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An understanding of the optical properties of Indium Antimonide (InSb) is important because of the increasing application 
of InSb in many optical and electronics devices. Optical properties of Indium Antimonide (InSb) have been investigated by 
means of the Kramers and Kronig method in photon energy range 1.0 – 6.01eV. The properties investigated includes: 
refractive index which has a maximum value of 4.91 at photon energy 1.82eV; the extinction coefficient which has a 
maximum value of 3.72 at photon energy 4.05eV; the dielectric constant, the real part of the complex dielectric constant, 
which has a maximum value of 22.3 at photon energy 1.77eV; the imaginary part of the complex dielectric constant having a 
maximum value of 21.3 at photon energy 3.85eV; the transmittance which has a maximum value of 0.20 at photon energy 
3.61eV; the absorption coefficient which has a maximum value of 1.53 x 108 m-1 at photon energy 4.09eV; the reflectance 
which has a maximum value of 0.64 at 4.17eV; the reflection coefficient which has a maximum value of 0.80 at photon energy 
4.17eV; the real part of optical conductivity which has a maximum value of 9.99 x 1015 at 3.89eV; and the imaginary part of 
the optical conductivity has a maximum value of 4.49 x 1015 at 4.13eV. The values obtained for optical properties of InSb are 
essentially important for emerging InSb applications such as fabrication of antenna-coupled infrared detectors, photo-electric, 
magnet-electric conversion devices and optoelectronic devices. 
 
 
 

1.     Introduction 

Indium Antimonide (InSb) is a crystalline 
compound made from the elements Indium (In) and 
Antimony (Sb). It is a narrow-gap semiconductor 
with an energy band gap of 0.17 eV at 300K and 
0.23 eV at 80K. The crystal structure is Zincblende 
with a 0.648 nm lattice constant [1]. Un-doped 
InSb possess the largest ambient-temperature 
electron mobility 7800 cm2/Vs [2], electron drift 
velocity and ballistic length up to 0.7 µm at 300K 
[1] of any known semiconductor, except possibly 
for carbon nanotubes.  

InSb is an important III-V semiconductor 
material in the field of infrared detectors [3-4] in 
the 3-5 µm wavelength range due to its high 
electron and hole mobility and low energy gap [5] 
at room temperature [6,7]. It is also used for the 
fabrication of devices such as antenna-coupled 
infrared detectors [8], high speed, Hall and 
optoelectronic devices [9-13]. InSb photodiode 
detectors are photovoltaic, generating electric 
current when subjected to infrared radiation [14].  

A detailed knowledge of the optical properties 
is important for the realization of optoelectronic 
devices. However, experimental and theoretical 
data on the optical properties of InSb are few. In 
this work,  we  have investigated  optical properties  
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of Indium Antimonide (InSb) in the photon energy 
range 1.0 – 6.01eV because of the increasing 
application of InSb in many optical, electronics and 
photonic devices. The rest of the paper is organized 
as follows: Sec. 2, describes the method of 
calculation of optical properties, Sec. 3 presents the 
results and discussion, while conclusions are given 
in Sec. 4. 

2.     Method of Calculation 

Kramers-Kronig analysis of measured refractive 
index and extinction coefficient data obtained by 
Schubert [15] was carried out to obtain reflection 
coefficient and reflectance of InSb using Eqn. (1) and 
Eqn. (2). Reflection coefficient measures the 
fractional amplitude of the reflected electromagnetic 
field [16] and it is given by  
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Where, n is the refractive index and k is called the 
extinction coefficient. 

The measured values of n and k at different 
wavelengths were used as input in Eqn. (1) to 
obtain reflection coefficient of InSb and in Eqn. (2) 
to obtain reflectance of InSb. 

The reflectance R is given by [17] as 
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The complex dielectric constant is a 

fundamental intrinsic property of the material. The 
real part of the dielectric constant shows how much 
it will slow down the speed of light in the material, 
whereas the imaginary part shows how a dielectric 
material absorbs energy from an electric field due 
to dipole motion. The knowledge of the real and the 
imaginary parts of dielectric constant provides 
information about the loss factor, which is the ratio 
of imaginary and real parts of the dielectric 
constant [18,19]. The real and the imaginary parts 
of the dielectric constant can be estimated using the 
relations [20] 
 

22
1 knE −=                            (3) 

 
nkE 22 =                                 (4) 

 
The measured values of n and k at different 

wavelengths were used as input in Eqn. (3) and 
Eqn. (4) to obtain the real and imaginary parts of 
the dielectric constant of InSb, respectively. 

The absorption coefficient (α) can be calculated 
using the equation [21,22] 
 

λ
πα k4=                                 (5) 

 
Where, k is the extinction coefficient and λ is the 
wavelength. 

The transmittance is obtained from the relation 
 

R + T + A = 1                             (6) 
 
Where, R, T and A, each represents the reflectance, 
transmittance and absorbance, respectively. The 
sum of these macroscopic quantities, which are 
usually known as the optical properties of the 
material, must be equal to unity since the incident 
radiant flux at one wavelength is distributed totally 
between reflected, transmitted and absorbed 
intensity. The absorbance A is given by  
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The optical response of a material is mainly 

studied in terms of the optical conductivity (σ), 
which is given by the relation [23] 

π
ασ
4

nc=                               (8) 

 
Where, c is the velocity of light, α is the absorption 
coefficient and n is the refractive index. It can be 
seen clearly that the optical conductivity directly 
depends on the absorption coefficient and the 
refractive index of the material [18,19].  

3.     Results and Discussion 

The refractive index spectrum of InSb in the energy 
range 1.0eV to 6.01eV is shown in Fig. 1. There is 
an increase in the refractive index in the energy 
range 1.0eV to 1.82eV, with a peak value of 4.91 at 
1.82eV as shown in Fig. 1. The refractive index 
decreases afterwards in the energy range 1.82 – 
6.01eV. This decrease in refractive index indicates 
that InSb shows normal dispersion behavior and 
also that InSb is a semiconductor because the 
refractive index of a semiconductor typically 
decreases with increasing energy. Two peaks are 
observed at 1.82 eV and 3.56 eV, they are mainly 
due to the transitions from the last valence band to 
the first conduction band. The result for refractive 
index is in good agreement with a value of 5.0 
reported by Adachi [24]. With a refractive index of 
4.91, InSb can be used as a reflector. The variation 
of refractive index values in investigated energy 
range shows that some interactions take place 
between photons and electrons. The refractive 
index changes with the variation of the photon 
energy due to these interactions.  
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Fig.1: Refractive Index of Indium Antimonide (InSb). 
 

The extinction coefficient spectrum in the 
energy range 1.0eV – 6.01eV is as shown in Fig. 2. 
There is an increase in extinction coefficient in the 
energy range 1.0 – 4.05eV as shown in Fig. 2. It 
has a peak value of 3.72 at 4.05eV and then 
decreases to a value of 1.9 at 6.01eV. The increase 
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in extinction coefficient with increase in photon 
energy in the energy range 1.0 – 4.05eV shows that 
the fraction of light lost due to scattering and 
absorbance increases in this energy range and the 
decrease in the extinction coefficient in the photon 
energy range 4.05 – 6.01eV shows that the fraction 
of light lost due to scattering and absorbance 
decreases in this energy region. The peak value of 
extinction coefficient indicates a good absorption in 
the energy range. Three peaks are observed at 1.9, 
2.43 and 4.05 eV, which are mainly due to the 
transitions from the last valence band to the first 
conduction band. Also the peaks indicate regions of 
deep penetration of the electromagnetic wave. This 
penetration of the electromagnetic wave decreases 
as the extinction coefficient values approaches the 
peaks and consequently, the absorption loss also 
increases with these peaks.   
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Fig.2: Extinction Coefficient of Indium Antimonide 
(InSb). 

 
The real part of the dielectric constant spectrum 

in the energy range 1.0eV – 6.01eV is shown in 
Fig. 3. There is an increase in the real part of the 
dielectric constant in the energy range 1.0 – 1.77eV 
as shown in Fig. 3. It peaks at a value of 22.3 at 
1.77eV, which is in good agreement with a value of 
23.0 reported by Alouani et al. [25]. The increase in 
real part of the dielectric constant with an increase 
in photon energy in the photon energy range 1.0 – 
1.77eV shows that the loss factor increases with the 
increase in photon energy in this energy range. The 
real part of the dielectric constant then decreases 
with an increase in photon energy in the photon 
energy range 1.77 – 6.01eV with a minimum value 
of -8.98 at 4.13eV. This shows that the loss factor 
decreases with an increase in photon energy in this 
energy range. The maxima correspond to higher 
propagation of electromagnetic waves. At higher 
photon energy, the propagation of the 

electromagnetic wave drops drastically, thus InSb 
tends to become an insulator at this energy range.  
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Fig.3: Complex Dielectric Constant (Real part) of Indium 

Antimonide (InSb). 
 

The imaginary part of the dielectric constant 
spectrum in the energy range 1.0eV – 6.01eV is 
shown in Fig. 4. There is an increase in the 
imaginary part of the dielectric constant with 
increase in photon energy in the energy range 1.0 – 
3.85eV as shown in Fig. 4. It has a peak value of 
21.3 at 3.85 eV, which is in good agreement with a 
value of 21.0 reported by Alouani et al [25]. The 
increase in imaginary part of the dielectric in the 
photon energy range 1.0 – 3.85eV shows that the 
loss factor increases with increase in photon energy 
in this energy range. The imaginary part of the 
dielectric constant decreases with an increase in 
photon energy in the photon energy range 3.85 – 
6.01eV, which shows that the loss factor decreases 
with increases in photon energy in this energy 
range. The propagation of electromagnetic waves is 
faster at the peak energy values and reduces for 
higher photon energies, which show that the 
imaginary part of the complex dielectric constant 
has a dependence on the photon energy. 

Fig. 5 shows the transmittance spectrum for 
InSb in the photon energy range 1.0 – 6.01eV. The 
transmittance of InSb is 20% (0.20), which is 
constant in the energy range 1.0 – 3.61eV, it then 
decreases with the increase in photon energy in the 
energy range 3.61 – 4.13eV and afterwards 
increases with the increase in photon energy in the 
energy range 4.13 – 6.01eV as shown in Fig. 5. 
With a peak value of 20% (0.20) for transmittance 
it means that InSb is a material for optoelectronic 
devices.   

InSb have good absorption in the energy range 
1.0eV – 4.09eV as shown in Fig. 6. The absorption 
coefficient of InSb increases with increase in 
photon energy in the energy range 1.0 – 4.09eV as 
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shown in Fig. 6, this shows that absorption 
coefficient is photon energy dependent. It rises to a 
maximum value of 1.53 x 106 cm-1 at 4.09 eV, 
which is in  agreement  with  a  value  of   1.4 x 106  
cm-1 reported by Aspnes and Studna [26], and a 
value of 1.6 x 104 cm-1 reported by Moss et al. [27]. 
The value of absorption coefficient then drops to a 
value of 1.16 x 108 m-1 at 6.01 eV. This high value 
of the absorption coefficient is typical for inter-
band absorption in semiconductors [28]. InSb 
shows no absorption below its band gap 0.17 eV [5, 
29]. The peaks and valley in the absorption 
coefficient spectrum are of course related to 
possible transitions between states in the energy 
bands. The degree of absorption depends among 
other things, for example, on the number of free 
electron capable of receiving the photon energy. At 
the maximum absorption coefficient, the 
electromagnetic wave is observed more. Thus, InSb 
absorbs more at these energy values.  
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Fig.4: Complex Dielectric Constant (Imaginary Part) of 

Indium Antimonide (InSb). 
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Fig.5: Transmittance of Indium Antimonide (InSb). 
 

Fig. 7 shows the reflection coefficient for InSb. 
The reflection coefficient of InSb increases with an 
increase in photon energy in the energy range 1.0 – 
4.17eV as shown in Fig. 7. It has a peak value of 
0.80 at 4.17eV. The high value of the reflection 

coefficient means that InSb is highly absorbing 
because high reflectivity occurred when the 
electromagnetic wave is appreciably absorbed as 
well slowed down.  
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Fig.6: Absorption Coefficient of Indium Antimonide 
(InSb). 
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Fig.7: Reflection Coefficient of Indium Antimonide 
(InSb). 
 

Fig. 8 shows the reflectance for InSb. The 
reflectance of InSb increases with an increase in 
photon energy in the energy range 1.0 – 4.17eV as 
shown in Fig. 8. This is the characteristics of inter-
band transitions spread over the spectrum region. It 
has a peak value of 0.64 at 4.17eV, which is in 
agreement with a value of 0.64 reported by Aspnes 
and Studna [26] and it then drops to a value of 0.43 
at 6.01 eV. Four peaks are observed at 1.86, 2.38, 
4.17 and 5.48 eV, these are mainly due to 
transitions from the last valence band to the first 
conduction band.    

Fig. 9 shows the real part of the optical 
conductivity for InSb. The real part of the optical 
conductivity of InSb increases with an increase in 
photon energy in the energy range 1.0 – 3.89eV as 
shown in Fig. 9. It has a peak value of 9.99 x 1015 
at 3.89 eV. The increase in the real part of optical 
conductivity in the photon energy range 1.0 – 
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3.89eV can be attributed to the increase in 
absorption coefficient in this energy range. The real 
part of optical conductivity of InSb decreases with 
photon energy in the photon energy range 3.89 – 
6.01eV.The real part of the optical conductivity 
shows three peaks at 1.9, 2.38 and 3.89 eV, these 
are mainly due to the transitions from the last 
valence band to the first conduction band. These 
peaks indicate regions of deeper penetration for 
electromagnetic waves, and they also show high 
conductivity. Thus, InSb can be optimized for high 
conductivity when the photons are at these peak 
energy values.  
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Fig.8: Reflectance of Indium Antimonide (InSb). 
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Fig.9: Optical Conductivity (Real part) of Indium 
Antimonide (InSb). 

 
Fig. 10 shows the imaginary part of the optical 

conductivity for InSb. The imaginary part of the 
optical conductivity of InSb first decreases with the 
increase in photon energy in the energy range 1.0 – 
1.82 eV from a value of -2.08 x 1015 at 1.0 eV to a 
minimum value of -4.80 x 1015 at 1.82 eV as shown 
in Fig. 10. The negative value of the imaginary part 
of the optical conductivity is due to the increase in 
extinction coefficient and it implies that there is 
reduction in the conductivity of InSb in this energy 
range. It then increases with increase in photon 

energy in the photon energy range 1.82 – 4.13 eV 
with a maximum value of 4.49 x 1015 at 4.13 eV 
and then drops to a value of 1.55 x 1015 at 6.01 eV. 
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Fig.10: Optical Conductivity (Imaginary Part) of Indium 

Antimonide (InSb). 

4.     Conclusions 

In conclusion, the optical properties of Indium 
Antimonide (InSb) have been investigated 
theoretically in the energy range 1.0eV – 6.01eV. 
The refractive index has a peak value of 4.91 at 1.82 
eV and it shows normal dispersion behavior. With a 
refractive index of 4.91, InSb can be used as a 
reflector. The extinction coefficient has a peak value 
of 3.72 at 4.05eV, which indicates a good absorption 
in the energy range. The real part of the dielectric 
constant has a peak value of 22.3 at 1.77eV. The 
imaginary part of the dielectric constant has a peak 
value of 21.3 at 3.85eV. The transmittance has a peak 
value of 0.20 at 3.61eV, which shows that InSb is a 
material for optoelectronic device.  The absorption 
coefficient has a peak value of 1.53 × 108 m-1. This 
high value of the absorption coefficient is typical for 
inter-band absorption in semiconductors and it shows 
no absorption below its band gap. The reflection 
coefficient has a peak value 0.80 at 4.17eV which 
shows that InSb is highly absorbing. The reflectance 
has a peak value of 0.64 at 4.17eV. The real part of 
the optical conductivity has a peak value of 9.99 × 
1015 at 3.89 eV. The imaginary part of the optical 
conductivity has a minimum value of -4.80 × 1015 at 
1.82 eV and a peak value of 4.49 x 1015 at 4.13 eV. 
The negative value of the imaginary part of the 
optical conductivity is due to the increase in 
extinction coefficient and it implies that there is 
reduction in the conductivity of InSb in this energy 
range. The values obtained for the optical properties 
of InSb over the energy range 1.0 – 6.01 eV are 
essentially important for emerging InSb applications 
such as the fabrication of antenna-coupled infrared 
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detectors, photo-electric, magnet-electric conversion 
devices and optoelectronic devices. 
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