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Abstract— The variable band gap Hg1-xCdxTe (HgCdTe)
alloys providing an unprecedented degree of freedom in
infrared (IR) detector design. HgCdTe is a pseudo-binary alloy
semiconductor that crystallizes in a zinc blended structure. The
fundamental properties of HgCdTe alloy semiconductor,
relates these material properties, which have successful
applications as an IR detector material. The intent is to
concentrate on device approaches and technologies that are
having the most impact today mainly in photovoltaic detectors.
HgCdTe ternary alloy is a nearly ideal IR detector material
system. Because of tailorable energy band gap over the
1–30μm range, large optical coefficients that enable high
quantum efficiency and favourable inherent recombination
mechanisms that lead to high operating temperature ,this alloy
becomes dominant material for development of high sensitivity
infrared photodetectors for military applications, medical
imaging, fire control, environment monitoring and
surveillance, and amongst other applications. In this work we
propose a simple calculation for interband optical absorption
coefficient (IOAC) for bulk non-parabolic Hg1-xCdxTe
material. Here, a simple theory of IOAC for bulk
non-parabolic material is developed considering the absorption
coefficient dependence on the various photon energy and
temperature. The analysis includes the general formulation for
variation of IOAC in bulk of direct bandgap semiconductor
material. The effects of temperature and photon energy
dependence are discussed.

Index Terms— Interband absorption coefficient, Band
non-parabolicity, Photon energy, compound semiconductors.

I. INTRODUCTION
Because of its band gap tunability with x, Hg1-xCdxTe has
evolved to become the most versatile material for detector
applications over the entire IR range. As the Cd composition
increases, the energy gap for Hg1-xCdxTe gradually increases
from a negative value for HgTe to a positive value for CdTe.
The specific advantages of HgCdTe are the direct energy gap,
ability to obtain both low and high carrier concentrations,
high mobility of electrons and low dielectric constant. The
extremely small change of lattice constant with composition

makes it possible to grow high quality layers and
heterostructures. The energy gap decreases with increasing
temperatures in medium gap and wide gap semiconductors
and as well as small gap materials such as HgCdTe. Thermal
expansion of lattice with electron-photon interactions causes
the temperature variations in band structure. Here we
supposed to calculate the gap variation Hg1-xCdxTe alloy with
respect to the variation of Cd deposition and temperature. As
it is mentioned the energy gap decreases with increasing
temperature, when the valence band edge moves more than
the conduction band edge, the gap increases with T, as in
case of Hg1-xCdxTe. Such an observation is very important on
our understanding regarding the variation of Absorption
Coefficient.In this article our study is based on the simplified
assumption that the optical matrix element (OME) is
constant with respect to the electron wave vector ( k ). It is
also considered that the experimental curve differs
significantly from the theoretical curve at high frequencies at
which electrons transferred deeply into the conduction band.
Such deviation can be explained when non-parabolicity of
the energy band and the k-dependence of the cell- periodic
functions are both taken into account. Nevertheless it appears
from the literature interband optical absorption coefficient
(IOAC) of bulk Hg1−xCdxTe material has yet to be
investigated considering the k -dependent OME. In this
paper with theoretical analyzed the IOAC of bulk small gap
non-parabolic Hg1-xCdxTe whose energy band dispersion
relations obey the widely accepted 3 band model of Kane and
hence we considered the wave vector ( k ) – dependence on
OME. First we derived the OME for bulk materials and then
a generalized formulation for IOAC is tried out. For this we
have taken into account the momentum and spin
conservation separately and then calculated the transition
probability which gives the complete wave function
formalism. This in turn duly incorporates the effect of band
non-parabolicity and wave vector dependence.
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Incorporating expressions for A0 2 , I ( ) and T ( ) , Eq. (1)
can be written as
II.

Formulation of generalized IOAC

α=

If the rate of transitions per unit volume be T(ω) and the
incident radiation intensity be I(ω), then the IOAC (  )
can,in general, be written as

Ξ=ħω*T(ω)/I(ω)
where

(1)

 h / (2 ) , h is the Plank constant and  is the

angular frequency of the incident radiation. Intensity of
incident radiation is I ( )  (1/ 2)Cnr 0  2 A0 2 , where

c is the velocity of light in free space, nr is the relative
refractive index of the semiconducting materials, 0 is the
permittivity of free space, and A0 is the amplitude of the
incident

light

wave

A0  2 / Vc nr 0 
2

and

2

crystal. Transition rate

,

can

be

expressed

as

Vc being the volume of the

T ( ) takes into account all the

effects of band non-parabolicity, light polarization and the
probability of allowed transitions and can be expressed in
terms of OME as

T(ω)=(2π/ħ).{(eA0/2m0)2.∫2d3k/(2π)3.∑i|â.pcvi
( k )|2avδ(Ec( k )-Evi( k )-ħω)}

(2)

where m0 is the free electron mass , d

3

k is the differential

k -space , â is the polarization vector of
the incident radiation,  () denotes the Dirac delta function
volume element in

and accounts for the selection condition for electron
transition,

i

=1 and 2 represents the light hole-split off

band and heavy hole band respectively, Ec ( k ) represents the
energy of the conduction band (CB) with wave vector

k , Evi ( k ) represents the energy of the i -th valence band
(VB)

with

wave

Ec ( k )  Evi ( k )   i (k )   (k )

k

vector
(effective

.(nr/c).(2/8π3).2π/ħ.

(eA0/2m0)2

∑i|â.pcvi( k )|2av.δ(Ec( k )-Evi( k )-ħω)}

.∫d3k

(3)

With reference to k-p model and three energy band model the
energy Eigen value and energies corresponding to
conduction band and valence band can be related as

(ħ2k2/2mc). (1- mc/ m0)=E’ [(Eg+2Δ/3).
Eg).(E’+Eg+Δ)/Eg(Eg+Δ).(E’+Eg+2Δ/3)] (4)

(E’+

Where Δ is the spin orbit splitting constant and m c is the
effective electron mass at the edge of the conduction band.
Eqn.
(4)
can
be
written
as
2 2
E’(1+αE’)=(ħ k /2mc).(1-mc/m0)
(5)
In which

α= (1/ Eg).( 1- mc/ m0).(1- Eg.Δ/(3(Eg+ 2Δ/3)( Eg+ Δ))).
is the non-parabolicity factor.
In case of doubly generate wave functions if we consider u1
(k, r) and u2 (k, r) are conduction band and light hole band ,
then the mathematical formulation for average value of OME
,

Pcv1(k)=<u1(k,r)|p|u2(k,r)>

(6)

In which

P=< S|P|X > = < S|P|Y> = <S|P|Z> = pcv1(0)
In the similar way OME for heavy hole will be

pcv2(k)=(P/√2)(ak-<α2|α2>-ak+<α1|α1>)
.(i|r1|- |r2|)
=(P/2).(i|r1|-|r2|).|r3|.{L( k )}

(7)

.
band

gap  i ( k ) may be treated as same for both the valence bands,
the difference between them being negligible compared to
the energy difference between the top of valence and the
bottom of conduction band) denotes the k -dependent energy
difference between the corresponding VB and CB and

pcvi ( k ) is the corresponding optical matrix elements
(OME).

Vc

The final expression of IOAC considering both light and
heavy hole contributions can be written as

Ξ=(Gbulk/3).√{(ħω)2–(Eg)2}+(Gbulk/8ħω).{(ħω)2 –(Eg)2}
(8)
Where

Gbulk=(2e2/3ħ2cnrε0).√(mr/Eg).((Eg+Δ)/(Eg+2Δ/3)
(9)
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Eg(x)=[-0.302+1.93x+5.25*10-4T(1-2x)-0.81x2+0.832
x3] eV;
Δ= (0.63+0.24x-0.27x2) eV;
mc= 3 ħ2 Eg(x)[4t2(x)]-1;
t(x)=[( ħ2/2m0)(18+3x)]1/2;
mv=0.42m0; nr=3.56; x=0.2-0.4
III. Graphical Analysis
It is clear from equation (9) that IOAC has a √{(ħω)2 – (Eg)2}
dependence. This is due to the effect of non-parabolocity in
the band structure. We have studied the variation of IOAC
with incident photonic energy keeping T and x as a
parameter. The graphs are drawn taking both heavy & light
holes into considerations. Since IOAC depends on E g and
temperature(T), Cd deposition ratio(x) directly controls E g,
the variations of IOAC is prominent against them. These are
some parametric values which we have taken into account
while studying the MATLAB coding.

Fig.1.Absorption coefficient vs. Photon energy(eV) with T as
parameter(100K,200K,300K)

Fig.2.Absorption coefficient vs. Photon energy(eV) with x as
parameter(0.2,0.3,0.4)

IV. Conclusion
A simple theory of IOAC for non-parabolic material is
developed here considering the wave vector dependence in
the band structure. Formation of IOAC in bulk considering
both heavy and light hole contributions is done here. It is
found that IOAC for the bulk is proportional to √{(ħω)2 –
(Eg)2} near band edge and {(ħω)2 – (Eg)2} for high values of
wave vector(k), unlike the conventional idea of √(ħω – Eg)
dependence on incident photon energy. It should be note din
general IOAC should be highly influenced by the
polarization vector of incident light wave. In order to
investigate that we need to consider the quantum well of
Hg1-xCdxTe along with the influences of temperature and
alloy composition.
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