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Abstract: An investigation on the electronic properties of II-VI semiconductors by 40 band k.p method is presented. Findings on the band diagram and 
density of states are analyzed and the results are compared with previously reported theoretical and experimental works. The density of states 
calculations reveal that the valence band maxima are predominant contributed by the p-states. .and conduction band minima are mainly contributed by 
the s-states. Our calculations has been validated.       through an accurate set of comparisons with available experimental results. 
 
Index Terms: Density of states, k.p method, II-VI semiconductors, band diagram 

———————————————————— 

1. INTRODUCTION 
II-VI Semiconductors (SCs) have been of great interest due to 
their effective use in advanced technologies. These materials 
are commonly used in numerous optoelectronic devices such 
as infra-red detectors, solar cells, high-density optical 
memories. As a result, their understanding is extremely 
important. The structural, electronic, mechanical, magnetic, 
optical, etc. properties, of II-VI SCs are closely related to the 
band structure. For a fundamental understanding of the 
electronic band diagram and therefore the physical properties 
of materials, theorists have developed serval theoretical 
approaches based on so-called semi-empirical models. Such 
models use many parameters that can be adjusted to the 
experimental data. Among these models the k.p method 
appears more effective in solving a very large number of 
complex problems. This method has become today an 
indispensable tool for the study of the electronic, optical and 
magnetic properties of SC materials. It is also a tool of choice 
for the study of certain effects that are difficult or impossible to 
determine experimentally, and sometimes it has been able to 
replace very expensive or unreliable experiments. To better 
understand the behavior of SCs, we need to study in more 
details the populations of electrons and holes in the 

conduction and valence bands. Thus, we must determine the 
density of states (DOS). This quantity plays a key role in 
determining the gain (or absorption) for semiconductor lasers, 
light-emitting diodes and detectors. In addition, DOS is of 
great use in experimental physics since it is directly 
measurable. The DOS was first used in understanding the 
modification of spontaneous emission in photonic crystals [1]. 
The design of photonic. crystals and metamaterials for the 
modification of the DOS has been extensively. studied [2,3]. 
The DOS plays an important role in light. trapping for solar 
cells [4] and in mode1. confinement in photonic. crystal 
structures [5]. Finally, the DOS is a way to test the reliability. 
of the k.p model, knowing that it does not depend only on the 
energy levels, but also on the gradient of these with respect to 
k. The formalism used to compute these important physical 
quantities is based on the 40-band k.p model. Our objective is 
to analyze the DOS of such SCs and thereby construct a 
physical as well as a model that would descript efficiently the 
electronic properties of II-VI SCs. 
This paper is organized as follows: Sec. II presents the 
calculation of the energy band structure. In Sec. III, we 
investigate theoretically the DOS of II-VI SCs. Finally, Sec. IV 
is devoted to the conclusion.

 

2. BAND STRUCTURE 
To study the DOS of II-VI SCs, the initial step is the band 
structure calculation of the bulk semiconductors using the 
multiband k. p theory. In this goal we use the 40×40 band k.p 
model. The present model is identical in all respects to the 
one described previously in Refs. 6-8. Here we will not go into 
the complicated matrix elements, basis orbits and band edge 
energies in a 40-band k.p model. For complete descriptions of 
the 40-band Hamiltonian, instead referring the reader to Refs. 
6-8. The energy band diagram, in the k.p multiband theory, is 
obtained from a set of parameters such as the energy levels 
at k=0 and the matrix elements of the momentum operator.  
 
 
 
 
 

For accurate modelization of  II–VI SCs, it is important to 
include the cation ‗d‘ orbitals. Despite the fact that the   d 
orbitals are located less than - 10 eV below the valence band 
maximum, many theoretical attempts have ignored them. 
However, the cation ‗d‘ orbitals play crucial role in the bonding 
process; hence their incorporation is indispensable for an 
exact description of the electronic [6, 9] and optical properties 
[10]. The 40 band model involves the (s, p, d) levels both 
valence bands (VBs) and conduction bands (CBs), which is of 
great interest. Let us note that, unlike other lower-order 
models k.p such as the 14-level model [11–13],  the 40 band 
k.p model does not use the renormalized Luttinger-like 
parameters. It should be noted, finally, that the k.p method 
does not ensure continuity between U(1,1/4,1/4) and 
K(0,3/4,3/4), at equivalent points of the BZ. This continuity is 
not obtained by construction as in pseudo-potential (PP) and 
tight bindings (TB) models; in contrast, it is the strongest 
numerical challenge of this approach.  
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Figure 1. Calculated band structure of (a) ZnS and (b) ZnSe 

 

 
Figure 2. Calculated band structure of (a) ZnTe and (b) CdTe 

 

Figures 1 and 2 show the band structures of ZnS, ZnSe, 
ZnTe, and CdTe obtained with the 40-band k·p model. The 
band structure is well reproduced on a width of about 18 eV: it 
describes correctly the VB over a 12 eV scale and the 
conductions bands CBs over a 6 eV scale in four directions. 
As can be seen, the calculated band diagram clearly shows 
that all four compounds have a direct band gap at the Γ point. 
The obtained values of the band gaps energies for ZnS, ZnSe, 
ZnTe and CdTe are 3.98, 2.76, 2.4 and 1.59, respectively, in 
good accordance with the experimental values 3.83, 2.81, 
2.39 and 1.602 [14]. 
 

3. DENSITY OF STATES 
In this section, the 40 band k.p model has been applied to 
perform DOS calculations. The electronic density of states as 
a function of the energy has been evaluated using the Gilat-
Raubenheimer algorithm. For a more detailed description, see 
Ref. 15.  The DOS represented in this paragraph are 

calculated using band diagrams cited in the first section. The 
results of DOS obtained for  ZnS, ZnSe, ZnTe and CdTe using 
the 40-band k.p model are shown in the figures 4 and 5. Our 
results are compared with those extracted from the PP and TB 
models and as well as the experiment. In order to focus 
attention on the compositions of the VB and CB near-gap 
states, the energy region is chosen to be [-14, 6] eV. As 
shown in figure 3, the DOS peaks correspond to the local 
extrema of the band diagram (where the energy gradient is 
small). The slope breaks of the DOS correspond to the places 
where the energy gradient vanishes, which is the case in a 
valley, local maxima of the CB or local minima of the VB. For 
example, the first VB slope break corresponds to where the 
heavy holes and light holes bands reached the L point, and 
the maximum is obtained when these bands get to the X point. 
These points are not valleys: there is no accumulation of holes 
in this place even if the density of states is large. 
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Figure 3. Calculated band structure of (a) ZnTe and (b) CdTe 

 
The topology of the valence band DOS for the different 
compounds has been found similar. 
 For all the four semiconductors the first peak of the valence 
band DOS  appears at  around -2 eV corresponds to the   

 -
valleys of the heavy-hole and light-hole bands, the second to 
the L-valley of the split-off band (noted    

  in the figure 3)  and 

the last one to the valley Γ (the chalcogen ―s‖ states). The first 
maximum for the conduction band of CdTe and ZnTe 
corresponds to the absolute maximum of the symmetry band 
"s" in the direction ΓX, the second maximum corresponds to 
the valley Γ of the symmetry band "p". 

 
Figure 4. Comparison of DOS of ZnSe semiconductor obtained by the 40-band k.p model and those obtained by pseudo-

potential (PP) model [16], the experiment [17]. 
 
The calculated DOS for the ZnSe (figure 4a) are in good 
agreement with the existing results extracted from the 
experiment [17] and the PP method [16]. For the conduction 
band, the first maximum corresponds to the local minimum of 

the "p" state. It also attributed to the point K of the same band. 
The second peak located at 8 eV arises from the second 
conduction valley    

 . 
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Figure 5. Comparison of DOS of the CdTe semiconductor obtained by the 40-band k.p model and those obtained by the 

experiment [18,19]. 
 

In the case of CdTe (figure 4b), we find a slight disagreement 
between our results and those resulting from the experiment 
[18, 19]. However, this difference was also observed between 
the PP results and the experimental data. These shift, of the 
order of 1 eV, are observed at the second peak of  the VB, 

and the first peak of the CB. The first maximum of the CB 
centered at around -1 eV correspond to the local maximum of 
the s-conduction level  in the direction ΓX and to the valley Γ 
of p-conduction band. 

 
Figure 6. Comparison of DOS of the ZnS semiconductor obtained by the 40-band k.p model and those obtained by the TB [20], 

and the experiment [17]. 
 

For the ZnS (figure 5a), our results are in good agreement 
with the experimental results [17]. They are even more better 
than those obtained by other theoretical models (TB) [20]. 

However, we observe also the shift of the second maximum of 
the valence band. Note that the same behavior was also 
observed in the case of CdTe.

 
 

    
     

    
    

  

 ZnS 

Exp. -5.2 -12.4 -5.5 -12 

PVMB -5.38 -12.17 -7.61 -11.88 

LCGO -5.2 -11.97 -4.49 -11.67 

OPW -4.2 -1O.66 -3.93 -10.29 
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k.p -5.02 -11.39 -5.59 -11.72 

 ZnSe 

Exp. -5.7 -13.1 -5.25 -12.5 

pp -5.08 -11.08 -4.96 -10.72 

PVMB -5.21 -12.06 -4.82 -11.79 

LCGO -5.15 -11.83 -4.69 -11.65 

OPW -4.4 -10.84 -4.31 -10.48 

k.p -5.19 -10.03 -5.3 -8.92 

 ZnTe 

Exp. -5.5 -10.0 -4.29 -11.6 

PVMB -5.27 -10.25 -5.14 -9.97 

FLAPW -5.25 -10.16 -5.1 -9.71 

k.p -5.56 -9.89 -5.69 -9.83 

 CdTe 

pp -4.73 -9.64 -5.05 -9.12 

TB -4.53 -10.36 -4.26 -9.46 

k.p -5.05 -10.02 -5.16 -9.16 

 
Table 1. Comparison of energies the numerical values of the energies (for the X and L valleys) for the VB of the II-VI 

semiconductors obtained by the 40-band k.p model and those obtained by the potential-variation mixedbasis (PVMB) [21], the 
full linear augmented-plane-wave (FLAPW) method [21], the orthogonalized plane-wave (OPW) [22, 23], the linear combination 

of Gaussian orbitals (LCGO) calculation [24, 25], the pseudo-potential (PP) [16] model and the experiment [17]. 
 
For the ZnTe (figure 5b), our results are superimposed with 
the results provided by the experiment [17] at the peaks 
relative to the p-valence band (the first two maximums), but 
are not quite satisfactory at the symmetry band "s" valence 
(the last peak).     The problem we have encountered in 
describing the second valence band is essentially due to 
the small errors observed in the position of the X and L 
valleys of these materials (see table  1). we notice that the 

40-band k·p model gives values in more better agreement 
with the experiment, than obtained obtained by the 
potential-variation mixedbasis (PVMB) [21], the full linear 
augmented-plane-wave (FLAPW) method [21], the 
orthogonalized plane-wave (OPW) [22, 23], the linear 
combination of Gaussian orbitals (LCGO) calculation [24, 
25], the pseudo-potential (PP) [16] model 

 

 
Figure 7. Comparison of DOS of ZnTe semiconductor obtained by the 40-band k.p model and those obtained by the experiment 

[17]. 
 

4. CONCLUSION 
In summery we calculated the band structures and the DOS 
of II-VI semiconductors by using the 40 band k.p method. 
The calculated results are compared with the experimental 
and other semi empirical model. It is concluded that the 
present approach is an efficient theoretical technique for the 
calculation of the band diagram and the DOS of II-VI 

semiconductors. The technique is much superior to the 
commonly used PVMB, LGGO, OPW, FLAPW, PP, TB  and 
other theoretical methods. The results predict that the 40-
band k.p model will be a successful tool for the bandgap. 
engineering... of II-VI compounds. 
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