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Scanning tunneling microscopy {STM} has made it possible not only to observe atomic structures and electronic
states of surfaces with atomic resolutions but also to modify surface structures in atomic scale. To investigate atomic
processes and electronic processes induced by the STM tip, a first-principles recursion-transfer matrix (RTM) method
has been developed. In this article the RTM methed is introduced, and examples of application of the method to atom
manipulation and atomic contact are presented. Adiabatic potential surfaces of atom extracted from a silicon surface to
an aluminum tip under applied bias voltage are calculated, and decrease of activation bartier is discussed in terms of the
changes of clectron density distributions around the atom. Current density and tunneling barrier distributions are also
clarified in detail, and the formation of atomic contact with approach of a tip is described.
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Fig.1 Schematic representation ot the model for extractien
of a Si atom. Two layers of an ideal Si(111) surface
with an additional layer of adatoms which mimic the
2X 2 part of a DAS structure and a layer of Al trimers
as a tip are attached to each jeliium electrode.
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Fig.2 Adiabatic potential surfaces as a function of the dis-

placement of the adatom at a positive bias (top) and at

a negative bias (bottom). The tip-surface distance is
11 bohrs.

dp(-8V)

Fig. 3 Electron density and induced electron density distributions in the (110) plane. The displacement of
the adatom is O (top) and 2.5 bohrs (bottom). The figures on the left represent electron density with-
out bias voltage. The broken lines represent 1 X 107 *electrons/bohr’. The solid contours are plotted
in units of 5% 107 electrons/bohr®. The middle and right figures represent induced electron density
distributions at a surface bias of 8 V and —8 V, respectively. The contour plots are in units of 1 X
1077 electrons/bohr®. The solid and broken lines correspond to positive and negative, The atomic

positions are indicated by filled circles.
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Fig. 4 Adiabatic potential surfaces as a function of the dis-
placement of the adatom al a positive bias (fop) and at
a negative bias (bottom). The tip-surface distance is 8
bohrs,
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Fig. 5§ Electron density and induced electron density distributions in the (ﬁU) plane. The displacement of
the adatom is 0 (top) and 1.5 bohrs (bottom). The figures on the left represent electron density with-
out bias voltage. The middle and right figures represent induced electron density distributions at a
surface bias of 8 V and 8 V, respectively.
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Fig. 6 Schematic representation of the present madel. Al at-
oms which mimic the tip and two layers of Si(111) at-

oms are attached on each jellium electrode.
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Fig.7 Potential barrier height at surface biases of 0 V and
+2.0V (top) and electric current at the surface bias
of +2.0 V (bottom) as a function of the tip-surface
distance.
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Potential Barrier and Bectric Current

Electron Density

Fig. 8 (Top) Potential bartier and current density distributions (electron flow) in the (110)
plane at the surface bias of +2.0 V. The tip-surface distances d are 12.0, 10.0 and
8.0 a.u. from left to right. The effective potentials higher than the Fermi level of the
tip are represented in units of 0.2 ¢V. In each figure, the current densily is shown by
arrows whose lengths are proportional to the magnitude of the current density. The
arrows in the left and the middle figures are drawn 25 and 5 times as long as those in
the right figure, respectively. The atomic positions are indicated by filled circles.
(Bottom) Corresponding electron density distributions. The contour plet is in units
of 3.0 X 107° electrons/bohr’. The broken lines correspond to 1.0 X 107 electrens/

bohr?,
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