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Development of an Advanced Low-Energy Electron Diffraction
Technique using Field-Emitted Electrons from STM Tips

Seigi MIZUNO

A prototype instrument has been demonstrated which employs a new technique for determining surface
structures. The instrument consists of a STM tip as a field emission gun and a detector for projecting

" electron scattering patterns. The operation of the tips under a field emission condition with bias voltages
of 14 - 30V made it possible to observe the electron scattering patterns.  These experimentally obtained
patterns have been compared with calculated results showing close correlation, signifying that the obtained
patterns are caused by the electrons scattered on a sample surface after emission from a STM tip. Suitable
bias voltages between the tip and the sample for this system are discussed.  Although further improve-
ments in the method of extracting electrons are necessary in order to obtain certain diffraction patterns on
this instrument, the results demonstrate that the new technique is capable of probing nanometer scale surface

structures.
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Fig. 1  Schematic potential energy diagrams of electrons
(a) for this instrument and (b) for scanning
tunneling microscope. Ey, Er, and E; are vacuum
level, Fermi level, and inner potential, respect-
ively. @sis a work function of a sample. Ejis a
bias voltage between a tip and a sample. Ex is
the kinetic energy of an electron near the sample
surface.
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Fig. 2

Calculated equipotential lines and electron trajec-

tories. (a) Electrons emitted from a tip. (b)
Electrons emitted from a sample surface. See text
in detail.
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A schematic illustration of an instrument for this
study. The instrument consists of a field emission
gun (left half) and an electron scattering pattern
projector (right half).
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Fig. 4 Distance between tip and sample as a function of

bias voltage. Open circles, triangles, and squares
indicate results with the same tip, while crosses
are results obtained with a different tip.
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Scattering patterns of electrons on a screen of the
microchannel plate shown in Fig.3. Lens vol-
tages are (a) +20V, (b) +50V, (c) +80V,
and (d) +100V, respectively.
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Fig. 6 Calculated patterns of electrons emitted from the

sample.  Lens voltages are (a) +10V, (b) +40V,
(¢) +70V, and (d) +100V, respectively.
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