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Abstract 
InSb films were fabricated by depositing 1.0±0.01µm of InSb  films on single crystal silicon substrate with (111) direction 
employed flash thermal evaporation at different substrate temperatures in the vacuum pressure about 2x10-5 Torr .The I-V 
characteristics at dark and illumination were investigated. The photoconducting properties of the prepared InSb films were 
measured at room temperature and 77 K. The outcomes result indicates that the photoconductivity of prepared film was increased 
with increasing power intensity increment and elevation of substrate temperature. 
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1. INTRODUCTION 
The performance of infrared detectors is commonly related to the physical properties of the materials that comprise the 
optical electrical devices such as the effect of the power of the illumination intensity on the behavior of the 
photoconductivity of the semiconductor materials used to construct the IR detector [1]-[5]. 
The phenomena of the photoconductivity as explained by Rose [6] comprises of three generic processes steps, these are: 

 Generation by external excitation of mobile carriers. 
 Transport of those mobile carriers. 
 Recombination. 

 
 A study of photoconductivity in solids can give useful information on the localized state distribution and 
recombination process [6].  
In the absence of illumination, the dark conductivity of a semiconductor is given by 
 
   σ0= q (n0µn+ p0µp)                              (1) 
 
where, n0 and p0 denote the densities of electrons and holes in thermal equilibrium, while µn and µp are respected the 
electron and hole motilities of semiconductor, respectively. 
When photons with energies equal to or greater than the band gap energy (hν ≥ Eg) of  a semiconductor. The absorbed 
photons create excess electron–hole pairs (i.e., ∆n and ∆p) , and as a result the densities of electrons and holes (i.e., n and 
p) increase above their equilibrium values of n0 and p0 (i.e., n= n0+∆n, p= p0+∆p). Accordingly the photoconductivity is 
define  as the net change in electrical conductivity under illumination and can be expressed by 
 
     ∆σ= σ- σo=q (∆nμn+ (∆pμp)             (2) 
 
  where, ∆n and ∆p are the excess electron and hole densities respectively [7]. 
 The power law for photoconductivity is[5] 
  
    σph α Fδ                                                 (3)               
where F is intensity of incident band energy light and δ is power, whereas its value determined the nature of the 
recombination center present in the gap.  
If the values of  power  δ lies within the range (0.5<δ≤1), it means the existence of an ordered distribution of the centers 
of recombination in the gap. When the value of δ=0.8 it is indicate a region of uniformly distributed recombination 
centers through which the quasi – Fermi level is shifted as the intensity of illumination is increased, which yields 
monomolecular recombination process and increases the lifetime of electrons τe [6]-[ 8].  When δ>1 this means that the 
mechanism is supralinearity, it is frequently found that the photocurrent increases as some high power (e.g. 3 to 5) of the 
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light intensity over a short range of light intensities ,before and after the transition , the photocurrent may vary 
approximately linearly with light intensity .  
Supralinearity is particularly striking effect since most of the changes that one would expect to occur at higher light 
intensities lead to superalinearity .Moreover it could  be  also observed at a relatively low light level where saturation of 
recombination center is not likely to take place most saturation effects also lead to superalinearity[6] .  
 
In this paper InSb alloy was growth successfully .The InSb films were fabricated from a prepared alloy using flash 
evaporation technique. The role of substrate temperatures on the photoconductivity for the prepared InSb films were 
investigated and measured at both room temperature and liquid nitrogen temperature.  
 
2. EXPERIMENTAL DETAILS 
The compound of InSb is prepared as ingots by melting its components together in stoichiometric proportion. The starting 
materials used were indium and antimony of high purity (99.9999%) from Balzer's company. The InSb films of 
1.0±0.01µm thickness had been prepared under vacuum of 2x10-5 Torr using   flash evaporation technique which 
deposited on n- type single crystal silicon wafer (111). The evaporation processes is carried out using Balzer's coating unit 
model (BAE 370). 
All the samples were prepared with varied substrate temperatures (Ts) within the range (423-498) ±5K. The dark current 
(Id) of InSb films at different substrate temperatures had been measured as a function of applied bias voltage measured at 
room temperature (R.T) and liquid nitrogen temperature (77 K). The photocurrent (Iph) of InSb films at different substrate 
temperatures were measured at R.T and 77 K as a function of applied bias voltage, using IR source  (SiC) in the region 
(1-20) µm. The value of δ has been calculated by plotting ln(σph) versus ln(F) measured  at R.T and 77 K for various light 
power intensity (35, 60 and, 110) mW/cm2   .From power law ( equation (3)) ,the exponent  or power δ is calculated from 
the slope of the curve between ln(σph) and ln(F),which determined the nature of the recombination center present in the 
gap[6]. 
 
3. RESULTS AND DISCUSSION 
The variation of the dark current (Id) versus the applied voltage within the range (0-2) V for InSb films deposited at 
different substrate temperature and measured at R.T and 77 K is shown in Fig. 1. 
 

 
Figure1 Variation of dark current versus the applied voltage for prepared InSb films  

at different Ts ,measured at R.T and 77K . 
 

We can see from Fig.1 that the dark current increases with increasing the bias voltage for all samples. The increasing of 
dark current was small in range of bias voltage (0.05-0.50)V and this might due to the increases of the probability of 
capture the free charge carrier by recombination and capture centers which evaluated as increasing Ts. This kind of 
behavior is leading to increase the transit time (Tr) between the electrodes and consequence reduce the mobility and drift 
velocity. Whereas at high voltage, mean the applied electric field on the detector is increased, the drift velocity is 
increased, so the defects become un affective and this leading to reduce the transit time and increase the mobility. The 
data shown in Fig.1 can be rearranged into three region (0.05-0.50),(0.5-1.0), and (1-2)V as shown in Table 1. 
 

Table 1: Variation of Id with bias voltage for InSb films deposited at various Ts and measured at R.T and 77 K. 
Ts(K) 423K 448K 473K 498K 

Vbias(V) Idx10-5 (A) Idx10-5 (A) Idx10-5 (A) Idx10-4 (A) 
 R.T 77 K R.T 77 K R.T 77 K R.T 77 K 

(0.05-0.5) 27-773 42-322 1194-9890 73-1081 250-24600 180-89 432-4170 284-2500 
(0.5-1.0) 73-464 322-1414 9890-37500 1081-4830 24600-60000 89-564 4170-8270 2500-4640 

(1.0-2.0) 4640-21700 1414-4180 37500-123000 4830-32400 60000-136000 564-5410 8270-16340 4640-9040 
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We can deduce from the Table 1 that the dark current increase with increasing the bias voltage and Ts. The dark currents 
for InSb film measured at 77 K decreased than that measured at R.T which is due to increase the resistivity, except for 
films deposited at 423K with the range of applied voltage is (0.05-0.50) where the behavior was opposite trend. 
The relation between photocurrent and the bias voltage in the range (0-2) V for InSb films at different power intensity 
and Ts at  R.T and 77 K are shown in Fig. 2. 
The advantage of the measurement temperature at 77 K is to prevent the thermal exaction of the charge carriers and 
increase the resistivity of the sample. In addition at low temperature the lattice vibration decreased and caused to increase 
the charge carriers' mobility which leads to reach them to the electrodes without trapping by the trapping centers. An 
applied voltage causes a current to flow, which is proportional to the photon irradiance. 
The photocurrent increased with increasing the applied voltage of two orders of magnitude as a function of   increasing 
the power intensity and this trend illustrated clear in Fig. 2. Here the optical absorption is assumed to take place entirely 
at the irradiated surface, intrinsic excitation of the hole-electron pairs is assumed to take place with unit quantum 
efficiency [9].The absorbed of incident photons produce free charge carriers. These change the electrical conductivity of 
the film due to the decrease of the film resistivity, and it exist caused arise in the photocurrent. The deceasing of the 
resistivity could describe as follows: 
At low intensity the free carrier will be captured at the capture centers that found in the energy gap. When the power 
intensity increased, these centers will fill and there outer will not affect the mobility of the free carriers. At this condition 
the rise in power intensity leads to increase the conductivity and decreases the resistivity.   
 

 

 
 

Figure 2 Variation of Iph with applied voltage for InSb films at different power intensity measured at  R.T and 77 K  and 
deposited at  a- Ts=423 K, b-Ts=448 K, c-Ts=473 K and d-498K. 
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The dependence of the photoconductivity (σph) on the radiation power intensities for various substrate temperatures is 
shows in Fig. 3. 
We can observe that σph increased with increasing the power intensity (F) due to the increases in the excited carriers, the 
σph increased with increasing the substrate temperature, due to increase localized states near the band edge. From this 
figure we noticed that the relation between ln σph and ln F  is linear for all samples as shown in Figure 4 .This indicated  
that the photoconductivity follow power law (equation 3). 
 

 
 

Figure 3 Variation of  σph with  F for InSb films measured at R.T and 77 K  and deposited at different Ts. 

 
Figure4 Variation of Ln σph with LnF for InSb films deposited at different Ts and measured at R.T and 77 K. 
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The variation of δ values for InSb films deposited at substrate temperatures and measured at R.T and 77 K is tabulated in 
Table 2. The δ values increased  with increasing the substrate temperature , and its value ranging between (0.801-
2.034).This means that the ordered distribution in the recombination centers through the region when Fermi level shifts 
,because of the increase in the intensity which produces a  monomolecular recombination  process and increases the 
carrier lifetime .  
 

Table 2: Variation of δ values with Ts for InSb films measured at R.T and 77K. 
TS  (K) δ 

R.T 77 K 
423 0.801 1.338 
448 0.863 2.034 
473 0.969 0.974 
498 1.059 1.136 

 
4. CONCLUSIONS 
Indium Antimony films were fabricated from prepared InSb  alloy using flash thermal evaporation at different substrate 
temperatures (Ts)  in the range (423-498)±5 K. The dark and photo-current for prepared InSb films were measured at R.T 
and 77K. The outcomes of these investigations are shown as follows:  
 

 The dark current (Id) for film prepared at R.T and 77 K was increased with increasing the applied voltage and Ts . 
In general the value of Id decreased when it measured at 77K. 

 The photocurrent increased with increasing applied voltage as a function of light incident intensity. 
 The photoconductivity for film measured at R.T was greater than that measured at 77K. 
 The power δ values increased with increasing Ts, while its varied for sample measured at 77K. The δ values for 

film measured at R.T were less than that measured at 77K. 
 
References 
[1] C.E.A. Grigorescu, S.A. Manea, M.F. Lazarescu, T. Botila, I. Munteanu,T. Necsoiu, "Influence of some n-type InSb 

properties on the main parameters of infrared photoconductive detectors “Materials Science and Engineering, (B44), 
pp.270-273 ,1997. 

[2] W.E.Spear, R.J.Loveland and A.Al-SHarbaty," The temperature dependence f photoconductivity in a-Si ”,Journal of 
non-Crystalline Solids,(15), pp.410-422,1974. 

[3] R.J.Keyes, Optical and Infrared Detectors, (19),Springer Verlag Berlin ,1980.  
[4] A. Rogalski, Progress in Quantum Electronics, (27 )pp.59-210,2003.  
[5] J.L. Cui a,, Y.M. Yan , H. Fu, X.J. Zhangb, Y.L. Gao , Y. Deng ,”Cu addition and its role in thermoelectric 

properties and nanostructuring in the series compounds (InSb)nCum    “,Current Applied Physics ,(12) ,   pp.69-
74,2012. 

[6] A. Rose ,Concepts in Photoconductivity and Allied Problems  , 1963. 
[7] D.A.Neamen, Semiconductor Physics and Devices,1992. 
[8] Y. Yao, Ch. Liu, H. Qi, Xi Chang, Ch.Wang, and G. Wang, “Electrical conduction mechanism and photon-

generated carrier recombination process in amorphous InSb films“, Current Applied Physics, (11), pp.620-623,2011. 
[9] R.K.Willardson and Albert C.Beer, Semiconductors and semimetals,  Academic Press, New York ,London , 1970.  
 
 
 
AUTHOR 
 

Dr. M. F. A. Alias Professor in Physics .She was born in Baghdad, Iraq. She had Ph.D in Solid State - Thin 
Films Physics from University of Baghdad, College of Science in 1998. She published more than eighty papers 
in the field of solar cells, detectors and characterization of optoelectronic devices. 
 

 
 
 
 
 
 


