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CC Effective charges and piezoelectricity*
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The effective charge for piezoelectricity is calculated using the bond-orbital model and Martin's
internal-displacement parameters. Direct and simple calculations made with no additional parameters
lead to a semiquantitative description of this effect. The qualitatively different trend with polarity shown
by this charge and by the macroscopic transverse effective charge is elucidated. It is noted that this
approach is essentially equivalent to the approach used by Lannoo and Decarpigny in studying the
transverse effective charge, but is very different from the approaches used in other current studies of
effective charges.
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Material parameters in the Tight Binding expressions:
0,: bond polarity
Z,*: effective ionic charge (depends on a,)
(: Kleinman parameter

Problem: No reliable values for Z,*, a,, { so only semi-quantitative
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We are now dealing with a general form of the expression for P
As a result of strain the 3 piezo coefficients are not generally identical

For [0O01]: identical behaviour for e,z , similar for egq4
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E‘ﬂ e First order piezoelectricity is only valid for material
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>-5 thatis strained by very small non diagonal strains.
CC
2 m e ]l order piezoelectric effects In the strain can be
EE efficiently calculated in the framework of Harrison’s
— © model and DFT-LDA calculations

e In (111) growth this model shows excellent agreement
with experimental data and the predicted values of e,
are always in the range 0-25% lower than the linearly
interpolated values.

e In (001) growth the framework can result in inversion
of the piezoelectric coefficients compared to bulk.

NUSOD-Nottingham, September 2008



MANCHESTER Acknowledgements

1824
20
3=
T
25 cPSRC
CC
) o The Royal Academy
U of Engineering Engineering and Physical Sciences
‘EE Research Council

Many thanks and gratitude go to:

e« EPSRC grant EP/C534352/1

 Raman Garg, Adrien Hue, Vesel Haxha (Manchester)

» Royal Academy of Engineering

e G.P Srivastava (Exeter)

e Thomas Hammerschmidt (Oxford)

e CDG: CASTEP Development Group, Dr Matt Probert & Dr Phil Hasnip (York)
e Tony Cullis, Dave Powell (formerly), Luke Wilson, Evgeny Zibik (Sheffield)
e Andrei Schliwa (Berlin)

e (the late) HPC Team in Manchester

NUSOD-Nottingham, September 2008



I\*LL‘!-NCH]E:;IER DFT and Harrison’s model

ity

The Universit
of Manchester

 Interpolation scheme for Alloys:

GaAs ~ In,Ga,;  As — INAs
AV W ¢ Z,*(X), 0,(X), () Z,*, o, §

[

Include Strain dependence
4 —_— —_

R =Z,*dr+20a, (l—apz)Z(r -k)é’R1

q
=1
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