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Second Harmonic Generation
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Response to a perturbation

Perturbation I Response

Electric field Polarisation

Linear Response Nonlinear Response
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* Absorption * Sum frequency Generation -« Kerr effect
* Refraction * Pockels effect * Four-wave mixing
* Birefringence ° .. .
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Second harmonic generation
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First nonlinear term

Centrosymmetric material : X(Z) = (

First nonlinear term : X (3)

Non centrosymmetric material : X(Z) %+ ()
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Applications of second harmonic
generation (SHG)
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Surfaces

Different surfaces for the same material (e.g. Silicon)
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Si(111) 7x7 Si(001) 2x1 Si(001) 4x2

Surface = symmetry breaking

AR

Dangling bonds (a) IDEAL (b) ASYMMETRIC DIMERS

™~ Asymmetric dimers
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Model of surface — Super-cells

.
Best representation
of a surface

43

System with 2 J

What we want Plane waves

Surface Supercell _/ leurfaces (Sl ab)
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Model of surface - Super-cells

-
inversion symmetry
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Second order response in
_ Time-Dependent DFT

Ground state (DFT)

- Electronic structure : LDA functional l e ® !

- ABINIT code
Second order response
@) (_n _ —ie3 g 1 \-'/f
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Independent Particles Approximation (IPA)
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Extraction of one surface signal

|
AN
Vacuum

Front
Surf.

g

Back
Surf.

Vacuum

It is possible to extract the signal from only
one surface, using a new operator p instead

of p[1]

C(z)

1
p=5@C(2) + C(2)p)

p =ilH,71]

Inversion symmetry

¥@® =0

[1] L. Reining et al., Phys. Rev. B 50, 8411 (1994) I
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Second-order response
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Extraction from two super-cells

.
Signal from clean surface from two different super-cells
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Extraction from two super-cells

.
Signal from dihydride surface from two different super-cells

Independence of the two surfaces
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Ix(z)zzzl [:‘:10_19 me/V ]

Extraction from two super-cells

.
Signal from dihydride surface from two different super-cells

Independence of the two surfaces
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Calculation of the second order response

from only one surface
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Some results for Si(oo1)2x1
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Some results for Si(oo1)2x1
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ab initio calculations
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Conclusion

We have presented a scheme for extracting the
response from one surface in a super-cell approach

Beyond the Independent Particle Approximation
- Local-field effects
- Many body effects
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Validation of the approach
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Comparison with exact results for some
specific components of the tensor
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Validation of the approach
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Some results for Si(oo1)2x1
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