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The scanning tunneling microscope (STM) exploits the wave
properties of electrons. In a vacuum, one positions a sharp probe so close
to the surface of the sample that the wave functions of electrons in the
probe overlap wave functions in the sample. Then a small voltage applied
between probe and sample causes electrons to tumnel through the vacuum. The
electron wave functions decrease exponentially with distance so the
tunneling current is extremely sensitive to the separation of the tip and
the surface. A change in this distance equal to the diameter of a single
atom may cause a change of 1000:1 in tumneling current.

This sensitivity of tunneling current can yield exquisitely
precise measurements of the vertical positions (to 0.0l angstroms) and
horizontal positions (to 1 angstrom) of atoms in the sample’s surface. As
the tip scans a surface, a feedback mechanism senses the tunneling current
and maintains the tip at a constant height above the surface. Motion of the
tip 1s sensed and processed by a computer and displayed on a screen.
Sweeping the tip through a pattern of parallel lines produces a three-
dimensional image of the surface.

(DT check their apparatus and to convince sceptics, Rhorer and
Binnig in 1983 investigated the surface of silicon. A surface layer is much
rougher than any bulk layer, the surface atoms taking positions of minimum
energy under the influence of supporting atoms. For the silicon surface the

SIM disclosed a pattern of diamond-shaped unit cells, each 27 angstroms on a
side. Each unit cell contains twelve bumps arranged in two groups of six,

never previously resolved, which apparently correspond to the surfaces of

individual atoms.

(I1)The STM can not only delineate the atomic topography of a
surface but also reveal atomic composition. The tunneling current depends
both on the tunnel distance and on the electronic structure unique to each
atomic element.
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A wide range of applications awaits the STM. It can document the
growth of regions of superconductivity as temperature is lowered. It may
show causes of surface roughness in industrial materials and suggest ways to
minimise energy loss in friction. It provides a direct and non-destructive
way of viewing biological samples. It holds promise for encouraging
spécific chemical processes by tuning the energy of the beam to that
required for the particular reaction. As components of electronic circuits
continue to be miniaturised, in testing them the STM tip can serve both as a
local voltage probe and a current source.
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