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ABSTRACT 
 
Indium antimonide thin films of different thickness (300-400) nm, deposited by electron beam 
evaporation technique on suitable ultrasonically cleaned glass substrates at different substrate 
temperature (303-373) K, are of polycrystalline nature having zincblende structure. All 
deposited films have orientation along (111) and (220) planes. Hall measurements indicate that 
the films were n-type, having carrier concentration ~1018 cm-3 and mobility ~103 cm2/Vs for the 
film thickness of (300-400)nm. It is observed that the resistivity (ρ), carrier concentration (n) 
decreases while Hall mobility (µ) increases with the increase of substrate temperature & film 
thickness. 
 
Keywords: InSb thin films; mobility; carrier concentration; Hall coefficient; resistivity. 
______________________________________________________________________________ 
 

INTRODUCTION 
 

 III-V semiconductors, due to their structure, conventionally play a major role in scientific 
research and its application. The non-stoichiometric (anions & cations vacancy) in thin films of 
semiconducting material is responsible for conductivity which is created during deposition of 
thin films. Initially we prepared non-stoichiometric InSb powder for fabrication of thin films. 
This is new idea for better conductivity of InSb thin films. Among the III-V binary 
semiconductors, Indium antimonide is an important semiconductor for preparation of various 
devices, has melting point 525 0C. It is a narrow band gap semiconductor with an energy band 
gap of 0.17 eV at 300 K, 0.23 eV at 80 K. In n-type indium antimonide semiconductor the 
electron (anion vacancy) has high electron mobility (80,000 cm2/Vs) due to their smaller 
effective mass. Similarly in p-type InSb semiconductor the hole (cation vacancy) has mobility 
1250 cm2/Vs and thus it is the best material available for magnetic-field sensing devices such as 
Hall sensor and magnetoresistors [1], speed-sensitive sensors [2] and magnetic sensors [3]. Many 
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reports are available on the growth of InSb thin films using different techniques such as 
molecular beam epitaxy (MBE) [4], metal organic chemical vapor deposition[5] and vacuum 
evaporation [6]. Of all these methods used to prepare InSb thin films, the electron beam 
evaporation technique is the very simple and inexpensive technique and can be used for large 
area deposition. Thin films of InSb prepared by electron beam evaporation techniques have 
controlled the non-stoichiometric films because in this process materials are direct vaporized 
without comes to liquid state. The indium antimonide infrared detectors are sensitive between 3-
5 µm wavelengths [7]. This material can also used as bio-sensor to detect the bacteria. In this 
paper some correlative results of different electrical parameters with substrate temperature and 
films thickness has been reported. 
 

MATERIALS AND METHODS 
 

Experimental 
Preparation of starting materials 
 
 Indium and Antimony metal powders have been purchased from Alfa-Aesar Ltd. USA, having 
purity 99.999%. The starting materials were used for fabrication of n-type indium antimonide 
thin films. To prepare the starting materials of composition In0.66Sb0.34, first we take desired 
amount of In0.66 (Indium) and Sb0.34 (Antimony) metal powder using composition In1-xSbx 
(0.2 )4.0≤≤ x . For the same composition, the Indium and Antimony metal powder were mixed 
by grinding with mortar rod and then mixed powder was heated at 50 ºC in vacuum unit (Hind 
Hivac Company. Ltd, India) using molybdenum boat under a vacuum 2 × 10-5 torr for ten hours 
and cooled upto room temperature in same vacuum condition. This cooled sample again grinded 
with mortar rod and heated in same vacuum. This process is repeated five times with different 
temperature some higher than previous to this sample for formation of crystalline InSb. 
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Fig.1: XRD of thin films with different thickness (a) 300nm (b) 350 nm (c) 400nm 
 
Preparation of InSb thin films 
Thin films of InSb of different thickness (t) (300-400)nm, were deposited at different substrate 
temperature (Ts) (303-373)K, on chemically and ultrasonically cleaned glass substrate with help 
of a Hind Hivac Vacuum Coating unit at a vacuum better than 10-5Torr. The source distance was 
maintained at 125mm for all cases. Non-stoichiometric material In0.66Sb0.34 was used as source 
materials. The source temperature and thus the deposition rate (3.0- 18)nm/s were adjusted by 
changing the electrical current. In this study the deposition rate was evaluated by suitable 
designed thickness monitor using quartz crystal sensor (6 MHz) set up near the substrate holder. 
During deposition, the film thickness was always measured by the thickness monitor and the film 
of different thickness was prepared for characterization. X-ray diffractogram of deposited films 
are polycrystalline and have orientation along (111) and (220) planes are shown in Fig.1(a,b,c).       
 
Electrical parameter  
The Hall Effect studied by inducing a magnetic field perpendicular to the current flow direction 
in surface of InSb thin film. Under such conditions, a hall voltage is developed perpendicular to 
both the current and magnetic field. The generated Hall voltage observed by considering the 
forces on a charged carrier in the presence of a magnetic field is shown in following equation. 
 

BVqEqF
vvvv

×+=                             (1) 
The first term in above expression is occur due to the total electric field driving the current 
through the sample and the second term is occur due to the presence of Lorentz force on the  
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charged carriers, and tends to deflect the carrier toward the side of the sample. The direction of 
the deflection depends on the sign of the charge carrier’s which identify the type of 
semiconductor (i.e. p-type or n-type). The Hall coefficient, carrier concentration and mobility are 
measured by following formula and given in Table-1. 

                                                                 
ZX

H
H BI

wV
R

×
=                                    (2) 

                                                                
qR

n
H ×

= 1
                                        (3) 

                                                                
ρ

µ HR
=                                              (4)              

Where, RH is Hall coefficient, n is Carrier concentration, µ is Mobility, VH is Hall voltage, w is 
film thickness, Ix is applied current in x-direction, Bz is applied magnetic field in z-direction and 
ρ  is resistivity of the film.  
                 
The measurement of electrical resistivity of the samples has been done using standard four 
probes method. This technique is widely used for the measurement of electrical property of 
materials because it is a convenient tool for the resistivity measurement. 
 
A four probe measurement is performed by making four electrical contacts to a sample surface 
through probe arranged in setup, two of the probes are used as source current and remaining 
other two probes are used to measure voltage. The advantage of the using four probes is to 
eliminate the occurrence of errors due to the probe resistance, spreading resistance under contact 
resistance between each metal probe and material.                             
                            

Electrical resistivity ‘ρ’ is calculated by applying a constant current ‘I’ through the outer pair of 
probes and measuring the voltage ‘V’ between the inner pair of probes which are positioned at a 
distance of S = 0.2 cm using the following equation and calculated value are shown in Table-1.  

                                                     ( )cI

SV

×
×= πρ 2

                                       (5) 

         where      
2log

2

w

S
c =  ,                   w = thickness of the film, ρ= resistivity.   

 
Table-1 Electrical parameter of InSb thin films 

 
 
Ts(K) 
 

Film 
thickness 
(nm)  

Hall 
mobility(µ)×103 

cm2/V.sec 

 Carrier 
concentration(n) 
×1018/cm3 

Hall coefficient(RH) 
×101 cm3/Coul. 

Resistivity(ρ) 
×10-2 Ohm-cm 

300  300 2.106 0.45 1.39 0.66 
350 3.980 0.30 2.07 0.52 
400 6.743 0.24 2.63 0.39 

323 300 15.055 0.23 2.71 0.18 
373 300 23.428 0.19 3.28 0.14 
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RESULTS AND DISCUSSION 

 
Electrical analysis of InSb thin films 
The values of carrier concentration (n) and mobility (µ), of the deposited films are calculated and 
their variations with substrate temperature and different films thickness are given in Table-1. The 
decreases in resistivity with increase in the substrate temperature are due to the increases in 
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   Fig.2: Variation of mobility and carrier     
           concentration with film thickness 
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          Fig.3: Variation of mobility and carrier    

          concentration  with substrate temperature 

0.25 0.30 0.35 0.40 0.45
1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

M
ob

ili
ty

 x
 1

03  c
m

2 /V
s

Carrier concentration x 1018/cm3

Substrate Temperature=303K

 

 
Fig.4: Variation of  electron mobility with carrier concentration 
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mobility of the charge carrier as results of increases in preferred orientation. The observed 
decrease in the mobility and increase in the carrier concentration in films deposited at lower Ts 
are associated with an increase in the number of their structural defect [7]. The Hall Effect 
measurements show that the films exhibits n-type conductivity. Fig-(2-3) shows the dependence 
of Hall mobility, carrier concentration of the deposited films with various thicknesses and 
substrate temperature. Fig.4 shows the dependence of Hall mobility with carrier concentration. 
As carrier concentration decreases, mobility of deposited films increases. The electrical 
resistivity of films decreases with temperature and show films are semiconducting nature [8, 9].  
The calculated values are in agreement with the observations of n-type InSb films by other  
investigator [10-13].  

 
CONCLUSION 

 
Indium antimonide thin films deposited on cleaned glass substrate by the technique of electron 
beam evaporation within the thickness and substrate temperature range (300-400) nm and (303-
373) K respectively, are of polycrystalline nature having zincblende structure. The films are 
found to have orientation along (111) and (220) planes. Hall measurements indicate that the 
films were n-type, having carrier concentration ~1018 cm-3 and mobility ~103 cm2/Vs for the film 
thickness of (300-400) nm. It is also observed that the resistivity (ρ), carrier concentration (n) 
decreases and the Hall mobility (µ) increase with the increases of substrate temperature and film 
thickness. 
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