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Introduction to STM and AFM
Lecture 1

Basics of Scanning Tunneling Microscope
January X3, 2008

A Schematic of Scanning Tunneling Microscope
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Eey elements: Piezoslectric scanner, Tunneling cument detection elecronics,
Feedback system, Computer contral and display system, Vibration isclation.

A Typical Topographical Image
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(a) Gray-scale images: white — high; black— Low.
(b Contour plot: along a line of inkerest,

Curmently, the standard units used: nm for x and v, pm for 2.

In older lierature, A (0.1 nm) is often used.

Zooming into Atoms: Ta$,
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Charge-density wave only  Atoms start to show up Atoms clearly seen

Underneath the Si 7x7 Surface
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The direct chearvation of the 8ii111) 7«7 By striping the first Layer of the Sil11)
Ecansmction, ahout 06 nm, is an sy 77 surface, the undarlying abomic
achizgve ment of STHM. strochare, 003 nmy, is revealed by ST

Imaging Atomic and Molecular Orbitals (1)
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Imaging Atomic and Molecular Orbitals (2)
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The shsarvability and details of the images depend critically on tip structure.

Atom Manipulation Using STM (1)
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LUsing the STM tip to pull an atom from one location to another.

The inkeraction force is controlled through tunneling conductance.
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An example of the process and result of atom manipulation using STM

Atom Manipulation Using STM (3)

Construction of a quantum corral with unique electronic properties.

Wavelunctions in a Quantum Corral

Diirect observation of two-dimensional wave fanctions confined in a
quantum corral, showing nodal structures at difierent enengy levels,

The 1986 Nobel P'rize in Physics (1)
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Heinrich RBohrer Gerd Binnig




The 1986 Nobel Prize in Physics (2)
Press Release: The Royal Swedish Academ y of Sciences

The cther balf of this veor's prize hasbeen swarded to Gerd Rinnig and Heinrich Rshrer for
“their design of the scanning tunpeling daros cope *. This insirumenl is oot a true microscope
ie. an imstrument that gives o direct iroge of an object) since it is based an the principle that
the struciore of 5 surface can be stodied using a stvlus that scans the sadface ot 5 fived distance
from it Vertcal adjustment of the stylus is conmalled by means of what is rmed the nmnel
efiect- hence the name of the ingrument. Anelecirical potential between the ip of the snle
and the surface cavses snebctric cormnt 1o fow befwveen them despite the fact that they ape not
incantact The srength of the curmnt is strongly dependsnt an the distance, and this malkes it
peesible to maintain the distanoe cotstant at spprovimaiehy 107 cm jie. about oo atom
diarmeters . The stylus i also exwremely sharp, the tip being formed of one single atom. This
ansblzsit to follow even the smallest deails of the sirface itis scanming. Fe cording the vertical
move et of the avlus makes it possible to sudy the sirochae of the surface atom by atom

The scanning wunreling mucroscope & compleely new, and we have so far seen onby the
beginning of its development I &5, however, clear that entirety new fields oe opening up for the
study of the strucnwe of matier. Binnig's snd Eohrer's great schisvement is that, starting from
earhier work and ideas, they hive sucozeded in mastering the enormous experine oial difficulties
imvohied in building an irstument of the precision and stabilicy required

Concept of Tunneling
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The Landauer Theory of Tunneling
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Experimental Verification of Conductance Quantum i 1)

By carefully stretching a thin gold wire in vacuum, at certain time,
a bridge of atomic dimension iz penerated, The conductance of the
bridge is shown quantized with the conductance quantum

Experimental Verification of Conductance Quantum i)
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By doing thouzands of computer-antomated experiments with stretched
gold wires, statistics validaked the concept of conductance quantum.

Tunneling Conductance vs, Distance: A general relation (1)
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