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Abstract

A large unit cell (LUC) formalism of eight atoms within complete neglect
of differential overlap (CNDO) is used to study some properties of aluminum
phosphide (AIP) crystal, which has zinc — blende crystalline system, and to
investigate the effect of pressure and temperature on these properties.
Semiempirical CNDO parameter sets for this crystal are deduced and used in
the present work.

Cohesive energy, indirect band gap, valance band width, conduction
band width, bulk modulus, and valance charge distribution. are all obtained.
Some energy levels also calculated. LUC — CNDO calculations showed a good
agreement for lattice constant at equilibrium point, cohesive energy, valance
band width, and bulk modulus with experimental data. A reasonable
agreement for energy levels with experimental data has been obtained. Band
gap showed a good trend compared to theoretical values even when these
values are not in a good agreement with the corresponding experimental
values.

The effect of compressive stress and tensile stress on the above
properties is investigated. It is found that the indirect band gap, valance band
width, bulk modulus and cohesive energy increase with increasing the
compressive stress, while the conduction band width decreases. Reverse of
these behaviors are found with the effect of tensile stress except the cohesive
energy. The maximum value of stress is taken to be 2 GPa, because beyond this
value, the phase of AIP transforms from zinc blende phase to nickel arsenic
phase.

The effect of temperature on these properties is also studied. The effect of
temperature depends on the change of the lattice constant due to the change
of temperature. It is found that the conduction bandwidth and cohesive energy
increase with increasing the temperature, whereas the indirect band gap, and
valance band width decrease. The maximum value of temperature that we
studies is Y+ +K. Relativistic effects are added to band gap and zero point
energy is added to the cohesive energy.

It is concluded that the (LUC-CNDO) model gives good results, and it has a
reliable prediction for the effect of pressure and temperature. This shows the
possibility of using this method in qualitative survey materials.
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