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Thin films having constant thickness of indium over varying thickness of antimony are deposited on glass substrates 
using vacuum evaporation method. Films are irradiated by Ag12+ heavy ions of energy 160 MeV at the fluence 2.2×1013 
ions/cm2. The optical absorption spectra have been recorded at room temperature of as-deposited and Ag12+ ion beam 
irradiated samples which show mixing of In/Sb bilayer. Rutherford back scattering (RBS) spectra also carried out using α-
particles of energy 3 MeV. The optical band gap data of irradiated films found in the range of In/Sb semiconductor. RBS 
spectra also support mixing of bilayer. These results show mixing of In/Sb bilayer by swift heavy ion beam irradiation 
processes. 
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Among III-V group compounds the indium 
antimonide is an important semi conducting material. 
Due to its narrow band gap1 (0.180eV) it is widely 
used for infrared detection in the spectral range of  
3-5 µm2,3. It shows mobility of electrons about  
76000 cm2/V-s (ref.4). It is well known semi 
conducting compounds and is considered to be the 
most attractive material for extremely sensitive 
devices5. The deposition of InSb thin films is more 
suitable for fabricating photo-electronic6, magnet-
electric7 conversion devices, and antenna-coupled 
infrared detectors8. Thin films of InSb may be 
deposited by different methods like r.f. Sputtering9, 
MBE10, CVD11, flash evaporation12 and vacuum 
evaporation13. The stack elemental layer deposition 
method has been used for CdTe14, copper indium 
diselenide thin films15, ZnSe and InSb thin films13,23 
and for AlSb thin films16. It is particularly suitable for 
deposition of compound semiconductor thin films. It 
provides good control of composition13. Ion beam 
mixing in Fe/Si and Ta/Si bilayer was observes by 
Connell et al.18 on the basis of the RBS that analyses 
in case of the Fe/Si system, where the ion (Ar1+ to 
Ar8+) charge was observed to have an influence on the 
mixing rate. But in case of Ta/Si system there was no 
influence of the charge state on sputtering and a 
thermal mixing rate was observed in the case of the 

Ta/Si system. The In-Sb films were prepared on glass 
substrate by evaporation of In and Sb from individual 
sources and a bilayer structure was deposited. The 
large-scale production of electronic devices such as 
galvanomagnetic sensors still depends on the process 
of thin film deposition using a simple vacuum 
evaporation technique. 

This paper reports the method of preparation of 
thin films, mixing of bilayer thin films and 
characterized by optical absorption spectra and 
Rutherford back scattering spectrometry. 
 
Experimental Procedure 

The high purity indium (99.99%) powder and pure 
antimonide (98.5%) have been obtained from BDH 
Chemicals Ltd. (England) for preparation of In-Sb 
bilayer thin films. Bilayer thin films of In/Sb were 
deposited on to ITO coated conducting glass 
substrates by thermal evaporation method at the 
pressure 10-5 torr using HIND HI VACUUM unit. 
The glass substrates were placed in the substrate 
holder above the boats carrying materials. The 
material first evaporated antimony and latter indium 
to prepare bilayer of InSb thin films. The deposited 
thickness of indium layer is 3000 Å on each substrate 
over antimony layer having thickness 1000Å, 1500Å 
and 2000Å respectively. Thickness of the samples 
was measured by digital quartz crystal thickness 
monitor. The Ag12+ ions of energy 160 MeV of the 
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fluence 2.2 × 1013 ions/cm2 allowed to fall on In-Sb 
bilayer thin films of all thickness in General Purpose 
Scattering Chamber at Inter University Accelerator 
Centre, New Delhi. The absorption spectra of as-
deposited and ion mixed samples were recorded using 
Systronics Spectrophotometer Model – 117. The RBS 
data have been recorded at the Institute of Physics, 
Bhubuneshwer, using pelletron facility with alpha 
particle beam (He2+) of 3 MeV. The back-scattered 
alpha particles were recorded at angle 160° using a 
surface barrier detector. 
 
Results and Discussion 
Optical properties 

Figures 1 and 2 shows wavelength versus 
absorption spectra of as-deposited and ion 
irradiated In-Sb bilayer thin films. Fig. 2 shows 
sharp variation as compared to Fig. 1 in the 
wavelength region 7000-7400 nm, which shows 
mixing of bilayer at interface. The decrease in 
optical absorption is related to the increase in grain 
size of the films with increasing substrate 
temperature Holloway et al.17. In irradiated films 
the optical absorption edge produced by transitions 
between two state densities, both of which rapidly 
change as a function of energy, corresponds to the 
valence and conduction band edges for the ideal 
stable continuous random network structure as 
proposed by Connell et al.18. The optical band gap 
of these films was calculated using relation24

 
α hν = A (hν - Eg)n 

where, hν is photon energy, α is absorption 
coefficient, Eg is band gap, A is constant, n = 0.5 for 
direct band gap material, n = 2 for indirect band gap 
material. Figure 3 shows variation of photon energy 
with (αhν)2 for silver ion beam irradiated InSb thin 
films for different thicknesses. Since In-Sb is a direct 
band gap material so in the present study we have 
used n = 0.5 and also the intercept of straight line to 
energy axis (αhν)2 = 0 used to find the optical band 
gap. It is observed that the value of optical band gap 
found to be within the range of material with small 
variation. It may be due to change in the inter 
diffusion ratio of In and Sb at interface of bilayer. In 
the present case optical band gap observed from range 
0.169-0.167 eV for InSb, which is given in Table 1. 

 
Fig. 2— Wavelength versus absorption spectrum of ion beam 
irradiated In-Sb bilayer thin films for thickness (a) 3000-1000 Å, 
(b) 3000-1500 Å and (c) 3000-2000 Å 
 

 
Fig. 3— Photon energy versus (αhν)2 for silver ion beam 
irradiated In-Sb bilayer thin films for thickness (a) 3000-1000 Å, 
(b) 3000-1500 Å and (c) 3000-2000 Å 

 
Fig. 1— Wavelength versus absorption spectrum of as deposited 
In-Sb bilayer thin films for thickness (a) 3000-1000 Å, (b) 3000-
1500 Å and (c) 3000-2000 Å 
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Table 1—Variation of optical band gap with thickness of ion 
irradiated InSb thin films 

Thickness of In/Sb (Å) Band gap of irr. film (eV) 

3000-1000 0.169 
3000-1500 0.169 
3000-2000 0.167 

 
RBS spectrometry 

The RBS spectrometry is a single rapid, sensitive 
and non-destructive depth profiling technique and it is 
most suitable technique for quantitative analysis to 
explain intermixing of bilayer. Figures 4 and 5 have 
been with the help of RUMP programme, which show 
the graphs between channel no. (energy in MeV) 
versus normalized yield for as-deposited and ion 
beam irradiated In-Sb thin films of thickness 3000-
1500Å. Figure 4 may be divided in to three parts. In 
first part, the highest peak found around 775 channel 
no. corresponding to energy 3 MeV. It is also 
observed that the peak of indium (at channel number 
650) overlapped with peak of antimony. The 
overlapping is due to small atomic mass difference 
between elements. In the second part, we found the 
intermediate peak around channel no. 500 down to 
around channel no. 300, which is due to the cations 
Sn in ITO coated layer. In the third part, peaks found 
to be at the low energy region, it is due to SiO2 inside 
the glass substrate. 

Figure 5 shows the spectrum recorded after Ag12+ 
ion irradiation. The effect of ion dose clearly observed 
in spectrum as a kink on overlapped region of highest 
peak towards low energy side. It is due to mixing of 
elements. It is also justified by reduction of lower 
edge of the antimony peak towards kink and front 
edge of indium towards kink, the mixing occurs after 
irradiation at the In/Sb interface. In the second part, 
intermediate peak of ITO sharply down around 
channel no. 440 supported to the broadening of 
overlapped peak. In the third part, SiO2 peak step up 
around channel no. 300 towards lower energy side 
indicates base line shifted towards higher energy side. 
The mixing of elements can be related with shifting of 
base line, reduction in slope, broadening and kink in 
the rising part of material reported in 
literature13,20,21,23. Our results well agree with Avasthi 
et al.20. Similar results also carried out by Checchetto 
et al.21 in the case of Fe-Al multilayer annealed at  
573 K for 240 min. They notice significant degree of 
atomic mixing between Fe and Al layers. It is also 
observed that peak to base ratio in irradiated film has 
diminished, indicating substantial inter diffusion. 

These results well agreed with Hollway et al.17 and 
Singh et al.13,23. The effect of ion doses also observed 
by Kac et al.22 for the film of Fe/Cr bilayer and 
suggested that intermixing increases with ion doses. 
The mixing of RBS study is also supported our optical 
band gap calculations that shows band gap of InSb 
semiconductor. It is only possible when mixing 
available at the interface of In and Sb elements. 

 
Fig. 4— Rutherford back scattering spectrum of as deposited InSb 
bilayer thin film of thickness 3000-1500 Å 
 

 
Fig. 5— Rutherford back scattering spectrum of ion irradiated 
InSb bilayer thin film of thickness 3000-1500 Å 

 
Conclusions 

The following conclusions may be drawn from this 
study: (i) the swift heavy ion irradiation is suitable 
technique for mixing the bilayer of InSb thin films 
and (ii) Rutherford back scattering analysis also 
shows mixing of bilayer and preparation of InSb semi 
conducting system. 
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