi S + PhaseV Pbnm Bi S  + PhaseV Pbnm
B2/m B2/m

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.55 Phase III + PhaseIV Bbm m PhaseIV Pnam

Pnam
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.70 Phase III Bbmm Phase III + PbS Bbmm

Fm3m
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.85 Phase II Bbmm Phase II Bbmm
1 PbS Fm3m PbS Fm3m   

2 3 0.9 0 .1  Fig. 3: XRD of (Bi S )  (PbS) films (A): as deposited, (B): annealed at 623 K and (C): annealed at 723 K

Fig. 4: XRD of (Bi2S3)0.75(PbS) 0.25 films. [A]: as deposited, [B]: annealed at  623 K, and [C]: annealed at
723 K 
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Fig. 5: XRD of (Bi2S3)0.6(PbS) 0.4 films. [A]: as deposited, [B]: annealed at 623 K, and [C]: annealed at 723

K

2 3 0.45 0.55  Fig. 6: XRD of (Bi S )  (PbS) films (A): as deposited, [B]: annealed at 623 K, and [C]: annealed at 723 K

2 3 1-x xThe crystal structures of the (Bi S )  (PbS)

powders [Fig.1,2] and thin films [Fig.3-8] were

investigated using X-Ray diffractometer. The as

deposited films were heat treated under vacuum at

different temperatures [623 K for 1 hour and 723 K for

4 hours. Table [1] illustrates the comparison between

the crystal structures of the thermally evaporated

2 3  1-x  x(Bi S ) (PbS)  thin films and powdered ingot at

different conditions. The crystal structure of thin films

are found to be quite different from that powder

2 3samples . This shows that in the Bi S  lattice, cation[3 ,7]

sites are vacant and when Pb  substitutes for Bi  ions,2+ 3+
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2 3 0.3  0 .7  Fig. 7: XRD of (Bi S ) (PbS) films [A]: as deposited, [B]: annealed at 623K, and [C]: annealed at 723 K

2 3 0.15 0.85  Fig. 8: XRD of (Bi S )  (PbS) films [A]: as deposited, [B]: annealed at 623 K, and [C]: annealed at 723 K

charge compensation takes place in the lattice, leading

to volume expansion takes place and thus may change

in the structure. As one goes on increasing the Pb  ion2+

content, more and more cation vacancies are filled up,

resulting change in the structure. 

Optical Properties: The absorption process of greatest

importance  in  the study of semiconductors involves
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2 3 1-x x Fig. 9a: Transmission curves of the as deposited (Bi S ) (PbS) films

2 3 1-x x Fig. 9b: Transmission curves of the annealed (Bi S )  (PbS) films

Table 2: Peak positions wavelengths ë and T values

As-Deposited Films Annealed Films

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

X Ratio ë (nm) T ë(nm) T

0.1 761 0.75 858 0.885

0.25 1281 0.77 - -

0.4 1089 0.55 - -

0.55 933 0.44 1010 0.518

transitions from states of the first type and arises from

the optical excitation of electrons across a forbiden gap

gE  into the conduction band. S. Isomura et al   and[8 ]

M. Susama et al  calculated the optical constants and[9 ]

optical bandgap of the films from the measured

transmission using the following relation:

2 3 1-x xTable 3: Optical  band gaps values of  (Bi S )  (PbS)  films

g gX composite E  of the as E  of the

deposited films annealed films 

0.1 1.92 1.82

0.25 1.629 1.316

0.4 1.34 1.136

0.55 1.472 1.444

0.7 1.245 1.02

0.85 1.09 1.01

á (hí) = 1/d ln 1/T         (1)

Where (á) is absorption coefficent, (d) is the

thickness of the films, and (T) is the transmission. 

2 3 1-x xThe direct transmission spectrum of (Bi S ) (PbS)

thin  films  has been  measured  over the range from
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2 3  1-x  xFig. 10a: Absorption coefficients [á] of the as deposited (Bi S )  (PbS)  films.

2 3  1-x  x   Fig. 10b: Absorption coefficients [á] of the annealed (Bi S )  (PbS) films.

300 nm to 2500 nm at room temperature [300 K],

which  covers  the  fundamental optical absorption

edge and the inter band transition region of the

semiconductors materials. Figure 9[a,b] shows the

typical optical transmission spectrum of as deposited

and annealed films under vacuum at 623 K  for

1hour. Transmission samples, showed gradual light

absorption in a wide range of optical wavelength  (300-

500 nm). These curves varied due to change of x [0.1

# x # 0.85] values . Table [2] illustrates  the peaks[3 ,7]

wavelengths and the corresponding (T) values. 

The  values  of  the  absorption  coefficient  [á]

as  a  function of the photon energy [hí] were

obtained at  various ratios [Figs.10a,b].  The absorption

coefficient  [á]  is  of the order 10  cm  indicating4 -1

that  the  films  are of the direct- bandgap type and

the  transitions are allowed. The variation of absorption

coefficient  [á] as a function of photon energy [hí]

was  found  to  obey  the  relation:

gá (hí) = B (hí) – E )1/2
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2 3  1-xFig. 11: Variation of optical bandgap of the as deposited [A] and annealed at 623 K for 1 hour [B] (Bi S )

 x  (PbS) films with x-ratio.

For the allowed direct transition, where [B] is a

gconstant and E  is the optical bandgaps. 

Table [3] and Figure [11] show the variation of the

goptical bandgaps[E ] and x ratio of as deposited and

2 3 1 -x xannealed at 623 K for 1 hour (Bi S ) (PbS)  films.

The optical band gap was determined by linear

extrapolation to zero of absorption coefficient [á]

squared, which was derived from the transmission

measurement. The optical bandgap decreases with the

addition of PbS , because of then smaller energy[3 ,7 ]

bandgaps of lead Chalcogenides than those of bismuth

Chalcogenides. Annealing generally lowers the

bandgaps of all films. 

2 3 1-xConclusions: Bismuth sulfide-lead sulfide [(Bi S )

x(PbS) ] thin films were prepared by thermal

2 3 1-xevaporation on to glass substrate from powder (Bi S )

x(PbS) . A range of film thickness was taken

considering  different  ratios of x (0.1 # x $  0.85).

The as deposited films were heat treated under vacuum

at different temperatures [623 K for 1 hour and 723 K

for 4 hours.  The results of a set of systematic

2 3 1-x xexperiments made on growth of (Bi S ) (PbS)  for

studying structure and  optical properties. 

The crystal structure of thin films are found to be

quite different from that powder samples . This[3 ,7]

2 3shows that in the Bi S  lattice, cation sites are vacant

and when Pb  substitutes for Bi  ions, charge2+ 3+

compensation takes place in the lattice, leading to

volume expansion takes place and thus may change in

the structure. As one goes on increasing the Pb  ion2+

content, more and more cation vacancies are filled up,

resulting change in the structure. The optical bandgap

decreases with the addition of PbS , because of then[3 ,7]

smaller energy bandgaps of lead Chalcogenides than

those of bismuth Chalcogenides. Annealing generally

lowers the bandgaps of all films. 
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