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From point defects to extended a 311 b defect

c Ion implanted Si interstitials nucleate a 311 b defects
limiting device fabrication and performancec Defects identified in TEM/EELS experiment [1]c Defects from TB-MD and DFT relaxationsc Several dozen new stable interstitial clusters [2]
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Variance Minimizationc Optimize Jastrow by variance minimization with Levenberg-Marquardtc More stable and requires less configurations than energy minimization

Diffusion Monte Carloc Stochastic method of solving many-body Schrödinger equationc Projection of ground state

Density-Functional Calculationsc Use CPW2000 and VASP

³ ZLZ�(5>`´U)TO 2µ:=)+>¶@U<

Controlledc Statistical (increase MC steps)c Finite-size (larger systems)c Time-step (smaller time step)c Population control (more walkers)c Grid-size (decrease grid spacing)

Uncontrolledc Fixed nodec Pseudopotentialc Pseudopotential locality

Time-step Interpolation Grid Fixed Node
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Si diamond 2 atoms
Si 17 atom defect
Si fcc 1 atom
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DMC - LDA trial wave function
DMC - GGA (PBE) trial wave function
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Single interstitial in 16-atom cell
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DMC -  Leung et al. (1999) 
DMC - Driver et al. (2004)
GGA - PW91
GGA -  PBE
LDA

X H T

DMC 4.92(5) 5.13(5) 4.96(5)

DMC ¼ 4.96(24) 4.70(24) 5.50(24)
GGA-PW91 3.82 4.00 3.94
GGA-PBE 3.65 3.73 3.64
LDA-CA 3.19 3.30 3.20

c 16-atom cell results are similar to earlier DMC by Leung et al.c DFT underestimates defect energies:
– LDA underestimates by about 1.5 eV
– GGA (PW91 and PBE) underestimates by about 1 eV

Single interstitial in 64-atom cell
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DMC [54 atom supercell] -  Leung et al. (1999) 
DMC - Driver et al. (2004)
GGA - PW91
LDA

X H T

DMC 3.58(12) 3.67(13) 4.06(13)

DMC ¼ 4.96(28) 4.82(28) 5.40 (28)
GGA-PW91 3.87 3.92 3.97
LDA-CA 3.21 3.20 3.33

c In 64-atom cells we find the DMC energies to be close to GGA and
LDA values. This contrasts with Leung et al. observations in 54- atom
cells.c Energy versus volume curves of bulk Si suggest dependence of energy
on pseudopotential.

Di-interstitial in 64-atom cell
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DMC
GGA - PW91
LDA

A A-star G1 G3

DMC 5.73(12) 6.94(12) 6.72(12) 5.92(12)

GGA-PW91 5.84 6.49 6.35 6.13
LDA-CA 4.58 5.27 5.09 4.86

c Di-interstitial results appear to be consistent with the single intersitial
64-atom cell results.c GGA values lie within about 0.5 eV of DMC values.

c LDA underestimates defect energies by about 1 eV.

Tri-interstitial in 64-atom cell
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DMC
GGA - PW91
LDA

½P¾ ¼ ½]¿ ¼ ½PÀ ¼
DMC 5.47(12) 7.69(12) 6.45(12)
GGA-PW91 7.44 7.35 8.04
LDA-CA 5.36 5.54 6.01

c Preliminary tri-interstitial DMC results show no systematic trend
relative to LDA and GGA.
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