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Abstract 
              Measurements of Hall effect properties at different of annealing 

temperature have been made on polycrystalline Pb0.55S0.45 films were prepared at 

room temperature by thermal evaporation technique under high vacuum 4*10
-5

 torr . 

The thickness of the film was 2μm .The carrier concentration (n) was observed to 

decrease with increasing the annealing temperature. The Hall measurements showed 

that the charge carriers are electrons (i.e n-type conduction). From the observed 

dependence on the temperature, it is found that the Hall mobility (µH), drift velocity (

 d) carrier life time ( ), mean free path (λ) were increased with increasing annealing 

temperature 
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Introduction 
              A good general picture of the 

physical behavior of semiconductor 

can be obtained by measuring the 

electrical conductivity and Hall 

coefficient  

            The electrical properties of 

semiconductors are primarily 

interested and are dependent on the 

availability of holes in the valence 

band and electrons in the conduction 

band to facilitate the flow of charge 

under applied potential[1].The analysis 

of the   measurement of the Hall and 

conductivity are relatively simple only 

in the case of a uniform semiconductor 

and they are much more difficult in the 

case of heterogeneous sample with 

gradients of an energy gap carrier 

concentration and mobility[2,3] . 

            Polycrystalline lead sulfide 

films an important group of 

semiconducting, it has been study in 

recent year mainly because of its easy 

to fabricate and applications in 

optoelectronic technology .It is 

crystallized in the rock salt structure 

and characterized  by low – energy gap 

and large dielectric constant .therefore 

from the among owing to their high 

sensitive and high speed response ,we 

consider PbS compound is of wider 

interest  than other lead salts (PbSe & 

PbTe) and the most important infrared 

detectors which is extremely available 

in every form of infrared work over 

range (1-3) µ m[4]. 

             Numbers of studies have been 

prepared pbS films by varies 

technique: chemical vapor technique 

(CVD)[5], spray pyrolysis 

technique[6], and thermal vacuum 

evaporation (TVE) in a stoichumatric 

from[7,8]. 

             The Hall effect measurements 

of pbS compound have been studied 

only in a single crystal by many 

authors[9,10,11]. 

       The Hall coefficient can be 

determined from: 
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          RH = 
BI

tVH

.
-------- (1) 

          Where VH is Hall voltage , I is 

the current through the sample , t is the 

thickness and B is the applied magnetic 

field equal to 0.256 T. 

          Very simply theory predicts that 

RH as defined in eq. (1) is given 

by[12]: 

RH =
nq

1
 or 

pq

1
  -------- (2) 

 Where q is the electronic charge and n 

or p is the concentration of electrons or 

holes. 

   Thus from Hall coefficient, can be 

determined the carrier concentration as 

well as concentration, since RH is 

negative for n-type and positive for p-

type. 

     The Hall mobility can be simply 

determined from product of the 

conductivity (σ) and the Hall 

coefficient
 
[13].        

μ = RHσ = 
nq

1
 

m

nq 2
  =

m

q
--

--- (3) 

      where m* is the effective mass , 

and   is the life time of the carriers. 

dvm

nq
*

2
   =------ (4) 

 Where v d  is the drift velocity and   is 

the mean free path which are given 

as[14] 

v d = μ E -------- (5) 

dV    ------- (6) 

Where E is the electric field. 

          In the present work, we study the 

effect of annealing temperature on the 

Hall measurements of p0.55bS0.45 films. 

 

Experiment 
Pb0.55S0.45 compound was 

synthesized as alloy by using purity 

material (99.999%) of lead and sulfide 

and then weighted in proportion to 

their atomic percentage. Than we put 

the lead and sulfide in an evacuated 

quartz tube to 10
-3

 tore and kept in 

furnaces whose temperature was raised 

to 1400K. The ampoule is kept at this 

temperature about three days and than 

the melt is quenched in cold water.  

      Thin films of alloy were prepared 

on glass substrate by thermal 

evaporation method at RT(room 

temperature) in the pressure4*10
-5

 

torr .The thickness of the films was 2 

μm which is measured using tolonsky 

method. The crystalline structure of 

PbS films sample has been examind by 

X-ray diffraction type (Philips) . 

     Hall measurements which include 

(RH , μH , d ,   , and λ) were 

determined(used instruments :power 

supply, keithely meter , maskes) ( used 

magnetic field B=0.254T)as a function 

of annealing temperature. 

 

Results and Discussion 
Fig.(1) shows the x-ray 

diffraction (XRD) patterns obtained for 

Pb55S45 thin films deposited by thermal 

evaporation method .According to 

(ASTM) cards ,the structure of the thin 

films have polycrystalline cubic 

structure,and the films have 

crystallized with a strong peak at (200) 

direction, this means that this plane is 

suitable for crystal growth. This results 

are similar to those obtained by 

Helsink[14] and Judita[15]. 
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Fig.(2) shows the  variation of Hall 

voltage with the current in 

pb0.55S0.45 films deposited at RT and 

heat treatment in different annealing 

temperature (373-523)K .It is observed 

that Hall measurements show that the 

film of pb 0.55S0.45 at thickness of 2 μm 

are n-type ,this mean that the 

conduction is dominated by the 

electron, the explanation of exhibits the 

films as n-type conduction is the 

excess in Pb atoms in pbS compounds 

act as donor atoms and this is 

agreement with Al-Fawadi[12]. 

 

 

The variation of Hall mobility 

(μH) and carrier concentration with 

annelling temperature(Ta)of pb0.55S0.45 

films are shown in Fig.(3 a&b) .It is 

shown in this figure that the carrier 

concentration decreases while the 

mobility increases as the film 

temperature is increased from room 

temperature R.T. to 573 k. This is the 

typical of many polycrystalline films 

due to the existence of potential 

barriers in the grain boundaries and 

this is in agreement with Petritz.[10].   

The explanation of increasing 

of Hall mobility with annealing 

temperature Ta is due to reduction of 

the scattering of the carrier from the 

surface as well as due to the 

elimination of the defects in the films 

leads to increase in crystallinty size 

that decreasing the number of the grain 

boundaries[12,13] . 

0 5 10 15 20 25 30 35 40 45

 I *10   (Amp)

-3

-2

-1

0

1

2

3

4

5

V
  
(m

V
)

RT

Ta  373 k

Ta  473 k

Ta  573 k

-6

Fig.1 : X-ray diffraction pattern for PbS 

(111) 

 

(200) 

(220) 
(311) 

(222) 

Fig.(2) The variation of Hall voltage with 

the current for pb0.55S0.45  films. 
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                          -a-                                                         -b- 
Fig.(3) The variation of –a- Hall mobility &-b- carrier concentration with annealing temperature 

Ta for pb0.55S0.45films    
 

From the Hall mobility data, we can determined the carrier life time ,drift 

velocity ,mean free path parameters and the results are shown in fig.(4 a,b,c). It is 

observed that these parameters are increased with increasing of annealing temperature 

and this is in good agreement with the Ptial et.al.[16]. 

 

 
                        -a-                                                 -b- 

 
     -c- 

Fig.(4) the variation of –a-drift velocity –b-carrier life time-c-mean free path with annealing 

temperature Ta for  pb0.55S0.45  films. 
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conclusion   
                 Hall measurement include 

(Hall mobility, carrier concentration, 

drift velocity carrier life time and mean 

free path ) of  pb0.55S0,45 films were 

measured as function of annealing 

temperature .Hall measurements show 

that the type of the conduction was n-

type (i.e. electron charge )  .That 

carriers concentration have been 

observed to decrease with increasing 

annealing temperature while μH , d , 

 ,and λ were increase with increasing 

the annealing temperature. 
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 5400.55bSP اعتمادية درجة الحرارة لتحركية هول وتركيز الحاملات لاغشية
 

 *انوار عمي باقر
 قسم الفيزياء كمية العموم لمبنات / جامعة بغداد* 
 

 الخلاصة:
تممم دساسممة  مموار تمماعيس دمموت تنممد دسجممات تمممدير م تمفةرصاممية كبسيتيممد الس ممار الم  ممس  بدسجممة            

10*4  ت ممت  ممغة  ممساس  الغس ممة بةسيلممة التب يممس ال ممساسغ  مم  الفممسا 
 مممايكسو متممس 2تمموس سمممغ الغامماء كممار  5-

قياسمات دموت ار  ماملات الام نة يتناقر مع تزايد دسجمة  مساس  التممدير ظ اظ مست  nلو ظ ار تسكيز ال املات و 
, وجمد ار ت سكيممة ( ظ ممر ملا ظمة ارتتماديمة تمممة دسجمة ال مساس   n–دم  ارلكتسونمات أ  غ ار التو ميمية نممو  

 دوت , وسستة ارنجساف, وزمر تمس ال املات , ومتوسة المساس ال س تزداد مع زياد  دسجة  ساس  التمديرظ
 


