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|. Introduction

Huckel I-V 1.0
V =2V (7 theory)

Huckel I-V 2.0
Vs (?N)=Uqy (N — Neq) + O.Svapp|
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|. Introduction

a Spatial features retained )

Both charging and
a screening effects included

| mage correctionsincluded

Complete description of the
self-consistent potential

4 )
Threeterminal calculations Degr ees of freedom:
with proper electrostatics ‘ number of gates, oxidethickness,
oxide dielectric constant
g J

@tationally inexpe@ -

Useful to do calculations
on large molecular systems




|. Introduction

PreviousHuckd |-V modes
are on the Nanohub for
public use

Huckd -V 3.0 will beon
the hub soon
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|1. Description of the M odel

Hamiltonian (H) and Overlap (S5
matricesfrom EHT

Self-consistent potential V(?)
using any suitable scheme

Self-energies (S, ,) from the
surface Green’sfunction
of the contacts

Density matrix (?) usng NEGF



|1. Description of the M odel

Self-congistent Potential

Vscf (r )® Vsc (Dr ) VPomon D ) |mage (D’ ) aplace

From CNDO using the Solving 3D Laplace
Hartreeterm In real space using FEM




|1. Description of the M odel

Fitting parameter

Only onefitting parameter (V)

V. isa constant potential added to
the molecular Hamiltonian

Fermi level of the deviceiskept fixed

LUMO / I Ve
E,— = = - - = E
,V_
e I V,
HOMO

at the contact Fermi energy (-9.5eV)

Effect of V2




[11. Results:; |-V for Octane Dithiols
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R 1R I S n o Two fitting parameters:
i Boempaey 3 Ve (1. E-Eyono) and
_ effective number of
ER molecules
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Nanopor e data:
Reed, Nanoletters, v. 4, p. 643 (2004)




[11. Results:; |-V for Octane Dithiols
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Current | (UA)

:Dot: Experimental
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a) L eft contact isweakly coupled

b) Symmetric coupling

¢) Right contact isweakly coupled
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I1l. Results: Asymmetric |-V

Good quantitative match for both
current value and shape

Asymmetry in thel-V isdueto
asymmetry in charging

Weak coupling issimulated by
stretching S-Au bond length from
2.53 A°t0 3.18 A°

Current isgoing through HOMO level
and E; —E_ 5o iSSet tobe 0.33 eV

[Break Junction data: )
Weber, PRL v. 88, 176804 (2002)

Our reaults:

PRB v. 70, 2004 (in production 10
" (inp ))




IIl. Results: Asymmetric |-V

A better match isobtained
with different V_values
for each curve
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Origin of Asymmetry
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IIl. Results: Asymmetric |-V

Asymmetric coupling givesriseto
asymmetry in Charging

The molecule gets positively charged
In the negative bias direction and that
shiftsthe energy level down

In the positive bias direction the
energy level remainsfilled and
thereisno charging
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1. Results; Gate effects
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1. Results; Gate effects

Current isproportional 10

to Transmission
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V. Summary

Hucke -V 3.0: A new transport model with better
and improved electrostatics

Main strengths of the model:

full description of the potential profile
Inclusion of gate electrodes
computationally inexpensive

Our calculations showed good agreement
with few experimental results
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