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III. TUNNELING CURRENT

We consider two decoupled systems, tip and sample, which can be describe as follows:

(
−

!2

2me

∇2 + V1

)
φα = ε0

αφα (16)

(
−

!2

2me

∇2 + V2

)
φβ = ε0

βφβ, (17)

where εα, εβ andφα, φβ are orthonormalized wave functions of system 1 and 2, respec-

tively. Once the two systems are brought into the contact, an overlap between wave-function

φα, φβarises giving non-zero probability to transfer an electron from one side to other and

vice versa. The coupled system is described by:

(
−

!2

2me

∇2 + V1 + V2

)
ψi = εiψi; (18)

where coupled potential V = V1 +V2 fulfills this rule V1 ·V2 = 0. This condition minimize

minimize an error introduced by the perturbation theory. The tunneling current between

two electrodes is commonly described in second order theory by formulae:

It =
∑

|TB
α,β|

2δ(εα − εβ) (19)

where tunneling matrix is expressed in terms of unperturbated wave functions of systems

1 and 2 φα; φβ:

TB
α,β =

ˆ

Ω

(φ∗
β∇φα − φα∇φ∗

β)d%s, (20)

IV. INTERACTION ENERGY

In this section we describe interaction energy arising from interaction of two weakly

interacting systems. In first step, we will only consider one-electron contribution steaming

from the mutual interaction between two systems. The total energy Hamiltonian can be

expressed as follow:

Htot = H1 + H2 + δV (21)
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vice versa. The coupled system is described by:

(
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∇2 + V1 + V2

)
ψi = εiψi; (18)

where coupled potential V = V1 +V2 fulfills this rule V1 ·V2 = 0. This condition minimize

minimize an error introduced by the perturbation theory. The tunneling current between

two electrodes is commonly described in second order theory by formulae:

It =
∑

|TB
α,β|

2δ(εα − εβ) (19)

where tunneling matrix is expressed in terms of unperturbated wave functions of systems

1 and 2 φα; φβ:
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β)d%s, (20)
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interacting systems. In first step, we will only consider one-electron contribution steaming

from the mutual interaction between two systems. The total energy Hamiltonian can be

expressed as follow:

Htot = H1 + H2 + δV (21)
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a new orthonormal basis ψi is orthogonalized with both systems through the Lowdin

transformation as follow

ψi =
∑

i,j

Θ
− 1

2

ij φj (30)

The operator Θ can be expanded to second order in S by:

Θ− 1

2 = I −
1

2
S +

3

8
S2 (31)

The transformed Hamiltonian matrix h in new orthogonal space:

h = h0 −
1

2
(Sh0 + h0S) +

1

4
Sh0S +

3

8
(h0S2 + S2h0) (32)

In this section we describe interaction energy arising from interaction of two weakly

interacting systems

Eint =
∑

i=α,β

δh0
ii +

∑

i=α,β

δEhop
i (33)

A. Diagonal (intratomic) terms in S2 approximation

the diagonal terms have four main contributions:

1. overlap between molecules δSh

δShαα = −
1

2

∑

β

[Sαβhβα + hαβSβα] +
1

4

∑

β

SαβSβα [εα − εβ] (34)

δShββ = −
1

2

∑

α

[Sβαhαβ + hβαSαβ] +
1

4

∑

α

SβαSαβ [εβ − εα] (35)

where take an approximation onεα(β)

εα = ε0
α (36)

This approximation has to be reconsidered if an additional intramolecular interactions

shifting the original states εα(β) arise from mutual interaction between two subsystems

(e.g. long-range van der Waals and electrostatic interactions or exchange-correlation in-

teraction,for details see discussion later).
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III. TUNNELING CURRENT

We consider two decoupled systems, tip and sample, which can be describe as follows:
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)
φα = ε0

αφα (16)

(
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)
φβ = ε0

βφβ, (17)

where εα, εβ andφα, φβ are orthonormalized wave functions of system 1 and 2, respec-

tively. Once the two systems are brought into the contact, an overlap between wave-function

φα, φβarises giving non-zero probability to transfer an electron from one side to other and

vice versa. The coupled system is described by:

(
−
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2me

∇2 + V1 + V2

)
ψi = εiψi; (18)

where coupled potential V = V1 +V2 fulfills this rule V1 ·V2 = 0. This condition minimize

minimize an error introduced by the perturbation theory. The tunneling current between

two electrodes is commonly described in second order theory by formulae:

It =
∑

|TB
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2δ(εα − εβ) (19)

where tunneling matrix is expressed in terms of unperturbated wave functions of systems

1 and 2 φα; φβ:
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β)d%s, (20)

IV. INTERACTION ENERGY

In this section we describe interaction energy arising from interaction of two weakly

interacting systems. In first step, we will only consider one-electron contribution steaming

from the mutual interaction between two systems. The total energy Hamiltonian can be

expressed as follow:

Htot = H1 + H2 + δV (21)
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β~1.5/1.8β~1.8
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Atomic resolution in KPFM 
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2

2

bias-spectroscopy topo+KPFM 

3D bias-spectroscopy 

•  both KPFM and B-S show drop with Fsr 
•  df  –V has parabolic behaviour 
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τ̂ = 2πρ
1/2
s T̂s−tρ

1/2
t

AFM

"f = − fo

kA2
o

< Ftsz >

Fel = −1
2

∂C
∂z [Vs − VLCPD + Vac sin(2πfact)]

2

φ = EFermi + ∆surf

2

•  modification of  surface dipole by formation 
   of  the chemical bond -> atomic scale contrast 
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signal I Δf, Ediss, I,.. 

output topography, LDOS,      
e-ph coupling 

topography, diss. signal, 
force 

parameters Vbias, z Ediss, z, Δf, A, k,… 

spectroscopy CITS, IETS, lock-in, 
I-z 

Force Site Spectroscopy,                             
higher harmonics 

atomic resolution 1982 1995 

atomic manipulation 1989 2003 

surface conductive arbitrary 
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