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Introduction

D. D. D. Ma. et al., Science, vol. 299, pp. 1874-1877, 2003
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Structures

We considered [110] oriented SINW

Total energy minimization has been
performed with semi-empirical DFTB

The structures are H-passivated
Calculations on SINW of 1.2-2.0 nm
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The DFTB approach

DFTB = DFT based Tight-Binding method

Kohn-Sham equation: Z[Hsv +H¥[6n]-ES,, }cvk =0
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[Elstner, et al. Phys. Rev. B 58 (1998) 7260]
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lterative scheme

9. = ZPHVSV,U

PROFILING
Charge density and potential: 20 h
Density of States (350 points): 6 h
Peak memory: 876 MB

Calculations on single PC Linux core
Intel(R) Core(TM)2 CPU 6600 @ 2.40GHz
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[Penazzi, et al. New J. Phys. 10 (2008) ]
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Poisson solver

2-terminals Discretize in real space gated (3-term.)
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Ap(r) =Y Ag,n (r) HH
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seessssnss The Poisson equation is solved with
a multi-grid algorithm (MUDPACK).

4-terminals

coaxially-gated

§3 18

This allows to solve complex
boundary conditions (bias, gate)

‘-..IIIII.-"'
VYV = -4rAp
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Bandgap vs passivation
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DFTB can be used to relax medium-sized
structures/intrerfaces

Challenge: realistic oxide around a NW (defect).
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Charged impurity DB

Ki-Ha Hong et al., Nano Lett. 2010, 10, 1671-1676

Phase stability diagrams of charged db defects

El = ESqDB - EgiNS + 1y + (&g + &)

SINW [110]

- can have negatively charged surface DB
- for Fermi Energy close to the CB.

- no positively charged DB.

SINW [111]
- can have negatively and positevely charged DB

IWCE 2010 — Pisa, October 27-29, 2010 10



S - bl - bl - wn
(b)) 9
)
q0]
L B
S - —
af) Q ~
D L %
2l
@) a
C
q0]
N i
n_rb . =
~ - S
-+ -
O m_
> - ~
 ~ 3
(0] 3 [
@) < ] ‘N m
C p _. ,
© 2 ;|2
_ % (al
M 3 : _
H o
= —
I _ o
- - (e\]
(AS) Afaausg L
O
=
S "
n |
) i
© :
Q !
I “
= !
N p “
N Ny 0 |
N o i
NN | = 3




DB in p-doped SINW

- Si dangling bond on p-doped SiNW (110) Potential (V)
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Effects of two defects

2 DG bonds produce a further reduction 20

DG bonds are on 2 random sides
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OH passivated bond
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2nm p-SINW

Less severe effect: 32% reduction

The DB defect is practically neutral
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n-doped SINW

1.2 nm
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Severe reduction of current

Conductance can be severely affected in ultra-narrow n-doped SiINW
The effect is much smaller on larger NW.
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Si vacancy

Relaxation decreases Si-Si distance, increasing tunneling
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Conclusions

® Negatively charged DB are possible in (110)SINW
® These defects can significantly affect transport of ultra narrow wires
® The effect of DB defect is less important in p-doped (110)SINW

® |n both p&n- doped NWs the effect of Si-vacancies is non-negligible
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Sub-partitioning of each layer

.. Gll (E) = (5511 o H11 o H12g22H21 )_1
.. g, (E) = (ES —Hy )_1

Gll (E) GlZ (£) = _GllH12 9
GZl (£) = _g22H21Gll Gzz (£) = 9, + 922H21611H12922

2 O(m3)/8 + MM mult ~ O(m?3)/3

LIDNEGF

- General Sparse Matrices (CSR)
- Automatic partitioning (METIS)
- Parallel computations (MP1/OpenMP)

O(m3)/9 + MM mult ~ O(m3)/6 - GPU acceleration (?)
... work in progress...
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