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Abstract- We investigate the strain dependence of piezoelectric 
effect, both linear and non linear, in zincblende GaAs and InAs 
semiconductors. We expanded the polarization in terms of the 
ionic and dipole charges, internal displacement and the exploited 
the ab-initio Density Functional Theory (DFT) to evaluate the 
dependence of all quantities on the strain tensor. By this detailed 
study of the non linear piezoelectric effect, we report that even 
third order effects are significant. 

 
I. INTRODUCTION 

 
It is well known that the piezoelectric effect in bulk III-V 
semiconductors arises from lack of inversion symmetry along 
particular crystallographic directions[1,2] and is found in 
devices as diverse as light-emitting diodes (LEDs), lasers, 
power electronics, transducers and micropositioners [3]. In 
III-V semiconductors and their nanostructures, strain with a 
component along the polar axis of the crystal leads to the 
generation of the electric dipoles. In epitaxially grown 
zincblende (ZB) materials such dipoles are linked to 
off-diagonal strain tensor components and manifest themselves 
as a piezoelectric field that exists in  nanostructures grown on 
[111] oriented substrates. A similar effect is also noticeable in 
wurtzite (WZ) semiconductors along the polar axis of [0001] 
orientation and diagonal strain components are able to generate 
dipoles. Though non linear effect in the strain have long been 
recognized as important in the calculation of piezoelectric 
fields in ZB II-VI [4], ZB III-V [5,6,7] and WZ III-N [8] 
semiconductors, the two most widely used methods in the 
calculation of such non linearities, namely the linear response 
method [9] and Harrison’s method[10], appear to produce 
different results. The predictions from those two methods have 
not been compared before mainly because the work using 
Harrison’s method [5,6] has always been presented for subsets 
of the full strain tensor. In this work, we have tried to address 
this issue and report the dependence of the piezoelectric 
coefficients on a full set of diagonal components of the strain 
tensor. 
 

II. NUMERICAL RESULTS AND DISCUSSION 
 

In the framework of Harrison’s theory and the scheme 
previously established by Migliorato et al [5] we use ab initio 
density functional theory in the local density approximation to 
extract the elastic and dielectric properties of single crystals 
under various degrees of pressure in the 3 main 
crystallographic directions. The results properly combined in a 

formulation that takes into account the dipole formation 
between cations and anions, together with the modification of 
the dipoles along all bonds in the tetrahedron of the zincblende 
structure, leads self consistently to the identification of strain 
induced polarization coefficients. As already noticed in our 
previous work [5,6], our data shows strong strain dependence 
and hence non linear piezoelectric effect, with a marked lack of 
inversion antisymmetry ε௜ ՞ െε௜ suggesting the existence of 
at least quadratic terms in the strain. To further prove this point 
we obtain the non linear piezoelectric coefficients by fitting a 
third order polynomial to the DFT calculated after we impose 
conditions on the coefficients based on the cubic symmetry of 
the crystal. The recent work by Beya-Wakata et al [9] 
presented a comprehensive study based on DFPT and linear 
response theory of non linear polarization in various III-V 
zincblende semiconductors. The method used differs from ours 
as it relies entirely on ab-initio calculation without any fitting 
parameters, which are instead used in our model (ZH*). One of 
the major differences between the two models is that while the 
non linear response method introduces the small dependence 
on the quadratic shear strain, it neglects higher order 
contributions such as the quadratic and cubic terms in the 
diagonal strain components that our model instead obtains via a 
fitting procedure of the DFT data. The two models discussed in 
this paper obviously produce very different results. We pick 
two critical cases for comparison: InAs pseudomorphically 
strained on GaAs (001) (ઽ1= ઽ2= -0.7, ઽ3=+0.7, with a further 
shear given by ઻=0.02) or GaAs (111) (ઽ1= ઽ2= ઽ3= -0.223, ઻=0.268). The Beya-Wakata et al [9] model predict a 
polarization in the growth direction equal to +0.069 C/m2 for 
the (001) and +0.808 C/m2 for the (111) case. We note that the 
linear term alone would in both cases predict a negative 
polarization. Our model too predicts a positive sign of the 
polarization, but of a much smaller magnitude: +0.002 C/m2 
for the (001) and +0.201 C/m2 for the (111) case. This is a 
crucial difference and should be observable in experiment. The 
present work showcases the importance of the non-linear 
terms, namely second and third order, for zincblende GaAs and 
InAs in calculating the piezoelectric field. 
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