G. Binnig B H. Rohrer

Nobel price in physics 1986 for Binnig and
Rohrer (shared with Ruska) “for their design of
the scanning tunneling microscope”.
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Schema zur Besetzung von Béandern

| W= I O

Isolator Metall Halbmetall Halbleiter

Bild 7.1: Schematische Darstellung der Besetzung erlaubter Energiebiinder durch Elektronen fiir Isolator,
Metall, Halbmetall und Halbleiter. Die Vertikalausdehnung der Rechtecke kennzeichnet die erlaubten
Energiebereiche, die schattierten Flichen die mit Elektronen besetzten Bereiche.



Band structure of Aluminium
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Fig. 2. Energy bands in directions of high symmetry.
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Fig. 3. The density of states. . present, _______ free electron approximation.



Band structure of copper

Band Structure for Cu
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Tersoff-Haman Theory for Au(110)- 2x1 and 3x1

fcc (110)

+«—— [001]

experiment: corrugation 0.45 A (2x1)

and 1.4 A (3x1) with identical tip.

theory: R =9A, d=6 A, such that
corrugation 0.45 A for 2x1. This
Implies a corrugation of 1.4 A

for the 3x1

tip model >

—
By

DISTANCE (A)

FiG. 3. Calculated p(r, E¢) for Au(110) 2 x I (left) and 3 x 1 (right) surfaces. This figure
shows (1T0) plane through outermost atoms. Positions of nuclei are indicated by circles (in
plane) and squares (out of plane). Contours of constant p are labeled in units of a.u.~‘eV~".
Note break in vertical distance scale. Assuming a 9 A tip radius in the s-wave tip model, the
center of curvature of the tip is calculated to follow the dashed line. (From Ref. 15.)

Fig. 25



Atomic Resolution on Dense-Packed Surfaces

FIG. 1. Grey scale representation of an STM image of the
clean AI(I11) surface (34x34 A2, corrugation amplitude 0.3
A V,=—=50mV, |, =6 nA).
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Piezo-Effekt
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Beetle STM

Rastertunnelmikroskop: Perspektivische Ansicht des entwickelten
Rastertunnelmikroskops. 1 Halterohr, 2 Mikroskopkorper, 3 Halteschraube, 4
Rasterbein, 5 Stahlkugel, 6 Spitze, 7 Probe, 8 Rampenprobenhalter, § Z-Piezo.

Mikroskopbewegung: Durch Anlegen eines Sagezahnimpulses U, an zwei gegen-
iberliegende Elektrodenflaichen beweg! sich das Mikroskop wie rechts gezeigt
einen "Schritt”.



Si(111) — 7x7 Rekonstruktion
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Rekonstruktion von Halbleiteroberflachen: Si(111)
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Spitzenherstellung
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Atzverfahren und Spitzenform: Abbildung a zeigt den schematischen Aufbau der
Atzanordnung. 1 Drahthalterung, 2 Wolframdraht, 3 Platindrahtschlaufe, 4 Elektrolyt,

5 Schaum. Abbildung b zeigt links eine gunstige und rechts eine weniger giinstige
Spitzenform

—_—
L
jung 14: SEM-Aufnahmen einer typischen STM-Spitze mit
roRerun Strukturen unterhalb von 100 mm sind offensich
sy 151 TEM-Aufnahmen efner typischen STM-Spitze. Dfe Mark ] ing. ure S
preche ks 100 om und rechts 10 v f er Rechts unten ist die Spitze um 180° gedreht



Faltung von Spitzenform und Topographie: In Situ Spitzenformung

50 ML durch 600 eV
Ar lonenbeschuss
abgetragen

bei 625 K

Abb. 20. Abbildungseigenschaften und Probenrauhigkeit: Gestrichelt eingetragen ist der
Weg des auBersten Endes der Spitze, der maBgebend fir die gemessene
Morphologie ist. (a) rauhe Probe, (b) relativ glatte Probe



Faltung von Spitzenform und Topo ie: Tip Switch




STM Theorie
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,Quantum Corral“, Fe/Cu(111) (Crommie, Lutz, Eigler 1993),
image width 1.3 nm




Quantenkéafig
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Fig. 9. Solid curve: dI/dV spectrum taken with the STM tip
held stationary over the center of the 60 atom Fe ring. The
experimental curve has had a smooth background removed.
Broken curve: results of multiple-scattering calculation per-
formed in the “black dot™ limit (the offset and normalization
of the theoretical curve are treated here as free parameters).
Vertical lines; theoretical eigenenergies for /=0 states of a
round. 2D hard-wall box having the same dimensions as the
60 atom Fe ring.

Aus: Crommie et al., Physica D 83 (1995) 98
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The Well (Quantum Corral) (2009) by Julian Voss-Andreae.



Applet for confinement in circular well:

http://www.st-

andrews.ac.uk/~gmanim/animations_2/2D_Circular_Well_V2.
swf
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Spin-Polarized STM - Principle

Figure 2. Principle of spin-polarized tunnelling between magnetic electrodes that exhibit (@) a
parallel and (5) an antiparallel magnetization. The spin is conserved in the case of elastic electron
tunnelling. Therefore, spin-up electrons that tunnel out of the occupied states of electrode A can

only enter emply spin-up states of electrode B.

M.Bode, Rep. Prog. Phys. 66 (2003) 523 Fig. 28
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Cr(001) as a Topological
Antiferromaagnet
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Figure 22, (o Constanti-current mode ST image of the Co001) surface. Nine e
separated by monatomic steps are visible.  (f) Simullanecusly sequired spin-resolved d
mapal [' = =290 mV sample hias. The signal changes at every step between low and hip
to antiparallel magnetization of adjacent termaces, thereby confirming the model of “topol
antiferromagnetism’ proposed by Blogel e af [92].

M.Bode, Rep. Prog. Phys. 66 (2003) 52

Figure 21. Tunnelling spectra and asymmelry as measured with a Fe coated probe tip above

adjacent Cri001) terraces. The spectra exhibil a peak close 1o the Fermi level, which is caused by

Il LII_--liI.cc surface stale being charactenstic for bee-(001 ) surfaces [116]. Since the surface stale F|g 29
is spin-polarized the intensity depends on the relative orientation of the quantization axes ol lip )

and sample. which—due to the “topological anliferromagnetism” of Crf001)—changes between

rarallel snd sntimarallel far adiacent (O lerraces



STM-IETS
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FIG. 3. Schematic showing the emergence of inelastic tunneling at the
threshold for vibrational excitation. The change in the tunneling current due
to vibrational excitation is too small to be measured from the /- ¥ curve.
While a change in the differential conductance, dI/dV, can be seen for
strong modes, more often vibrational features needs to be extracted from
d*1I'dV*. An important characteristic of vibrational inelastic electron tun-
neling spectroscopy (IETS) is the occurrence of a peak of the opposite sign
on the negative bias side. Lacking an isotope shift analysis, the assignment
of a feature to vibrational excitation needs to be confirmed by a correspond-
ing feature with the opposite polarity at the opposite bias. This schematic
depicts an increase in the conductance, associated with a positive (negative)
peak for positive (negative) sample bias. In contrast, electronic spectra arise
from elastic tunneling: peaks are positive and occur on either positive (un-
occupied states) or negative (occupied states) sample bias.

Inelastic Tunneling Spectroscopy (IETS)
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FIG. 4. (a) 56 Ax56 A STM topographical images and
(b} single-molecule vibrational spectra via STM-IETS
of three acetylene isotopes on Cu(001) at 8 K. The two
protrusions (bright) inthe image of each isotope are due
to the presence of the C—H and C-D bonds while the
central depression (dark) is attributed to the C—C bond.
The C—H stretch is observed at 358 meV for C,H, and
the C—-D stretch is cbserved at 266 meV for CyDs.
Small upshifis are found for the C-H and C-D
stretches of C,HD. The C,HD spectrum demonstrated
for the first time single bond sensitivity with STM-
IETS.

W. Ho, J. Chem. Phys. 117, 11033 (2002

Fig. 30



Can you really ,,see” atoms?

Carsten Busse, 1999 (Al(111))



(111)



*was ist denn mit e- - Streuung bei hohen Energien? Kikuchi?

*For neutorns, the crystal really resembles an array of point scatterers
*Vielleicht doch Unterscheidung atomarer Strufaktor unf Formfaktor einfiihren
Streudreieck einfihren (generell fir alle Strahlungen und auf besondere
Bedeutung im Fall der Neutronen hinweisen)

*Erklarung der Kleinwinkelstruung tUber das moiré der Probe-Wave

*Klar daruf hinweisen, dass durch eine Verdoppelung der Einheitszelle keine
neuen zwischen den alten entstehen, wir habe vielmehr eine neue, kleiner
eZelle im reziproken Raum und einen entsprechenden Formfaktor

*sind diese magnetisch sensitiven NeutronenStreuexperimente of
Pulverexperimente?

*XRR?

evielleicht kleines Maple-Programm zu den Interferenz-Phanomenen?
Moglicher gibt es so was ja schon in der Alwimiiha

*nicht besprochen: X-Ray microscope

*tolles drehbares Modell von SrTiO3



