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Methodology

» Modern theory of polarization : a well definition in periodic solid
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» Modern theory of polarization : a well definition in periodic solid
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Methodology

» Modern theory of polarization : a well definition in periodic solid
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a relative property.
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well definition in periodic solid.
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Methodology

» Modern theory of polarization: berry phase method
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R. D. King-Smith and D. Vanderbilt, Phys. Rev. B 47, 1651 (1993). ¢
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» Modern theory of polarization: berry phase method
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Methodology

» Modern theory of polarization: berry phase method
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Methodology

» Tool: VASP 5.4.4

» Generalized gradient approximation(GGA) of the Perdew-Burke-Enzerhof (PBE) form.
» The plane wave cutoff energy Is taken as 500 eV.

» 13x13%13 for bulk(13x13x1 for slab) Gamma-centered k-mesh.
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Methodology

» The structure of slab

» Si-H: Eliminate the dangling bond.

IX) » Vacuum: avoid interaction.
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Results and discussions o0e:
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» The result of dielectric constant from DFT by using berry phase method
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Results and discussions

» The result of dielectric constant from DFT by using berry phase method
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Results and discussions

Fitting function: o
- - . Ey—1 ]
» The result of dielectric constant &, ,,,, (eorr = 1) = ~Tygomm’
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Results and discussions

> The result of dielectric constant &, ,,,

1 Si-in-plane-dielectric-constant
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> Decrease with thinner thickness.
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Dielectric constant

Results and discussions

» The result of dielectric constant ¢,
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Dielectric constant

Results and discussions

» The result of dielectric constant ¢,

Si-out-plane-dielectric-constant
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Results and discussions

» The result of dielectric constant ¢, L
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Results and discussions

Dielectric constant

» The result of dielectric constant ¢,
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Results and discussions

» The result of dielectric constant ¢,
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Results and discussions
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» The result of dielectric constant ¢, €, , £,

15
- : » Anisotropy in ultrathin Si(001).
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summary

» The property of dielectric constant €,,(z) in edge is smaller than center.

» The average dielectric constant €, (&,,,,), <¢,,> decays as thickness of slab
decreases.

> The dielectric constant &, (&,,), £, 1S anisotropy in ultrathin Si(001).

> When the thickness of Si is larger than 50 A, the dielectric constant is isotropy
and close to bulk.
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Thanks for listening



