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Introduction to STM and AFM

Lecture 15 and 16
Atomic-Scale Imaging

Experimental Facts (1)

(a) Atomic-scale images of Dy on W(110).
(b)U =-2.4mV, | =330 nA (137.5S).

(c) Large corrugation observed along three direstion

Experimental Facts (2)

Often, the atomic corrugation is inverted: The a@ppear as depressions
rather than protrusions.

Experimental Facts (3)

Often, after a spontaneous tip restructuring, tireugation changes from
inverted to non-inverted, or vice versa, and theugation amplitudes are
also changed, indicate the importance of tip etedtrstates. Au(111).

Experimental Facts (4)

Often, after a spontaneous tip restructuring, treugation changes from
inverted to non-inverted, or vice versa, and theugation amplitudes are
also changed, indicate the importance of tip ededtrstates. Dy on W(110).

Experimental Facts (5)

Due to a tip change, the
images could make a
qualitative switching.

It was reported that there
are two phases on the
Ag/Si(111)+/3" /3 surface
from STM studies.

The observation of both
patterns in a single frame
provided a definitive proof
that the two distinct atomic
patterns are due to different
tip states, not two phases of
the surface structure.




Experimental Facts (6)

The corrugation amplitude depends exponentiallfimssample distance.

Large corrugation only appears at short tip-sardjg&ances.

Experimental Facts (7)

The corrugation amplitude depends exponentiallfipsample distance.
Large corrugation only appears at short tip-sardjg&ances.

Intuitive Explanations (1)

The Si cluster picked up by the tip from the sample surfacéharsi? dangling
bond at the tip apex is the origin of atomic resolution.

Intuitive Explanations (2)

ThedZ dangling bond at the apex of a W tip could enable an even higgwlution.

Intuitive Explanations (3)

The effect of sp* and other dangling bond at the tip apex can be explained using th

phase effect of the tunneling matrix elements, mathemigtieadresented by the
derivative rule.

Intuitive Explanations (4)

The effect of various tip states can also be understodtieiprinciple of reciprocity
and the Tersoff-Hamann model, because the Bardeen tunneling ihegrgmetric
to both electrodes.




Quantitative Explanations (1)

Using the derivative rule, it is shown rigorously thatprendd tip states can
enhance the corrugation of observed STM images by a subsfactl

Quantitative Explanations (2)

The observed corrugation on close-packed metal surfacesxéoiple,
Al(111)) can be explained quantitatively from experimenté dend first-
principle computations without any adjustable parameter.

Quantitative Explanations (3)

The observed corrugation reversal can also been explainetitafivaly by the
existence of various d-type atomic states on the W tip.

Quantitative Explanations (4)

Theoretical STM images of the non-inverted and iteceimages.

First-principle computations (1)

First-principle computations of tips modeled as various Welashow various
types ofd-states at the apex of the tip and the effects on the im@t@sO: highest
occupied molecular orbital.)

First-principle computations (2)

First-principle computations of an STM junction as a clust&/ and a cluster of
Cu showed the existence of variali/pe states at the apex of the W tip. BHip-
states and the-tip-states are very weak.




First-principle computations (3)

First-principle computations of tips modeled as a four-laygrywémid show the
statistical distribution of various types aftates at the apex of the tip, and the effect}
of relaxation.

First-principle computations (4)

First-principle computations of tips modeled as varidtgnd metal atoms adsorbed
on a W slabs show various typesdedtates at the apex of the tip. In all casesgthe
type tip states dominate the Fermi-level local densityatés of the tip

Comparison of computations with experiments (1)

First-principle computations of a complete STM junction Withip and W sample
shows good agreement with experimental observations andahgiatheory.

Comparison of computations with experiments (2)

First-principle computations of a complete STM junction Withip and Be sample
with surface states shows good agreement with experinmehgaivations and the
analytic theory.

Direct observations of tip electronic states (1)

Each image of a sample atoms shows an identical fine steuétctually, the tip
electronic state is imaged by the sample electronicsstate

Direct observations of tip electronic states (2)

An even more complicated image of the tip electronic stadéserved.




Direct observations of tip electronic states (3)

Detailed quantitative analysis showed that the image @f¢igtronic states has a
complicated internal structure, probablf-tgpe state.




