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Why Organics ?
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Source:
TIME

STMicroelectronics

Versatile

Easy to produce
Easy to interface
with the bio-world

Building blocks for
complex structures

Organics for:

- Transistors

- Sensor

- Memories

- Field emission devices
- Mechanical components
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Carbon Nanotubes
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Molecular Devices
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HP - Cross-bar Memories
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The DFTB approach |

[Porezag et al. Phys. Rev. B 51, 12947 (1995)]
LCAO expansion of the wave-function
w,(r)=">"C.é,(r—Ru) >'Ci(H,,~£S,,)=0 Yu,i

The Hamiltonian matrix elements are obtained as following:

1) Creation of (pseudo)atomic orbitals fn by self-
consistent solution of the atomic Kohn-Sham eq.

2) Calculation of the matrix elements
S, = <¢ﬂ ¢V> 3) Determination of the short-range core
H,.=(4./H]4,) Vo (R) = EPA(R) - E2® (R)
”<¢;j T+V +V47) A=B .
— | g reeaom U=V V. (R)= nz_;‘dn(Rc—R)” R<R,
0 otherwise 0 R>R,
Vo =V " [Meompressea ()]
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The DFTB approach Il

[Elstner, et al. Phys. Rev. B 58 (1998) 7260]

Atomistic simulations with an approximate DFT method:

Vo

E[n(F)]=To[n(F)]+ Epiaree |

2nd order expansion of LDA functional
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Non-equilibrium transport

= Open Boundary conditions
H
— Lo Carriers do not equilibrate
= How do we fill up the states ?
In the absence of scattering:
' )
! IG,, = hWfL(E ) + pfva (£) ;
a ) D
w == |0dE G, (E) Density Matrix
. 27l y

e Green’s function approaches are numerically stable
e Inclusion of scattering (e-ph, e-e, etc) by self-energy functions.
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NEGF + DFTB = gDFTB

Density Matrix

=== H——0

SELF-CONS. DFTB

WITH POISSON
3D MULTI-GRID

Device

¢« Surface ¢

Mullikan Charges

V2V, = -4non

j SCC loop

- O0H = 6G~ - on
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A. Pecchia, A. Di Carlo, Rep Prog Phys 67, (2004)
. Pecchia et al., Introd. Mol. Elect., Springer, NY (2005)
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SAMs of dithio-phenylene
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IV Characteristics
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The ICODE HUB

INTERNET COMPUTING ON DEMAND
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Non-equilibrium scattering
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Electron- phonon

63=) > yiclc, (a; +a,)

TR

The electron-phonon coupling Hamiltonian is derived by expanding to
first order the TB-Hamiltonian with respect to the atomic positions.

0
oV HO —1
Z LA /10 B '50'/1 Hl,u

q
yluv_

g, Is the collective displacement of the atoms along a vibrational
mode. This quantity is quantized as a position operator
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Self-energies
q,

/»/\/;/\\ (3 =éZy§jdE'G<(E ~END;(E") /\

k-q,w-o’

Approximation for the rv _ l < y> r1 _
phonon self-energy: Im{2¢} _ 2 (Z¢ qu) Re{2¢} =0

1

Dyson’s equation: G’ (E) =
(£) E—-Hy, -2 (E)-2,(E)

Self-consistent Born approx.

Kinetic equation:  G~(£) =G (E)[Z;(E) + Z,(E)IG* () \j
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Contattol

A simple model
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Self-consistent solution

Transmission
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Inelastic spectroscopy
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Wang, Nano Letters, 5, 450 (2004)
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Application to benzene

36 vibrational modes
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Power emitted

Power emitted is computed using:

[ W:% j TrIZ5(E)G™ (E) -2 (E)G " (E)]EdE }

Virtual contact current

1,(B) (units of 10 P2eM)

Power released at 0.4 V 2T 02 03 o4

E (eV)

Power released at 1.0 V
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Au/octanethiol/Au
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Emission rate analysis

. |
Au-H Modes
crsstorrrate for each one of the
72 vibrational modes considered
independently

Scattering Rate (ps )

@ (em™)

f [ Power released in each mode }

Power dissipated (pW)

_' Total Power emitted at 2.0 V

- 3 1
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The power is mostly released in the C-C stretch modes
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Limitations of DFT

{ Tunneling is usually calculated using DFT spectrum }

di/dV [26%/h]
ak

‘,\a "
!l M
L p—=
i d

p

(&

In principle we should include corrections beyond DFT
In order to address this problem.
(Exact exchange, CI, TD-DFT, GW)

~
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Correlations: GW

Screened electron-electron potential to
include correlations beyond DFT(B)

E) = [GE-EWENE ) W(E)=cHEV

[Key approximation on products of DFTB AO wavefunctions: 1

0.(06.() = S, [0, + 9.0 |

T.A. Niehaus et al., Cond-matt/0411024
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Effect of QP Corrections
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Future Work

 Implement real part on the self-energy to account
for polaronic formation

 Construct a model for phonon relaxations in order to
study heat dissipation into the contacts.
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