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ABSTRACT
The electronic and structural properties of wurtzite InN, ZnS and CdSe structures are studied using the empirical
pseudopotential method (EPM). The principal energy at I of wurtzite InN, ZnS and CdSe compounds are calculated.

Band structure of wurtzite InN, ZnS and CdSe materials are presented. Other quantity such as bulk modules by means
of our model is calculated.

| N1-V and II-VI structures | EPM | Wurtzite |

1. Introduction

The semiconductors have received considerable attention for their possible use in double heterostructure (DH)
blue laser diodes (LDs) [1-5]. However, it remains a problem in searching for suitable cladding layer material
that has energy gap (0.3 eV) higher than that of the active layer such as ZnTe [6,7]. To provide basis for
understanding future device concepts and applications, we have computed the electronic properties of wurtzite
compounds. The self-consistent pseudopotential method in the local density approximation usually
underestimates the band gap and does not give the correct value for the effective mass [8,9]. The linear muffin-tin
orbital (LMTO) method [9] is reliable but it is time consuming for computation of semiconductor compounds.
Therefore, we have employed the empirical pseudopotential method (EPM) [10]. In this method, the actual
atomic potential is replaced by pseudopotential and set of atomic form factors are adjusted so that the calculation

produces the energy bands as accurately as possible in overall comparison with the existing experimental data.
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This method is simple and is expected to give quick and reliable results which will be valuable for the
assessment of the intrinsic and extrinsic material phenomena to determine the properties for optoelectronic
devices applications. In this paper, we show band structures and pseudopotential form factors for wurtzite InN,
ZnS and CdSe structures. The calculated results of energy gap and the effective lattice constant are presented. By
the way, we have used this procedure for testing the validity of our model [11] of bulk modulus. In the
subsequent section a brief description of the used method is presented. The calculated results and discussion are

presented in Sec. 3. The last section consists of conclusion.

2. Pseudopotential calculation

At the present work the EPM electronic band structure as well as corresponding set of k.p parameters for wurtzite

InN, ZnS and CdSe crystals have been studied. The pseudopotential Hamiltonian is given by
H=-V "+ 7" @), M

where e is the pseudopotential that can be expanded in reciprocal lattice vectors G as:
GEDN (P 2)
G
For the wurtzite structures the matrix elements of the crystal pseudopotential appears as [12]
G-G' ) S (G-G") 3)

V(G-GY=V">( )SS(G—G')+1'VA(‘ G-G'

where s and .. are the symmetric and antisymmetric form factors, and

V V s and g are the symmetric and

S

antisymmetric structure factors specific to the wurtzite crystals, respectively.

More detail

Z exp(-G.7)),

A

§5(G)=

S | =
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. . . - . . th .
where n is number of atoms per unit cell (at wurtzite structure n=4), 7, is the basis vector of A atom at the unit

cell and A indicate the type of atom I or II.

tore P — +1 atom type | 5
R atom type II ®

T , localizes the position of the four atoms at the unit cell to format the cell

- { 11 ( 1 u ﬂ
1= o o, T A
6614 2 Localized vector of the two atoms of type I
- 1 1 1 u
A
6 6 \4 2
3=17, :
R R Localized vector of the two atoms of type II
[
and

V3 (G)= %j %[v, @ +v,([O]exp(-i G.F)d’ T

7 (G) =L [ l[vl(f)—vz(f)]exp(—ié.f)aﬂf (6)
QY2
where Q is the volume of the unit cell.

3. Results and discussion

3.1. Electronic band structure

In the wurtzite structure we have four atoms in the unit cell so that we have eight valence bands. We notice that
bands 1 and 2 are very s-like whereas the rest of the bands have pronounced p-like character. In particular bands
6 and 8 are almost pure py,-like and p,-like respectively. We also notice that the character of the conduction band

is almost free-electron-like although there still is some localization around the S atoms.
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Table 1. The reciprocal lattice vectors and adjusted symmetric and antisymmetric form factors of wurtzite InN,

ZnS and CdSe structures in (Ry).
InN ZnS CdSe
G G’ Vs Va G’ Vs Va G’ Vs Va

100 0.75 -0.540 0.141 2.666666 -0.26 | 0.00 2.666666 -0.27 | 0.00
002 2.666666 -0.230 0.248 3 -0.22 | 0.23 3 -0.23 | 0.19
101 3 -0.212 0.248 3.416666 -0.19 | 0.19 3.416666 -0.20 | 0.15
102 3.416666 -0.179 0.248 5.666666 -0.06 | 0.10 5.666666 -0.07 | 0.09
003 5.666666 -0.026 0.163

210 6.75 0.015 0.080 8 0.03 0.00 8 0.01 0.00
211 8 0.042 0.060

103 8.75 0.045 0.050 9.416666 0.06 | 0.03 9.416666 0.03 0.05
200 9.416666 0.050 0.0325 10.666666 0.07 | 0.00 | 10.666666 0.04 0.00
212 10.666666 0.054 0.029 11 0.07 | 0.02 11 0.04 0.05
201 11 0.055 0.025 11.416666 0.07 | 0.02 | 11.416666 0.04 0.05
004 11.416666 0.053 0.0225 12 0.00 | 0.02 12 0.00 0.05
202 12 0.042 0.075 13.6666666 | 0.04 | 0.01 | 13.666666 0.02 0.03
104 13.666666 0.035 0.005 14.666666 0.00 | 0.01 | 14.666666 0.00 0.02

Table 2. The calculated band gaps along I'—I" in (¢V) compared with theoretical and experimental ones of
wurtzite InN, ZnS and CdSe structures.

Egrr InN ZnS CdSe
Cal. 2.27 3.80 1.96
Theo. 1.02°,2.04° 3.35° 1.79*
Exp. 1.90¢, 2.29, 2.05° 3.91° 1.842, 1.80"

a: Ref. [13], b: Ref. [14], c: Ref. [15], d: exp. Ref. [16], e: Ref. [17], f: Ref. [18], g: Ref. [19].

Table 3. The calculated and experimental lattice constants in (A). For wurtzite structure we give the effective

cubic lattice constant defined through ¢ z

7

bulk moduli in (GPa) of wurtzite InN, ZnS and CdSe structures.

InN ZnS CdSe

a cal. 6.6764 7.2075 8.1239

a exp. 4.94° 5.359° 6.04°

B, cal. 137.92 103.91 68.17
B, theo. 212° 166" 50° 58°
B, exp. 125.5¢ 78%,76.2° 53¢

a: Ref. [13], b: Ref. [20], c:

exp. Ref. [16], d: Ref. [21], e: Ref. [22].

= \/g a’c [16] with the calculated, theoretical and experimental
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Fig. 1 Calculated band structure of wurtzite InN (a) Calculated band structure of wurtzite ZnS (b) Calculated
band structure of wurtzite CdSe (c).
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The pseudopotential form factors for the wurtzite InN, ZnS and CdSe crystals are shown in table 1. They give
the reasonable agreement with experiment and other calculations for the principal energy gap along I'—T (see
Table 2). In Fig. 1, one can show the calculated band structure of InN, ZnS and CdSe compounds. The band
structure is typical of the wurtzite structure. The compounds exhibit a direct gap for the given structures.

3.2. Bulk modulus calculation

An important observation for studying B, is the clear differences between the lattice constant in going from the
group III-V and II-VI semiconductors as seen in table 3. One can view the effect of increasing covalency. As the
covalency increases, the pseudopotential becomes more attractive and pulls the charge more toward the core
region, hence reducing the number of electrons available for the chemical bonding. The modulus generally
increases with the covalency but not as fast as predicted by the uniform density term. The lattice constants are
predominantly dependent on B, where impetus us to applicable study between the two and to test the validity of

our empirical model [11] by a new parameterization of bulk moduli.

O]

35
B,=[3000- A100] (‘z’j

where a is the lattice constant in (A) and A is an empirical parameter which accounts A = 0, 1, 2 for group IV, I1I-
V, and II-VI semiconductors, respectively, 2 in (A) and the first term in (GPa). The calculated bulk modulus
values compared with those of experimental and theoretical as given in table 3. The results of our calculations are
in reasonable agreement with experimental and theoretical ones except for ZnS where the emergence is

happened.

4. Conclusion

Electronic band structures of wurtzite InN, ZnS and CdSe structures are calculated using empirical
pseudopotential method. It is shown that these structures have direct gap. The results of the bulk moduli are

calculated. A reasonable agreement with experimental and theoretical data was observed.
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