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Multi-probe scanning tunneling spectroscopy for in-
plane electronic transport: theory and experiment
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In a typical experiment using a Scanning Tunneling Microscope (STM) for spectroscopy one measures the
electronic transport from the STM tip to the bulk substrate, having an adsorbed molecule or the substrate
surface itself  as  an intermediary  which is  intended to be characterized.  However,  the determination of
intrinsic  transport  properties from low dimensional  systems (1-D or  2-D)  requires  at  least  two in-plane
contacts, whose fabrication at nanoscale with high precision can be very challenging. Another possibility is
the use of multi-probe STM where more than one tip approach simultaneously the system under analysis
with atomic precision.

We introduce a methodology for the characterization of the in-plane electronic transport in atomic-scale
circuits  engineered  on  surface  with  a  two-probe  STM/spectroscopy.[1]  In  this  joint  theoretical  and
experimental  work,  we  take  as  a  proof  of  concept  the  anisotropic  Germanium  (001)  surface  and
demonstrate a quasi-one-dimensional coherent transport of hot electrons through the Germanium dimers in
the  surface.  Realistic  first-principles  calculations  using  Density  Functional  Theory  together  with  Non-
Equilibrium Green’s Function formalism [2, 3] of a four-terminal setup involving up to 5000 atoms were
carried  out  to  simulate  the  two-tip  experiment  on  the  semiconductor  surface.  Comparison  of  both
experimental  and  theoretical  results  confirm  a  quasi-ballistic  coherent  electronic  transport  through
unoccupied states of Germanium dimer wires on the surface.
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