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- Works fine for many systems
- Allows DFT formalisms
- Reproduces bias dependence
in semiconductors

STM does NOT image atoms,
but maps charge density at the tip position & Ef

- No tip features
- Not fully reliable
- Wrong predictions … 
(atomic resolution?)

GOODS BADS

Elastic Scattering
Weak tip-sample interaction:
- Potential drop localized at vaccuum region
- First-order approximation for current
(Bardeem approximation)

s-wave model for the tip



Tersoff-Hamann theory
Application to single Ag

J. Repp et al, Science (04)



Tersoff-Hamann theory
Application to GaAs(100)-c(8x2)

S.-H. Lee et al, 
PRL (00)



STM Simulations: green
www.icmm.csic.es/jcerda

Elastic Scattering

Tunneling regime

Geometry

k-sampling

EHT approximation



Structural Sensitivity

Very Variable !!!

Experiment vs. Theory comparison:
- Image aspect
- Corrugations

Theoretical variables to play with:
- Surface structure (DFT)
- Tip: nature, structure, orientation, etc.



GaAs(110) Surface
R.M. Feensrta et al, PRL (87)
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Rh(111)+nNO
(Tip matters)
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Pd(111)+H2O: Low T Water clusters
(Corrugation matters)
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Pd(111)+H2O
(Water 2D quasiperiodic structures)

Rosettes Lace

H2O 3D OH groups

J. Cerdá et al, PRL (04)



Water dosed  @150 K
After heating @180K
Images taken@50K

Ru(0001)+H2O
After annealing @200K



Species before Water Desorption
(surface oxygen precovered)
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Species after Water Desorption
(surface oxygen precovered)
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Si(111)-(-/3x-/3)R30+Y3Si5+2Si
STM depth sensitivity

Tersoff-Hamann
green

W(111)+4Si tipExperimental

p3m

p6

Vacancies at 3rd layer (almost 5 A deep) dictate image aspect
despite system is metallic!!



Si(111)-(-/3x-/3)R30+Y3Si5
Imaging Buried domain walls



Pd(111)-p(2x2)+CO+O

Experiment     Theory



Ag(111)+p(4x4)Ag2O

Experimental

C.I. Carlisle et al,
PRL (00)
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Conclusions

STM simulations is a “mature” field: 
- Most of the experimental features can be well

reproduced

STM simulations can be a very useful tool for 
structure analysis, but not always !!
- Different models may yield the same image

Take care with:
- Convergence parameters: # atoms/k-points
- Tip modelling
- Using normal exp. images for comparison
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Species before Water Desorption
(surface oxygen precovered)
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Green’s Functions

Definition:
F(E,kpar) = E*S(kpar)-H(kpar)
G(E,kpar)*F(E,kpar)=I

Projection onto PLs i,j:
Gij = ( F-1 )ij
Tij = Gij (Gjj)-1

Sequential Stacking (Dyson): 
TIJ =-G0

II FIJ
ΣJJ = FJI TIJ
GJJ =( G0

JJ + ΣJJ )-1

SGFM (Moliner):
Gij = G0

ij + T0
iI(GIJ-G0

IJ)T0
Jj

I
J



Bulk Stacking

-Gb+/- , Tb+/- , kperp(E) , Ukperp



Surfaces

Surface (Localized) States?



Tip-Sample Interaction

First Order: GJJ=G0
JJ => GIJ = TIJ * G0

JJ

2nd order tunneling events neglected



Current Formula

-Landauer-Büttiker:

Green’s Functions (Todorov,Datta):

Tij

Subspace of propagative states

Links eigenstates at the bulk electrodes

I(V) = Σkpar dE σ(E,V,kpar) ftip(E-eV)fsubs(E)



DFT (siesta)
- Do self-consistency by pieces



Some Key Issues

-Ei
Required for integration but induces damping
Want to skip surface states?

-I : NE x NPL x Nkc x (NAO,NG)2

# atoms > 1000 ; NAOxNG < 1000 => Fast

-DM : NE x NPL
2 x Nkc x (NAO,NG)2

- Loops: bias , energy , spin , pixels, ztip , topography
=> save/allocate dynamically

- AO basis small => Corrugations within a factor 2

-k-sampling 



Tip effects



Water on Pd(111)

T. Mitsui et al, Science (02)



Hexamers

W(111)
tip

Pt(111)
tip
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