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Methods to obtain Methods to obtain PPzz

•• Extrapolate through Modelling of Extrapolate through Modelling of 
Photocurrent Photocurrent vsvs External biasExternal bias

Hogg et al, Phys Rev B 48, 8491 (1993)

-Vext

-Vext

Methods to obtain Methods to obtain PPzz

2.2. Measured directly from Differential Measured directly from Differential 
photocurrent looking at the flat band photocurrent looking at the flat band 
condition condition 

J.I. Izpura et al, Microelectronics Journal 30, 439 (1999)
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Moran et al, J. Phys. D: Appl. Phys. 34, 1943 (2001)

In0.3Ga0.7As/GaAs
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Piezoelectricity in real [111] Piezoelectricity in real [111] QWsQWs
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The best fit is obtained including 
segregation and with e14 83% of 
the linearly interpolated value.
Linear regression to the GaAs
bulk value was also used.

Fit for an InxGa1-xAs/GaAs (111)B 
with a nominal x of 0.15.

M.A. Migliorato et al, Phys. Rev. B 74, 245332 (2006) 
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Piezoelectricity and StrainPiezoelectricity and Strain

Strain Tensor in (111) growth: 
Only two strains!!

The problem is that bulk and strained layers have different 
piezoelectric properties!!!! (G Bester, X Wu, D Vanderbilt and A 
Zunger, Phys Rev Lett 96, 187602 (2006))
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R’=R0 +δr
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HarrisonHarrison’’s models model

Shear (γ≠0) δr

direct
H = eZ * rP δ⋅

Material parameters in the Tight Binding expressions:
αp: bond polarity 

ZH*: effective ionic charge (depends on αp)
ζ: Kleinman parameter

Problem: No reliable values for ZH*, αp, ζ so only semi-quantitative
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• Harrison’s model is based on Tight Binding (BOM)
• ab initio for the 3 Tight Binding quantities
• include strain effects in the DFT calculations
• DFT-LDA, 1000eV, MP-K grid 8x8x8
• DFPT, Born Charges, CASTEP 

DFT and HarrisonDFT and Harrison’’s models model
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M.A. Migliorato et al, Phys. Rev. B 74, 245332 (2006) 
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PiezoPiezo--effect in effect in QDsQDs for (001) Growthfor (001) Growth

6 components of the strain tensor
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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 [001]: identical behaviour for e25 , similar for e36

14 25 362[ ( ) ( ) ( ) ( ) ( ) ( ) ]yz xz xyP e e eε ε ε= + +r r i r r j r r k
r



NUSODNUSOD--Nottingham, September 2008Nottingham, September 2008

OutlineOutline

•• Introduction: Introduction: 

• Classic theory of Piezoelectricity 

• Piezoelectric Quantum Wells

•• II order piezoelectric effects in (111) growthII order piezoelectric effects in (111) growth

• The effect of strain

• Harrison’s model

• DFT-LDA calculations

•• II order piezoelectricity in (001) growthII order piezoelectricity in (001) growth

•• I order Piezoelectric effect in Quantum Dots

• DFT-LDA calculations

•• Conclusions & AcknowledgementsConclusions & Acknowledgements



NUSODNUSOD--Nottingham, September 2008Nottingham, September 2008

ConclusionsConclusions

•• First order piezoelectricity is only valid for material First order piezoelectricity is only valid for material 
that is strained by very small non diagonal strains.that is strained by very small non diagonal strains.

•• II order piezoelectric effects in the strain can be II order piezoelectric effects in the strain can be 
efficiently calculated in the framework of Harrisonefficiently calculated in the framework of Harrison’’s s 
model and DFTmodel and DFT--LDA calculations LDA calculations 

•• In (111) growth this model shows excellent agreement In (111) growth this model shows excellent agreement 
with experimental data and the predicted values of ewith experimental data and the predicted values of e1414
are always in the range 0are always in the range 0--25% lower than the linearly 25% lower than the linearly 
interpolated values.interpolated values.

•• In (001) growth the framework can result in inversion In (001) growth the framework can result in inversion 
of the piezoelectric coefficients compared to bulk.of the piezoelectric coefficients compared to bulk.
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DFT and HarrisonDFT and Harrison’’s models model
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• Interpolation scheme for Alloys:

Include Strain dependence
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